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Impacts of pepper hybrid breeding on nutrient dynamics and
microbial community structure

WEI Qiuhe, ZHANG Jinhao, WANG Yuqi, PENG Zhengyu, HUANG Chanchan, PENG Di’, LI Xin"

Hunan Provincial Engineering Research Center for Mining and Utilization of Endophytic Microbial Resources in

Plants, Hunan Provincial Microbiology Research Institute, Changsha, Hunan, China

Abstract: [Objective] To unravel the mechanism underlying the high-yield performance of hybrid
pepper (Capsicum annuum L.) progenies and dissect parent-progeny differences across four
interconnected dimensions: plant nutrient accumulation, rhizosphere soil physicochemical
properties, microbial community composition, and nutrient metabolism-related functional genes.
[Methods] For both parental lines and their hybrid progenies, the yields and the content of nitrogen
(N), phosphorus (P), and potassium (K) in roots, fruits, and rhizosphere soil were determined,
alongside rhizosphere soil physicochemical properties. High-throughput sequencing was adopted to
analyze the structures of root endophytic and rhizosphere microbial communities, while
metagenomic sequencing was used to quantify the abundance differences of genes associated with
rhizosphere nutrient metabolism. [Results] Hybrid progenies exhibited a significant yield increase,
with the highest yield increase observed in the Z3 line. All hybrids showed elevated K content in
fruits, and Z3 specifically achieved transgressive accumulation of N and P in roots. A distinct
turnover of the root endophytic microbial community was detected between parents and progenies.
In the hybrids, functional genera including Dyella, Burkholderia-Caballeronia-Paraburkholderia,
and Trichoderma were enriched, which were significantly correlated with plant nutrient uptake. In
terms of rhizosphere soil properties, all hybrids had higher available phosphorus content and lower
rhizosphere pH than parental lines. Notably, Z3 possessed unique advantages of high total nitrogen
reserve and increased organic matter content in the rhizosphere. Additionally, the abundance of
genes related to P and K metabolism was higher in hybrids than in parents, which was particularly
prominent in Z3. [Conclusion] The transgressive yields of pepper hybrids is driven by the synergy
among the rhizosphere environment, microbial communities, and the host plant. Specifically,
hybrid progenies constructed an efficient microecosystem by enriching functional microbes (e.g.,
Dyella) and enhanced nutrient metabolism efficiency through increased abundance of P and K
metabolism-related genes. These improvements ultimately led to the formation of nutrient
utilization advantages, characterized by efficient nutrient absorption in roots and effective nutrient
translocation to fruits. This study provides a novel theoretical framework for deciphering the
microbial-driven mechanisms underlying parent-progeny differences in nutrient use efficiency of
crops and further enriches the theory of plant-microbe-soil interactions.

Keywords: pepper; heterosis; nutrient uptake; microbial community structure; functional gene
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Figure 1 Differences in yield, nitrogen, phosphorus, and potassium contents in roots and fruits of pepper. A:
Yield of male parents and hybrid progenies (z-test, *: P<0.05; **: P<0.01; ***: P<0.001); B-D: Differences in
nitrogen, phosphorus and potassium contents in roots and fruits between parents and their hybrid progenies
(Different lowercase letters indicate significant differences among groups at P<0.05 level after ANOVA multiple
comparison), Family 1-3 refer to the hybrid combinations formed by crossing female parent PM with male

parents PF1, PF2, and PF3, respectively.
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Figure 2 Physical and chemical properties of root zone soil samples. A: Hydrolyzable nitrogen (HN), available
phosphorus (AP), and available potassium (AK) content in rhizosphere soil; B: pH changes in rhizosphere soil; C:
Total nitrogen (TN), total phosphorus (TP), total potassium (TK), and organic matter (OM) content in rhizosphere
soil (a, b, ¢, d, e, f indicate significant differences obtained through ANOVA multiple comparisons, P<0.05).
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Figure 3 Rarefaction curves of endophytic bacteria (A) and fungi (B) in parents and hybrid progenies.
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Figure 4 Analysis of microbial species composition in pepper roots. A: PCoA analysis of root bacteria; B: Bar

chart of species abundance at the phylum level of root bacteria; C: Heat map of species abundance at the genus

level of root bacteria; D: PCoA analysis of root fungi; E: Bar chart showing species abundance at the root fungus

level; F: Heat map of species abundance at the genus level of root fungi *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 Correlation analysis between microorganisms in pepper roots and fruits and nitrogen, phosphorus, and

potassium in roots and fruits. A: RDA analysis of nutrients in roots and fruits and bacteria in roots; B: RDA

analysis of nutrients in roots and fruits and fungi in roots; C: Heat map of the correlation between nutrients in

roots and fruits and bacterial genera in roots; D: Heat map of the correlation between nutrients in roots and fruits
and fungal genera in roots. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 6 Analysis of the species composition of microorganisms in the rhizosphere of peppers. A: Macro-
genomic PCoA analysis of rhizosphere soil; B: Column chart of species abundance at the phylum level of

rhizosphere microorganisms; C: Circos diagram at the genus level of rhizosphere microorganisms.
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Figure 8 Redundancy analysis of pepper root zone microorganisms and correlation analysis with soil indicators.

A: Root zone microbial RDA analysis; B: Heat map showing the correlation between root zone microbial genus

levels and environmental factors (**: P<0.01; ***: P<0.001).
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Figure 9  Gene relative abundance of phosphorus and potassium metabolism in the rhizosphere microbiota of

peppers. A: Gene relative abundance of the K transport system; B: Gene relative abundance of the P uptake and

transport system; C: Gene relative abundance of the P starvation response regulation, organic P mineralization

genes, and inorganic P solubilization functional genes. Different lowercase letters indicate significant differences

among groups at P<0.05 level after ANOVA multiple comparison.
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