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Abstract

Aims The interactions between soil fungal and bacterial communities are crucial for maintaining microhabitat
balance. However, the key factors regulating their co-occurrence patterns remain poorly understood. The study
aims to reveal the interactions between fungal and bacterial communities in Pinus sylvestris var. mongolica
plantations in Horgin Desert. Soil samples were collected from plantations of different stand ages (half-mature,
near-mature, and mature forest) with a reference sandy grassland as control.

Methods Based on the 16S rRNA high-throughput sequencing technology, molecular ecological network
analysis was conducted to investigate the characteristics and driving factors of soil fungal-bacterial networks in
Pinus sylvestris var. mongolica plantations.

Important findings The results revealed that: (1) as stand age increased, the complexity of soil fungal-bacterial
network decreased. The half-mature forest exhibited the most intense fungal-bacterial interactions, with the
highest stability and resistance to disturbance. In contrast, the sandy grassland displayed a more complex network
overall. The synergistic relationships predominated among bacterial communities in both the plantation and sandy
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grassland, indicating a more intensive interaction within bacterial communities. (2) Key nodes of the soil
fungal-bacterial network varied across different stand ages, with all identified key nodes being bacterial
operational taxonomic units (OTUs). The half-mature forest exhibited the highest number of key nodes, with
Proteobacteria representing the largest proportion. Acidobacteria were identified as key nodes in the
co-occurrence networks of both the half-mature and near-mature forests. These results suggest that Proteobacteria
and Acidobacteria play crucial roles in maintaining the stability of the fungal-bacterial network, while no key
nodes were identified in the sandy grassland. (3) The complexity of soil fungal-bacterial network was primarily
influenced by soil available phosphorus and water content, while the network’s stability was significantly
correlated with soil organic matter and available phosphorus content. These findings enhance our understanding of
the soil fungal-bacterial co-occurrence network and provide valuable insights for the sustainable management of
P. sylvestris var. mongolica plantations.
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AR T2 KN H (Hirano & Takemoto,
2019; Zhao et al., 2024) . #R1f, KZHHF 75 TN
7 1) 8 A R B TR R VR N 4 A A, 0T BT - 2
FLIASE I 32 L5 m BR 2R D0 e AN B

MR ZARERE b, PR 39 PR A R R A AR,
PR IERAE YRR A R R, T 5|
T TR ELAE FH B oA, T 00 o RN A B A v e A
28 (RS R MEARS € 1 22 7 W0 35 (Deng et al., 2023).
CARFFRUESE, HSKE. AVURS &, A 300
A 2005 B M) - 458 S R 40 R A 9 A ELVE
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2014).
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2020).
1.2 #HmRESLIE
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N4 CAEEE IR AR HAET2 hpy s (Al 520 s BN
-80 ‘CUKAH.
13 TEEFEMAESTEE

W e 5 A FIPowerSoil® DNA Kit (Mo Bi
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A7 RV Mo FELUKAST IR 0 B, A R Aoy e B T A
DIDNAZERE . B ITSHEFITSLX U5 PX TS
1F (5-CTTGGTCATTTAGACGAAGTAA-3")FIITS2
(5'-GCTGCGTTCTTCATCGATGC-3")#EATH (M
artin & Rygiewicz, 2005). 4E16S rRNAZEK V3
VAX %551 #)338F (5'-CCTACGGGAGGCAGCAG
-3")M1806R (5'-ATTACCGCGGCTGCTGG-3")# 4T
1 (Caporaso et al., 2011) (#2). &4&KIPCRF=4)
i Nlumina MiSeq =@ &l T R4t (11lumina, San
Diego, USA)IITE . LLO7%ARBLRE ()35 543 25 84
(OTUYHH TR Guit, Bt 1. N, H. B &,
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Table 1 Basic characteristics of the sample areas of Pinus sylvestris var. mongolica plantation in Horgin Desert (mean £SD)

R ki PR PR Moy i R P
Plot Stand age (a) Average height (m) Average DBH (cm) Stand density (plant him-2) Canopy density
HQh 26 10.26 +1.47 16.93 +2.81 1650 0.72

HQn 33 10.61 +£1.03 14.06 £2.44 1650 0.75
HQmM 43 1112 +1.74 21.07 £1.02 1650 0.68
HQG - - - 0.75

HQG, Hith; HQh, mHid#k; HQm, E#ibk; HQn, i #ubk.

HQG, grassland; HQh, half-matured forest; HQm, mature forest; HQn, near-mature forest. DBH, diameter at breast height.

Fz2 HIBMEMEE G WEE
Table 2 Soil bacterial and fungal primer information

514 Primer 5197 51(5'-3") Primer sequence (5-3") H AL Target genes H#ARIX Target area
ZHH Bacteria 338F CCTACGGGAGGCAGCAG 16S V3-V4

806R ATTACCGCGGCTGCTGG
HE Fungi ITS1F CTTGGTCATTTAGACGAAGTAA ITS ITS1

ITS2 GCTGCGTTCTTCATCGATGC
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(Hernandez et al., 2021), 38259 4% 50%(1) 15 A,
BEAT 4% 1 & B 1R (Herren & McMahon, 2017),
X 1AL O TUTH - 238 52 (Xun et al., 2021).
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X R TP 2% (Ma et al., 2016), FExfaEAS T 2% it
AT BB RRdEiE. UIEAR AL, PR
FESRIN SR E R, F TR SRS o
Mo A% F pheatmap iR £ 22 il I 28 5 A AR E 1R 5
TP RR A OCEIAE, P BT RIE S
BEAT o SRFHSPSS 17.0% 1 X0 AN PR 1) X 245 F
PEFE PR AT LR 2 07 Z2 90 W SR A Spearmantf S¢
3BT 98 TR - 4 B ) 2 R S R A 1 5 PR A
KMk
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21 TIEEE-MEMNELEN
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A 35g v T BEATL I 25 ) A S B, 3 I ) S ) 1 - 4
PR 28 5 G I 28 AR AL, ] FH T 438 0 B - 2 TR AV A
HRARMVTIUERS; B1). BEMRESH N, N TR 2%
TR TABORIE I EER R, R4 Sk R
BTG i A N PR L 98 B B - B DX 28 3 DA TEAH G
KENE, H¥E TS HRE0.4 (Newman,
2006). HybREHA L, N TARMIZE B4 . B
BAE BRI REOICT b, HA B
MR AIBEERAL, W0 IR VD 5 28 N AR R
o FEN MR Bt 398 U PR -0 BT 9 2 v, AR
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pe I ¥ .
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. Jd 7 TN
e WA 4
\ &l B g ¥
ey o ¢
B o AN L]
e U it
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422 ] 7
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HQn HQm

BEL RURILIbHARE T N TR IR R - AR N 4% . 200 RoR IR, S AURANR, AN IEMEE, ATk, HQG &
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Fig. 1 Soil fungal-bacterial network of Pinus sylvestris var. mongolica plantation in Horgin Desert. The red dots represent fungi, the
green dots represent bacteria, the blue lines are positively correlated, and the yellow lines are negatively correlated. HQG, grassland;
HQh, half-matured forest; HQm, mature forest; HQn, near-mature forest.

DOI: 10.17521/cjpe.2024.0362

©U 00000 Chinese Journal of Plant Ecology



1560 FEYAEZS- Chinese Journal of Plant Ecology 2025, 49 (9): 1556-1568

WA AR & 3 S, m T REE R 3|
FRAFEVA 2[R B A ARV PN 8 (9 AH ELVE FH (3R 4) 1
22 TIEERE-WERMEREM :
A TR N TR 3 3 T - 4 0 X 4 R 2 T
AT LR A AT A, RO A HAX 4 A S Y
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JR B A R ) HE DB o R PR 4 T - R
AL A MR 41, NSAR324_cladeMarine_gr
oup_B. G55. Fi4llE & (Haliangium). % 5 B AL
LT B 750 JE (Arenimonas) . HURE TR ] Al
Solibacteraceae_Subgroup_3, H.F%i5% 4 40 5 1 & 24
JBTARI B ] o T SR 9 1 - B PR 28 rh L J - 0 o
MEEBUX AL, JySubgroup_6, J& T AT AT 1. K BB
LB L 2 S LB, R TR fmengmocdulecomectiites (9
B, RGeS i, el B2 RURILT AR RS N AR A - A1 I 4 0B

Ny S . mo HQG i, HQh, HHife#k; HQm, MK, HQn, Sk,
RHETT R LEdROR e BT A ke ORI I Fig. 2 Key nodes of soil fungal-bacterial network of Pinus

A L& TR A g e . PSR B ) S EEOTUTY sylvestris var. mongolica plantation in Horgin Desert. HQG,
grassland; HQh, half-matured forest; HQm, mature forest; HQn,

REWFERRITI . ARALYI IR . e Bl Ay AR near-mature forest.

3 BHRICTD R R N AR 398 0 56200 14 D9 2 FTEATL I 2% 1 +h 24
Table 3 Soil fungal-bacterial networks and random network topological parameters of Pinus sylvestris var. mongolica plantation in Horgin Desert

HQh
HQn

HQG !
HQm !

B A B

Within-module connectivities (Zi)

|
—_

24 Topological parameter HQG HQh HQn HQm
L2 2R 15 Node 757 1369 1200 873
Empirical networks i Edge 6551 9901 3169 2275
EAE% Positive (%) 99.69 99.23 99.18 99.16
HUAHE Negative (%) 0.31 0.77 0.82 0.84
P-4 Average degree 17.308 14.465 5.282 5.212
EIH % Graph diameter 44 37 29 18
E| % Graph density 0.023 0.011 0.004 0.006
TR Average path distance 14.746 14,512 9.020 4574
FHKZHL Clustering coefficient 0.771 0.745 0.596 0.700
BEHA Modularity 0.801 0.647 0.865 0.813
BEMLMZ% TR KB Average path distance 2.640 2.967 4.452 4.275
Random networks AR AH Average clustering coefficient 0.022 0.011 0.004 0.007
Bk, Modularity 0.200 0.220 0.426 0.427

HQG, Hilth; HQh, it #hk; HQm, LK, HQn, IT #ubk.
HQG, grassland; HQh, half-matured forest; HQm, mature forest; HQn, near-mature forest.

4 BHRICTD MR R N AR 398 20 56200 04 D59 28 AH ELATE FARFAE
Table 4 Interaction characteristics of soil fungal-bacterial network of Pinus sylvestris var. mongolica plantation in Horgin Desert

FEHh H B B) IEAR G 4B 5 LR IEAR DR FLEH 8] IEAH 6 2 i (8] FFUAF D% B 5 LR U R T B ARG

Plot Positive correlation Positive correlation Positive correlation Negative correlation Negative correlation Negative correlation
between bacteria between bacteria and between fungi between bacteria between bacteria and between fungi

fungi fungi

HQG 3658 2312 561 15 5 0

HQh 6 402 2 805 618 66 10 0

HQn 2 465 416 262 25 1 0

HQm 1567 486 203 8 9 2

HQG, Hiih; HQh, i bk; HQmM, RAMK; HQN, i bk,
HQG, grassland; HQh, half-matured forest; HQm, mature forest; HQn, near-mature forest.
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e, AROIE A SR BB 2 (5 RN 2448 5 P T J 25
Z 5o PR EI S N TH I - M4 SN R T

XHE B RN A 1o, e bR AR T 4822 57 P

B/, R SR R E P (EI3)

23 HREE-AREMKENS TIREHEFRXM
PR S KRR 3 T AR, R MR

UM A RS BT T AR, R AR L

Ji SR BT AR, AR R R

EEI AR B 25, SR A T2 5 i

PR TR ANFEIARRE 3R IpH. Ak
PRI S8 L NS U RN R B e = o &

&
SEMESERESRLEEZR, NI IpHR

5 BHRIOTD HAR A N AR 38 0 5 -2 14 D9 24 G B D e 2 Y
Table 5 Functional type of soil fungal-bacterial network of Pinus sylvestris var. mongolica plantation in Horgin Desert

FEHh OoTU I E H i J& b))zt
Plot Phylum Class Order Family Genus Functional type
HQG - - - - - - -
HQh OTU 1191 AIEI SAETH 4 SAR324_ - - ARH
Proteobacteria  Deltaproteobacteria  cladeMarine_ Unassigned
group_B
OTU 1432 IR SEIL TN Bt R H i A 5 T A G55 AT, BRAL IR
Proteobacteria  Deltaproteobacteria Desulfurellales Desulfurellaceae Sulfur respiration, respiration
of sulfur compounds
OTU 2119 B ST N RFERE H R} FANEE A REE A
Proteobacteria  Deltaproteobacteria Myxococcales Haliangiaceae Haliangium  Predatory or exoparasitic
OTU 218 AT VLA B WOREE - 0
Proteobacteria ~ Gammaproteobacteria Xanthomonadales Xanthomonadaceae Unassigned
OTU 232 W] BTN L H - - I
Cyanobacteria ~ Melainabacteria Obscuribacterales Non-photosynthetic
cyanobacteria
OTU 74 B YR M H BB R R WHRERHE FERERTE, LR
Proteobacteria ~ Gammaproteobacteria Xanthomonadales Xanthomonadaceae Arenimonas Aerobic chemoheterotrophy,
chemoheterotrophy
OTU 895 BB ] - _ _ _ A
Saccharibacteria Unassigned
OTU 903 BT RH K H N +HH Solibacteraceae_  — F40
Acidobacteria  Solibacteres Solibacterales Subgroup_3 Unassigned
HQn OTU 1623 AT Subgroup_6 - - - R
Acidobacteria Unassigned
HQm OTU 1095 FEAFE ] - - - - AREA
Latescibacteria Unassigned
HQG, Hiih; HQh, H1ii¢#k; HQm, B#k; HQn, sk, OTU, BHIPEHIT.
HQG, grassland; HQh, half-matured forest; HQm, mature forest; HQn, near-mature forest. OTU, operational taxonomic unit.
05T A , =08r B a o 101 C
a S a 5] a
204 a a 1] a %
g 38 o7l S09F a a
| = 307 o
2031 Re g @
2 .
S & = o808l
& z b A
02} £ 806l
a s
JLL_H P—-‘ o H— ql:)D
ot & 2 £07
Fc] — = 15}
; 0051 Z
0 4
1 1 1 1 _— 0.6 1 1

HdG H(I)h HQn Hém HQG HQh HQn HQm

4 Plot

HQG HQh HQn HQm

B3 RRIG T HAR T Fa N\ bR 158 0 - 240 5 0 28 A i TR AIE o S [F) /NS 7 B TR A )P 4 88 T2 T - 4 ) ) 2% A MEA1E 8
#75t(p<0.05). HQG, Hiili; HQh, Hrib#k; HQm, Ak, HQn, I #Hk.

Fig. 3 Stability characteristics of soil fungal-bacterial network of Pinus sylvestris var. mongolica plantation in Horgin Desert.
Different lowercase letters indicated that there were significant differences in the stability of soil fungal-bacterial network at different
stand ages (p < 0.05). HQG, grassland; HQh, half-matured forest; HQm, mature forest; HQn, near-mature forest.
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i, TP B R R. YRI5 K
BERERTHERA, 2REEEE S TN, H
HUTT 5 8 0 5 IR T I AR AT SRR, Al . Ak
PP I T T A AR AR, A S R
S N THEA 2257 (K6).

AR N AR T -4 T X 2 1 o B S 3
MRS B R E TR, MAERES TS
IKEERZIEAIRIGR,; &L N R A xH A
H5HEAPUT R R EARKR, 580

6 BRIV M TR ARSI 5

EENEFIMECKR. 45RERY, MEERIES
TR S B A KB R, MERENES
AU A L R A R (814).

3 Wi
31 AEHEETRAIHLRAR-BREMELE
AR R L Xt 1 3R 7 A M) R

BEAREE SN, RERIC VD AR TR N TR 435
V-2 T PR 2 SRR, RIS . P bkt

Table 6 Soil physical and chemical properties of Pinus sylvestris var. mongolica plantation in Horgin Desert

+ 3T Soil factor HQG HQh HQn HQm

K& Water content (%) 6.13 +1.18° 7.37 £0.992 6.75 +0.912 5.79 +0.35°
pH 6.54 +1.112 6.46 +0.35% 6.65 +0.782 6.16 +0.472
4% & Total nitrogen content (g kg™ 0.60 +0.112 0.61 +0.062 0.64 +0.112 0.27 0.17°
AT & Total phosphorus content (g kg ) 0.09 +0.022 0.08 +0.03? 0.11 #0.052 0.12 +0.03?
# KB4 Organic matter content (g kgL 1.69 +0.39° 3.63 +£1.74% 6.00 £3.33% 7.49 £3.45°
A S Ammonia nitrogen content (mg kg 4.98 +0.74° 472 1242 4.32 0742 4.41 +0.58
A% & & Nitrate nitrogen content (mg kg 1) 3.60 +1.72° 3.77 £0.77° 3.78 +0.45° 6.59 +2.892
AU A& Available phosphorus content (g kg™) 12.49 +1.222 2.31 +0.48° 2.15 +0.60° 2.73 +1.78°
THERLA5 B Available kalium content (mg kg 1) 60.96 £31.922 67.33 £7.68? 30.76 +11.89° 29.23 +5.58°

AFVNG FRERIRAS R RS L3R E R B3 (p < 0.05). HQG, Hih; HQh, Hifd#k; HQm, EZbK; HOn, i #i#k.
Different lowercase letters indicated significant differences in soil characteristics of different stand ages (p < 0.05). HQG, grassland; HQh, half-matured forest;
HQm, mature forest; HQn, near-mature forest.

5 Nodes TR AR
o I Corsiion
SF-H4JHE Average degree I
-1 K BE Averagepath length 0.5
SEH B R B Averageclusteringcoefficient
HiHe{k Modularity 0
FafdtE Robustness
53k Vulnerability . 0.5
fUIE AR 2 ) #a % {E [Negative:positive cohesion] I
Q@& & &z”& & &"‘& &"‘& Q-,\"J& Q@\\ &
&d:’ @@@5’ & ﬁc_P QcP QQP & &

& & &0 &\c‘\? & % ,Qo‘& \>§

o SEATEE
P @ﬂ$§9§gﬁ@§§
0 !

S A
AP Al PRI

T S

& AP
‘$J'

B4 BHRIC VD HIAR TR N AR 398 05200 8 O 2 I 55 3 TR A DG *, p < 0.05, FoRAH R ME &, **, p < 0.01, FrAf]
RYEM R . AEIP B EARIEM KRR, HORRIHRKR.

Fig. 4 Correlation between soil fungal-bacterial network characteristics and soil characteristics of Pinus sylvestris var. mongolica
plantation in Horgin Desert. * indicates significant correlation (p < 0.05); ** indicates extremely significant correlation (p < 0.01). In
the heat map, orange represents the positive correlation, and blue represents the negative correlation.
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AW - B R, PR BAE
e T R AR T3 B, SN, SRR
Hok, HARFRRE AR, AR N IS K E R
A 398 B - A B 2 R MR — AN PR I R R
(Angel et al., 2010). #h7r&ibidiEr LKy & &
D AT A P A PSS, PR AR M 1 i
PEL ARBIHT BRI 2, B0 L 1A A AR
FA kA, 3 T SO A A ) X 4% 5T 4 M T [ (de
Vries et al., 2018). [FAIff, FRgAk LA HLT & 2
IS, A0 75 EE4E 55 K 2 TR -4 B R R o g
S AR LA Ak g 20 7R i, 3 BRI 24
WA R —E B LT (Zhang et al., 2022). .k
DR 28 4 T e R I 2% 2 B2, Rl R R DR R AR AR
HE RS, 75 38 i 309 5 1A - 4 B RV TR0 A E A R
FRHEFRIT HbAh, BEARESIG N, WP AR
Jo2, 08 TR - 2 ARV I ST R R AR B T AR
P, HBERSS M RIH RL Z) R ARk, XTI R ST
FA N TR R (EXKUEEE, 2020). 2% 45 480
Tk, PN PR RR SR BEUR RS SRR
& (Morrién et al., 2017). AFIMREE S EMIAE % 7+
PES OB 28 S5 M REAE - 1 25, MR bid fE v, fE
WIZH R 3 R, PR AN AR VR Y, R T
NP A PR S BRI IRy, A T B
-2 B B VR X IR A ORI 2, A S EUEAE R
AR GRS 2, 2020). vk, MRACKHHAFLER
WAV EAERNE, W2 S8 Fh T E
Wy () ek /> 9 T B 2 ol A A 7 A s e (A U
2024). 3% FC B -0 AR R I 2 M7 i A
MR . e TR AR AR AN AT BASEZ
T TR BRI, A AT DL 1A g R R
BRI 2R 4 2E K (Frey et al., 2013). ASHF 7T
HH R PR P B A O 26 445 ) % B JFL TR - 40 R RV
HA T R TLR M FERRE ), Retig A2
Hh o 2 2% WA ML R R D IR AR, B ISR 43 (n
B W) PR, AT SCHF PR A KA
(Wang & Kuzyakov, 2024). H., & Z:HHEDMN
2% By TE I MO HCBU AR B W ae, b Ji e AR
M HE i FAA /775G % (Du et al., 2025), #LLZ
T, BRI I 2% T8 46 FT g 5 B0 i R I 8RB
RN TR 20008 2 18 BE ek 22 GEX I AZ 55, 2025). b4k, 1
VIRe % 10 I AR 2R 23 WA I 6 1 A SR R A )
FEVE, LA 2 LA A [F) A K B B B AR P 1 75 R

(Yang et al., 2025). HH AR HE A AL T Puist AE KB By,
T ERREM IR AR fE A&, A2
I 2% 45 1 3 B AR 3 0 Wb M e % 58 A R4
52T IRV, R TR AH BLAE
FH (W45, 2023). MHELZ R, Btk it A Kok
FEVRZE, AR T SRk, 1T Be T UM
2 RV BRI (E K UR 4, 2020).

B R R N TARAR L, b - 498 BT - 20 B )
KEIME 2R, EX5ET AL R (Xiong et al., 2021)—
Mo Bk, MEMEAKS PSR HAEKS
PRI, T R B - A VR AT A A
fii 3 N AR 338 1A -4 B VR 2 2% 1 P2 MK (Zhao et
al., 2022). ok, NTMAIYD B S 5 B A
HIESE . N AR R 5 i AN 3R A V4 4 L
Fw, 1 B - A T A A T O B R
9375 SRR, I B 18] ()5 4 (Xue et al.,
2020) . AL, AR N TRV o7 58 b 30 1 - 24 o
WAL B BRI RO RO E . E% e
{10 T A7 1 ] 3R 7R TR < R) B I [R5 AR AN S 06
Z (Dahlstrom et al., 2020), A LARFI7D 5 Hh i) 3
B -2 T A V& 1 A O LUz 1 A O L], 3R B
Yidh RSO SR H DL VR R, IX 3R B
Y1 B 0 ol 2 1) P A A P B 8 9 285 42 e T 1) A
RS N3, X5 Hr A X% (Persea americana)
PRI 55 235 R (1] 2 4345, 2024)— 3. H A i bR )
(B )OS B e, T A I e I e A O R AR i 7R
SRR, IR — PR B L 2% 25 F AN D e AR
T, AR E B2 A R T R HE LR - B B VR AR S
REGThEE(P IEW %, 2023).

32 AREWFRETRALIKTIEER-MEMER
TE M B E 3 1 35 T RO M B

Hh R AR P N bR 9 B - T X g e R
Jk BASEME S . AT AR DR A B AR S 1S KR B 8
RAE T EBAANIE H - RS, SECEE-AH
FEVE LA A RS U FN A A7 R 71, MBS RETR A
SEME(Zhao et al., 2022). FREEMASLELMCAEY HAE,
B IS R IR AN AR VR T R A, AR AR B
PR R AR, T A= PR 3 4 3 ) B2 R AR 3 4 HE
B, BB R S 4 55 AR 2 e i, 5 B
T AR K P R - B D 2 A T R [T,
S AR T A TR L AH 5 R B T -4 T A R (R
XFFRG IR, (k1 A AR S AR S, M
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B T Z L AR T o 2 0 4% Fh P MRRAEAS AR I
W 2% TR AH AR F MO 2 WP A2 2 1R X 4
T2 5 (RFR T A2 52 M (Mougi & Kondoh, 2012).
AN [P 0 8 1 - 4 T D) 4% D B T S AN T
KRR E R, I TR B T I E4ERE M
R R SCRIER . ok, R AR 4 GBS AT
%, HOIRRB BN 2R, KB az, KM
kR e ME R (T4, 2023), IXEETHRER I
4 PR ) 8 T A - A R R A B S SR N AR R AN
ABIHREZAENE . MILLZ TR, 3 SRR AR [ 2%
HOTUIhRE EZNARINThRE, R\ IR 2 PR
o ARTEB T TR AR ELAE M 2% (5 SCBE T i 2
I, AP B 35 rp T A 1Y) E A R P,
A A A AR TR B4 110 4 o R e = 1 5% 4 ) o o
A K B (Tan et al., 2021).  HOKZ Bt 40 i
AR TR E, X5 AR (Ma et al,
2016; % IEEHAE, 2023)AH1L. R HE 1148 H AR AN
T AR LA X 286 v B0 Dy SRR R, TR B R AT 17 1)
TEYERFI 28 R 1 U7 T R A AR . TRk
SRR AU (7 TR B 1 )RR T A 1) 7 el
R AR T RIS TE A 2 R, X L
ST MBI R E TR BN S i R,
TRAR At A B IR SCRF (T BRINAE, 2021). ARTE
W TRV 2 YR Re i (2t e A BRI S) (Tan et

al., 2021), FRFTTE I RENS M AR A £ 28 3R (FE 4%,

2019), EKJE AT H T BAFE @ [E 2 )5 (Lin et al,
2019), 2 b4 i B 0% i oo 4 i 48 p Y [ R0 ) R
M YA K (Li et al., 2021), X EEa]HEE EAT]
REAE BRI S IR o AN [F) D) B ) DB il e
T I A% A [R] P A LA FH 4 IR 28 Ao P RN 2 F AR 2
A IEE(Liu et al., 2022). BFEALAE RIERIML AL
FEThRGE I AL A VLI SE B BRI, HL A 3
W TR 2 5P4T. S 5IFENRERFRERERR
ZHWIFE T IR, EATINRE N T (Wi
KA BV FIRE ) SR RE &, AR M A= LA
YRR AT (RS, 2020). F & 7041 B DL S 2RA0H N
1, AL RS BRI g R S, I 4EFr
W& Fa e P (Su et al., 2024) . ThfE HAMEMAY) £ kL
PR R DU A S ALk, B R T H -0 B
BEVxSLTE(Morrién et al., 2017) . ILAb, 2148 R i 2
TIEAYURIEHA M E ST, FEZRIEZ R
EEAE. TR gE i N R 2%, RIHLAE
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YR RS A TR 7 TH AT A BA S AR
(ERINGESE, 2017)0 J&AE SURE A0 1 1 BEA 3 M v LA
R i 26, A B AN BE % ) FH 30 B B 2 A
EEIER RS, tnT DL B 22 £ 4R B 1 B
oK YR E T 52 B 558 R AL ) o O AR
(Zhao et al., 2021). 534k, HEHUR BB F,
A g A2 R VD i B N TARAE S AL 7 A2 B
Al AR F S AR, A5 2B (R TR 45,
2024) o 75N TR L B -4 B 9 285 1, R 501 11 S Bt ] Ao
BIRAMWOTY, W R AW 2 K m, Ao K
da, AT RKHIgERE SRR E M, AT —Re 51
At )b d i AR ELAE R P A 2 R R (Alizen et al.,
2012).

e R A Y DR 3R 2on o 3 - T Y 2 1 4
FN I P2 A 20 (Banerjee et al., 2019; Qiu et al.,
2021), 1 MZEFaE R A . FIEAVLTZ
AN FEFR A RIR, AN 5 i AR 5 ) L 1
WA A AL (UIm et al., 2017). RRE& 67 IE N 3 )
P S TR EHR S EE R E LXK R, 7]
Re RN A WL & & 2 15 T3 e Y (8 1 3 52,
WA NG %, BB E, HXHEARLN
T 1R (Yang et al., 2023). W& 67 1E P 58 Eb 4
M g & B BT AU COC R, A
T2 B AR AL BENS S 350 9 TR - 7 X 2 rh e
Fh R IEASE ThfE(Ma et al., 2020) . i AER 398 FU 5
-SH B R TEARUIE Y, B S BRI E A A, I
D FURH-AHBERF AR EAE ], A4S W2 5 s AR e
PEFRAROMEAALE, 2022), Hrob bR ) 385 st 75 =
B, X AT RE(RATAEAE Z5E 08 2 1Y) 3 1R - R AR VR R
PEE R RBUSER, W 4EREH A KT R (Ma et al,
2020). THEHESEE S RSB E ) BRITE AT
TEA K, ST A A7 AE nT DS B AR R St O
BEASE, 2022) Ak, LIRS K ENAE R B0
PERI A B B, SRR S i R S K E
AT AR IR T O B A M A A IR, i
S 1 AR AV R AH ELAE F (de Vries et al., 2018).

4 g

(DFEARE TN, BHRIC VDA T Fa N AR+ 15
FLIR -2 T 2 SR BRAIR,  rP i AR S 0 - A 1
PR LAEHE 2, Rt m, NTHREEY
CAATR BV I IE A G R ROV E . HIDIREHIARLE,
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N TR R 24 45 ) B 17 B

Q)BHRIL VY HU A [F MRS 7P N TR T3 A
TR - TR [P 285 SR T AR AE 22 0, VD ot R i R TR )
FHET A REIMRES g, Sefd I S N
OTU, " RocHE Y i 2, IL I T7E H B AR
28 () SCHHE Y R EE RO, BRI [ PR e AR 24
NGBS S A=

() BRI P HiARE -4 N AR - 158 B0 1 - 241 1 199
25 Jpe M 32 A L U S B IR K E IR
Mi(p < 0.05), MZ&Aa e 5 38 L A SO &
I E MK (p < 0.05).
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