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Table 1 Mechanical harvesting equipment and technologies for the main crop of ratoon rice
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Table 2 Rolling-resistance traits of varieties for mechanized rice ratooning system
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Table 3 Cultivation and management strategies to reduce harvest losses and enhance yield and grain quality in mechanized rice ratooning
system

FH [ A 08 7 S ST 2 L
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KB R I EAL JRRERD, BE 0. 1.0,

Sty L HE R BRI, TR DRI e X 0TI Bt 2 49
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Nutrient management
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Rice stubble righting
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Fig.3 Whole-process technologies to reduce losses and enhance yield and grain quality technologies in mechanized rice ratooning

system[
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Advances and prospects in technologies for loss reduction, yield
increase, and quality improvement of mechanized rice ratooning system

ZHU Jinjuan' , LIU Akang? , YANG Chen' , ZHAO Zhuangzhuang® , DU Chanchan' , YANG Guodong!,
ZHENG Chang®, ZHOU Bo® , ZHANG Guozhong® , PENG Shaobing® , YUAN Shen'*

(1. National Key Laboratory of Crop Genetic Improvement, Hubei Hongshan Laboratory, MARA Key Laboratory of Crop Ecophysiology and
Farming System in the Middle Reaches of the Yangtze River, College of Plant Science and Technology, Huazhong Agricultural University,
Wuhan 430070, China; 2. National Agricultural Technology Extension and Service Center, Beijing 100125, China; 3. MARA Key
Laboratory of Agricultural Equipment in Mid-lower Yangtze River, College of Engineering, Huazhong Agricultural University, Wuhan
430070, China; 4. Institute of Rice Industry Technology Research, College of Agronomy, Guizhou University, Guiyang 550025, China;

5. FAO Regional Office for Asia and the Pacific, Bangkok 10200, Thailand)

Abstract: Ratoon rice, defined as the production of a second crop from the stubbles remaining after harvest of the main crop,
was increasingly promoted in China as a strategy to enhance annual grain yield on limited arable land without additional land
preparation, sowing, or transplanting. With the rapid adoption of combine harvesters in major rice-growing regions,
mechanized rice ratooning technology with the main crop harvested mechanically became the predominant method in ratoon
rice. However, mechanical harvesting introduced critical constraints to ratoon crop. Track-induced crushing, excessive ground
pressure, and unstable cutting height frequently caused stubble breakage and axillary bud injury, thereby reducing bud survival,
suppressing ratoon tiller production, and compromising yield formation and milling quality in the ratoon crop. These
mechanical damages emerged as a primary bottleneck limiting the stable and large-scale adoption of mechanized rice ratooning
system. From an agricultural engineering perspective, this review systematically synthesized recent advances in understanding
damage mechanisms and in developing technical strategies for loss mitigation, yield stabilization, and quality improvement in
mechanized rice ratooning system, with emphasis on machinery optimization, varietal improvement, and integrated agronomic
management. Mechanistic studies demonstrated that ground contact pressure and shear forces generated by harvester tracks
disrupted stubble structural integrity, damaged vascular tissues, and impeded assimilate translocation to regenerated buds.
Under high soil moisture conditions, increased sinkage and soil deformation amplified mechanical stress, substantially reducing
bud sprouting rates within track zones compared with non-track areas. In crushed zones, ratoon development often shifted from
upper-node buds to lower-node buds with delayed phenology, resulting in reduced canopy uniformity, decreased effective
panicle number, and significant yield penalties. Delayed panicle emergence in track areas also led to asynchronous maturity
within fields, thereby decreasing head rice rate and increasing variability in milling quality. To quantify mechanical damage,
studies adopted indicators including missing-stubble rate, bud survival rate, ratoon tiller-to-panicle conversion rate, yield loss
rate, head rice rate, and chalkiness-related parameters. Emerging technologies such as unmanned aerial vehicle remote sensing,
machine vision, and in-field sensors were increasingly applied to identify track zones and characterize spatial heterogeneity of
mechanical damage, although standardized evaluation protocols remain insufficient. Engineering innovations primarily targeted
reductions in crushed area and crushing intensity, as well as improvements in stubble-height uniformity. Advances included
lightweight chassis designs with reduced ground pressure, optimized track width and cutting width configurations, automatic
header-height control based on multi-sensor perception systems, stubble-righting devices integrated with harvesters, and
navigation-assisted path planning to minimize track overlap and headland damage. Although these technologies effectively
mitigated mechanical impact and improved ratoon crop performance under experimental conditions, trade-offs among ground
pressure, machine stability, fuel consumption, operational cost, and field adaptability limited widespread commercial
application. Varietal differences in stem mechanical strength, ratooning ability, and non-structural carbohydrate reserves
significantly influenced tolerance to mechanical harvesting stress. Evaluation metrics extended beyond ratoon yield to include
bud survival rate, ratoon panicle number, stem morphological traits, and biomechanical properties. Although quantitative trait
loci and candidate genes associated with ratooning ability and stem strength were reported, stable loci and deployable
molecular markers specifically targeting crushing tolerance remain limited. Complementary agronomic practices, including
skip-row planting, pre-harvest drainage to enhance soil bearing capacity, timely post-harvest nitrogen topdressing with
balanced phosphorus and potassium inputs, and targeted rehabilitation of track zones, partially alleviated yield and quality
losses. Overall, the accumulated evidence indicated that future progress in mechanized rice ratooning system depended on
coordinated machine, variety, and agronomy integration, lightweight and intelligent harvester development, standardized
damage evaluation systems, and digital monitoring platforms to ensure stable, scalable, and quality-oriented ratoon rice
production.

Keywords: ratoon rice; mechanical harvesting; equipment optimization; variety improvement; machinery and agronomy
integration
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