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Effects of peach tree root extracts on the growth of replanted peach tree

and soil microbial community
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Abstract: [Objective] Peach [Prunus persica (L.) Batsch] is a globally cultivated fruit crop and pos-
sesses high economic importance. However, continuous monocropping frequently leads to peach re-
plant disease, a pervasive problem characterized by inhibited seedling growth, rhizosphere disorder, re-
duced productivity, and orchard degradation. Increasing evidence suggests that allelopathic autotoxic
substances released from senescent root residues may act as key triggers, inducing shifts in rhizosphere
microbial composition, suppressing nutrient cycling, and negatively affecting plant physiological pro-
cesses. Nevertheless, the comprehensive spectrum of peach root-derived autotoxic metabolites and their
cascading effects on rhizosphere microecology and seedling development remain insufficiently charac-
terized. This study aimed to elucidate the composition of autotoxic allelochemicals in peach roots, eval-
uate their impacts on soil nutrient availability, microbial community dynamics, and photosynthetic and
morphological performance of peach seedlings, and clarify their potential role in the development of
peach replant disorder. The findings are intended to support mechanistic interpretation and provide a
theoretical foundation for designing effective replant mitigation strategies. [Methods] Root samples

were collected from an aged peach orchard and processed into high (1:10) and low (1:40) concentra-
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tion aqueous extracts. Non-targeted metabolomic profiling was conducted using a mass spectrometry-
based platform to identify autotoxic compounds present in peach roots. A pot experiment was estab-
lished using distilled water as the control to assess rhizosphere soil properties and seedling responses un-
der extract treatment. Soil enzyme activity (urease) was determined via a colorimetric assay. Available
phosphorus and potassium were quantified using flame photometry, soil organic matter content was as-
sessed using an oxidation method, and available Fe, Mn, and Zn were determined via atomic absorption
spectrophotometry. Bacterial and fungal community structures were analyzed through high-throughput
sequencing using specific primers. A portable photosynthesis system was used to measure net photosyn-
thetic rate. Root morphology was quantified using a root scanner, and root activity was assessed using
the TTC (triphenyltetrazolium chloride) reduction method. Statistical and correlation analyses were con-
ducted to clarify interactions among metabolite accumulation, soil ecological changes, and seedling
physiological responses. [Results] A total of 1133 metabolites were identified from peach roots. These
compounds predominantly consisted of phenolic acids and their derivatives (e.g., benzoic acid, phenyl-
propionic acid, cinnamic acid, caffeic acid), organic acids, coumarins, flavonoids (such as flavanols, fla-
vonoid glycosides, isoflavones, and catechins), alkaloids (including quinolizidine and indole alkaloids),
quinones (e.g., benzoquinones, naphthoquinones, anthraquinones), terpenoids (monoterpenes, sesquiter-
penes, other terpenoids), and hormone- like substances (e.g., jasmonic acid, abscisic acid). Many of
these compounds are widely recognized as allelochemicals with autotoxic or antimicrobial potential.
Root extract application significantly altered the soil biochemical environment. Both extract concentra-
tions markedly reduced soil urease activity and available phosphorus content, indicating suppressed ni-
trogen and phosphorus cycling. Extracts also altered micronutrient availability, particularly increasing
Fe and reducing Zn content. Bacterial community richness and diversity decreased significantly, sug-
gesting strong inhibitory pressure on beneficial rhizobacteria. Fungal communities showed concentra-
tion-dependent shifts: low extract concentration simplified both bacterial and fungal structures, while
high concentration increased fungal community complexity, particularly promoting potential pathogenic
taxa. Pathogen-associated phyla such as Pseudomonadota, Olpidiomycota, and Rozellomycota were sig-
nificantly enriched under high extract treatment, indicating a transition toward a disease-favoring rhizo-
sphere state. Peach seedling growth was markedly inhibited by root extract exposure. Root morphologi-
cal indicators, including total root length, root volume, root tip number, root activity, and root dry mass,
were all significantly reduced, with stronger suppression observed under high extract concentration.
Aboveground traits such as plant height, stem diameter, and leaf area were negatively affected, accom-
panied by significant reductions in chlorophyll a, chlorophyll b, and carotenoid contents, implying im-
paired photosynthetic capacity. These responses indicate that root-derived autotoxic compounds disrupt
the rhizosphere ecological balance, impair nutrient bioavailability, suppress root growth and activity, re-
duce photosynthetic pigment synthesis, and ultimately limit overall seedling vitality. A potential inhibi-
tory pathway is proposed as follows: peach root allelochemicals — disturbance of microbial community
structure — reduction in nutrient transformation and enzyme activities — impaired root uptake efficien-
cy — reduced photosynthesis — inhibited seedling growth. [Conclusion] Peach roots harbor a diverse
array of autotoxic substances, including phenolic acids, flavonoids, coumarins, alkaloids, quinones, ter-
penoids, and hormone-like compounds. These metabolites contribute to replant disorder by altering soil
enzyme activity and nutrient availability, restructuring rhizosphere microbial diversity, promoting patho-
genic microbial proliferation, and impairing root system development and shoot physiological perfor-

mance. The inhibitory effects are concentration-dependent, with high-concentration root extracts exert-
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ing greater negative impacts. This study provides novel mechanistic insights into the autotoxicity-micro-

biome interaction model associated with peach replant disease and highlights the importance of regulat-

ing rhizosphere chemical and microbial homeostasis. The results offer a theoretical framework for miti-

gating peach replant obstacles through strategies such as selective rootstock utilization, rhizosphere mi-

crobiome reconstruction, and organic amendment application. Furthermore, the findings lay a founda-

tion for future development of targeted autotoxicity detoxification and microbial regulation models to

promote sustainable peach orchard renewal.

Key words: Peach (Prunus persica); Replant disease; Root extract; Autotoxic substances; Soil microor-

ganisms; Plant growth
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Table 1 Non targeted metabolomics analysis of peach tree root extract
. ey b N . N
[P Vs PR g
. . Number of Level  Proportion/ . .
No.  Level 1 classification . . Main metabolite types
2 classification %
1 3 Flavonoids 165 14.24 BB R | B G
Flavanol, flavone glycosides, isoflavones, etc.
2 JMZ Lipids 148 12.77 RIS I8 0 PO XA -t i 2%
Saccharolipids, fatty acyls, glycerophospholipids, etc.
30 KA AT 115 9.92 B2 O- B AL & 55
Carbohydrates and their derivatives Glycosides, O-glycosyl compounds, etc.
4 MR RIATEY 88 7.59 TR R IR AR 2 T R AT A )
Phenolic acids and their derivatives Benzoic acids, phenylpropanoic acids, cinnamic acids, quinic acids
and derivatives
5 i 2% Terpenoids 86 7.42 LN S e R i
Monoterpenoids, sesquiterpenoids, and other terpenoids
6 EEMR LAY 52 4.49 Alpha SR S HAT AN A R IR AT
Amino acids and their derivatives Alpha amino acids and derivatives, glutamic acid and derivatives
7 AW EIATEY 45 3.88 FHLIR M ILAT AR
Organic acids and their derivatives Organic acids and derivatives
8  HERBLIAEY 26 2.24 HERBREAED
Coumarins and their derivatives Coumarins and derivatives
9 WM HATEY 13 1.21 W{1be S AT
Indoles and their derivatives Indoles and derivatives
10 12K Stilbenes 12 1.04 T Stilbenoids
11 AMRER IS IATED) 12 1.04 ABEREREATEN
Lignans and their derivatives Lignans and derivatives
12 $ R L HATEY 11 0.95 ES R P I A S S 4 K AT A 45
Steroids and their derivatives Steroidal lactones, other steroids and steroid derivatives, etc.
13 EHEREIT Y 8 0.69 WA R AT A
Nucleotides and their derivatives Nucleotides and derivatives
14 2% Quinones 7 0.60 KR Z5 R B Benzoquinones, naphthoquinones, anthraquinones
15 #2512 Tannins 5 0.43 #5725 Tannins
16 YELE 255 Vitamins 4 0.35 24 22 Vitamins
17 B HATAED) 2 0.17 WA FEL G E SRS A e Mg AR 2
Alkaloids and their derivatives Quinolizidine alkaloids, indole alkaloids
18 JiA3k Others 360 31.06 B8 R HAT A e I HATT Ay
Ketones and derivatives, amines and derivatives, etc.
#2 HRIRFBIRE IR R R
Table 2 Effects of peach tree root extract on soil physicochemical property
i H b .
s WERRLE WORRUD) OB g W) WD WD wD
pH ? ‘se ¢ phos ganie Mn content/  Fe content/  Cu content/  Zn content/ K content/
Treatment activity/ phorus content/  ter content/ (me ke (me ke (me ke (me-ke)  (me-ke')
(umol-g'-d")  (mg-kg" (g-kg" g Kg g Kg g Kg g°Kg g Kg
payict 7.16+0.02 2 0.28+0.02 a 127.85+2.48 a  58.80+0.58 a 13.20+0.49a 19.99+0.88b 1.65+0.07a 9.23+£0.98 a 294.67+32.58 a
Control
Tl 7.01+0.15a 0.16+0.08 a 121.02+2.74b  57.78+1.19a 1637+3.17a 23.22+0.84a 1.59+0.12a 7.54+1.86b 197.33+37.10b
T2 7.01+0.11a 0.30+0.09 a 117.0041.12¢  59.23+0.19a 14.2142.37a 21.1742.10b 1.5240.12a 7.05+£0.56 b 314.67+£51.59 a

A F/NG FRERIRAE 0.05 KV ZEFEE. .

Note: Different small letters indicate significant difference at 0.05 level. The same below.
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Table 3 Effects of peach tree root extract on the richness and diversity of soil microbiome

BAEY) Microbiome b3 Treatment  Chaol #5%¢ Chaol index 74 #i7 %% Shannon index % #4584 Simpson index MLM4FH$E %L Sobs index

i) XtHE Control ~ 1094.17£55.21 a 6.42+0.05 a 0.003 8+0.000 3 a 1 090.67+53.49 a
Bacteria Tl 953.15+31.96 ab 6.284+0.02 ab 0.003 70.000 01 a 952.67+31.75 ab
T2 909.82+33.84 b 6.22+0.04 b 0.004 5+0.000 2 a 909.33+33.62 b
B it i Control 295.33+12.72 a 2.7540.08 b 0.170 0£0.010 a 295.33+12.72 a
Fungi Tl 342.33+15.30 a 3.79+0.06 a 0.070 0£0.002 b 342.33+15.30 a
T2 274.33+6.36 a 2.66+6.36 b 0.180 0+£0.040 a 274.33+6.36 a
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Fig.3 Effects of peach tree root extract on composition of soil bacterial community (A) and fungal community (B)
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Table 4 Effects of peach tree root extract on the aboveground and underground parts of 1-year-old peach seedlings

e RELK WAKH RRHE WRAE  WMATHE & el C L ITE AR M o o 1R
Total root Root volume/ Number of root  Root activity/ Root dry Plant Stem thick-  Single leaf ~ Aboveground
Treatment N R 0o1a . )
length/cm cm tips (ug-g'-h")  mass/g height/cm  ness/mm area/mm dry mass/g

payict 2308.3£160.8 a 246.1+20.3a 2181.3+102.1a 52.74+1.62a 8.47+032a 76.8+t185a 0.35£0.08a 752.8t11.3a 8.86+1.20a

Control
Tl 1133.7£140.0c 103.4£10.7c 1109.3£149.3¢c 21.58+2.11 ¢ 4.87£0.31c 55.0+4.6b 0.28+0.05ab 608.7+8.3c  7.14+3.17 a
T2 1939.6£107.1b 139.1£31.9b 1610.0£166.2b 34.15£1.14b 5.90£0.30b 58.1+7.7b 0.25£0.04b 708.8+9.0b 10.24+1.12 a
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AIEN, X HEAR L, SR IR PR VR AL E Y 1 E AR
AR A RS EREARKE MW, T3

BEAIR T 2R 2 a A 202K b 3 B IRIR BE IR 4R VNS I
ZERa MR b T BN MARE, HEET & T
KNE bREGE. ARAKRERRBACE R EOEEE

RS HRRFRRRGR 1 FEERTES 1 FEMHRAIFM

Table 5 Effects of peach tree root extract on the leaves of 1-year old peach seedlings

b ot a Matza MR b & KT P REE

Treatment P./(umol - m*-s™") Chlorophyll a content/(mg - dm™) Chlorophyll b content/(mg-dm™) Carotenoid content/(mg-dm™)
% i Control 12.87+1.85a 15.47+0.33 a 4.67+0.15 a 3.50+0.04b

Tl 12.64+£3.28 a 13.47+1.00 b 4.22+0.08 b 3.16+£0.25 b

T2 11.6742.33 a 14.99+0.10 ab 4.21+0.46 ab 3.73+0.11 a
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