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ABSTRACT
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With an average consumption of 165.8 kg per hectare, India stands as the third-largest producer and
consumer of fertilizer in the world. Farmers practice traditional methods to apply fertilizers uniformly
throughout the field. This uniform and constant rate application of fertilizer is inefficient and mostly
leads to over-fertilizing certain areas and at the same time, under-fertilizing others, not meeting the actual
nutrient demand. Variable-rate fertilizer application (VRFA) is the process of applying various rates of
crop nutrients by synchronizing existing machinery with mechatronics according to the variability within
any agricultural field. One such effort are to be made to develop VRFA systems to meet the soil and
plant needs. A variable rate fertilizer application (VRFA) system based on a digital map was developed
in Kharagpur and achieved an appreciable target application rate at selected grid points (Chandel et al.,
2016). The system was effective, accurate and showed quick response to target application rates with a
negligible time lag. The coefficient of variation at all the outlets was in the range of 11.7-15.0 percent.
The system was able to meet the target fertilizer application rate with a variation of up to 15 percent for
a grid resolution of 8x8 m. Another VRFA system was developed for controlling the amount of fertilizer
that works by measuring the NDVI of crops using an optical sensor (Zhang et al. 2014). This type of VRFA
system does not use prescription maps but relies on sensors to provide real-time crop detection. The
coefficient of variation was ranging from 0.35 to 2.67 percent and elapsed a response time of less than
0.875 s. The system helps in maintaining desired application rate by making real-time adjustments with
on-the-go monitoring. It is revealed that the use of VRFA system helped to improve input use efficiency
and decrease the negative effect on the environment. Thus, it is a promising technology through which
the performance of a unit area could be tracked, mapped and analyzed. Also, the farmer will be able to
know the exact production of each part of the field.

Highlights

@ Basic GPS and sensor-based VRT systems are discussed.
® Working of VRT systems was depicted with schematic representation and flowcharts.
@ Results from various research works were summarized.
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Excessive use of chemical fertilizers is a very serious
problem in agriculture at present. Excess nitrogen
used in crop fertilization can contribute to the
release of greenhouse gases such as carbon dioxide
and nitrous oxide into the atmosphere. Excessive
use of fertilizers can reduce the natural replenishing

ability of soil and can change the chemical nature
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of the soil, making it less fertile. It not only leads
to soil compaction and acidification and causes the
fertilizer utilization rate of soil to drop down to
extremely low and creates pollution of groundwater.
Root burning was also a serious issue.

Macro-nutrients availability in the soil is not the
same throughout the field and varies from location
to location. Recent research indicates that there is a
high variability of soil nutrients even in a small area
of the field. The constant rate of fertilizer application
is inefficient and leads to over-fertilizing certain
regions and under-fertilizing others, not meeting
the actual nutrient demand. Over-application of
chemical fertilizer to plants may cause the leaves
to turn yellow or brown, damaging the plant and
reducing crop yield. This condition is known as
chemical leaf scorch. Leaf scorch can cause the
leaves of the plant to wither and may cause the
plant to die. The over-use of chemical fertilizers
can lead to soil acidification because of a decrease
in organic matter in the soil. Nitrogen applied to
fields in large amounts over time damages topsoil,
resulting in reduced crop yields. Clay soils have
an ability to buffer the effects of excess chemical
fertilization, but sandy soils lack this ability and
prone to soil acidification more than clay soils.

Variable-rate technology combines a variable-rate
(VR) control system with application equipment
to apply inputs at a precise time or location to
achieve site-specific application rates of inputs.
A complement of components, such as a DGPS
receiver, computer, and VRA software and controller,
are integrated to make VRT work.

Effects of irregular fertilizer application

Excessive use of chemical fertilizers is a very serious
problem in agriculture at present. Excess nitrogen
used in crop fertilization can contribute to the
release of greenhouse gases such as carbon dioxide
and nitrous oxide into the atmosphere. Excessive
use of fertilizers can reduce the natural replenishing
ability of soil and can change the chemical nature
of soil, making it less fertile. It not only leads to
soil compaction and acidification and causes the
fertilizer utilization rate of soil to drop down to
extremely low and creates pollution of groundwater.
Root burning was also a serious issue.

Over-application of chemical fertilizer to plants
may cause the leaves to turn yellow or brown,
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damaging the plant and reducing crop yield. This
condition is known as chemical leaf scorch. Leaf
scorch can cause the leaves of the plant to wither
and may cause the plant to die. The over-use of
chemical fertilizers can lead to soil acidification
because of a decrease in organic matter in the soil.
Nitrogen applied to fields in large amounts over
time damages topsoil, resulting in reduced crop
yields. Clay soils have the ability to buffer the effects
of excess chemical fertilization, but sandy soils lack
this ability and prone to soil acidification more than
clay soils.

Approaches to site-specific farming

In precision agriculture (PA), three basic methods
of implementing site-specific variable rate fertilizer
application (VRFA) within a field include:

¢ By controlling the speed of rotary valve
¢ GPS with prescription map
* Optical sensor
¢ Real-time spot application using GPS

Manual control can also be used to vary the
application rates with the operator responsible
for changing the rates on the controller during
operation.

¢ By changing the active length and speed of the
fluted roller

¢ By changing the opening of dosing plates
REVIEW OF LITERATURE

GPS with prescription map approach

In the map-based approach, a prescription map
is generated based on soil analyses or other
information and then used by the VRT to control
the desired application rate within each zone.

The tractor-mounted VRFA system consisted of :
1. Differential global positioning system (DGPS)
2. Micro-processer
3. Micro-controller
4. DC motor
5. Fluted roller metering mechanism

For variable-rate fertilizer application in a particular
field, the map-based method includes the following
steps:
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¢ Perform systematic soil sampling (and lab
analysis) for the field;

¢ Generate site-specific maps of the soil nutrient
properties of interest;

¢ Use some algorithm to develop a site-specific
fertilizer application map; and

¢ Use the application map to control a variable-
rate fertilizer applicator.

A positioning system is used during the sampling
and application steps to continuously record vehicle
location in the field. Differentially-corrected global
positioning system (DGPS) receivers are the most
commonly used positioning devices.

Advantages of Map-Based Variable-Rate
Application

1. Systems are already available for most crop
production inputs.

2. The user has a database that can be useful for
a number of management-related activities.

3. The user can employ multiple sources of
information in the process of formulating a
variable-rate application plan.

4. The user has significant control regarding
the function of such systems because of the
involvement in application rate planning.

mapped data
rec

Variable-rate application

Fig. 1: A map-based system for varying crop input application
rates

Chandel et al. (2016) developed a digital map-
based site-specific granular fertilizer application
system for applying different rates of crop inputs.
It consisted of a differential global positioning
system (DGPS), microprocessor, micro-controller,
DC motor actuator, power supply, threaded screw
arrangement, and fluted roller metering mechanism.
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Soil nutrient availability and application maps for
targeted yield were also developed. DGPS was
used for real-time identification of grids. Based on
the microcontroller algorithm, application rates
were varied by changing the feed roller exposure
length. The observed fertilizer application rate was
5 and 300 kg ha' for exposure lengths of 0 and
44 mm respectively. The results indicate that the
fertilizer application rate changes according to the
prescribed application rate at the identified grid
with a coefficient of variation of 11.7-15 percent.
The fertilizer application accuracy ranged from 89.3
to 98.1 percent at various discharge rates.
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Fig. 2: Nitrogen availability map developed using MATLAB
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Fig. 3 Variation of transitional response time w.r.t fertilizer
application rate
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Kim et al. (2008) developed a variable-rate granule
applicator with a 10 m long boom. This system
consisted of a soil property map of 10x10 m grid
size. The pneumatic applicator was equipped with
simple blow heads and a metering system. The
reported CV values, regardless of the working
speed, ranged from 2.9 % to 15.3 % and 11.2 % to
13.1 % in the longitudinal and transverse directions,
respectively. Tola et al. (2008) modified a mechanical
fertilizer application system for the automatic
setting of target fertilizer application rate. The
system could maintain a uniform application rate by
performing real-time adjustments with an on-the-go
monitoring application.

Ning et al. (2015) developed a variable rate
fertilization system with adjustable active feed-
roll length. The system consisted of a seed drill,
actuator, a low-cost support decision subsystem,
and corresponding software. A SpatiaLite database
was employed to solve the spatial location search
and spatial data query. Experiments were conducted
to evaluate the fertilization uniformity and dynamic
response time. The coefficient of variation in five
different active feed-roll lengths was 8.4 % which
reflects a good uniformity. The dynamic response
times for the adjustment of variable-rate fertilization
system from 204 kg h'm= to 319 kg h'm?and 319
kg h"’m?to 204 kg h'm~are about 4.2 s.

Near Infrared Near Infrared

A 0 0
Visible xi 50% 40/0 \[7‘ Visible

Red Red
‘l‘ 8% :l, .,_\l: 30%

Healthy Unhealthy

Fig. 4: NIR and RED percentages of healthy and unhealthy
crops
Sensor-based approach

The sensor-based system utilizes sensors to assess
crop or field conditions to provide real-time VRA of
inputs. NDVI is a commonly used remote sensing
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technique to help identify vegetation and to provide
a measure of its health and vitality. NDVI is a
commonly used remote sensing technique to help
identify vegetation and to provide a measure of
its health and vitality. NDVI is calculated from the
plant’s unique reflection combination of visible red
light and NIR light. It combines the information
available in red and near IR bands into a single
representative value given by;

NIR - RED

NDVI= SR+ rED

NDVI value always lies between -1 & +1
The application system mainly includes four parts:

¢ Crop nutrition monitoring system based on
optical sensor;

¢ Interface module;
+ Variable fertilization controller; and

Variable fertilizer applicator.

Variable

Optical i
ptica ‘ Interface - fertilizer - HpplbeiioT

sensor module
controller

1

o
NDVI PWM valve

Fig. 5: Process flow of VRFS

The sensor based approach provides the capability
to vary the application rate of crop production
inputs with no mapping involved. The sensor-
based method utilizes sensors to measure the
desired properties, usually soil properties or crop
characteristics, on the go. Measurements made
by such a system are then processed and used
immediately to control a variable rate applicator.
This method doesn’t necessarily require the use of
a DGPS system. Nor does it require extensive data
analysis prior to making variable-rate applications.
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Fig. 6: A sensor-based system for varying crop input
application rates
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Advantages of Sensor-Based Variable Rate
Application

1. Pre-application data analysis time
requirements can be eliminated.

2. Sensors produce far higher data resolution
than traditional sampling methods.

3. No time delay between measurement and
application with real-time systems.

4. Systems are self-contained.

Alameen et al. (2019) developed and evaluated a
control system for variable rate granular fertilizer
applicator. The developed VRA system was basically
composed of two main units. These two units were
the fertilizer flow rate control unit and the map-
based control unit. The fertilizer flow rate control
unit’s main responsibility was to control the flow
rate by adjusting the lever. The double acting
pneumatic cylinder was attached to the handle of
the lever to facilitate the movement of the lever
either forward or backward based on the desired
fertilizer application rate. The variable rate control
unit consists a microcontroller (Arduino MEGA
2560) uploaded with a developed program code was
utilized to integrate the functions of the developed
system components. Automatic adjustment of the
desired granular fertilizer application rate was
achieved successfully. The developed system can
be used efficiently for VRA of granular fertilizers
with an overall error of + 2.6%. The response time
of the developed control system to adjust to a
higher fertilizer application rate was 0.0062 s kg™.
However, the response time was calculated at 0.0110
s kg™ when adjusting to a lower application rate.

Zhang et al. (2013) developed a variable rate
fertilizer system based on an optical sensor to
control the fertilizer amount by optical sensor
measured NDVI of the crop. The study analyzed
the input and output conditions of a control system,
designed a hardware, algorithm, and control
system for fertilizer, mainly software flow, and
a feedback control way. It consisted of 6 optical
sensors mounted on a boom, interface module,
microcontroller, speed sensor, rotation sensor, PWM
valve, and hydraulic motor. It relies on sensors to
provide real-time crop detection information, which
is used to dispense fertilizer amounts for the crop
need. A cv ranging from 0.35 % to 2.67 % with a
maximum relative error of 5.17 % was observed.
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The fertilizer response time of the controller system
was less than 0.875 s.

400

350

300

250
200
150
100
-1l
0
1 2 3 4 5 6 7 8 9 10

¥ Actual amount, kg h-1

=

¥ Pre-set amount, kg h-1

Fig. 7: Pre-set and actual fertilizer application rates at random
plots

Chattha et al. (2014) modified variable rate (VR)
fertilizer spreader to control each pair of nozzles
for spot application of fertilizer in the blueberry
field. The system consisted of cameras, solenoid
valves, pneumatic cylinders, VR controllers and
custom software. The modified system was capable
of using prescription maps and automated sensing
and control system, which simultaneously detect
foliage/bare spots in real-time to avoid fertilization
in bare spots/weed patches. The u eye cameras
and controller were tested and calibrated for target
detection and fertilizer application. The ACCU-
RATE controller performed reliably and efficiently
to control the fertilizer application rate through
each pair of nozzles with 5 % difference from
manual measurements. The results of response
time revealed that the maximum of 2.38 s and 2.25
s were taken to dispense clay filler and fertilizer,
respectively.

Real time spot application using GPS

The applicator is equipped with a long-range Radio
Frequency Identification (RFID) reader to detect the
stored tag ID on the available passive RFID tags
attached on the trees. The Tag ID is used by the
control program of the VRT system in triggering
the rotary valves, which are the metering units
for the system. A database containing the GPS
coordinates, the RFID tag ID and the amount of
fertilizer to be applied on a specified area has to
be developed earlier and stored in the memory of
computer system of the VRT applicator. When the
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control program receives the RFID tag ID on the
tree, it relates the tag ID to the information in the
database and triggers the VRT fertilizer applicator
system to apply a precise amount of fertilizer to
that particular area.

Ishola et al. (2013) developed a RFID-based variable
rate technology fertilizer applicator for tree crops.
The applicator consisted of a long-range Radio
Frequency Identification (RFID) reader to detect
the stored tag ID on the available passive RFID tags
attached on the trees. The Tag ID was used by the
control program of the VRT system in triggering
the rotary valves which are the metering units
for the system. The control program receives the
RFID tag ID on the tree, it relates the tag ID to
the information in the database and triggers the
VRT fertilizer applicator system to apply precise
amount of fertilizer to that particular area. The
results showed that the response time of the VRT
applicator was found to take 2 — 3 seconds. It has a
field capacity of 7.60 ha/h and 8.10 ha/h with field
efficiencies of 0.55 and 0.57 at the travelling speed
of 4.43 km/h and 4.92 km/h, respectively.

Rotary Valve Response Pattern
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Fig. 8: Speed change of the rotary valve in random order

CONCLUSION

Variable rate fertilizer application, in this respect, is
a promising technology through which:

¢ Crop yields, field performance, and operating
productivity in agricultural operations could
be maximized;

+ Performance of various fertilizers and chemicals
in the soils could be measured;
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¢ Fertilizer, chemical application costs could be
reduced;

¢ Pollution through poor use of chemicals could
be reduced;

¢ Field performance to the square meter could be
tracked, mapped, and analyzed so that to allow
a farmer to be able to know how well or poorly
each part of a field is producing;

¢ Decision-making process in farm-management
could be improved;

+ Better farm records essential for sale and
successions could be provided.
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