


Review Article 
Roto-Planter Systems for Single-Pass Crop Establishment: A Machine System-Level Review	Comment by actf: The paper is only considering the machine systeme, not the cropping or soil management system. Therefore this change in title is suggested.

Abstract
Roto-planters, which integrate rotary tillage and seed placement into a single pass, have emerged as a promising solution to reduce fuel consumption, labour requirement and field time in crop establishment. Although extensive research exists on rotavators and planters individually, a consolidated understanding of their interaction when combined as roto-planters remains limited. This review was conducted to address this gap by systematically analysing rotary tillage mechanics, planter technologies and their combined influence on soil condition, seed placement accuracy and energy performance.
The review synthesizes available studies to explain how rotary-induced soil disturbance, vibration and fluctuating power demand affect seed metering, depth control and seed-soil contact. Key performance benefits and limitations of existing roto-planter designs are identified, along with critical research gaps related to soil-seed interaction, vibration effects and system integration. Based on the reviewed evidence, the paper proposes design and research directions emphasizing controlled soil disturbance, vibration-resistant seed metering and improved depth-control mechanisms to enhance the reliability and adoption of roto-planter systems.
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1. Introduction
Timely and accurate crop establishment is essential for productive and sustainable agriculture, as seedbed preparation and sowing together determine soil physical conditions such as bulk density, porosity, moisture availability and seed-soil contact that influence germination, emergence and early crop vigour (Kepner et al., 2005; Srivastava et al., 2006). Conventional crop establishment typically involves multiple field operations, including primary and secondary tillage followed by sowing. Although widely practiced, such multi-pass systems are energy intensive, time consuming and costly, and they adversely affect soil structure due to repeated wheel traffic and excessive soil pulverization (Gill and Vanden Berg, 1968; Crăciun et al., 2004; Sarauskis et al., 2012).
Labour scarcity, rising fuel prices and narrow sowing windows have increased the demand for efficient agricultural machinery capable of completing operations in fewer passes (Singh et al., 2018). Repeated machinery traffic also accelerates soil compaction, particularly in subsoil layers, limiting root growth and yield potential (Hamza and Anderson, 2005). As a result, research has increasingly focused on single-pass or combined tillage-sowing systems that reduce field passes, conserve energy and time, and minimize soil compaction while maintaining acceptable seedbed quality (Crăciun et al., 2004; Sarauskis et al., 2012).
The rotavator is widely used for seedbed preparation due to its ability to produce a fine and well-mixed soil condition in a single pass through active soil cutting and mixing (Mandal et al., 2013; Shinde and Kajale, 2016). Parallel advancements in planter technologies, including improved seed-metering mechanisms and precision depth control systems, have enhanced seed placement accuracy under diverse field conditions (Karayel and Özmerzi, 2002; Yang et al., 2016). Integrating these operations into a single machine, commonly known as a roto-planter, offers potential benefits such as reduced fuel and labour requirements, improved operational timeliness and enhanced crop establishment. Studies on combined tillage-sowing systems report fuel and working time savings of 20–60% compared to conventional multi pass methods (Sarauskis et al., 2012).
Despite these advantages, the performance of roto-planters is not merely additive. Rotary tillage creates a highly disturbed and transient soil environment characterized by loose aggregates, soil throw, vibration and fluctuating power demand, which can adversely affect seed metering accuracy, planting depth and seed-soil contact if planter units are not specifically designed for such conditions (Zhang et al., 2010). While extensive literature exists on rotavator mechanics and planter performance separately, studies explicitly linking rotary tillage induced soil dynamics with planter operation remain limited (Karayel, 2009; Sarauskis et al., 2012). This lack of integrated understanding highlights the need for a system level evaluation of roto-planter design and performance.
The objective of this review is to synthesize existing literature on rotavators, planters and combined tillage-sowing systems to develop a system-level understanding of roto-planter technology. Specifically, the review aims to:
1. Examine rotary tillage mechanics and the soil conditions they generate,
2. Review planter and seed-metering technologies suitable for disturbed seedbeds,
3. Assess energy use, time efficiency and soil compaction in single-pass systems and
4. Identify key design challenges, research gaps and future directions for efficient roto-planter development.
2. Rotary Tillage (Rotavator): Mechanics and Soil Effects 
Rotary tillage is widely adopted because it can produce a fine and relatively uniform seedbed in a single pass. In roto-planter systems, the rotavator performs soil conditioning immediately before seed placement, thereby directly influencing seedbed quality, seed placement accuracy, power requirement and overall machine performance. Unlike passive tillage tools, rotavators actively cut and mix soil through impact and shearing action, creating a highly disturbed and transient soil condition (Kepner et al., 2005; Mandal et al., 2013). Although this condition enhances seed-soil contact, it also introduces challenges for simultaneous sowing due to soil instability and vibration.
2.1 Working Principle and Soil Disturbance
A rotavator consists of a horizontally mounted rotor driven by the tractor PTO and fitted with blades mounted on flanges. As the rotor rotates and the machine advances, blades penetrate the soil, cut soil slices and throw loosened soil backward, resulting in soil fragmentation and mixing (Srivastava et al., 2006). The magnitude and nature of soil disturbance are primarily governed by rotor speed, forward speed, blade geometry and working depth (Shinde and Kajale, 2016). In roto-planter operation, sowing occurs immediately after this intense soil disturbance, making it essential to understand how rotary tillage mechanics influence soil behavior at the moment of seed placement.
2.2 Influence of Blade Geometry and Operational Parameters
Blade geometry plays a major role in determining soil flow pattern, pulverization intensity, vibration level and power demand. L-type blades generally produce moderate and uniform pulverization with relatively stable soil flow, whereas J-type blades provide smoother soil entry and reduced vibration. In contrast, C-type blades generate aggressive soil cutting and high pulverization but demand higher PTO power and create unstable soil conditions (Mandal et al., 2013; Kumar and Rao, 2017).
Operational parameters further intensify these effects. Increasing rotor speed increases blade impact energy, resulting in finer aggregates and higher soil mobility, but also causes sharp increases in PTO power demand and vibration (Zhang et al., 2010). Higher working depth increases the volume of soil disturbed and significantly raises energy requirement, while higher forward speed tends to reduce blade-soil contact time, producing coarser aggregates with relatively improved depth stability (Mandal et al., 2013). In roto-planters, excessive pulverization caused by high rotor speed and deep operation can increase the risk of seed displacement during placement.
2.3 Soil Physical Changes and Machine Dynamics
Rotary tillage significantly alters soil physical properties in the surface layer. Studies consistently report reductions in bulk density and aggregate size immediately after rotary tillage, which improves seed–soil contact and aeration but reduces soil bearing strength and stability (Mandal et al., 2013; Karayel, 2009). This loose soil condition makes furrow formation easier but increases variability in planting depth if stabilization mechanisms are inadequate. Simultaneously, rotavators exhibit high and fluctuating PTO torque due to intermittent blade-soil interaction. These torque fluctuations induce vibration in the implement frame, which can be transmitted to the sowing unit in roto-planters (Zhang et al., 2010). Such vibration can adversely affect seed metering accuracy, seed trajectory and depth control, particularly when mechanically driven metering systems are used (Putra et al., 2020).
2.4 Implications for Roto-Planter Design
The reviewed literature indicates that while rotary tillage enables rapid and effective seedbed preparation, it also introduces challenges related to soil instability, vibration and fluctuating power demand. In roto-planter systems, these effects necessitate coordinated design of blade geometry, operational parameters and sowing components. Controlled rotor speed, optimized blade selection, intermediate soil stabilization and robust depth-control mechanisms are essential to balance the benefits of fine seedbed preparation with the requirements of precise and uniform seed placement.
3. Planter and Seed-Drill Technologies for Roto-Planter Systems
Accurate seed placement in terms of spacing, depth and seed-soil contact is essential for uniform crop emergence and yield. In roto-planter systems, planter performance is strongly influenced by the disturbed soil condition produced by rotary tillage, which is characterized by loose aggregates, low bearing strength, increased vibration and fluctuating machine dynamics. Consequently, planter and seed-drill technologies used in roto-planters must operate reliably under transient soil and power conditions.
3.1 Seed Metering and Seed Delivery under Disturbed Soil Conditions
Seed metering governs seed rate, spacing uniformity and singulation, making it one of the most critical components in roto-planters. Conventional mechanical seed meters, such as fluted rollers and inclined plates, are widely used due to their simplicity and low cost. However, several studies report that these systems are highly sensitive to vibration, ground wheel slip and forward speed variation, resulting in increased misses and multiples (Anantachar et al., 2010; Jayaprakash et al., 2021). In roto-planter operation, where rotary tillage induces continuous vibration and uneven soil resistance, these limitations become more pronounced.
Pneumatic seed metering systems, including vacuum- and pressure-based designs, provide improved singulation accuracy and adaptability to higher operating speeds (Karayel and Özmerzi, 2002; Yang et al., 2016). Since pneumatic meters are less dependent on ground-driven mechanisms, they are better suited to roto-planters operating under fluctuating traction and PTO power conditions. More recently, electric and electronically controlled seed meters have further decoupled seed metering from mechanical transmission. Electric row drives have been shown to significantly improve spacing uniformity under variable operating conditions, making them particularly suitable for integrated rotary tillage–sowing systems (Kamgar et al., 2015).
After metering, seed delivery to the furrow becomes a critical factor in rotary-tilled soil. Loose and highly mobile soil increases the likelihood of seed bounce, lateral displacement and depth variability during free fall (Karayel, 2009). Reducing the free-fall distance and employing controlled pneumatic delivery systems have been shown to improve seed trajectory and placement consistency in disturbed seedbeds (Karayel and Özmerzi, 2002).
3.2 Furrow Formation, Depth Control and Soil Compaction
Furrow openers and depth-control mechanisms largely determine planting depth and seed covering in roto-planters. Disc openers perform effectively in firm or residue-covered soils but often exhibit poor depth control in freshly rotary-tilled soil due to reduced soil strength (Swanepoel et al., 2019). Tine and coulter openers provide better penetration in loose soil but may increase soil disturbance if not properly designed (Karayel, 2009).
Maintaining uniform planting depth in rotary-tilled soil is particularly challenging because of surface instability and low bearing capacity. Gauge wheels and depth-control wheels are therefore essential to stabilize planting depth, while press wheels play a critical role in improving seed–soil contact by gently compacting soil around the seed. Several studies report that the inclusion of press wheels significantly enhances depth uniformity and crop emergence in loose soil conditions typical of rotary tillage (Karayel, 2009).
3.3 Monitoring, Control and System Robustness
Modern planter systems increasingly incorporate seed monitoring and control technologies such as optical or infrared sensors to detect seed flow, misses and multiples in real time (Jayaprakash et al., 2021). GPS-based monitoring and variable-rate seeding further enhance operational control. In roto-planters, where soil resistance, vibration and power demand can change rapidly, such monitoring systems provide valuable feedback for maintaining seeding accuracy and diagnosing performance issues during operation.
3.4 Implications for Roto-Planter Design
The reviewed literature indicates that planter technologies suitable for roto-planters must tolerate vibration, fluctuating power input and unstable soil conditions. Pneumatic and electric seed-metering systems, combined with controlled seed delivery, robust furrow openers, effective depth-control mechanisms and press wheels, are more appropriate for integrated rotary tillage-sowing operations than conventional mechanically driven systems. Proper integration of these components is essential to ensure consistent seed placement and uniform crop establishment.
4. Combined Tillage-Sowing Systems: Performance, Energy Use and Soil Implications
Combined tillage-sowing systems have been developed to reduce the number of field passes required for crop establishment by integrating seedbed preparation and sowing into a single operation. The primary objectives of these systems are to improve operational efficiency, reduce fuel and labour requirements, minimize soil compaction and enable timely sowing under conditions of labour scarcity and narrow sowing windows (Crăciun et al., 2004; Sarauskis et al., 2012). The roto-planter represents a specific and increasingly important category within this class, combining rotary tillage with seeding.
Combined machines may integrate either passive tillage tools (such as mouldboard ploughs, chisels or disc harrows) or active tools such as rotary tillers. Passive tool-based systems dominate early designs and are commonly used for residue management and conservation-oriented practices, whereas rotary-based combinations are explored where intensive seedbed preparation and rapid sowing are required, particularly for small- and medium-sized seeds (Mandal et al., 2013; Yang et al., 2024). While rotary tillage produces a fine and uniform seedbed, it also introduces higher instantaneous power demand and increased soil mobility, making system integration more complex.
One of the most consistent advantages reported for combined tillage–sowing systems is reduced fuel consumption and working time compared to conventional multi-pass operations. Field studies indicate fuel savings of 30–40% and time reductions of 30–50% relative to separate tillage followed by sowing, primarily due to the elimination of repeated tractor passes and lower cumulative traction resistance (Crăciun et al., 2004; Sarauskis et al., 2012). Although rotary tillage itself is energy intensive, the overall field-scale energy requirement of roto-planters is often lower than that of conventional systems because additional tillage passes are eliminated.
From a power perspective, combined systems concentrate tillage and sowing loads into a single operation, resulting in higher instantaneous PTO power demand but lower cumulative energy use (Zhang et al., 2010). In rotary-based systems, the rotavator accounts for the majority of power consumption, while the sowing unit requires comparatively low and stable power. Improper load distribution, inadequate power transmission design or poor matching of tractor power and operating parameters can lead to inefficiencies, excessive fuel use and increased mechanical stress (Putra et al., 2020).
Soil compaction is another critical consideration in crop establishment systems. Repeated machinery traffic in conventional multi-pass operations significantly increases the risk of soil compaction, particularly in subsoil layers, restricting root growth and reducing yield potential (Hamza and Anderson, 2005). Combined tillage–sowing systems reduce traffic intensity by minimizing the number of wheel passes, which has been shown to improve soil porosity and reduce bulk density compared to conventional practices (Crăciun et al., 2004; Sarauskis et al., 2012). In roto-planters, compaction effects are generally lower but remain strongly dependent on machine design, axle load and soil moisture conditions. However, if used on heavy moist soils L-shaped blades of a rotary tiller can lead to a smearing horizon similar to a plough pan.	Comment by actf: This is only partly true: in moist sticky soils can L-shaped blades lead to smearing on the bottom of the tilled horizon, which also leads to tillage induced compaction, similar to a plowpan.
Crop emergence and yield response under combined tillage-sowing systems are closely linked to seed placement quality and post-tillage soil stability. Several studies report comparable or improved emergence and yield relative to conventional systems when combined machines are properly optimized (Karayel and Özmerzi, 2002; Jha et al., 2018). However, excessive soil disturbance without adequate depth control and soil consolidation can lead to variable seed depth and reduced emergence, particularly in rotary-based systems (Karayel, 2009). These findings highlight the importance of synchronizing tillage intensity with seed placement and soil stabilization mechanisms in roto-planters.
Overall, the literature demonstrates that combined tillage-sowing systems offer clear benefits in terms of energy efficiency, time savings and reduced soil compaction. Rotary-based combinations provide superior seedbed preparation but require careful system-level integration to manage power demand, vibration and soil mobility. These considerations are central to the successful development of roto-planter technology.
5. Roto-Planter as an Integrated System
A roto-planter must be conceived and designed as an integrated soil-machine-seed system rather than a simple mechanical combination of a rotavator and a planter. Rotary tillage, soil flow control, seed metering, furrow formation and seed covering must operate in a coordinated manner. Failure to stabilize soil flow or isolate sowing components from vibration commonly results in irregular seed spacing, variable planting depth and poor emergence (Karayel, 2009; Sarauskis et al., 2012).
Compared with conventional tillage and separate rotavator-planter operations, roto-planters generally offer lower fuel consumption, reduced time requirement and fewer traffic-induced compaction effects. However, their seed placement performance is highly design-dependent, as the soil conditions created by rotary tillage must be compatible with the requirements of precise seed placement.
5.1 Functional Architecture and Soil–Seed Interaction
A typical roto-planter consists of interdependent subsystems including a rotary tillage unit, a soil flow stabilization zone, seed metering and delivery mechanisms, furrow opening and depth-control components, and seed covering or compaction devices. The rotary tillage unit creates a fine but unstable soil condition, which must be moderated before seed placement. Studies on combined tillage–sowing machines indicate that intermediate soil conditioning elements, such as leveling plates or rollers, significantly improve furrow stability and crop emergence by reducing soil mobility (Crăciun et al., 2004).
Soil-seed interaction represents one of the most critical challenges in roto-planter operation. Rotary tillage generates high soil particle velocities and backward soil throw, which can interfere with seed trajectory during placement, leading to lateral displacement and depth variability (Karayel, 2009). Although several studies quantify soil pulverization and power demand in rotavators (Mandal et al., 2013), limited work directly links soil flow behavior with seed placement performance. Evidence from combined systems suggests that partial soil stabilization between tillage and sowing improves seed–soil contact and emergence uniformity (Sarauskis et al., 2012).
5.2 Power Demand, Vibration and Depth Control
Rotavators exhibit high and fluctuating PTO torque due to cyclic blade–soil interaction, which induces vibration in the implement frame (Zhang et al., 2010). When sowing components are rigidly mounted on the same frame, these vibrations can adversely affect seed metering accuracy, particularly in mechanically driven systems that are sensitive to torque fluctuations (Anantachar et al., 2010). Pneumatic and electric seed-metering systems, which are decoupled from mechanical transmission, demonstrate greater stability under variable load conditions and are therefore better suited to roto-planter applications (Kamgar et al., 2015).
Maintaining consistent planting depth in freshly rotary-tilled soil is also challenging due to low bearing capacity and surface instability. Gauge wheels and press wheels play a critical role in stabilizing depth and improving seed-soil contact. Several studies report that the absence of adequate post-placement compaction leads to uneven emergence, whereas properly designed compaction devices significantly improve depth uniformity and crop establishment (Karayel and Özmerzi, 2002; Karayel, 2009).
5.3 Key Integration Challenges and Design Implications
The literature consistently highlights that many performance issues in roto-planters arise from poor system integration rather than deficiencies in individual components. Key challenges include synchronization of tillage intensity with sowing speed, control of soil throw and residue movement, isolation of seed metering from vibration and torque fluctuations, and optimization of spacing between the rotary tiller and sowing units. Addressing these challenges requires system-level optimization rather than independent component design (Sarauskis et al., 2012).
Effective future roto-planter designs should therefore emphasize controlled rotary tillage to avoid excessive soil disturbance, incorporation of intermediate soil stabilization mechanisms, use of vibration-resistant or electronically driven seed-metering systems, and robust depth-control and compaction devices. Integrating these elements enables roto-planters to fully exploit the energy and time advantages of single-pass operation while ensuring uniform seed placement and reliable crop establishment. The system-level interactions of roto-planter performance is mentioned in table 1.	Comment by actf: This part should be expanded: rotary tillage is one of the most agressive tillage operations, leading to complete destruction of soil aggregates, degradation of soil organic matter, soil structure, soil life and soil health and increasing the risk of drought and erosion. For this reason the rotary tiller is actually not an implement, which should be used when the global trend goes for Conservation Agriculture or Regenerative Agriculture cropping systems without tillage. However, roto-planters in strip-seeding version do have a very specific part for offering a mechanized direct seeding operation under no-till conditions for small scale farmers. Yet, for a roto-strip-planter the challenges concerning vibrations and torque variations are even greater than for full width roto-tillers. This point of view should be expanded in the paper.
Table 1. System-level interactions influencing roto-planter performance
	System aspect
	Key issue
	Effect on seed placement
	Design implication
	Reference

	Soil flow
	High soil mobility
	Seed displacement, depth variation
	Intermediate soil stabilization
	Karayel (2009)

	Power demand
	Fluctuating PTO torque
	Metering instability
	Power decoupling
	Zhang et al. (2010)

	Vibration
	Frame excitation
	Misses and multiples
	Vibration isolation
	Putra et al. (2020)

	Depth control
	Low soil bearing strength
	Uneven emergence
	Gauge & press wheels
	Karayel & Özmerzi (2002)

	System integration
	Poor coordination
	Variable crop stand
	System-level design
	Sarauskis et al. (2012)



6. Research Gaps and Future Research Needs in Roto-Planter Systems
Although extensive studies exist on rotavators, planters and combined tillage-sowing machines, the literature reveals that roto-planters have rarely been investigated as fully integrated soil-machine-seed systems. Most studies focus on individual components rather than their interaction, which limits design optimization and field reliability. The major research gaps are identified and mentioned in table 2.
Table 2. Major research gaps identified in roto-planter literature
	Sl. No.
	Research gap
	Evidence from literature
	Implication for roto-planter design

	1
	Lack of soil–seed interaction studies
	Rotavator studies focus on soil pulverization (Mandal et al., 2013); planter studies assume stable soil (Karayel & Özmerzi, 2002)
	Seed displacement and depth variability not quantified

	2
	Vibration effect on seed metering not quantified
	Mechanical meters sensitive to vibration (Anantachar et al., 2010); no roto-planter-specific tests
	Metering errors under rotary tillage

	3
	Absence of power coupling analysis
	PTO power demand of rotavators studied separately (Zhang et al., 2010)
	Inefficient energy sharing between tillage and sowing

	4
	Limited optimization of tool sequence
	Combined machines show benefit of stabilization rollers (Crăciun et al., 2004)
	Improper placement of planter behind rotor

	5
	Crop- and soil-specific data scarce
	Most studies limited to single crop/soil (Hamza & Anderson, 2005)
	Poor adaptability across regions

	6
	Long-term soil health effects unclear
	Short-term fuel savings reported (Sarauskis et al., 2012)
	Sustainability not fully evaluated

	7
	No standardized design guidelines
	No standards for roto-planter testing
	Difficult comparison and adoption


Future research should focus on quantifying soil particle movement behind rotavators, vibration transmission to seed meters, energy-flow modelling and long-term soil health evaluation under roto-planter operation.
7. Conclusions
This review synthesized research on rotavators, planters and combined tillage–sowing systems to develop a comprehensive understanding of roto-planter technology. The literature clearly indicates that single-pass tillage and sowing significantly reduce fuel consumption, operating time and tractor traffic, thereby lowering soil compaction compared to conventional multi-pass systems (Crăciun et al., 2004; Sarauskis et al., 2012).
Rotary tillage provides rapid seedbed preparation, while modern planter technologies enable precise seed metering and depth control. However, when these operations are combined, complex interactions arise due to soil disturbance, vibration and fluctuating power demand. The review highlights that seed placement accuracy is the most critical limitation of current roto-planter designs, particularly in freshly rotary-tilled soils (Karayel, 2009).
Evidence from combined tillage–sowing studies confirms that reduced wheel traffic in single pass systems lowers soil compaction and improves root zone conditions (Hamza & Anderson, 2005). Nevertheless, the success of roto-planters depends on system level integration, including soil stabilization between tillage and sowing, vibration resistant or decoupled seed metering and effective depth control and compaction mechanisms.
In conclusion, roto-planters represent a promising solution for energy efficient and timely crop establishment, particularly under labour scarce and time-critical farming systems. Addressing the identified research gaps through integrated experimental and modelling approaches will be essential for developing reliable, standardized, and widely adoptable roto-planter systems.
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