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ABSTRACT  

This study systematically investigates the key stage of tobacco stalk harvesting within China’s fully mechanized 

tobacco production system, evaluating mainstream technical approaches and representative equipment 

worldwide. It identifies that progress in mechanized stalk harvesting is hindered by several challenges, 

including stratified leaf collection, repeated field operations, and the constraints imposed by ridge-based 

cultivation systems. The study clarifies the core operational processes (stalk extraction, conveyance, 

fragmentation, and collection) and summarizes the structural characteristics and recent developments of key 

domestic components. A comparative analysis of equipment performance and applicable field conditions is 

also presented. Finally, development recommendations are proposed in accordance with the trend toward 

integrated mechanization and agronomy, as well as increasing system intelligence, providing a reference for 

future technological innovation and practical application. 

 

摘要 

本文针对我国烟草生产全程机械化中烟秆收获这一关键环节，系统梳理了国内外烟秆机械化收获的主要技术路

线与机型。文章分析了受分层采叶、多次进地及垄作地形等因素制约，烟秆机械化发展缓慢的现状，归纳了拔

取、输送、粉碎、收集等关键作业机理，总结了国内核心部件的结构特点与研究进展，并比较了不同机具在作

业性能与适用场景上的差异。面向“机艺融合、智能化”发展趋势提出了装备研发建议，以期为相关技术开发和推

广提供参考。 

 

INTRODUCTION 
Originating in South America, tobacco has been globally disseminated (Duke et al., 2022). China is not 

only the world’s largest tobacco producer but also its leading consumer, accounting for approximately 40% of 

global production (Chan et al., 2023; Cui, 2021). In recent years, China’s tobacco cultivation area has stabilized 

at around 1 million hectares. After tobacco leaf harvesting, 2250–3000 kg of tobacco stalks remain per hectare 

(Du, 2017), resulting in an annual need to clear approximately 1.5 million tons of tobacco stalks nationwide 

(Liu et al., 2013). Key tobacco-growing regions in China include Yunnan, Guizhou, Hunan, Sichuan, and 

Henan, which play a pivotal role in the national tobacco industry (National Bureau of Statistics, 2023; Tang et 

al. , 2018; Teng et al., 2024). 
In recent years, research and application of tobacco mechanization in China have advanced 

increasingly, with the research focus gradually shifting from "yield and efficiency improvement" to "integration 

and specialization." Fields such as tobacco leaf visual recognition and machinery-agronomy integration have 

become prominent research topics (Chen et al., 2023). However, within the full mechanization chain, post-

harvest stalk management and resource utilization remain enduring challenges and critical needs (Bareschino 

et al., 2021; Guo et al., 2019). Meanwhile, multiple regions are promoting integrated demonstration projects 

involving "tobacco leaf harvesting—stalk collection and shredding—resource utilization," aiming to convert 

tobacco stalks from agricultural waste into valuable resources, reduce disease incidence, and achieve a 

balance between carbon sequestration, soil fertilization, and environmentally sustainable production (Hu et al., 

2024; Manthos 2025; Zou et al., 2021; Barla 2019). 
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Tobacco stalks are characterized by elongated internodes, high cellulose and lignin contents, 

considerable tensile and shear strength, high humidity sensitivity, and a tendency to slip during mechanical 

handling (Zheng et al., 2020). These properties present significant challenges during uprooting, breaking, 

transportation, and processing, often leading to blockages, slippage, entanglement, and uneven 

fragmentation. Furthermore, plant rigidity decreases after multiple leaf-harvesting cycles, and additional 

complications are posed by field conditions in certain regions including hilly terrain, small fragmented plots, 

narrow row spacing, and interlocking ridges which complicate chassis mobility and posture control during 

mechanized operations (Wang et al., 2023). The implementation of standardized tobacco field layouts and the 

adoption of machinery-compatible agronomic practices across different production areas directly affect the 

adaptability and operational efficiency of harvesting equipment (Stucker et al., 2021; Zhang et al., 2022; Zhang 

et al., 2025). 

 

RESEARCH PROGRESS AND ANALYSIS 

1 Technical Requirements for Tobacco Stalk Harvesting 

Research on tobacco stalk harvesting technology and equipment must meet the following prerequisites: 

 ① At the end of the industrial chain, harvested stalks must comply with the raw material specifications 

for factory processing and be processed within the specified time frame. ② As tobacco is an annual 

herbaceous crop, harvesting operations must adhere to the agronomic standards for tobacco cultivation and 

production. ③ Mechanized harvesting technologies and equipment should be compatible with the field 

conditions typical of tobacco production in China. This paper first clarifies the agronomic technical 

specifications for tobacco stalk harvesting, then systematically reviews and summarizes research progress in 

technical routes, core technologies, harvester configurations, and integrated harvesting systems (Guo et al., 

2019; Huo et al., 2023; Pandirwar et al., 2022). Finally, this study analyzes the current challenges and proposes 

prospective research directions for mechanical harvesting technologies and equipment. 

1.1 Physicochemical Properties of Tobacco Stalks in the Harvesting Window Period  
In agricultural machinery design, understanding the interaction mechanism between machinery and 

crops is critical for reducing energy consumption and improving operational quality (Jia et al., 2013). When 

formulating technical routes and developing key technologies for tobacco stalk mechanical harvesting, it is essential 

to fully grasp the physicochemical properties of tobacco stalks during the optimal harvesting window. 

1.1.1 Harvesting window period: stalks, lateral buds, roots, and tips 
A tobacco plant comprises four primary components: main stalk, lateral buds, roots, and terminal shoot 

(Zhao et al., 2016). The terminal shoot refers to the 2–3 tender stalks and flowers at the top of the plant, 

characterized by high moisture content and low lignin levels, which result in poor mechanical properties. During 

harvesting, the stalk-pulling mechanism should avoid contacting the terminal shoot to prevent stalk breakage 

or extraction failure (Wei et al., 2018). For the main stalk, non-stalk components—including lateral buds, 

leaves, roots, and soil—can interfere with mechanized harvesting. Therefore, the stalk-pulling mechanism 

should contact the stalk near the root zone during harvesting, as this region exhibits higher mechanical strength 

(Liu et al., 2019). 

1.1.2 Mechanical Properties of Tobacco Stalks in Harvesting Window Period  

During harvesting, operations including tobacco stalk straightening, root removal, conveyance, crushing, 

and baling of collected materials must be completed. The design of these operational components requires a 

clear understanding of the mechanical properties of tobacco stalks (Liu et al., 2024). 

The mechanical properties of tobacco stalks during the optimal harvesting period significantly affect 

mechanized harvesting processes. Key mechanical parameters, including tensile strength, flexural strength, 

and shear strength, directly determine the stress distribution and operational efficiency of stalk-pulling 

components (Ma et al., 2018). During this critical period, variations in moisture content and lignin concentration 

exert a substantial impact on the mechanical behavior of tobacco stalks (Liu et al., 2007). Optimal moisture 

levels maintain stalk flexibility to reduce fracture risks, while increased lignin content enhances stalk stiffness 

and tensile strength, thereby facilitating efficient harvesting (Chen et al., 2019; Li et al., 2013). Excessive 

moisture or insufficient lignin, however, may lead to stalk breakage or failure to extract, compromising both 

yield and operational efficiency. Therefore, the development of tobacco mechanized harvesting technologies 

requires comprehensive consideration of these dynamic mechanical characteristics during the optimal 

harvesting window, along with precise selection of stalk-pulling components and operational parameters to 

ensure successful mechanized harvesting (Mao et al., 2024). 
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A universal testing machine can be used to determine the strength, elastic modulus, and Poisson’s ratio 

of the middle and lower sections of tobacco stalks under various loading conditions. The key challenge in this 

test is to ensure that the fixture enables accurate tensile testing without damaging the specimen or causing 

slippage (Zhao et al., 2023). Two effective approaches to address this issue include the preparation of 

dumbbell-shaped tobacco stalk specimens and the use of a bonded assembly method (Guo et al., 2021). 

The material model of tobacco stalks can be established using a single-phase composite material model 

(Hamman et al., 2005; Ionita, 2006; Soleimani et al., 2023). 

1.2 Requirements of Agronomy for Harvesting Operation Quality  
1.2.1 Post-harvest stubble 

Following tobacco leaf harvest, subsurface stubble residues not only impede subsequent plowing and 

land preparation, reducing operational efficiency and quality, but also increase pest and disease risks, 

negatively impacting the growth of subsequent crops (Zhao et al., 2024). Therefore, effective stubble removal 

is critical during tobacco stalk harvesting, and whole-stalk recovery serves as a key index for evaluating harvest 

quality. 

1.2.2 Soil compaction degree in tobacco fields 

Field operations with heavy machinery frequently cause soil compaction. This disrupts soil aggregation, 

impairs water infiltration and root penetration, and severely reduces soil permeability and fertility (Jimenez et 

al., 2021; Liu et al., 2024), thereby inhibiting crop growth and reducing yield. To mitigate this issue, the adoption 

of low-impact machinery or optimized field management strategies (e.g., dedicated traffic lanes) can effectively 

alleviate compaction, preserving the ecological health and long-term productivity of tobacco fields (Elaoud, 

2011; Hu W. et al., 2018). 

1.2.3 Field Losses 

During tobacco stalk harvesting, all stalks in the field should be fully collected to minimize stubble and 

root residues. 

1.3 Tobacco Stalk Harvesting Techniques  

1.3.1 Manual Harvesting Techniques 

Manual harvesting consists of two main procedures: stalk extraction and baling. 

①Stalk harvesting: Tobacco stalks are extracted near ground level using a hoe or simple hand tools. 

② Baling: Stalks are tied with hemp rope or bamboo strips for convenient transport. 

1.3.2 Mechanized Harvesting Technology  

(1)“Support-Pull-Transport” and “Topple-Dig-Transport” 

During harvesting, tobacco stalks may be present in either upright or lodged conditions. The “Support-

Pull-Transport” method first straightens lodged stalks and then feeds them into a pulling mechanism, which 

uproots the stalks intact. The uprooted stalks are subsequently conveyed to one side for laying or stacking. 

However, severely lodged stalks are difficult to straighten; therefore, this method is mainly suitable for crops 

with good standing conditions or moderate lodging, particularly under intercropping systems. 

The “Topple-Dig-Transport” method initially topples the tobacco stalks, after which they are conveyed 

into a pulling device. A turning roller then uproots the stalks at a predetermined angle. This method is more 

effective for harvesting severely lodged tobacco stalks. 

(2) In segmented mechanized harvesting, tobacco stalks are transported to a fixed location for impurity 

removal using specialized equipment. At present, tobacco stalk harvesting mainly relies on two techniques 

and their corresponding equipment: whole-stalk pulling and collection. 

 

2 Research Status of Mechanized Harvesting Equipment for China Tobacco Stalks 

Recently, through technology introduction and independent innovation, numerous research institutions 

and enterprises have developed various types of tobacco stalk harvesters, including both segmented and 

integrated systems. 

2.1 Segmental Tobacco Stalk Harvester 

Tobacco stalk digging harvesters are primarily designed for segmented harvesting, in which separate 

machines perform stalk extraction, soil separation, crushing, collection, and baling. Currently, three main types 

have been developed in China: digging harvesters, clamping harvesters, and vibrating harvesters. 

2.1.1 Digging-type Tobacco Stalk Harvester 

A tobacco stalk excavator uses digging rollers to extract tobacco stalks and roots from the soil, after 

which the soil-attached stalks are deposited onto the ground (Sun et al., 2018).  
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The excavation performed by the digging mechanism represents the primary step in tobacco stalk 

harvesting, whose structural parameters and stress characteristics directly determine harvesting quality and 

efficiency. The classification, features, and representative equipment are summarized in Table 1. 

Table 1   

Classification and Characteristics of Tobacco Stalk Mechanized Harvesting Equipment 

Harvesting  

Technology  

Type 

Core Structural Features 
Typical  

equipment 

Cleaning 

rate 

Productivity 

(hm²·h-1) 

Drum-type  

（Rake 

tooth） 

High adaptability, excellent excavation efficiency, 

minimal damage to tobacco stalks, and low risk of 

blockage; 

relatively complex structure 

Yongdong YS-

YGQ- 1B type 

tobacco stalk 

harvester 

93%～97% 6～10 

Drum-type  

（blade） 

The excavation exhibits strong stability and broad 

adaptability; however, it requires higher 

operational energy consumption. It is suitable for 

loose soils such as sandy soil. 

Taishan 4JZ-50 

type tobacco stalk 

harvester 

≥93% 4～7 

Turner  

type 

It exhibits good overall performance and 

versatility, balancing soil penetration capability 

with structural strength. How-ever, it is prone to 

broken stalks and jamming. 

Bolais 1BGY-100    

type tobacco stalk 

harvester 

≥95% 4～12 

           
4JD-80             4YG-1A            YS-YGQ-1B 

     
4JZ-50          1BGY-100            4MBQ-1.45 

Fig. 1 - Excavating tobacco stalk harvester 
 

2.1.2 Clamping-type Tobacco Stalk Harvester  

A clamping-type tobacco stalk harvester uses clamping devices (such as clamping belts or chains) to 

continuously grip the base or lower-middle section of tobacco stalks. During operation, it extracts or assists in 

digging stalks from the soil and conveys them to one side or directly into collection boxes (Jin et al., 2024). 

Key examples include the clamping-type harvester developed by (Guo et al., 2023)at Yunnan Agricultural 

University, the chain-clamping unit designed by (Long, 2023)in Henan, and the dual-roller double-helical 

harvester proposed by (Li et al., 2023)at Chongqing Tobacco Company. The operational performance and 

characteristics of these clamping-type harvesters are summarized in Table 2, with photographs shown in Fig.2. 

 

Table 2   

Classification and Characteristics of Tobacco Stalk Mechanized Harvesting Equipment 

Harvesting 

Technology 

Type 

Core Structural Features Applicable Field Conditions 

Belt 

clamp 

The clamping area is large, causing minimal damage to the tobacco 

stalk and ensuring stable operation; however, the clamping force is 

limited and the clamping belt is prone to slipping when worn or 

contaminated with mud, leading to detachment. 

Tobacco field with upright plants 

and shallow root system in  

sandy loam soil 

Chain 

clamp 

The clamping force is strong, the conveying is reliable, and it is less 

likely to slip; however, it exerts significant impact on the to-bacco 

stalk, which may cause stalk fracture. 

Various soils with tall plants  

and firm root systems 
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Harvesting 

Technology 

Type 

Core Structural Features Applicable Field Conditions 

Roller 

clamp 

It combines clamping and combing functions, enabling effective 

forced conveyance with strong anti-clogging capability; the structure 

is relatively complex, requiring high manufacturing precision. 

High versatility, particularly  

suitable for complex working  

conditions such as plant  

lodging and entanglement. 

    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
          Belt clamp                  Chain clamp             Double helical combination 

          type with roller 

Fig. 2 - Physical image of the clamping tobacco stalk harvester 

 

In China, clamping-type tobacco harvesters remain in the prototype development and field 

demonstration stage, and have not yet been widely adopted like clamping-type rice harvesters. Most research 

advances have been achieved by universities and research institutions, including China Agricultural University 

and the Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, focusing 

primarily on the typical upright tobacco stalks widely grown in China (Zheng, 2018). Owing to the physical 

properties of tobacco stalks multiple branches, brittle texture, and high slippage tendency along with the 

complexity of field conditions in China, the operational reliability of clamping tobacco harvesters has not been 

fundamentally improved (Ha et al., 2023). 

2.1.3 Vibration Tobacco Stalk Harvester 

A vibrating tobacco stalk harvester applies mechanical vibration at a specific frequency and amplitude 

to key working components (primarily the digging shovel), enabling draft reduction, soil fragmentation, and 

enhanced soil-stalk separation. 

The traction-type tobacco stalk harvester developed by (Yin et al., 2025) at Henan Tobacco Company 

consists of four functional components: rotary tiller blades, conveyor chain, crushing roller, and collection 

device. Its main structural elements include gearbox, rolling wheels, frame, bucket, transmission chain, and 

ground wheels (Fig.3). The gearbox transfers power from the tractor to the sprocket, which drives the 

separation and feeding mechanisms via a chain drive. This arrangement conveys excavated tobacco stalks 

from the digging unit to the rear of the machine. During conveyance, vibration generated by the conveyor 

sprocket enables effective separation of tobacco stalks and surrounding soil. 

 
Fig. 3 - Tractor-type tobacco stalk harvester 

1. Chain transmission; 2. Digger blade; 3. Gear reducer; 4. Feeding mechanism; 5. Collection Box; 

6. Ground wheel; 7. Rolling shaft; 8. Three-point hitch mechanism 
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During soil penetration, the vibrating blade periodically changes its frictional interaction with the soil, 

transforming continuous static friction into intermittent dynamic friction. This greatly reduces draft resistance 

(by 20%–40% per experimental data) and transfers vibrational energy into the soil.  

Pre-compression and lateral soil fragmentation improve excavation smoothness. In the subsequent 

conveying stage, vibration continues to act on separation devices such as lifting chains or oscillating screens, 

sustained by impact vibration wheels below. This effectively dislodges and separates soil from tobacco stalk 

bases. This dual vibratory synergy mechanism—“resistance reduction in excavation, soil cleaning in 

conveyance”—constitutes the core advantage of vibratory harvesters for enhancing operational efficiency and 

cleanliness (Fang et al., 2025). 
2.2 Tobacco stalk integrated harvester 

Integrated tobacco stalk harvesters complete all operations in a single pass, including stalk extraction, 

clamping, soil-cleaning conveyance, crushing, and collection (Wang et al., 2024; Denarda et al., 2021). Two 

main configurations are commercially available: tractor-driven and trailer-mounted units. Both feature similar 

structures, including a stalk-pulling mechanism, conveyor system, crushing unit, traveling mechanism, and 

powertrain, with key differences in their connection and power transmission modes. The tractor-driven type 

employs flexible traction, with power supplied by an independent engine or the tractor’s power take-off (PTO). 

In contrast, the trailer-mounted type is rigidly connected to the tractor and fully powered by the PTO, allowing 

more direct and efficient power transmission. A typical configuration is illustrated in Fig. 4. 

      
Flipping type               Clamp type 

(a)Tractor-type integrated shredding and collecting machine    

          
    Roller type                    Flipping type 

(b)The integrated crushing and collecting machine (hanging type) operates in the field. 

Fig. 4 - Integrated tobacco stalk harvester 

 

2.2.1 Stalk-pulling Device 

Research on tobacco stalk harvesting devices in China centers on three core objectives: high efficiency, 

low loss, terrain adaptability, and agronomic compatibility. To suit regional cultivation conditions and farming 

demands, three primary technical approaches have been developed. The first is the clamping method, which 

uses two rotating rollers or chains to grip and extract stalks. This method is well-adapted to hilly and 

mountainous regions but faces issues such as stalk entanglement in heavy clay soils (Jiang, 2009). The 

second is the excavation method, which applies deep loosening to remove stalks and root systems 

simultaneously. This approach effectively reduces root breakage and soil adhesion, making it suitable for 

large-scale tobacco production in plain areas. 

Adaptive force control systems provide technical support for the innovation and development of stalk-

pulling components, improving operational reliability and adaptability to variable soil conditions (Siciliano, 1993; 

Calanca, 2018). Meanwhile, lever-actuated labor-saving tools designed for small mountain plots exhibit distinct 

practical value. 
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2.2.2 Conveying Device 

Current research in this field focuses on the efficient conveying and processing of tobacco stalks for 

downstream utilization, with emphasis on reducing power consumption, minimizing vibration, and improving 

processing quality and efficiency. Technological development has evolved from single-function implementation 

to overall performance optimization. Three main conveying methods are commonly used: chain-link conveying, 

belt-clamping conveying, and roller-clamping conveying. Chain-link conveying features a robust structure and 

high load-carrying capacity, making it widely used in many harvesting machines. However, it is prone to 

clogging when handling mixtures of tobacco stalks and weeds (Radicioni et al., 2025) (Fig. 5a). Belt-clamping 

conveying enables orderly material transport by increasing the clamping area, thereby reducing blockage; 

however, it requires better alignment and uprightness of the stalks (Guo, 2023) (Fig. 5c). Roller-clamping 

conveying, based on forced feeding, exhibits distinct advantages in handling lodged tobacco stalks (Ra et al., 

2022) (Fig. 5b). 

 

  
(a) Chain conveyor                          (b) Roller clamping conveying 

 
(c) Belt clamping conveyer 

Fig. 5 - Transport Device 

1. U-shaped bracket; 2. Support; 3. Bearing bracket; 4. Fluid motor; 5. Active pulley;  

6. Clamping strap; 7. External tension wheel; 8. Internal tension wheel; 9. Passive pulley 

 

Current research focuses on two key innovation areas. First, regarding structural design, optimizing 

conveyor inclination angles and incorporating forced-feeding mechanisms improves conveying stability. 

Targeted optimizations have been developed for tall, easily entangled tobacco stalks; for example, (Zhang et 

al., 2018) designed multi-stage conveying rollers with varied tooth profiles and rotational speeds. Second, in 

terms of material technology, high-wear-resistance composites and anti-entanglement surface treatments are 

applied to extend service life. Furthermore, adaptive tensioning technology and intelligent monitoring systems 

allow conveying devices to automatically adjust operating parameters under varying loads, providing technical 

support for innovations in tobacco stalk harvester conveying systems. 

2.2.3 Crushing and Collection Device 

In the field of tobacco stalk harvesting machinery, traditional crushing methods based solely on cutting 

or hammering have shown limitations in complex operating conditions (Li et al., 2021). This has promoted 

composite crushing technology as a mainstream research direction.  
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A typical example is the innovative scheme proposed by Yunnan Agricultural University, which combines 

the shearing action of moving blades with the impact crushing of hammer plates. This combined method 

effectively treats tobacco stalks with varying diameters and moisture contents, greatly improving both 

adaptability and crushing efficiency. 

To reduce cutting resistance and energy consumption, as well as optimize cutting trajectories and the 

structural balance between tools and cutter rollers, Yang et al., (2017), from Guizhou University designed an 

isoslip-angle cutting edge (Fig. 6a), and Pu, (2015), from Jilin University developed a new combined Y‑type 

throwing cutter (Fig. 6b). In addition, to alleviate the severe vibration of traditional crushers, Zhang et al., 

(2020), from Guizhou University replaced the traditional eccentric hammer‑type cutter roller with a centrally 

arranged disc structure (Fig. 6c), which effectively improved the dynamic balance and significantly enhanced 

operational stability (Yu, 2018).  

           
(a) Cutting edge with sliding angle curve                  (b) Combined Y type thrower 

 
(c)Disc mill 

Fig. 6 - Structural diagram of key components in the crusher 

1. Knife section; 2. Fixed blade; 3. Rotary flywheel drum; 4. Pulley;  

5. Discharge port; 6. Roller knife spindle; 7. Crushing chamber 

 

With advances in hardware architecture, simulation-based internal flow field optimization and parameter 

matching using modern experimental methods have attracted increasing attention. Through computational 

fluid dynamics (CFD) analysis of material flow within the crushing chamber, Yang (2018) from Guizhou 

University optimized the airflow distribution, thereby addressing issues such as discharge blockage and low 

operating efficiency. Using response surface methodology and related experimental techniques, the study 

further optimized key parameters, including cutter roller speed and machine travel speed, to determine the 

optimal operating range for reducing tobacco stalk losses and improving crushing quality. 

Table 3   

Classification and Characteristics of Tobacco Stalk Mechanized Harvesting Equipment 

Harvesting 

Technology Type 
Core Structural Features 

Chopping type 

Tobacco stalks are cut by the shearing action between moving and stationary blades. The resulting 

fragments are relatively uniform, and power consumption is low; however, hard nodes may lead to 

tool wear and edge chipping. 

Hammering type 

High-speed rotating hammer blades are used to crush tobacco stalks. This method exhibits strong 

adaptability and high crushing efficiency, particularly for hard nodes and soil-root stubble, and is 

less prone to blockage. However, the resulting fragments are irregular in shape, generate significant 

dust, and involve high energy consumption. 
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Harvesting 

Technology Type 
Core Structural Features 

Shredding type 

Tobacco stalks are processed through the tearing and kneading action between a low-speed 

rotating toothed roller and fixed teeth. This method provides gentle processing with longer 

fragments, which is beneficial for subsequent fermentation; however, productivity is relatively low, 

and the stalks are prone to entanglement. 

 

2.2.4 Traveling mechanism 

The traveling mechanism of integrated tobacco stalk harvesters is a critical component, enabling field 

mobility and terrain adaptation (Huang et al., 2020). It is primarily categorized into two configurations: wheeled 

and tracked. These designs differ significantly in their application scenarios, structural layouts, and operational 

performance. 

Wheeled traveling mechanisms feature a simple structure and ease of maintenance, making them 

widely adopted in large-scale, flat tobacco fields with solid soil (Bao et al., 2023). Structurally, wheel frames 

are typically mounted on both sides of the rear frame, with traveling wheels directly attached to facilitate 

machine movement. These systems generally lack a complex independent drive structure, instead 

coordinating with the harvester’s main power transmission system sharing components such as those for the 

stalk-pulling knife roller and conveyor chain to achieve locomotion. However, wheeled designs have a relatively 

small ground contact area, making them prone to slippage and sinking in waterlogged or muddy fields. 

Additionally, their terrain adaptability is limited in areas with significant undulations, rendering them suitable 

primarily for operations in plain tobacco fields. 

Crawler undercarriages are well-suited for complex terrains—such as hilly mountains and waterlogged 

tobacco fields—and represent a standard design for modern integrated tobacco stalk harvesters. Structurally, 

they comprise a drive motor, track drive shaft, drive gears, idler wheels, and tracks. In typical configurations, 

idler wheels and drive gears form a triangular support structure (with the latter as the vertex), enhancing 

traveling stability. Each track plate features a drive hole that engages with the drive gear’s teeth, ensuring 

robust power transmission. Some models incorporate additional track wheels mounted externally on the front 

and rear side plates of the frame. On each side, these wheels are encircled by a synchronous transmission 

track, further improving synchronization during linear travel and turning. For example, Zhang et al., (2015), 

experimentally validated the feasibility of an unsteady steering model for heavy-duty all-terrain triple-track 

robots in predicting the steering performance of crawler undercarriages. The crawler design increases the 

machine’s ground contact area, effectively reducing ground pressure and preventing subsidence in soft 

tobacco fields. Its strong terrain adaptability enables it to navigate slopes and undulations in hilly regions, 

aligning with the characteristics of tobacco cultivation in mountainous areas of China (Yuan et al., 2024). 

 

3. Research Status of Mechanized Harvesting of tobacco stalks abroad  
Globally, the United States and Japan were early pioneers in tobacco stubble removal, boasting 

advanced technological capabilities. 

U.S. tobacco fields are primarily distributed across the Southeast and Central South plains, where flat 

terrain, large-scale farmland, favorable climatic conditions, and a mature agricultural mechanization system 

provide a strong foundation for large-scale, mechanized tobacco stalk harvesting operations (Fang, 2016; Wu, 

2020). For example, John Deere’s P-1216 tobacco stalk harvester (see Fig. 8), when tractor-mounted, uses a 

circular cutter to sever entire tobacco stalks at the root. It can complete 16 rows of root-pulling in a single pass, 

delivering wide working width and high efficiency, making it well-suited for large-scale, flat tobacco cultivation 

operations. 

 
Fig. 8 - P-1216 tobacco stalk harvester 
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Due to its limited land area, Japan has relatively small, scattered tobacco cultivation plots. 

Consequently, its machinery prioritizes lightness and flexibility. Since the 1960s, the Japan Tobacco Cultivation 

Machinery Association has collaborated with enterprises to research tobacco cultivation mechanization, 

successfully achieving full mechanization of the entire cultivation process. During this development, tobacco 

stalk harvesting machinery emerged, marking the initial integration of tobacco stalk farming machinery and 

agronomy (Lü, 2013; Yang, 2018). For example, Wenming Agricultural Machinery Co., Ltd.’s KB-10 tobacco 

stalk harvester is tractor-matched and uses a chain-type clamping method to complete stalk harvesting, 

crushing, collection, and transportation in one pass. Jingguan Agricultural Machinery Co., Ltd.’s RDT-80, when 

paired with a 20–30 hp tractor, uses a reverse-rotating root-pulling tool to directly cut and dig out tobacco 

stalks, demonstrating excellent operational efficiency (Shu, 2019) (as shown in Fig.9). Additionally, models like 

the KB-3C and BTM-2000 offer good stability, ease of operation, and strong adaptability. 

       
(a)KB-10                     (b) RDT-80 

Fig. 9 - Japanese tobacco stalk harvester 

 

4 Comparison of technical Characteristics of Domestic and Foreign mechanical harvesting equipment 

for Tobacco stalks  
(1) Tobacco stalk harvesters differ significantly across countries, shaped by topography, landforms, and 

tobacco varieties. The United States deploys large-scale, highly automated mechanized systems, while major 

producers like Brazil rely primarily on digging-based harvesting. In China, small-scale operations dominate 

and are widely adopted under the mature segmented operation model. Combined harvesters have also been 

promoted in specific regions but lack innovation in core technologies. Additionally, the batch harvesting models 

for tobacco leaves used in developed countries (e.g., the U.S.) are incompatible with China’s operational needs 

(Yorifuji et al., 2011). 

(2) Tobacco stalk harvesters have limited versatility globally. In developed nations like the U.S., large-

scale farming, standardized planting, and highly adaptable equipment are standard. By contrast, China’s 

tobacco cultivation lacks a unified model, resulting in inconsistent equipment working widths and reduced 

universal applicability (Pan et al., 2012; Wang et al., 2021; Zhang et al., 2018).  

(3) Mechanized harvesting technical models also vary. The U.S. benefits from regionally optimized 

tobacco cultivation and standardized agronomic norms, so tobacco stalk harvesting is integrated with leaf 

harvesting in a combined operation mode that simultaneously clears field stalks (Fisher, 2000). In China, 

however, the extensive growing areas, diverse soil types, complex planting terrains, and variable 

meteorological conditions during harvest create a far more complex and diverse operational landscape. 

 
Fig. 10 - Problems in the mechanized harvesting of China tobacco stalks 
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DEVELOPMENT STRATEGIES AND TRENDS 

Development Strategies 

Against the backdrop of China’s “New Quality Productivity in Agriculture” initiative (2025), which 

emphasizes technology-driven modernization, digitalization, and green transformation, the research, 

development, and upgrading of tobacco stalk harvesting machinery are critical to supporting this national 

strategy. To address current bottlenecks—including low mechanization levels, immature core technologies, 

limited adaptability, high costs, and inconsistent product quality—a comprehensive development approach is 

required, integrating technological innovation, industrial coordination, policy support, and multi-stakeholder 

participation. 

A phased and targeted strategy is proposed: 

(1) Core technology breakthroughs 

Priority should be given to the research and development of intelligent, cost-effective, and highly 

adaptable harvesting equipment, with a focus on key components such as precision cutting mechanisms, real-

time quality monitoring systems, and energy-efficient power units. 

(2) Standardization and scaling 

Unified agronomic and mechanical standards should be established to promote large-scale mechanized 

tobacco stalk collection and utilization. At the same time, demonstration zones for integrated harvesting and 

processing technologies should be expanded. 

(3) Service system improvement 

A comprehensive after-sales service and technical support system should be developed to reduce 

operational barriers for smallholder farmers and agricultural cooperatives. 

Development Trends 

Tobacco stalk harvesting is transitioning from a passive “disposal” model to an active “resource utilization” 

paradigm, driven by technological innovation and market demand. In the short to medium term, the sector is 

expected to exhibit three major development trends: 

(1) High efficiency and intelligence 

The integration of artificial intelligence (AI) and Internet of Things (IoT) technologies will enable real-time 

monitoring of crop conditions, adaptive control of harvesting parameters, and predictive maintenance, thereby 

significantly improving operational efficiency and reducing labor requirements. 

(2) Sustainability and multifunctionality 

Harvesting equipment will increasingly integrate functions such as crushing, collection, and in situ 

processing to support applications in biorefining, circular agriculture, and bioenergy utilization, thereby 

enhancing the economic value of tobacco stalk resources. 

(3) Integration and systemization 

 Harvesting machinery will become an integral component of smart agricultural systems, interconnected 

with precision farming technologies, supply chain management, and carbon accounting platforms, thereby 

enabling data-driven decision-making across the entire value chain. 
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