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From Regulating Rhizobiont to Green Intelligent Fertilizer: Innovation and Application
of Green Nematode Disease Control Products Driven by Root Exudates
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Abstract: The rhizobiont can improve nutrient utilization efficiency and reduce soil-borne diseases through a cascade of
plant-microbe-soil interactions, thereby maintaining the health of the soil-plant system. Developing green intelligent
fertilizers based on this theory that target and regulate rhizosphere processes is a key breakthrough in achieving sustainable
agricultural development. In the face of this challenge, this article focuses on the agricultural losses caused by nematode
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diseases and the ecological and environmental problems caused by chemical control. From a new perspective of the
rhizobiont, it systematically explores new green control methods for soil-borne diseases driven by root exudates. The article
first provided a detailed theoretical explanation of the rhizobiont, focusing on the key role of plant root exudates as a core
driving force in shaping rhizosphere microbial communities, mediating multispecies synergistic interactions, and maintaining
soil-plant health. Furthermore, it analyzed the molecular mechanisms by which different plant-derived functional substances
recruit beneficial microorganisms and target the regulation of plant parasitic nematodes. Finally, the technical conception,
product development, and effect verification of transforming these basic ecological principles into green intelligent fertilizer
were further discussed. The key future research directions in this field in the future were prospected, thereby providing a
practical example for the development of green intelligent fertilizer products based on the theory of rhizobiont, and providing
an innovative theoretical and technical basis for the development of sustainable agriculture and food security.

Key words: Rhizobiont; Green intelligent fertilizer; Root exudates; Beneficial microorganisms; Nematode disease control
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Table 1 Root exudates regulate soil biomes and their functions
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Fig. 1 The core regulatory role of root exudates on rhizosphere microorganisms (drew by BioRender)
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Fig. 2 Soil nematodes promote the cascade amplification of rhizobiont functions (drew by BioRender)
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(DEgg hatching; @Migration to the root; ®Second instar larvae infect; @Enhance plant resistance; GNematode control
throughout the entire life cycle; ®Increase beneficial nematodes; (DPlant root exudates reshape the rhizosphere microbial
community structure; ®ldentification of plant-derived functional substances; ©@Specific root exudates inhibit harmful
nematodes and promote beneficial nematodes; (®Accelerating the decomposition of soil organic matter promotes soil
nutrient cycling.
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Fig. 3 Inhibitory mechanism of plant parasitic nematodes by root exudates of resistant plants
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(DGreen intelligent fertilizer verifies rhizobiont theory: soil-plant health and improvement of yield and quality; @Control;
®Green intelligent fertilizer; @The rhizobiont theory supports the creation and development of green intelligent fertilizer:
unique root exudates target and inhibit pathogenic nematodes.
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Fig. 4 Green intelligent fertilizer for controlling nematode diseases of various crops
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Table 2 Effects of green intelligent fertilizer on nematode diseases in various crops

1EW) TRAG | 2 FR 5 A 2 H g =R
Crops Gall inhibition rate/% Root nematode inhibition rate/%
# I Cucumber 38.7~60.8 423~528
i Tomato 52.5~62.5 55.4~715
# = Banana 32.2~49.2 36.9 ~63.2
K3 Pitaya 68.2 ~77.3 52.3~65.2
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