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Abstract: Root exudates are an important source of compounds in the rhizosphere, and they significantly
influence the composition, function, and stress resistance of microbial communities by providing carbon
sources and regulating the rhizosphere physicochemical environment. Meanwhile, the application of exogenous
carbon sources such as straw returning, plant litter, biochar, and organic fertilizers can significantly alter the
quantity, diversity, and metabolic activity of microorganisms. To reveal the root-soil-microbe interaction
mechanism, optimize soil management, and promote the development of sustainable agriculture driven by
microorganisms, this review summarizes the mechanisms by which root exudates and external carbon inputs
affect soil microorganisms. with a focus on: (1) the chemical composition of root exudates and their regulatory
effects on bacteria, fungi, and pathogenic microorganisms through nutrient supply, physical and chemical
environment regulation, and signaling; (2) the impacts of different types and application levels of external
carbon inputs on microbial community structure, function, and ecological processes; (3) the effects of the
interaction between root exudates and external carbon inputs on soil microbial communities. Based on current
research progress, future research directions are proposed.

Keywords: root exudates; exogenous carbon input; crop residue returning to the soil; plant debris returning;

biochar input; organic fertilizer application; soil microorganisms
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Current Status and Trends in Global Industrialization and
Development of Genetically Modified Crops in 2024

ZHANG Zhongqi' , LU Linghua' . LIU Lei' . LI Kunlun' , LI Pin' , YU Juping' . XUE Moyong’
(1. Heze Academy of Agricultural Sciences, Heze 274000, China; 2. Tobacco Research Institute, Chinese
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Abstract: Since the initiation of commercial cultivation of genetically modified (GM) crops in 1996, their
research, development, and industrial application have continuously expanded, significantly enhancing
comprehensive benefits and laying a crucial foundation for global food security. In order to accelerate the
research and industrial application of genetically modified crops, promote policy formulation and industrial
upgrading of genetically modified crops, this paper systematically analyzed the development trends of global
GM crop industrialization from 1996 to 2024, including crop varieties, cultivation area, adoption rates,
transformation events and yield. The study revealed that in 2024, the global cultivation area of GM crops
reached 209. 80 million hectares across 27 countries, marking a 122-fold increase compared to 1996. Five core
GM crops:soybean, maize, cotton, canola, and sugar beet-dominate production. In terms of adoption rates,
cotton was the highest (78. 40%), followed by soybean (74. 90%). Trait development in GM crops is
evolving toward complexity, with an increasing number of transformation events featuring stacked traits and
output traits. Regarding yield, the global production of GM crops reached 986. 955 billion kilograms in 2024,
with Brazil, the United States, Argentina, Canada and India being the major producers. Notably, as the
world” s largest importer and consumer of GM soybeans, China has significantly accelerated its GM
industrialization process, which is expected to reduce its dependence on imports of maize and soybeans.

Keywords: genetically modified crops; industrialization; cultivation area; transformation event; yield
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