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ABSTRACT

Precision seed placement plays a vital role in achieving optimum crop establishment, efficient utiliza-
tion of agricultural inputs, and higher crop productivity. The performance of seed drills and planters
largely depends on the seed metering mechanism, which regulates the discharge of seeds at the desired
rate and spacing. Uniform seed distribution minimizes intra-row competition and improves germination,
emergence, and crop growth. In recent years, seed metering technology has evolved from conventional
mechanical devices to advanced pneumatic, electronic, and mechatronic systems integrated with sensors
and intelligent control units.

This review summarizes the different types of seed metering mechanisms used in seed drills and
planters, including mechanical, pneumatic, electronic/mechatronic, controlled, and crop-specific sys-
tems. Their constructional features, operating principles, technical specifications, performance indices,
advantages, limitations, and applications reported in the literature are discussed. A comparative assess-
ment of different metering mechanisms based on seed spacing accuracy, operating speed, power re-
quirement, adaptability, and automation level is also presented. The review highlights recent develop-
ments in electrically driven and sensor-based metering systems for precision agriculture and identifies
future research directions toward intelligent, energy-efficient, and high-speed seed metering
technologies.

Keywords: Seed metering mechanism, Seed drill, Precision planter, Mechanical seed metering,
Pneumatic seed metering, Vacuum disc meter, Electronic and mechatronic systems, Seed singulation,
Seed spacing uniformity, Quality Feed Index, Variable-rate seeding, Precision agriculture

1. Introduction

Mechanized sowing is one of the most important field operations affecting crop establishment and final
yield. Seed drills and precision planters are designed to meter seeds uniformly, place them at the desired
depth, maintain proper seed-to-seed spacing, and ensure adequate soil coverage for better germination and
emergence. The performance of these machines is primarily governed by the seed metering mechanism,
which controls the quantity and uniformity of seed delivery (Wang et al., 2023).

The seed metering mechanism is considered the heart of a planter because it directly influences plant popula-
tion, spacing uniformity, and crop productivity. The efficiency of a metering system is commonly evaluated
using parameters such as Quality Feed Index (QFI), Miss Index, Multiple Index, and Precision Index. A
well-designed metering mechanism reduces seed wastage, minimizes plant competition, and improves re-
source utilization (Karayel ef al., 2004).

Conventional seed drills mainly employ mechanical metering mechanisms such as fluted rollers, internal
double-run feed, cup feed, cell feed, and plate-type meters because of their simple construction, low manu-
facturing cost, and ease of maintenance. However, these mechanisms are generally suitable for continuous
seed flow and exhibit limitations in precision planting due to seed damage, multiple seed drops, and sensitiv-
ity to ground wheel slip.

To overcome these limitations, pneumatic seed metering systems were developed. Vacuum and positive-
pressure metering mechanisms provide better seed singulation, higher planting accuracy, and improved
adaptability to different seed sizes and shapes. Recent advancements have further integrated electric drives,
microcontrollers, sensors, and closed-loop control systems into conventional planters, enabling variable-rate
seeding and precision planting under varying field conditions (Pareek et al., 2025).

This review presents a concise overview of the different seed metering mechanisms reported in the literature.
Their working principles, technical specifications, performance characteristics, advantages, limitations, and
recent technological developments are comparatively discussed to provide a comprehensive understanding
of modern seed metering technologies.

Seed Metering Mechanisms | I—Mechanical | I—Fluted Roller | I—Internal Double Run | I—
Cup Feed | I—Cell Feed | I—Plate Type | L— Belt Type I—Pneumatic | I—Vacuum Disc |
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I— Positive Pressure | L— Centralized Pneumatic I—
Electronic & Mechatronic | I— Electric Drive | I— Servo
Motor | I— BLDC Motor | L— Closed-loop Control L—
Intelligent I— Variable Rate L— GPS/Sensor Based

Flowchart 1. Classification of seed metering mechanisms used in
seed drills and precision planters.

2. Performance indices and evaluation criteria

The performance of a seed metering mechanism is evaluated based on
its ability to deliver seeds uniformly at the desired spacing with mini-
mum misses and multiple seed drops. Standardized performance in-
dices, as recommended in ISO 7256-1, are widely used to compare
the effectiveness of different seed metering systems. These indices
provide a quantitative assessment of seed spacing uniformity and
planting precision (Karayel et al., 2004).

The most commonly used performance indices are Quality Feed
Index (QFI), Miss Index (MI), Multiple Index (MUI), and Precision
Index (PI). These parameters are determined from the measured seed
spacing under laboratory or field conditions and are extensively re-
ported in the literature for evaluating seed drills and precision
planters.

2.1 Quality Feed Index (QFI)

The Quality Feed Index (QFT) represents the percentage of seed spac-
ings that fall within 0.5 to 1.5 times the theoretical seed spacing. It in-
dicates the ability of the metering mechanism to deliver single seeds
at the desired interval.

A higher QFI indicates better seed singulation and more uniform seed
placement. Precision pneumatic and electronically controlled planters
generally achieve QFI values above 90-95%, whereas conventional
mechanical metering systems usually exhibit comparatively lower
values depending on operating conditions (Karayel, 2009).

2.2 Miss Index (MI)

The Miss Index (MI) is the percentage of seed spacings greater than
1.5 times the theoretical spacing, indicating that one or more seeds
were not delivered at the desired location.

A lower miss index is desirable because it ensures proper plant popu-
lation and minimizes gaps within the crop row. Miss index generally
increases with higher forward speed, poor seed singulation, and im-
proper adjustment of the metering mechanism (Karayel, 2009).

2.3 Multiple Index (MUI)

The Multiple Index (MUI) represents the percentage of seed spacings
less than 0.5 times the theoretical spacing, indicating that two or more
seeds were dropped together.

Lower MUI values indicate better singulation performance and re-
duced competition among adjacent plants. Multiple seed drops are in-
fluenced by seed shape, metering plate design, operating speed, and
vacuum pressure in pneumatic systems.

2.4 Precision Index (PI)

The Precision Index (PI) measures the variation in acceptable seed
spacings and is expressed as the coefficient of variation of the seed
spacing distribution. It reflects the consistency of seed placement dur-
ing planting.

Lower PI values indicate better spacing uniformity and higher plant-
ing precision. Electronic and mechatronic seed metering systems gen-
erally produce lower precision index values than conventional me-
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chanically driven systems because they minimize errors caused by
ground wheel slip and transmission vibration (Karayel, 2009).

Table 1. Performance indices commonly used for evaluation of seed
metering mechanisms.

Performance Index Purpose Desired Value
Quality Feed Index Indicates percentage of cor-  Higher (> 90—
(QFD) rectly spaced seeds 95%)
Miss Index (MI)  Indicates missed seed Lower (< 5%)
placements
Multiple Index Indicates multiple seed drops Lower (< 5%)
(MUI)
Precision Index (PI) Indicates spacing uniformity Lower (< 15—
20%)

Among the performance indices, Quality Feed Index is the most
widely used parameter for evaluating the overall performance of seed
metering mechanisms because it directly reflects seed spacing accu-
racy. The Miss Index and Multiple Index indicate planting errors due
to missed or multiple seed drops, while the Precision Index measures
the consistency of seed placement. Collectively, these indices provide
a reliable basis for comparing different metering mechanisms under
laboratory and field conditions. Studies reviewed in this paper show
that pneumatic and electronically controlled seed metering systems
generally achieve higher QFI and lower MI, MUI, and PI values than
conventional mechanical systems, demonstrating their superior preci-
sion in seed placement.

3. Mechanical seed metering mechanisms

Mechanical seed metering mechanisms are the most widely used seed
metering devices in conventional seed drills and planters due to their
simple construction, low manufacturing cost, ease of operation, and
minimum power requirement. These mechanisms meter seeds through
mechanical movement of rollers, plates, cups, cells, or belts driven by
the ground wheel or transmission shaft. They are suitable for a wide
range of cereal and pulse crops; however, their precision is generally
lower than pneumatic and electronically controlled systems because
of ground wheel slip, vibration, and limited seed singulation capabil-
ity (Yitao et al., 2017).

Mechanical metering mechanisms can be classified into different
types based on their method of seed pickup and delivery, as shown in
Flowchart 2.

Mechanical Seed Metering Mechanisms |

— Fluted Roller — Internal Double Run |— Cup Feed —
Cell Feed |— Plate Type | }— Horizontal Plate | |— Inclined
Plate | L Vertical Plate .— Belt Type

Flowchart 2. Classification of Mechanical Seed Metering
Mechanisms

3.1 Fluted feed roller mechanism

Construction and Working Principle

The fluted roller is the most commonly used seed metering mecha-
nism in seed drills. It consists of a fluted roller mounted below the
seed hopper, an adjustable gate, feed cup, and cut-off device. As the
roller rotates, seeds fill the longitudinal flutes and are discharged into
the seed tube. Seed rate is controlled by changing the exposed flute
length or the rotational speed of the roller (Yitao et al., 2017).
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Figure 1. Fluted Roller

Advantages
e Simple and economical construction
» Easy seed rate adjustment
e Suitable for cereals and fertilizers
» Low power requirement
¢ Easy maintenance
Limitations
* Continuous seed flow without singulation
e Poor spacing uniformity
* Output affected by seed properties and ground wheel slip

 Not suitable for precision planting

Table 2. Typical Technical Specifications

Parameter Typical Range
Roller diameter 40-60 mm
Number of flutes 10-16
Flute depth 5-12 mm
Roller speed 30-50 rpm
Working length 20-50 mm

https://www.agriculturaljournals.com

3.2 Internal double-run feed mechanism

The internal double-run feed mechanism consists of a double-faced
feed wheel having coarse and fine ribs for handling different seed
sizes. The seed rate is adjusted by changing the rotational speed of the
feed wheel. Compared with the fluted roller, it offers better adaptabil-
ity for different crops but still operates as a continuous-flow metering
mechanism.

Advantages

o Suitable for both small and large seeds
e Positive seed delivery
¢ Simple construction
Limitations
¢ Bulk seed delivery

¢ Mechanical adjustment required

¢ Lower precision compared with pneumatic systems

3.3 Cup feed and cell feed mechanisms

Cup feed mechanisms use cups mounted on the periphery of a rotat-
ing disc to pick seeds from the hopper and release them into the seed
tube. Cell feed mechanisms use equally spaced cells on a rotating
wheel for seed pickup and delivery.

These mechanisms are mainly employed for medium and large seeds
and provide better seed handling than continuous-flow mechanisms.
However, precision decreases at higher operating speeds.

3.4 Plate-type metering mechanisms
Plate-type metering mechanisms are among the earliest precision seed
meters and are widely used in row crop planters. Based on the orien-
tation of the seed plate, they are classified into:

¢ Horizontal plate

¢ Inclined plate

¢ Vertical plate
The plate contains uniformly spaced cells that pick individual seeds

and release them into the seed tube. Seed spacing depends on plate
design, cell size, rotational speed, and forward speed.

Seed tube

Seed tube

Figure 2. Cup Feed Figure 3. Cell Feed

815

4

‘8S¥8199

0T

T

“Xtr8F997/SHSEE 0 1/310° 10p mmmy//:sdny woiy papeojumo(] “(6)8 ‘9.

20T

] uo 20UIDG POO,] puE AMMILITY JO [EUINO[ [BUOHRWIdU] Aq 86| 6!'8A"9

60/¥C

[

ASULDIT SUOWWO)) dA1EaI) 9[qearjdde ayy £q pauIoA0S a1e Sa[o1IE () asn JO sa[nI 10 (wod sfewnofjernynouse mmm//sdny) suonipuo)) pue sua] oy 23S (970



International Journal of Agriculture and Food Science

Seed tube

Table 3. Typical Specifications

Parameter Typical Value
Plate diameter 150-250 mm
Number of cells 2040
Plate speed 15-25 rpm
Operating speed 4—6 km h!

Advantages

e Better singulation than fluted rollers

e Low power requirement

¢ Simple transmission

* Plates can be replaced for different crops
Limitations

« Plate replacement required for different seed sizes

¢ Reduced performance at higher forward speeds

o Affected by vibration and ground wheel slip

https://www.agriculturaljournals.com

3.5 Belt-type metering mechanism

The belt-type mechanism uses a rubber belt containing equally spaced
holes corresponding to the seed size. Seeds are picked by the holes
and transported to the discharge point. Compared with plate-type
mechanisms, belt meters provide smoother seed handling and lower
seed damage, making them suitable for fragile seeds.

‘ 0
Endless Belt | Seed Tube

0
0

Figure 5. Belt type

Mechanical seed metering mechanisms continue to be widely used
because of their simple construction, low cost, and ease of mainte-
nance. Among these, fluted roller and internal double-run mecha-
nisms are suitable for continuous seeding operations in cereals,
whereas plate-type and belt-type mechanisms provide better seed sin-
gulation for row crops such as maize, cotton, and soybean. However,
all mechanically driven systems are affected by ground wheel slip, vi-
bration, and limited adaptability at higher operating speeds.
Consequently, pneumatic and electronically controlled metering sys-
tems have been increasingly adopted for precision planting
applications.

Table 4. Comparison of Mechanical Seed Metering Mechanisms

Mechanism Suitable Crops Precision Seed Damage Cost Application
Fluted Roller Wheat, soybean, pulses Low Low Low Seed drills
Internal Double Run  Cereals Low—Moderate Low Low Seed drills
Cup Feed Medium-sized seeds Moderate Low Moderate Conventional planters
Cell Feed Pulses, cereals Moderate Low Moderate Seed drills
Plate Type Maize, cotton, groundnut High Moderate Moderate Precision planters
Belt Type Cotton, soybean High Very Low Moderate Precision planters

4. Pneumatic seed metering mechanisms

Pneumatic seed metering mechanisms have become the preferred
choice for precision planting because of their superior seed singula-
tion, high planting accuracy, and ability to handle seeds of different
sizes and shapes. Unlike mechanical meters, pneumatic systems use
negative or positive air pressure to pick, hold, and release individual
seeds, thereby reducing seed damage and improving spacing unifor-
mity. These systems are widely used in precision planters for crops
such as maize, cotton, soybean, sunflower, and rapeseed (Huang et
al., 2018).

Pneumatic Seed Metering Mechanisms | I— Vacuum (Negative
Pressure) | I— Vacuum Disc | I— Standard Vacuum Plate |

816

L— Flexible Orifice “— Positive Pressure |— Air Blowing
L Centralized Pneumatic

Flowchart 3. Classification of Pneumatic Seed Metering
Mechanisms

4.1 Vacuum disc (negative pressure) meter

Working Principle

The vacuum disc seed meter consists of a perforated seed disc rotat-
ing inside a sealed housing connected to a vacuum source. As the disc
rotates through the seed chamber, negative pressure holds a single
seed over each orifice. A singulator removes extra seeds, and the seed
is released into the seed tube when the vacuum is interrupted at the
discharge point (Huang et al., 2018).
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\ i{ Seed-feeding
device

Return pipe

outside the shell &

Seed-metering
device

S0 Q\\'»&.\ .

Figure 6. Pneumatic seed metering device (Xiaojun Gao et al., 2023) [1]

Vacuum pressure, orifice diameter, disc speed, and seed properties are
the major factors affecting metering performance.

Table 5. Typical Technical Specifications

Parameter Typical Range
Vacuum pressure 2-4 kPa
Orifice diameter 2.5-3.0 mm
Disc peripheral speed 0.42-0.50 m s™!
Operating speed 4-15km h™!
Quality Feed Index 93-97%
Advantages

 Excellent seed singulation

e Suitable for irregular-shaped seeds

 High planting accuracy

¢ Reduced seed damage

e Compatible with electronic drive systems
Limitations

 Higher power requirement

¢ Requires blower or vacuum pump

« Sensitive to dust leakage and poor sealing

¢ Higher manufacturing cost

4.2 Centralized pneumatic metering system

Centralized pneumatic systems meter seeds at a central location and
distribute them to individual rows using air streams. These systems
improve uniformity among rows while reducing the number of indi-
vidual metering units.

Studies on rapeseed reported qualified seed indices above 86% with
coefficients of variation below 5% under optimized operating condi-
tions, indicating satisfactory planting performance (Yitao et al.,
2017).

4.3 Factors affecting pneumatic meter performance
The performance of pneumatic seed meters depends on several oper-
ating and design parameters, including:

¢ Vacuum pressure
¢ Orifice diameter
¢ Disc rotational speed
¢ Forward speed
e Seed size and shape
e Seed moisture content
e Singulator adjustment
Proper optimization of these parameters improves seed pickup, re-

duces missed and multiple seed drops, and enhances spacing
uniformity.

Table 6. Typical Operating Parameters Reported for Pneumatic Seed Meters

Crop Vacuum Pressure Orifice Size Operating Speed QFI
Cotton 2.0 kPa 2.5 mm 042ms™ 94.7%
Cotton (Optimized) 3.96 kPa 2.95 mm 4.26 km h! 93%
Flexible Orifice 3.40 kPa 3.0 mm 4.67 km h! 97.3%
Rapeseed —1600 Pa — 16 rpm 92.5%

(continued on next page)
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4.4 Instrumentation used in the reviewed studies
Several studies incorporated specialized instrumentation to evaluate

the performance of pneumatic seed metering mechanisms.

Table 7. Instrumentation Used in the Reviewed Studies

Instrument Purpose

Vacuum pump Generates negative pressure

Pressure regulator Controls vacuum level
Vacuum gauge Measures vacuum pressure
Electric motor Drives seed metering disc
Photoelectric sensor Detects seed passage
Radar speed sensor Measures forward speed
Microcontroller Controls metering operation

Motor controller Regulates motor speed

Pneumatic seed metering mechanisms provide significantly better
seed placement accuracy than conventional mechanical systems. The
reviewed studies consistently reported Quality Feed Index values
above 90%, low miss indices, and reduced multiple seed drops under
optimized operating conditions. Their ability to handle different seed
sizes without extensive grading makes them suitable for precision
planting of row crops. However, the requirement for vacuum genera-
tion, precise sealing, and additional electronic components increases
both system complexity and cost. Despite these limitations, pneu-
matic metering technology remains the benchmark for modern high-
speed precision planters due to its superior planting accuracy and
adaptability.

5. Electronic and mechatronic seed metering systems

Electronic and mechatronic seed metering systems have been devel-
oped to overcome the limitations of conventional ground wheel-
driven planters, such as wheel slip, transmission losses, vibration, and
difficulty in adjusting seed rate. These systems replace the mechanical

https://www.agriculturaljournals.com

sensors, controllers, and actuators, enabling accurate seed placement
and real-time control (Pareek et al., 2025).

Unlike conventional systems, electronically controlled planters allow
independent control of each row unit, improve spacing uniformity,
and facilitate variable-rate seeding for precision agriculture.

5.1 Electric drive systems

Electric drive systems use electric motors to drive the seed metering
mechanism instead of ground wheel transmission. Depending on the
planter design, the electric drive may either replace only the transmis-
sion system or function as a completely integrated seed metering unit
(Minfeng et al., 2018).

Studies reported that electric-driven precision planters achieved a
qualified seed spacing greater than 95% at forward speeds ranging
from 5 to 13 km h™'. The elimination of ground wheel slip signifi-
cantly improved seed spacing uniformity under field conditions
(Pareek et al., 2025).

5.2 Instrumentation and control components
Electronic seed metering systems integrate several control and sens-
ing components to regulate the metering process.

Table 8. Major components used in electronic seed metering
systems.

Component Function

DC servo motor
BLDC motor
Motor controller

Drives the seed metering unit

Provides smooth and efficient metering
Regulates motor speed

Microcontroller Controls metering operation
Relay module Controls power supply to actuators
Radar speed sensor ~ Measures forward speed
Rotary encoder Measures shaft speed and position
Photoelectric sensor  Detects seed flow and missed seeds

12 V battery Power source for the system

transmission with electrically driven metering units integrated with

-@ 4= Number of Cells (N)

Radar speed sensor

‘ User Inputs

4= Desired Seed Spacing (Sq4)

Rota ry

Potentiometers (Knobs) 12V

RPM

GND

ON/OFF

Voltage regulator 3y

™

Switch

Arduino
Microcontroller board

Relay switch

Tractor battery

. PWM signal
r

Rotary potentiometer
mounted on the

PWM Motor controller

Seed metering device PMDC motor

Optical encoder

Automatic ON/OFF mechanism

Figure 7. Schematic diagram of embedded mechatronic seed metering control system. (Pareek et al., 2025).
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These components operate together to maintain synchronization be-
tween planter forward speed and seed metering speed, thereby im-
proving planting accuracy.

5.3 Performance and advantages

Research demonstrated that replacing the conventional mechanical
drive with an electronic drive improved planting performance.
Laboratory and field evaluations reported an increase in the Quality
Feed Index by approximately 2.5% and a reduction in the Precision
Index due to improved speed control and reduced transmission vibra-
tion (Karayel et al., 2004).

Advantages

« Eliminates ground wheel slip
* Improves seed spacing uniformity
¢ Enables real-time seed rate adjustment
« Suitable for variable-rate seeding
e Independent row control
¢ Reduced vibration
« Faster calibration
Limitations
¢ Higher initial investment
* Greater system complexity
¢ Dependence on electrical power
¢ Requires periodic maintenance of electronic components

« Troubleshooting requires technical expertise

5.4 Comparison of mechanical and electronic drive systems

Table 9. Mechanical vs Electronic drive systems.

Parameter Mechanical Drive Electronic Drive

Drive source Ground wheel Electric motor

Speed control Mechanical Electronic
transmission controller
Wheel slip effect  High Negligible
Variable-rate Not possible Possible
seeding
Calibration Manual Easy and quick
Planting accuracy  Moderate High
Maintenance Simple Moderate
Automation Low High

Electronic and mechatronic seed metering systems represent a signifi-
cant advancement over conventional mechanical drives by eliminat-
ing errors caused by ground wheel slip and transmission vibration.
The integration of electric motors, sensors, and embedded controllers
enables precise synchronization between planter speed and seed me-
tering rate, resulting in improved seed spacing uniformity. Although
these systems involve higher initial cost and greater technical com-
plexity, their ability to support precision agriculture practices such as
variable-rate seeding and real-time monitoring makes them highly
suitable for modern farming systems.

6. Controlled and intelligent seed metering systems

The advancement of precision agriculture has led to the development
of controlled and intelligent seed metering systems capable of adjust-
ing seed rate according to field variability. These systems integrate
electronic controllers, positioning technologies, sensors, and variable-
rate algorithms to achieve accurate seed placement and optimum plant
population. Compared with conventional planters, intelligent meter-
ing systems improve input-use efficiency, reduce operational cost, and
enhance crop productivity (Yang et al., 2016).

819
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6.1 Variable Rate Technology (VRT)

Variable Rate Technology (VRT) is a precision farming approach that
allows the seed application rate to vary according to soil properties,
crop requirements, and field conditions. Unlike conventional uniform
seeding, VRT enables optimum plant population by applying different
seed rates within different management zones of the same field
(Zhang et al., 2021) [21.

The adoption of VRT has increased significantly due to the availabil-
ity of GPS technology, electronic controllers, sensors, and digital pre-
scription maps. According to the USDA Agricultural Resource
Management Survey, the use of VRT for seeding operations has in-
creased considerably in recent years (Yang et al., 2016).

6.2 Approaches used in variable rate seeding

Variable-rate seeding is generally implemented using two approaches:
(a) Map-Based Variable Rate Seeding

In this approach, prescription maps are prepared using previously col-
lected field information such as soil characteristics, yield maps, re-
mote sensing data, or drone imagery. The controller continuously ad-
justs the seed rate according to the predefined prescription map dur-
ing planting.

(b) Sensor-Based Variable Rate Seeding

Sensor-based systems determine field conditions in real time using
sensors such as soil moisture sensors, electrical conductivity sensors,
or crop sensors. Based on sensor inputs, the controller automatically
adjusts the seed metering rate without requiring pre-prepared pre-
scription maps (Yang et al., 2016).

Variable Rate Seeding | I—— Map-Based Approach | I——
Prescription Map | I— GPS | L— Controller — Variable Seed
Rate — Sensor-Based Approach I— Real-time Sensors |—
Controller L— Variable Seed Rate

Flowchart 4. Types of Variable Rate Seeding

6.3 Multi-hybrid planting systems

Recent intelligent planters are capable of planting multiple hybrids
within the same field by using electronically controlled metering units
and divided seed hoppers. These systems automatically switch be-
tween hybrids while maintaining the desired seed spacing and plant-
ing depth.

Studies reported successful operation of multi-hybrid planting sys-
tems at planting speeds ranging from 9.6 to 11.6 km h~!, demonstrat-
ing their suitability for high-speed precision planting (Precision
Planting LLC, 2022) B3,

Table 10. Comparison of Conventional and Intelligent Seed
Metering Systems

Parameter Conventional System Intelligent System
Seed Rate Fixed Variable
Controller Mechanical Electronic
GPS Integration ~ No Yes
Sensor Integration No Yes
Prescription Map  Not applicable Applicable
Automation Low High
Precision Moderate High
Input Efficiency =~ Moderate High
Advantages

¢ Improves seed placement accuracy.

» Optimizes plant population according to field variability.
¢ Reduces seed wastage and production cost.

» Enables site-specific crop management.

¢ Supports precision agriculture practices.

¢ Increases resource-use efﬁciencyA

Limitations
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* Higher initial investment.
» Requires GPS, sensors, and electronic controllers.
» Depends on accurate field data and prescription maps.

e Greater technical knowledge is required for operation.

Controlled and intelligent seed metering systems represent the latest
advancement in precision planting technology. By integrating GPS,
sensors, electronic controllers, and Variable Rate Technology, these
systems can adjust seed application according to spatial field variabil-
ity, resulting in improved crop establishment and better utilization of
inputs. Compared with conventional planters, intelligent systems pro-
vide greater flexibility, higher planting precision, and better resource-
use efficiency. However, their widespread adoption is still constrained
by higher investment costs and the need for advanced technical exper-
tise. Continuous improvements in digital agriculture and automation
are expected to make these technologies more accessible and econom-
ically viable in future precision farming systems.

7. Crop-specific applications
mechanisms

Different crops require different seed metering mechanisms because
of variations in seed size, shape, weight, and physical properties.
Therefore, the design and operating parameters of the metering mech-
anism should be selected according to the engineering properties of
the seed to achieve uniform seed spacing, minimum seed damage, and
high planting precision.

The reviewed studies indicate that mechanical metering mechanisms
are generally suitable for cereals and pulse crops, whereas pneumatic
and electronically controlled systems are preferred for precision
planting of row crops such as maize, cotton, soybean, and rapeseed.

of seed metering

7.1 Maize

Maize is one of the most extensively studied crops for precision plant-
ing due to its relatively large seed size and requirement for uniform
plant spacing. Researchers optimized the structural parameters of me-

https://www.agriculturaljournals.com

chanical precision metering devices to improve seed filling and singu-
lation under high-speed operation. The optimum operating conditions
included a seed barrier opening height of 19.4 mm, grooved tooth
depth of 1.2 mm, and operating speed of 10.7 km h™', resulting in a
qualified seed spacing above 95% (Dabbaghi et al., 2010).

7.2 Cotton

Vacuum disc metering mechanisms are widely adopted for cotton be-
cause they provide excellent seed singulation with minimum seed
damage. Studies reported that vacuum pressure between 2.0 and
4.0 kPa and an orifice diameter of approximately 2.5-3.0 mm pro-
duced optimum planting performance. Under optimized operating
conditions, the Quality Feed Index exceeded 93%, while Miss Index
and Multiple Index remained below 5% (Huang et al., 2018).

7.3 Soybean

Soybean planting requires accurate seed spacing while minimizing
mechanical damage. Vacuum seed metering systems demonstrated su-
perior performance compared with conventional mechanical drills by
improving seed spacing uniformity and crop emergence. Laboratory
and field evaluations indicated acceptable precision at forward speeds
of 1.0-1.5 m s7!, particularly when combined with double-disc furrow
openers (Barut et al., 2006) [4].

7.4 Multi-crop planters

Modern multi-crop planters are designed to accommodate seeds of
different sizes by modifying the metering cell dimensions and expo-
sure length. Seeds are generally classified into large, medium, and
small categories based on their geometric mean diameter. Laboratory
studies reported cell filling above 98% and seed damage below 0.5%,
while field evaluations achieved Quality Feed Index values around
94%, demonstrating satisfactory performance for multi-crop planting
applications (Dabbaghi et al., 2010).

Table 11. Summary of crop-specific seed metering mechanisms.

Crop Preferred Metering Mechanism Important Operating Parameters Reported Performance
Maize Mechanical Plate / Pneumatic Vacuum 10.7 km h™', 19.4 mm barrier opening Qualified spacing > 95%
Cotton Vacuum Disc 2-4 kPa vacuum, 2.5-3.0 mm orifice QFI>93%
Soybean Vacuum Meter 1.0-1.5 m s7' forward speed Improved spacing uniformity
Rapeseed Centralized Pneumatic 16 rpm, —1600 Pa Qualified index > 92%
Multi-crop Cell-type Meter Cell size based on seed dimensions Cell filling > 98%

The literature demonstrates that the selection of a seed metering
mechanism should be based on crop characteristics and planting re-
quirements. Mechanical metering systems are economical and suit-
able for cereal crops where continuous seed flow is acceptable.
Pneumatic vacuum meters provide superior seed singulation and
spacing accuracy for row crops such as maize, cotton, and soybean,
particularly at higher operating speeds. Multi-crop metering systems
offer greater flexibility by accommodating different seed sizes with
minimal seed damage, making them suitable for diversified farming
systems. Overall, matching the metering mechanism with the physical
properties of the seed is essential for achieving optimum planting
performance.

8. Comparative analysis and future prospects

The evolution of seed metering mechanisms has significantly im-
proved planting precision, operational efficiency, and crop establish-
ment. Conventional mechanical metering systems continue to be
widely used because of their simple construction, low manufacturing

cost, and ease of maintenance. However, their performance is affected
by ground wheel slip, transmission losses, and limited seed singula-
tion, making them less suitable for high-speed precision planting.
Pneumatic seed metering mechanisms have overcome many of these
limitations by using vacuum or positive air pressure for seed pickup
and release. These systems provide superior seed singulation, lower
miss and multiple indices, and better adaptability to different seed
sizes and shapes. The literature reviewed in this study consistently re-
ported Quality Feed Index values above 90% for properly optimized
pneumatic metering systems.

The integration of electric drives, microcontrollers, sensors, and em-
bedded controllers has further improved planting accuracy by elimi-
nating mechanical transmission errors. Electronic and mechatronic
systems enable independent row control, real-time monitoring, and
variable-rate seeding, making them suitable for modern precision
agriculture. Although these systems require higher initial investment
and technical expertise, they offer greater flexibility and improved
planting performance.
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Table 12. Comparative evaluation of different seed metering mechanisms.

Parameter Mechanical Pneumatic Electronic / Mechatronic
Working Principle Mechanical feed Air pressure/vacuum Motor-driven with electronic control
Seed Singulation Low—Moderate High Very High
Quality Feed Index 82-90% 90-98% 92-98%%*
Operating Speed 3-8 kmh™! 5-15km h™! 5-13 km h!
Power Requirement Low High Moderate
Seed Damage Moderate Low Low
Variable Rate Seeding Not available Limited Available
Automation Level Low Moderate High
Initial Cost Low High High
Maintenance Simple Moderate Moderate—High

*Reported values depend on the base metering mechanism and control strategy.

Key findings from the reviewed literature

¢ Mechanical metering mechanisms remain suitable for conven-
tional seed drills because of their low cost and simple operation.

e Plate-type and belt-type mechanisms provide better seed singu-
lation than fluted roller mechanisms.

¢ Pneumatic vacuum systems consistently achieve higher seed
spacing accuracy and lower miss and multiple indices than me-
chanical systems.

e Electronic drive systems improve planting precision by elimi-
nating errors caused by ground wheel slip and mechanical
transmission.

e Variable Rate Technology enables site-specific seed application,
improving input-use efficiency and supporting precision farming
practices.

Future prospects
Future research on seed metering mechanisms should focus on:

» Development of cost-effective electronic metering systems for
small and medium-sized farms.

e Improvement of high-speed precision planting while maintain-
ing seed spacing accuracy.

e Better integration of sensors, GPS, and Variable Rate

Technology for real-time control.

e Optimization of pneumatic systems to reduce energy consump-
tion while maintaining high precision.

» Development of intelligent control algorithms for automatic cal-
ibration and monitoring of seed metering performance.

The reviewed studies indicate that no single seed metering mecha-
nism is universally suitable for all crops and operating conditions.
Mechanical systems continue to be preferred for conventional cereal
planting because of their simplicity and affordability, whereas pneu-
matic systems have become the standard for precision planting of row
crops due to their superior seed singulation and spacing accuracy. The
emergence of electronically controlled metering systems represents a
major advancement in precision agriculture by enabling closed-loop
control, variable-rate seeding, and improved operational efficiency.
Future developments are expected to focus on intelligent, energy-effi-
cient, and economically viable metering technologies capable of
meeting the increasing demand for sustainable agricultural
production.
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