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Morphological-Physiological-Microecological Coupling Characteristics of Plant Roots
Zhong Wang
Chengdu JinCheng College
[Abstract] This study focuses on the root response mechanisms during the conversion of plant cultivation
substrates (hydroponics<>soil), using peas as the material. Through a "temperature—variable germination —
homogeneous seedling source — bidirectional conversion" system and interdisciplinary methods, the study
explores the effects on root morphology, physiology, and microecology to address issues such as yellowing and
stunted growth, as well as root rot and death after conversion. The results show that 7 days after conversion from
hydroponics to soil, the root hair density drops sharply, and the root tip browning rate reaches 42%, with
enrichment of phenylpropane and lignin synthesis pathways. Three days after conversion from soil to
hydroponics, cortical aeration tissue appears, and the root diameter decreases by 28%, with enrichment of
glycolysis and ethanol fermentation metabolites. In the early stage of conversion, the root respiration rate and
ATP content drop significantly, ROS peaks at 12 hours, and 100umol * L™! melatonin can reduce the ROS
peak by 36% and shorten the recovery time. Significant changes in rhizosphere microorganisms were observed,
with Pseudomonas as the core genus in hydroponics and Burkholderia—Caballeronia—Paraburkholderia
becoming the dominant genus after conversion to soil, and the abundance of phosphate—solubilizing bacteria is
positively correlated with phosphorus absorption rate. The study proposes a three—stage model of root

stress—adaptation, providing a basis for optimizing cultivation management.
[Key words] Cultivation substrate conversion; Root morphology; Physiological response; Rhizosphere

microecology; Melatonin; Peas
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