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Abstract: In the context of the “New Round of the 100-Billion-Jin Grain Production Capacity Enhancement Initiative”,
large-scale yield improvement has been identified as a core strategic pathway for ensuring national food security in China. Al-
though national grain production has remained high and stable in recent years, further yield increases through cropland expansion
are increasingly constrained by limited water and soil resources and growing environmental pressures. Addressing the key scien-
tific questions of “whether major food crops still have room for yield improvement, how large this potential is, and how it can be
realized”, research on yield potential and yield gaps provide an essential theoretical and methodological foundation to quantify
production potential, identify limiting factors, and design yield-enhancement strategies. This paper systematically reviews recent
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advances in yield potential assessment and yield gap analysis, revealing the magnitude of untapped yield potential and the domi-

nant constraints across different crops and regions. Based on these insights, differentiated technical pathways for large-scale yield

improvement are proposed. In regions with large yield gaps, priority should be given to optimizing crop management practices
and resource allocation to accelerate yield gap closure. In contrast, in areas where yield gaps are relatively small, further yield

gains rely on breeding innovation, key technological breakthroughs, and cropping system optimization to raise yield ceilings. In
addition, this paper analyzes major bottlenecks in the dissemination and application of yield-enhancing technologies, highlighting

the persistent disconnect between scientific outputs and on-farm practices that hampers large-scale adoption. Looking ahead, es-

tablishing a coordinated and closed-loop framework encompassing yield potential assessment, yield gap diagnosis, technology
integration, and on-farm implementation will be critical for translating scientific advances into sustained productivity gains.

Through the synergistic advancement of technological innovations and supportive policy and system arrangements, China can
continue to enhance its grain production capacity under constraints of limited arable land and environmental resources, thereby

strengthening food security and agricultural sustainability.

Keywords: large-scale yield improvement; yield potential; yield gap; technology pathways; food security
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Fig.1 Definitions on yield potential, attainable yield, and yield gap
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Yield potential refers to the maximum yield a crop can achieve
under optimal management conditions, free from both biotic and
abiotic stresses, and is influenced by natural factors such as climate,
soil quality, CO, concentration, and others. Attainable yield repre-
sents the yield that farmers can attain under large-scale production
conditions through optimized management and technological ap-
plications, typically about 80% of the yield potential. The yield gap
is the difference between yield potential and actual yield, reflecting
the disparity between crop yields under ideal conditions and those
achieved in actual production. It indicates the extent to which the
crop has not fully realized its potential, usually due to limitations in
resources or technology. The exploitable yield gap refers to the
difference between attainable yield and actual yield, indicating the
portion of the yield gap that can be closed under large-scale pro-
duction conditions through improved management practices and
technological innovations 2%,

Attainable yield Actual yield
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Fig.2 Yield gaps (expressed as percentage of yield potential) of maize, rice, wheat, and soybean in China
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Figures A—H show the yield gaps of the irrigated and rainfed maize **, single- and double-season rice %, irrigated and rainfed wheat 1*%,

irrigated and rainfed soybean B%

systems at the agricultural climate zone level, respectively. This map is based on the standard map

downloaded from the Standard Map Service of the Ministry of Natural Resources of China with the approval number GS (2024) 0650. The

boundary of the base map is not modified.
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Fig.3 Crop yield increase strategies in different yield gap scenarios
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This figure illustrates the division of two types of regions and their corresponding prioritized technical measures. The left section represents
areas with a large yield gap, where the primary objective is to reduce the yield gap and enhance actual yield through a series of measures. Key
technologies include precision fertilization, efficient water management, optimization of sowing and transplanting, integrated pest and weed
management, and mechanization. These measures aim to optimize existing production practices, thereby narrowing the yield gap and im-
proving yield levels under current conditions. The right section represents areas with a smaller yield gap, where the focus is on increasing
yield potential and surpassing the yield ceiling. Prioritized measures include breeding innovation and variety updates, efficient utilization of
thermal and light resources, and expansion of irrigated areas. These technologies work by improving the crop’s growing environment and
enhancing its yield potential %),
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