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Effects of saline-alkali stress on rhizosphere microecology
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Abstract: [Objective] This study aims to analyze the response mechanisms of rhizosphere microecology
and phenolic metabolism in bulbs of Lilium davidii var. unicolor under saline-alkali stress, clarify the key physi-
ological and molecular ecological mechanisms underlying its response to such stress, and screen for stress-resis-
tant bacterial groups and key phenolic metabolites, thereby providing a theoretical basis for saline-alkali land im-
provement and the optimization of stress-resistant cultivation techniques for Lilium davidii var. unicolor.
[Method) With Lilium davidii var. unicolor serving as the experimental material, a saline-alkali stress solution

was prepared by mixing NaCl and NaHCO3 at a molar ratio of 1: 1. Four concentration gradients were set as 0,
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50,100, and 150 mmol/L and designated as CK, T1, T2, and T3, respectively. Under different treatments, the
rhizosphere soil was determined for physicochemical properties, microbial diversity and community composition,
and total phenolic content and metabolite components in its bulbs were measured. Correlations among these fac-
tors were systematically explored. [Result] Compared to CK, the total phenolic content in bulbs of Lilium davi-
dii var. unicolor under T2 treatment at 100 mmol/L increased significantly by 13.3% , and the available phos-
phorus content in rhizosphere soil under T2 was also significantly higher than that under other treatments (P<C
0.05). From the comparison between CK and T2, 17 differential phenolic metabolites were identified, of which
11 were significantly upregulated in the T2 group, with caffeic acid-3-O-glucuronide and coumarin being the
main metabolites. Compared to CK, T2 treatment significantly increased the bacterial community diversity in the
rhizosphere soil of Lilium davidii var. unicolor,with Proteobacteria as the dominant phylum. Functional bacteria
such as BIrii41 and Dongia were significantly enriched (P<C0.05). The pH, available phosphorus, total nitro-
gen, and other factors in the rhizosphere soil of Lilium davidii var. unicolor regulate the structure of functional
bacterial communities and indirectly activate phenolic synthesis pathways, thereby forming a synergistic regula-
tory network of “soil physicochemical properties-rhizosphere bacteria-phenolic metabolites-total phenols”. [Con-
clusion] 100 mmol/1. is the optimal saline-alkali stress concentration for promoting total phenolic accumulation
in bulbs of Lilium davidii var. unicolor. Moderate saline-alkali stress ('T2) can optimize the physicochemical
properties of rhizosphere soil, improve the richness and diversity of the rhizosphere microbial community, and ac-
tivate key phenolic synthesis pathways. This leads to a significant upregulation of key metabolites such as caffeic
acid-3-O-glucuronide and coumarin, ultimately increasing the total phenolic content in its bulbs.
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Table 1 Effects of saline-alkali stress on physicochemical properties of rhizosphere soil for Lilium davidii var. unicolor
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Fig.1 Total phenolic content in bulbs of Lilium davidii var.
unicolor under different saline-alkali treatments
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Fig.3 Analysis of differential phenolic metabolites in bulbs of Lilium davidii var. unicolor under saline-alkali stress



56 PUAL AR B R 27 2440 AR B 7 O

i 55 3

2.4 HEHEN=MNEEHEXEHERFYH
A

BT 2R W o A B, 2 TR T 22
A 8 25 G il 1y 28 A 9 A i A s A (R
4> VA L-ZKTN R 9k th W) it , 22 5 TN R ik 2 il
(PAL)HEAL A= i XN B IR S , T2 B 2% 70 S HE
AN TR AR A, He i — 2 0 300 B s R R 28 AR
Mz -4-F2 AL B CCAHD A2 X 7 R , PR 28 X0 75 SR -
3- 32 AL AlE CC3HD Fe AL D Wi % |, fie 2 1E UDP- ] %

X A5 ER

y p-coumaric acid

PAI
L-HTN & R
L-phenylalanine e— -

Trans-cinnamic acid

&

.

CK T2

Bl TRE TR 2P A2 i CU G TOAE TR A B ME R -3- O - ) 4
BERE IR Y, o T2 40 B 22 9N v 5 65 25 P R R - 3-
O- ] % B T R A9 R 0 208 B 2 35 T CKG 53 4k
— 5 N AP TR 48 N EETR -2- 2 AL i (C2HD
A 2-FR AR AR IR L 2- F R AR IR PRI T A R I Y
g Ak S I A A 53R, LR T2 Ah B 22 N T 5 25
H2- R R TR A R B Rk BT
CK(P<C0.05),

wikie  UGT

C3H
— i aci] — W PR3 5 R
Caffeic acid Caffeic ac lucuronide
N THC
CK T2

AR 2 Ik
Relative expression
level

2
2- TR —— ' 1
2-hydr(‘mic acid 0

IEm 'm I—l

CK T2 —

Pl rp AN [ € AR R X 33 i RN S (AR A k2L (AR R ik ko
Different colors represent the relative expression levels. Green indicates low expression, and red indicates high expression.
P4 220 5 B2 G HE My S AU B i AQI i 12 20 A

Fig.4 Metabolic pathways of key phenolic metabolites in bulbs of Lilium davidii var. unicolor
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Table 2 Effects of saline-alkali stress on microbial Alpha diversity indices in rhizosphere soil of Lilium davidii var. unicolor
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Fig. 5 Effects of saline-alkali stress on microbial community structure in rhizosphere soil of Lilium davidii var. unicolor
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