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Abstract: The primary bottleneck restricting sugarcane harvesting mechanization in China’s hilly regions is fragmented
terrain combined with narrow-row, high-density planting. This study was aimed to systematically analyze the effects of
a two-step mechanical harvesting model on production efficiency, raw material quality, and farmer’ income, thereby
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clarifying its application potential and promotion strategies in these regions. During the 2023/2024 and 2024/2025 har-
vesting seasons in Gengma, field experiments and cost-benefit analyses were conducted to compare four harvesting
models, Combine Harvesting, Traditional Manual, Commissioned Processing, and Raw Cane Sale. Statistical methods,
including ANOVA, were employed to analyze the effects of sugarcane growth stages and major cultivars on the impurity
rate of raw materials. The Commissioned Processing model increased farmer’s net income to 365.00 yuan/t over the
Traditional Manual model (farmer’s net income 318.00 yuan/t) , an increase of 14.80%, while reducing harvesting costs
42.06%. The income was comparable to the Combine Harvesting model but effectively avoided the severe damage to
sugarcane ratoons caused by the latter. Regarding raw material quality, genetic differences among cultivars had no sig-
nificant effect on the impurity rate, whereas harvest time was the dominant factor. As the harvest period was extended
from December to the following April, the net cane rate under Traditional Manual model significantly increased from
75.76% to 84.90%. Correspondingly, the impurity rate of two-step mechanized harvesting decreased from 6.42% to
4.52%, indicating that scheduling operations within the full maturity window after January effectively controls raw ma-
terial impurities. The study also revealed a misalignment between the commercial impurity deduction standards of sugar
mills and field-measured impurity rates. This discrepancy, characterized by significant inter-varietal differences, could
hinder the fair promotion of this new technology. The two-step mechanical harvesting model is an optimal choice for
China’s hilly regions, balancing economic benefits with ecological sustainability. Its promotion strategy should priori-
tize establishing a precise operational timetable based on sugarcane growth stages rather than developing differentiated
harvesting systems for existing cultivars. This model would provide a quantifiable and scalable solution for mechaniza-
tion in hilly sugarcane areas, holding significant practical value and strategic importance for enhancing the competi-
tiveness of national sugar industry and ensuring sugar security.
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Fig. 1 Analysis of two-step mechanical harvesting module of sugarcane
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