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Abstract: Air quality has a significant effect on crop production and quality. Crops are affected when
they are exposed to certain air pollutants. The effect might range from visible spots on the leaves to
reduced growth and yield, and plant’s early maturity. The degree of the damage was determined
by the concentration of the specific pollutants and several other variables. This paper presents Air-
Sense that is an IoT-base real-time air quality monitoring system. It is not only monitoring the quality
of air and weather parameters around the crop but also deter-mine its effect on the crop leaves. Air-
Sense monitors four gases: hydrogen gas (Hz), Carbon Monoxide (CO), Ozone (Os) and Carbon di-
oxide (CO2). The dust particles (PM2.5), s air temperature, soil moisture and humidity are also de-
termined with this system. The system has been evaluated on the cotton crop by measuring leaf
chlorophyll concentration with the help of the image processing model with an average validation
accuracy of 93.47% based on an image dataset of 2000 healthy and infected cotton leaves. This system
will enable farmers to monitor their fields air quality and make timely decisions about the best suit-
able sowing location for crops to get better yield and quality.

Keywords: Greenhouse gases; Pollutants; Air quality index; Support vector machine; Image pro-
cessing.

1. Introduction

Air quality has a significant effect on crop production and quality. According to the world air quality
report (2022), Pakistan ranks third after Chad and Iraq as the most polluted country in the world in terms
of dust particles with average 70.9 mg/m3 PM2.5 concentrations [1]. The major reason of pollution in Paki-
stan includes industrial pollution, vehicular emissions, agricultural pollution, poor waste management,
indoor air pollution, and natural disasters [2] [23]. This has significant negative impacts on agriculture,
affecting both crop production and livestock health. This is challenging as Pakistan is an agricultural coun-
try and a major portion of its economy depends on crop yield and production. It is important to monitor
and investigate how the main factors that contribute to the air quality index affect agriculture. There have
been a few studies that use computer vision and IoT to monitor the effect of temperature, humidity, and
air pressure on agriculture such as [3][4], however, monitoring greenhouse gases and particulate matter
has acquired the least attention.

According to [5], persistent impacts of air pollutants like ground-level ozone are of particular im-
portance in agriculture since they are caused by exposures that last few weeks, months, or even the whole
crop lifecycle [16]. It is generally recognized that higher levels of pollutants in the air negatively affect the

production of several crops, including wheat, rice, cotton, and soybeans. Mostly, farmers are unaware of
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the impact of air quality on crops at an early stage and they ignore this important factor while sowing crops
in the field.

Crop health must be monitored on a regular and periodic basis in the field to protect from harmful
effects [18]. The measurement of leaf chlorophyll is an essential metric that serves as a crop health indicator
[8]. The chlorophyll concentration is significantly connected to the color of the leaf which reflects the plant’s
micronutrient intake and wellbeing state. Many researchers in the literature have used leaf color and size
to predict chlorophyll and nutrient content. Handheld pollution measurement devices have recently been
introduced by some manufacturers, including Aeroqual [6] and Alphasense [7]. However, these air quality
monitoring devices are highly expensive and are not readily available in Pakistan.

Researchers and extension workers utilize devices such as SPAD-502 meters to measure the chloro-
phyll rate which is expensive for farmers and needs proper training to handle properly. There are a few
attempts to develop an automated chlorophyll rate detection system, for instance, [9] used a back-propa-
gating (BP) neural network architecture based on chlorophyll fluorescence for predicting rice leaf chloro-
phyll content, and their results show that the predicted chlorophyll content was highly correlated with that
measured by SPAD-502 meter. SPAD-502 meters are used to monitor leaf chlorophyll concentration, how-
ever, the impact of air pollutants and environmental variables on leaf health remain unknown [20]. The
proposed study covers three aspects: first, the development of Air-Sense: the air quality monitoring system;
second, analysis of the effect of air quality on crops based on specific parameters recorded by Air-Sense, and
third, monitoring the leaf chlorophyll rate using image processing and machine learning models. The de-
velopment of Air-Sense was carried out using wireless sensors networks connected through a central server
(Figure 1).

Four gases including hydrogen gas (Hz), Carbon Monoxide (CO), Ozone (Os), and Carbon dioxide
(CO2), as well as dust particles (PM2.5), air temperature, humidity, and soil moisture are monitored
through various sensors [21]. Low-cost wireless sensors have been used to reduce the cost of the system to
make it affordable by the local farmers. Based on the sensor readings, the system analyses the effect of air
pollution on cotton crop leaves using an image processing model based on the rate of chlorophyll using
cotton RGB images [17].
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Figure 1. Flow diagram of the proposed air quality monitoring system.
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2. Materials and Methods

In this proposed study, Proteus (8.0) is utilized as simulation software for microcontroller circuit de-
sign, EasyPC is used to make schematic and printed circuit board design system, and Arduino IDE is used
for coding. For the cotton leaf health monitoring model, we used the TensorFlow Python library on Google
Collab. To take readings of air quality and weather parameters, MQ series wireless sensors have been used
that are easily available in Pakistan and are cost-effective. DHT11, LM35, and FC-28 sensors have been used
to monitor air humidity, temperature, and soil moisture respectively. Other hardware components like
Arduino Mega, LCD 324, Buzzer, LEDs, RTC, SD card Module, Power Supply, Transformer, Bridge recti-
fier, Filter capacitor, Resistance/LED, and Voltage regulator have been used to design the operating system.
2.1. Sensor Configuration and Readings

The MQ-7 sensor is used to detect carbon monoxide (CO) concentrations, which are quantified in parts
per million (ppm). It is a toxic gas that cannot be smelled, seen, or tasted. The MQ-8 sensor is used to detect
hydrogen gas (Hz) concentrations, with a range of 100 to 10,000 ppm, making it highly sensitive and re-
sistant to other gases. The M(Q-131 sensor detects surface ozone gas (Os) and has high sensitivity to ozone
and strong oxides such as NOz. The MG-811 sensor is used to detect carbon dioxide (CO:z) concentrations
and is highly sensitive to CO: with a conditioning circuit that amplifies the output signal. The
GP2Y1010AUQF sensor detects airborne dust particles of 2.5mm diameter and is highly sensitive to minute
particles such as dust in combination with smoke and other gases. The LM35 temperature sensor generates
an analog output signal proportional to the measured temperature with a sensitivity of 10 mV/degree Cel-
sius. The DHT11 humidity sensor is a low-cost sensor that detects temperature and humidity in the air with
excellent accuracy and long-term stability. The FC-28 soil hygrometer sensor is used to measure the mois-
ture content of the soil, which is important for plant growth, and consists of two electrodes that measure
the amount of moisture present when current travels from one electrode to the other [22].

Table 1. Measured and expected values of sensors. The “measured values” represent average sensor values rec-
orded from Air-Sense in the field and the “expected values” represent weather parameters and air quality index of

Multan region taken from [10]

Sensor Measured Value Expected Value
CO (ppm) 467 500

PM 2.5 (ppm) 52 90

Relative Humidity (percentage) 40 55

LPG (ppm) 160 300

H: (ppm) 152 200

CO2 (ppm) 772 900

Soil Moisture (percentage) 40 50

Temperature (Degree Celsius) 39 32

All the sensors have been calibrated by spraying gas into the glass jar and placing the respective sensor
inside the jar. To measure the functionality, the gas level has been altered with a syringe, and variations in
sensor values have been recorded. The Arduino Mega 2560 board based on the ATmega2560 microproces-
sor has been used to configure sensors [25].

The proposed system was installed at two separate locations in the cotton field, one near the main
roadside, and the second in the middle of the field where there is less exposure to traffic pollution. The
cotton plants were irrigated regularly, and the data was collected in three months from June-August 2022
during day and night with varying air temperature levels. The gas sensors readings were recorded in units
of ppm, air humidity and soil moisture sensors readings were recorded in percentages, and air temperature

is recorded in degree Celsius. All sensors have been programmed to take readings after every hour. The
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comparison of average values recorded from different sensors and the expected values is shown in Table
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Figure 2. Data acquisition through a camera and SPAD-502 meter.

2.2. Data Acquisition and Pre-processing

The dataset [19] of 2000 cotton leaves on the main stem of the plant were collected from cotton field
of MNS-University of Agriculture, Multan. All images were captured using a 16-mega pixel camera in RGB
(Red, Green, Blue) format during daylight between 12:00 pm to 2:00 pm in June, July, and August 2023. All
images were labelled as ‘healthy” or ‘injured’ by agricultural experts. The dataset [19] is accompanied by a
text file containing data of chlorophyll content of leaf taken from SPAD-502 meter. The process of recording
chlorophyll content of the lead using SPAD-502 meter is shown in Figure 2. Chlorophyll content of leaf was

recorded at three distinct locations: the top leaf, the centre leaf, and the bottom leaf of the main cotton plant
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Figure 3. Data flow diagram of the proposed methodology
The dataset was pre-processed, and the image processing model was trained by following the steps as
shown in Figure 3. All images were converted from RGB (red, green, blue) to HSI (hue, saturation, inten-
sity) format. Only the H (hue) component of the HSI color space has been used after transformation because
it contains all the necessary information. The conversion was performed to highlight the green color pixel
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that represents the leaf’s healthy region. Green pixels were masked based on the specified threshold values.
After color transformation, segmentation of images was performed. The injured component of the leaf was
removed by segmenting the selected area by comparing it with green pixels.
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Figure 4. Contouring for Leaf Injury Visualization.

2.3. Classification

After data acquisition and pre-processing, we used Support Vector Machine (SVM) to classify healthy
and injured leaves based on the features: chlorophyll rate, area of injury (other than green pixels), and leaf
colour. SVM is a supervised machine learning technique that was used for the classification of images into
two classes: healthy leaves and injured leaves. Contouring was performed using OpenCV to visualize the
leaf injury as shown in Figure 4.

3. Results

The results of the SVM classifier were compared with that of ground truth annotated data giving an
average accuracy of 98%. It has been observed that there were more injured leaves in the field towards the
main roadside as compared to the middle of the field where there was comparatively less exposure to air
pollution. The results of chlorophyll rate obtained through image processing was validated by comparing
with SPAD-502-meter values giving 93.47% validation accuracy. The range of chlorophyll value obtained
through image processing was 45-55 g cm?, and that obtained through SPAD-502 meter was 50-60 g cm?.

Table 2. Correlation of different gases in the air

Correlation Values
Dust & Os -0.005
0:& CO +0.590
Air temperature & air humidity -0.702
Air humidity & soil moisture +0.478
CO2 & H2 +0.290

This comparison shows that the accuracy of image processing model.
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We analyzed the correlation between different gases based on sensor readings of Air-Sense and found
interesting results (Table 2). The effect of the Ozone layer on crops depends on its occurrence with other
greenhouse gases. The graph in Figure 5 shows that there is no correlation between ozone (O3) and dust
particles. This has been validated through the literature that the occurrence of dust particles and ozone are
not related to each other, however, their combined exposure cause significantly more effect on crop and
human health than either ozone or dust particles individually [11]. Figure 6 shows a positive correlation
between ozone (O3) and carbon monoxide (CO). This has been validated through the literature that carbon
monoxide when exposed to sunlight produces a chemical reaction to create ground-level ozone [12].

Similarly, Figure 7 shows the negative correlation between air temperature and air humidity that is
according to the air properties. When the temperature increases the air becomes drier causing a decrease
in relative humidity. The graph in Figure 8 shows positive correlation between soil moisture and air hu-
midity. When the soil is moist, it releases moisture into the air through evaporation. This increases the
amount of moisture in the air, leading to higher levels of air humidity. Figure 9 presents a weak positive
correlation between hydrogen and carbon dioxide gas. The co-occurrence of these two gases forms methane
in the air which is very harmful to plants and the environment as it increases ground-level ozone causing
leaf injury [13].
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Figure 10 presents a correlation between dust particles and time of the day. The graph shows an in-
crease in dust particles during the daytime that decreases in the night-time. The correlations listed in Table
2 presents the co-occurrence of different gases in the air. The co-occurrence of ozone and dust, as well as
ozone and carbon monoxide, harms the cotton leaf by affecting the chlorophyll rate.

4. Discussion

The study’s findings offer valuable insights into the intricate relationship between air quality and
crop health, particularly focusing on cotton crops in Pakistan. The Air-Sense monitoring system, with its
low-cost sensors, revealed significant correlations between different gases and environmental factors,
providing farmers with actionable information for informed decision-making. The high accuracy of the
SVM classification model in identifying healthy and injured cotton leaves validates the effectiveness of
image processing in real-time crop health assessment. The observed implications underscore the practical
significance of this research for local farmers and policymakers, emphasizing the need for targeted inter-
ventions to address the impact of air pollution on agriculture.

Future research directions include the exploration of real-time monitoring and alert systems to enable
dynamic responses to changing air quality conditions. Expanding the study to encompass a broader range
of crops and geographical locations, along with collaboration with agricultural extension services, could
enhance the applicability and adoption of monitoring systems. Additionally, investigating the long-term

effects of air pollution on soil health and microbial communities is crucial for a comprehensive understand-
ing of the holistic impact on agroecosystems, guiding the development of sustainable agricultural practices.

5. Conclusions

Based on the sensor readings and analysis presented in this study, farmers can get useful information
about the air quality on and around the fields. This would help them to make informed decisions about the
best-suited location for growing specific crops that are sensitive to air quality. Air-Sense provides precise
information about the local farms that are more useful than the information received through satellite
weather stations. The system is cost-effective and affordable for local farmers in developing countries [24].
It can also be used at homes and offices to monitor the air quality and weather parameters.
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