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Abstract 
Aim of study: To develop and assess a cotton fertilizer applicator integrated with a Machine Vision Based Embedded 

System (MVES) to achieve precise and site-specific fertilization. 
Area of study: The investigation was performed in the Indian Institute of Technology, Kharagpur. 
Material and methods: The MVES included a cotton detection system with a web camera, processor (computer), and 

python-based algorithm, and a fertilizer metering control unit with a stepper motor, motor driver, power supply, and mi-
crocontroller. The python-based algorithm in the computer predicts the presence (or absence) of cotton plants, whenever 
an input image is received from the camera. Upon cotton detection, it transforms into a Boolean signal sent to the micro-
controller via PySerial communication, which instructs the motor to rotate the metering unit. Motor adjusts the speed of 
metering unit based on machine speed measured through a hall sensor, ensuring site-specific delivery of metered fertilizer 
A developed lab setup tested the MVES, experimentally examining performance indicators.

Main results: The MVES obtained a MAPE of 5.71% & 8.5%, MAD 0.74 g/plant & 1.12 g/plant for urea and DAP 
(di-ammonium phosphate), respectively. ANOVA revealed no statistically significant effect of forward speed on the 
discharge fertilizer amount (p>0.05). For urea, discharge rates ranged from 1.03 g/s (at 10 rpm, 25% exposure length of 
metering unit) to 40.65 g/s (at 100 rpm, 100% exposure). DAP ranged from 1.43 to 47.66 g/s under similar conditions.

Research highlights: The delivered application dosage conformed the recommended dosage. The developed MVES was 
reliable, had a quick response, and worked properly. 

Additional key words: fertilizer application; electronic drive system; image processing; micro-granular fertilizer; plant 
detection
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Introduction
Cotton (Gossypium spp.), also known as the ‘king of 

fiber’ and ‘white gold’, is one of the most important cash 
crops in India (Konduru et al., 2013), where it occupies 
~12.15·106 ha, which is the 36% of the world’s area under 
cotton cultivation. Production of cotton during 2020-21 was 
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27.60 million bales. However, India’s average cotton yield 
is 439 kg/ha, which is lower than the global average yield 
of 759 kg/ha (USDA, 2021). Eventually, Indian farmers 
receive a low income per hectare. The yield of the cotton 
crops depends mainly on intercultural operations, timely 
fertilizer application, rainfall, soil and proper irrigation 
management practices (Hussein et al., 2011; Yang et al., 
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2012; Thorp et al., 2014; Rakkar & Blanco, 2018). Ferti-
lization is an essential and effective method to amend soil 
properties and increase crop production and yield; and its 
quality greatly depend on the fertilizer (Reddy & Boykin, 
2010; Abdel-Aziz et al., 2016; Hou et al., 2021). Cotton 
production and quality are increased by increasing the ni-
trogen rate per hectare (Blumenthal et al., 2008; Liu et al., 
2021). Applying fertilizer to the crops should be done at the 
appropriate rate, as it can be expensive and have detrimental 
effects on the environment and soil when used excessively 
(Zhu & Chen, 2002; Murray et al., 2006; Evanylo et al., 
2008; Shakoor et al., 2018). 

In recent years, various designs of fertilizer applicators 
have been developed, especially to handle granular ferti-
lizers. A spreader broadcasts the fertilizer in a small field 
but it is very difficult to maintain uniformity in delivering 
fertilizer over the entire field (Yildirim, 2006). Similar 
findings have also been reported by several researchers 
(Van Liedekerke et al., 2008; Jotautiene et al., 2022; Zinke-
viciene et al., 2022). Many scientists (Chandel et al., 2016; 
Alameen et al., 2019; May & Kocabiyik, 2019) developed 
a variable-rate fertilizer applicator with an electronical-
ly-controlled fluted roller metering mechanism. But, these 
developed metering mechanisms are employed for the 
continuous application of fertilizer at the time of sowing 
with seed drilling. The variations in the discharge rate are 
adjusted by changing exposed length of the fluted roller type 
metering unit. Seenauth (2003) developed a fertilizer appli-
cator to spread granular fertilizer based on a broadcasting 
method with many challenges such as non-uniformity of 
fertilizer application, wastage of fertilizer, and eventually 
led to increased growth of weeds. Furthermore, an injector 
type (non-continuous operation) and a push single type 
row (continuous operation) fertilizer broadcasters were 
designed by researchers. However, it was revealed that 
labor requirement in non-continuous operation was higher 
than in continuous operation because of manual operation 
of these fertilizer applicators (Wohab et al., 2017). Xing-
sheng et al. (2011) developed a cotton fertilizer machine 
which delivered the fertilizer after drilling near the plant; 
however, this is time-consuming, and labour intensive. 
Later on, a lightweight organic fertilizer distributor was 
developed by Hu et al. (2020) for continuous spreading of 
granular fertilizer. An electronic circuit with the appropriate 
algorithm measured 10% deviation between the actual fer-
tilizer rate and the target fertilizer rate. The difficulty was 
that the fertilizer rate depends on the forward speed. Fazhi 
et al. (2022) developed a mechanical fertilizing machine to 
deliver fertilizer at specific location by drilling. However, 
the biggest challenge with this machine is that the fertilizer 
device must be stopped near every plant, hence, does not 
support continuous operation. Kim et al. (2008) developed 
a variable rate granular fertilizer applicator using fluted 
roller metering unit for rice crop in continuous manner. 
The motor controls the speed of the metering unit by the 
forward speed of fertilizer applicator. Within its operational 
speed range, the precision of fertilizer distribution spanned 
from 81.9% to 97.4%. 

The application of image processing represents a prevalent 
method for target detection in precision agriculture. Berenstein 
& Edan (2017) created a collaborative grape cluster sprayer 
for site-specific spraying; they created a target identification 
algorithm using basic color thresholds which reduced sprayed 
material by 50%. Oberti et al. (2016) examined a machine 
vision-based disease detection robot using the red-green-
near infrared channel of multispectral imaging for precision 
spraying; the developed algorithm decreased pesticide amount 
by 65-85% compared to the traditional method. Xiuyun et al. 
(2019) developed ZigBee based liquid fertilizer applicator 
using machine vision to measure and regulate the liquid fer-
tilizer with 99.52% applicator accuracy. Tewari et al. (2020) 
developed an image processing algorithm which estimated 
real-time disease severity to enable chemical application 
adjustments; the system reduced chemical use by 33.88% as 
compared to the conventional method. Similar type of study 
using image processing technique has been done by other 
researchers (Tackenberg et al., 2016; Sudkaew & Tantrai-
ratn, 2021). Other researchers analysed different methods of 
fertilizer application and revealed that the maximized cotton 
yield, lint quality, and maximum utilization of fertilizer corre-
spond to the effectiveness of fertilizer application/placement 
method (Bakhtiari, 2014; Jamro et al., 2016; Nkebiwe et al., 
2016). So, there is a need to upgrade fertilizer applicators’ 
placement method. 

Generally, the broadcasting and direct placement method 
are used to apply the fertilizer. The broadcasting method of 
fertilizer application is associated with various operational 
challenges such as high discharge rate, non-uniform appli-
cation of fertilizer, wastage of fertilizer, and eventually led 
to increased growth of weeds (Rahman & Zhang, 2018). 
Manual placement of fertilizer is good for crop effective 
application but it is labor-intensive, time-consuming, and 
leads to create posture-related problems for laborers such 
as back muscle pain, etc. (Pan et al., 2017). The preceding 
literature indicates that the utilization of image processing 
along with electronic components works effectively for 
liquid spraying, and could be employed for granular ferti-
lizer application through plant detection. The majority of 
granular fertilizer applicators utilize the broadcasting method 
of fertilization, while placement method-based applicators 
are used intermittently rather than continuously. Therefore, 
there is a need for automation of placing granular fertilizer 
in the cotton field; leading to design and development of 
such an applicator that can do such task with precision and 
effectiveness in order to reduce wastage of fertilizer, offer 
time-saving, and reduces the overall cost of fertilizer appli-
cation. This research was carried out to design and develop 
a precise fertilizer applicator, especially to cotton field.

Material and methods 
The machine vision technique is used in this research 

to detect cotton plants based on its color. The presence 
(or absence) of cotton plants is converted into a Boolean 
signal (either 1 or 0) and sent to the microcontroller to 
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control the fluted roller metering unit through motor. The 
detected and non-detected plants are represented by 1 and 
0 respectively. The fluted roller delivers fertilizer to the 
cotton plants as per the received signal from microcon-
troller. The fertilizer application will continue as long as 
the signal remains active. The duration of the signal of the 
detected plant depends on the longitudinal length of the 
canopy. When all cotton seeds are sown simultaneously, 
the theoretical longitudinal length of canopy remains 
uniform for all plants. Consequently, all plants receive an 
equivalent amount of fertilizer. However, in the next doses 
of fertilizer application, the canopy’s longitudinal length 
increases. Thus, the stepper motor’s duration will increase, 
leading to greater fertilizer delivery. To maintain consistent 
fertilizer quantities across all plants for next stage of ferti-
lization, the fertilizer amount is reduced by decreasing the 
exposure length of fluted roller metering unit. Farmers can 

also adjust the amount they want to deliver according to 
their own preferences by changing the exposure length of 
fluted roller. A special laboratory setup was also fabricated 
to evaluate performance of the developed cotton fertilizer 
applicator under controlled conditions. The developed setup 
encompassed power transmission unit, plant conveying 
unit, fertilizer hopper with metering unit, and machine 
vision-based embedded system.

Power transmission system

A variable frequency drive (VFD-MS300, 1HP 0.75KW 
230V 4.8A, Delta Electronics, India) controlled a 220V AC 
motor, which in turn, powered the lead screw shaft through 
belt and pulley transmission. The lead screw shaft transport-
ed the crop holding platform through two rollers and the 

Figure 2. Plant conveying system: 1, roller; 2, crop holding platform; 3, crop holding 
unit; 4, lead screw; 5, frame; 6, motor. 

Figure 1. Flow chart of the power transmission system. VFD: variable frequency drive.
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speed controlled with the lead screw rpm; the flow chart of 
the power transmission is shown in Fig. 1. The maximum 
and minimum linear velocity of plant conveying platform 
were 0.2 and 1.0 km/h and corresponding rotational speed 
of lead screw 263 rpm and 1313 rpm, respectively.

Plant conveying unit 

The plant conveying unit (Fig. 2) carried cotton plants 
from one end to another end of a frame (3160 mm length × 
220 mm width × 330 mm height). This frame was supported 
by legs placed equi-distant. A 12.7 mm pitch lead screw 
transmitted power from motor to a roller. Rollers were used 
to carry and axially move the crop holding platform along 
the lead screw when the roller is rotated. Thus, the platform 
could be run at a speed as desired. The rollers were fitted 
to a track that was mounted on the frame. The crop holding 
platform (1900 mm length) was mounted parallel to the 
axis of the threaded shaft on the frame. It was designed for 
holding cotton plants vertically and maintaining a desired 
horizontal spacing between them. The longitudinal spacing 
between the plants could be varied as needed. 

Fertilizer hopper with metering unit

A trapezoidal-shaped hopper (Fig. 3) was designed to 
store the fertilizer by considering its physical properties, 
and to feed it to a metering unit. The hopper was welded 
to the frame and supported by the horizontal shaft. A flut-
ed-roller-type fertilizer metering unit is used for the cotton 
fertilizer applicator, which is usually recommended for 
uniform distribution of fertilizer (Gurjar et al., 2017). The 
eight-flute metering unit (Fig. 4, 36 mm diameter, 40 mm 

length) was installed below the fertilizer hopper, which 
eventually discharged the precisely metered fertilizer into 
a fertilizer tube. In order to precisely control the fertilizer 
application rates, a 12 V DC stepper motor was used to 
control the fluted roller operation. The flow rate of the fer-
tilizer depends on the exposure length of the fluted roller. 
The fluted roller’s exposure length was adjusted by shifting 
the fertilizer metering shaft with a shifting lever.

Machine vision based embedded system (MVES)

The developed MVES (Fig. 5) is comprised of a cotton 
detection system (Fig. 6) and a fertilizer metering control 
unit. The cotton detection system consists of web camera, 
computer as a processor (8GB SSD, 8GB RAM, Intel(R) 
CoreTM i5-7200U, Windows 10 operating system, Dell, 
India), and a python-based cotton detection algorithm. The 
fertilizer metering control unit is comprised of stepper motor, 
motor driver, power supply (12 volts 1.3 Ah, Exide India), 
microcontroller (Arduino®Uno). The python-based cotton 

Figure 4. Fluted roller metering unit: 1, fluted roller; 2, 
metering shell.

Figure 5. Developed machine vision-based embedded system.

Figure 3. Schematic diagram of fertilizer hopper: 1, motor; 
2, frame; 3, fertilizer metering unit; 4, hopper; 5, shifting 
lever; 6, fertilizer tube.
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detection algorithm was executed in python 3.6 environ-
ment of the computer to detect the cotton whenever images 
come from the webcam. Web camera was connected to the 
computer via USB port. The camera captured the image 
whenever the plant came in field-of-view of the camera, 
and channelled it to the computer. The executed algorithm 
in computer predicts the presence (or absence) of cotton 
plants from the input image received from the camera. Ar-
duino®Uno and computer communicated through PySerial. 
When a cotton plant was detected, it was converted into a 
Boolean signal and sent processor to the microcontroller 
through PySerial communication. The microcontroller then 
commanded the motor to drive according to the received 
signal in PySerial. The motor regulated the shaft of the fer-
tilizer metering unit in correspondence with the conveying 
unit’s forward velocity, which was assessed using a hall 
effect sensor. The rotation of the fertilizer metering unit 
facilitated the precise delivery of fertilizer to the specified 
target plant. 

a) Development of image processing-based 
algorithm

The image processing algorithm was developed using 
the open-source computer vision library (OpenCV) and 
python language (v3.6). The algorithm is described in a 
flow chart as shown in Fig. 7. 

— Image capture. Real-time images were continuously 
captured by the camera at the rate of 30 frames per second. 
Each image was saved by the algorithm developed in Py-
Charm 2018.3.1 (JetBrains s.r.o, IntelliJ Software, Russia). 

— Extracting each frame. Each frame was extracted by exe-
cuting the imgaeObj.read() function from the captured image.

Figure 6. Flow chart of the developed cotton detection system.

Figure 7. Flow chart of the developed image processing 
algorithm.
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— RGB to HSV image conversion. The RGB image cap-
tured with the camera has a resolution of 960 × 720 pixels. 
The RGB format denotes the intensity of the three primary 
colors that comprise it, i.e., red, green, and blue. Brightness 
of the colour is represented by a value ranging from 0 to 
255. RGB image format is generally less preferred for image 
segmentation due to not uniformity. The HSV (hue, satu-
ration, value) color space model is used for segmentation 
(Ganesan & Rajini, 2014). Based on the physical charac-
teristics of cotton plant leaves, the minimum and maximum 
values of HSV were established. Numerous experimental 
trials were conducted to ascertain a range of values across 
diverse conditions, specifically targeting the optimal value 
for precise and distinct detection of cotton plants. Notably, 
the HSV settings for the lower green boundary were set at 
40, 40, and 40, while for the upper green boundary, these 
were configured as 70, 255, and 255 respectively. Through 
meticulous refinement, it was determined that the cotton 
plants were distinctly and sharply detectable at the estab-
lished minimum and maximum HSV values.

— Thresholding HSV image. Thresholding was used for 
separating an object from its background on the basis of 
the range of HSV. To get only the green color, thresholding 
was performed on the HSV image. 

— Bitwise-AND mark operation. Bitwise operations 
are used for extracting essential features in the image and 
help in image masking. The Bitwise-AND mark operation 
was used to determine the intersection of two images that 
distinguishes the cotton plant image from its background. 

— Noise reduction. The noise from the image was re-
duced by performing opening morphological operation to 
enhance the quality of the image (Said et al., 2016). Using 
the same structural element for both processes, the erosion 
operation was performed to remove the small blob from an 
image; then the dilation operation was executed to increase 
the size of foreground objects or joining broken parts of 
image (Tzionas et al., 2005; Eq. 1):

where, A-original image, B-structure element, o,  and 
 show the opening, erosion, and dilation morphological 

operation respectively. 

— Activation of microcontroller. The image with enhanced 
quality was received after the morphological operation. The 
presence (or absence) of cotton plants is converted into a 
Boolean signal (either 1 or 0) and sent to microcontroller 
to control the fluted roller metering unit through motor. 
The detected and non-detected plant are represented by 1 
and 0 respectively. An example of the different stages in 
image processing is presented in Fig. 8.

b) Fertilizer metering control unit

It is comprised of a 12 V DC stepper motor, motor driver 
(TB6600, Unimech Engineering operation, Mumbai, India), 
power supply, and microcontroller. The fertilizer metering 
unit’s rotation is triggered by the stepper motor when a detect-
ed signal is received from the microcontroller. The rotation 
of the fertilizer metering unit is adjusted in accordance with 
the forward speed of the conveying unit. The forward speed 
of conveying unit is measured through a hall effect sensor. 
The rotation of fertilizer metering unit delivers fertilizer to 
the target plants through fertilizer tube. A two-way ANOVA 
was performed to analyse the effect of forward speed and 
exposure lengths on the fertilizer application.  

c) Control function calibration

In order to make this system perform accurately, the speed 
of the fertilizer metering unit shaft (i.e., the stepper motor) 
must be controlled in accordance with forward speed of the 
fertilizer applicator (i.e., crop conveying unit). These real-time 
adjustments control the quantity of fertilizer to match the 
recommend dose (pre-set). The forward speed (V, mm/s) of 
the crop conveying unit is measured through a hall sensor: 

where P: pitch of lead screw, mm; NL: lead screw speed, 
rpm; N: number of pulses received by microcontroller; T: 
time, s; n: number of the installed magnet.

Figure 8. Stages of different image segments to detect cotton plant: (1) original image; (2) HSV image; (3) threshold 
image; (4) image after noise reduction. 
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After measuring the forward speed of the crop con-
veying unit, it is necessary to establish the relationship 
between it and the rotational speed of the stepper mo-
tor. The time required (t) to complete the fertilization 
dropping length is:

where NM: stepper motor speed, rpm; L: fertilization 
dropping length, mm.

Li et al. (2016) established the relation between the rev-
olution of the stepper motor and fertilizer rate Q (g/min):

where k and b are the constant, Q and NM is a one-to-one 
relationship. 

where q: quantity of fertilizer, g. From Eqs. (5) and (6):

Eq. (5) establishes a relation between the rotational 
speed of the stepper motor (rpm) and the forward speed 
of the plant conveying (mm/s). As the speed of the con-
veying unit changes, the speed of the stepper motor also 
changes correspondingly. This means for plants having 
same longitudinal length of canopy, the fertilizer rate will 
remain same as well. Calibrating the delivered quantity 
of fertilizer involves adjusting the stepper motor within a 
range of 10 to 100 rpm, alongside modifying the forward 
speed of the conveying unit spanning from 0.2 to 1 km/h 
to maintain constant fertilizer amount per plant. Krishna 
(2015) demonstrated that for maximum utilization of 
fertilizer by plant, fertilizer should be applied within a 
20-cm circular band around the center of the plant. The 
recommended doses from numerous researchers indicate 
that the delivered urea and DAP amount should be 13.10 
g and 5.8 g per plant respectively. The value of k and b 
(y = 0.2027x and y = 0.2362x for urea and DAP respec-
tively) at 50% exposure length of the metering unit were 
obtained during calibration of discharge rate variation 
with motor speed. All the above given data are inserted 
in Eq. (5), and the consequent outcome is demonstrated 
through Eqs. (7) and (8):

Micro-granular fertilizers

Cotton crop was fertilized with several micro-granular 
fertilizers with distinct physical and mechanical character-
istics; of which, urea and DAP (di-ammonium phosphate) 
were used to evaluate the performance of the developed 
MVES in the controlled tests. The bulk density, granular 
diameter, angle of internal friction, and angle of repose 
for both the selected fertilizers were determined as 0.705 
& 0.785 g/cm3, 4.44 ± 0.28 mm & 4.85 ± 0.29 mm, 16° & 
18°, and 34.92° & 30.92° respectively. Several researchers 
focused on the outcome of different doses of fertilizer on 
the cotton yield and recommended. The recommended 
doses viz. 120:60:60 kg NPK/ha (Reddy & Boykin, 2010), 
150:40:20 kg NPK/ha (ICAR, 2022), and 150:60:60 kg NPK/
ha (Ranjith et al., 2015). To fulfil the NPK requirement of 
150:40:20 per hectare with plant spacing 70 cm × 60 cm, 
the requirement is to deliver 13.10 g of urea and 5.80 g 
of DAP per plant. If farmers desire to alter the fertilizer 
quantity for fulfil a different NPK ratio, they can do so by 
adjusting the exposure length of the fluted roller metering 
unit. A functional relationship among, stepper motor speed, 
fertilizer discharge rate, and the forward speed of the crop 
conveying unit was established by calibration (given in 
Eqs. (9) and (10) for urea and DAP, respectively).

Development of lab setup for the fertilizer 
applicator 

Testing of the developed precise fertilizer applicator for 
cotton plants was conducted at the Farm Machinery Lab-
oratory, Agricultural and Food Engineering Department, 
Indian Institute of Technology (IIT) Kharagpur (Fig. 9). The 
python-based cotton detection algorithm was uploaded to the 
computer via PyCharm® 2018.3.1 (JetBrains s.r.o, IntelliJ 
Software, Russia). Another arduino program was uploaded 
to the microcontroller (2KB SRAM, Smart Projects, Italy). 
The camera (Logitech Pro 9000) was connected to the com-
puter via a USB cable. To account for the time gap between 
image acquisition and real-time fertilizer delivery, the camera 
was positioned 0.21 m in front of the fertilizer discharge 
tube. Vertical separation between the camera and the plant 
leaves was 0.16 m and the longitudinal length of canopy 
was measured using ImageJ software (LOCI, University of 
Wisconsin, USA). Illumination of the ambience ranged from 
423 to 679 lx, measured with a digital lux meter (Metravi 
1334, Metravi Instruments Pvt. Ltd., India). The crop con-
veying unit was driven by the motor through belt and pulley 
transmission, carrying cotton plants along the longitudinal 
direction of the lead screw. When a plant arrives in front of 
the webcam, the algorithm detects it. The processed single 
is sent to the microcontroller through serial communication 
between the developed algorithm and the microcontroller. 
The microcontroller drives the motor according to the re-
ceived signal in the serial. The motor regulates the shaft of 
the fertilizer metering unit based on the machine’s forward 
speed measured through a hall-effect sensor. The rotation 
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of metering unit ensures the deliver the precisely-metered 
fertilizer near the plant (Fig. 10). The quantity of fertilizer 
depends on the setting of the exposure length of the fluted 
roller and the forward speed of the machine. The forward 
speed of crop conveying unit and fertilizer amount are crucial 
factors associated with the performance of developed cotton 
fertilizer. Tests were carried out for urea and DAP at five 
different constant forward speeds (0.2, 0.4, 0.6, 0.8, and 1 
km/h) at a constant fertilizer amount per plant. 

The relationship between the recommended application 
amount and the application amount was investigated for each 
fertilizer. The delivered application amount by MVES was 
compared with the recommended application amount using 
mean absolute percentage error (MAPE), which measures 

the system’s accuracy by calculating the difference between 
the recommended and delivered application dose. Where-
as, mean absolute deviation (MAD) indicated the average 
deviation. MAPE and MAD values were calculated using 
the following equations: 

where ei is the difference between delivered and rec-
ommended fertilizer amount, and Ti is the delivered 
fertilizer amount.

Figure 9. Laboratory setup for cotton fertilizer applicator: (1) developed embedded 
system; (2) stepper motor; (3) web camera; (4) crop holding platform; (5) crop 
holding unit; (6) lead screw; (7) frame; (8) AC motor. 
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Figure 10. Laboratory testing of the developed cotton fertilizer applicator.

Figure 11. Discharge rate variation with motor speed for micro-granular cotton fertilizers: a) urea, b) DAP.

a)

b)
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Figure 12. Duration of motor run for each plant with different longitudinal length of canopy. Regression equations and 
the coefficient of determination are shown corresponding to each forward speed.

Results and discussion
Discharge rates were measured while running the fertilizer 

metering unit at various exposure lengths of the straight 
fluted shaft with eight flutes. The stepper motor changed 
the rotational speed from 10 to 100 rpm with intervals of 
10 rpm. A physical balance (least count 0.01 g) was used 
to measure the fertilizer discharge amount. Subsequently, 
the exposure length was reduced to 75%, 50% and 25% 
of the total length and the discharge rates were measured 
(Fig. 11). For urea and DAP, the minimum and maximum 
discharge rates were, respectively, 1.03 g/s (at 10 rpm 
with 25% exposure length) and 40.47 g/s (at 100 rpm with 
100% exposure length), and 1.43 g/s (at 10 rpm with 25% 
exposure length) and 47.20 g/s (at 100 rpm with 100% 
exposure length).

Duration of the stepper motor run depends on the received 
signal from the developed MVES. The duration of received 
signal (motor run continously) of detection depends on 
longitudinal length of the canopy of the cotton plant. For 
a larger longitudinal length of canopy, the stepper motor 
will run for a longer duration, and vice-versa. The fertilizer 
rate is thus varied depending on the duration of the motor 
run. The motor run duration was about 5.38 sec with fewer 
rpm (for slow forward speed) and about 0.62 sec with more 
rpm (for high forward speed). (Fig. 12). When all cotton 
seeds were sown at the same time, the longitudinal length 
of canopy was uniform among all plants. As a result, each 
plant obtained an equal fertilizer quantity. Nevertheless, in 

subsequent fertilizer applications, the longitudinal length 
of canopy extended. This results in an increased duration 
of the stepper motor’s operation, causing a higher fertilizer 
distribution. To achieve even fertilization in the upcoming 
phase, fertilizer amount was reduced by decreasing the 
fluted roller metering unit’s exposure length.

Variation between the delivered and recommended appli-
cation amount for urea and DAP micro-granular fertilizers 
at fixed exposure length are shown in Fig. 13. The impact 
of variation of forward speed on the delivered amount of 
fertilizer was evaluated statistically. ANOVA revealed no 
statistically significant effect of forward speed on the dis-
charge fertilizer amount (p>0.05 for both urea and DAP). 
Tola et al. (2008) and Alameen et al. (2019) found that 
the forward speed did not impact on the actual delivered 
amount of fertilizer (p>0.05). The MAPE was 5.71% & 
8.5%; MAD, 0.74 g/plant & 1.12 g/plant for urea and DAP, 
respectively. May & Kocabiyik (2019) computed MAPE and 
MAD 8.9% and 1.03 g/plant, respectively. The developed 
MVES demonstrated high application accuracies, which 
varied between 88% and 90%, with an average of 89%. 
Kim et al. (2008) demonstrated that the precision of the 
developed granular applicator fell within the interval rang-
ing from 81.9% to 97.4%, whereas system accuracy above 
80% is considered acceptable. There was no statistically 
significant difference among MAPE and MAD value for 
both fertilizers (p>0.05 for both urea and DAP). 

The variation of fertilizer application with different 
exposure lengths for urea and DAP micro-granular at 
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Figure 13. Comparison between delivered fertilizer dose and recommended fertilizer dose at different forward 
speeds for: a) urea, and b) DAP. Error bars show the standard error of mean

different forward speeds is shown in Fig. 14. Fertilizer 
application (g/plant) significantly increased with increase 
in the exposure length of fertilizer metering unit. However, 
the developed MVES could effectively offer fertilizer close 
to the recommended dose at all the forward speeds tested. 
The analysis showed no statistically significant difference 
in forward speed between delivered and recommended 
dose (p>0.05 for both urea and DAP), but statistically 
significant difference of exposure lengths on fertilizer 
application was noted. 

The laboratory tests demonstrated that the machine 
vision-based algorithm could successfully identify cotton 
crops. However, the majority of existing fertilizer appli-
cators are based on the broadcasting method, associated 
with excessive discharge rate, uneven dispersion of ferti-
lizer, wasteful utilization of fertilizer, culminating in the 
proliferation of weed growth; placement-based fertilizer 
applicators require significant labor, consume a consid-
erable amount of time and are applied in non-continuous 
manner. The developed fertilizer applicator mechanizes the 
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placement method and tackles the majority of problems 
associated with the existing applicators. In this study, the 
performance evaluation of the developed fertilizer appli-
cator was focused on identify cotton crop, with precise 
and site-specific application. Future research is required to 
develop a deep learning-based model to avoid the presence 
of weeds, field testing and assaying other crops. However, 
the developed fertilizer applicator provides a potential 
solution to farmers to address the issue of input wastage, 
uniform distribution, site-specific application, and reduce 
the environmental effects. 

In summary, the performance parameters indicated that the 
developed MVES system effectively and precisely applied 
the fertilizer amount with the recommended dosage. The 
system has the potential to mitigate metering inaccuracies 
arising from fluctuations in forward speed. The forward 
speed of the plant conveying unit showed no significant 
effect on the discharge quantity of fertilizer. The maximum 
deviation fertilizer between the applied amount and the 
recommended dose is lower than 10%, making the fertilizer 
application uniform across the field. The developed MVES 
has the ability to regulate the fertilizer metering unit at an 

Figure 14. Variation of fertilizer application with different exposure lengths at different forward speeds for: a) urea, 
and b) DAP. 
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accuracy of about 89%. The average time delay for dropping 
the fertilizer from hopper to plant was 380 ms. The developed 
machine vision-based cotton fertilizer applicator could offer 
economic as well as environmental benefits by precisely 
placing an appropriately-metered amount of fertilizer to each 
cotton plant individually. The developed fertilizer applicator 
using the machine vision technique upgrades the placement 
fertilizer method, enabling precise and site-specific appli-
cation, reducing labor requirement, minimizing wastage, 
and reducing growth of weeds by site specific application.
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