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Bk 15%~27% ; H4: # & (Ralstonia) #2183 R 1 & (Pseudomonas) f5 4 A4 # AR PR L3 &
FERETH, mamE (Nitrospira) £ 60~80 cm . BARAT F E 2 10% ; L3 m B A%
BEMMAELTE £ F(P=0.016), db-RDA 27 pH 2 ¥ B BB LM A RBEA T,
RIMRARIR L3 pH A Z3 R WA F LR T  t mB R FHRIREFEAREHIAL, A FT= A MR
M AP Ak ey RS 55 B RBEAF
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MR A 2 AR PR ol A 2 A R ) o SRTIT L b M p L fe S o 5 AR R AT AR v A T 90 4 R AR
filt BEOIRZS 1 B = RGBT

AHIF T LI = A1 NN TR B 37 MR A9F X8 G (o R e A I R AR W R B T R s RS T
ATt R 5 T A R AR o S B A P D 0 R U 5 R 22 e 5 T A s LN TR SR I D AT = A U R B B 4
Mz 2B 5B ERIES% .

1 W XA

BN = £ 57T L7 2 b B P 390 SR A Y (AR 28 118°07" — 119°107, k26 36°55' —38°101), 44
R 5 400 km? 2 06 T I U A 2 K 2 R0 B 0 U L 4 RIS T TR A8y
WK iy 530~630 mm.AEZE &R 1 900~2 400 mm, + 5 pH(7. 5~8. 5) F& b (1% ~6%0) 8
AR EBRM (1Y) . B8N TR R AW (Tamariz chinensis) M 241 (Salix matsudana)
.8 (Fraxinus chinensis) BREENY

2 ME5IE

2.1 #MZItSHERRE

2024 4 10 H GAEIRE VA H 403 L 43 CETIBGE D = A H 9B RS RS 305 1 N R 5 hR 37
3N ECE =8 30 m>X 30 m AYARERE M . E T4 M AR R S MR Ry ARORE fet R 3 2 4 e A ) A — B
filt R RS RS A BRSO T 1 m A SRR SRR B B 10 A RAE 3 0~20 em 20~40 cm 40~
60 cm.60~80 cm,80~100 em F A+ JZHUFE , HR11~HRS53 /5 et FE Al B 41, WR11~ WRS3 75 4 Al
FIRRLH R T 2R — D ECF AR L2 8 A BT ERAF A, REHIBRR R AR 2 mm
L AT 90 £ FRAL AT RE & (3 BRI X3 AN FE ML X2 A FOIRZS X5 AN )2 . IR & H AR K
T WHE T 2 mm 5 0. 15 mm FLARGHE M85 . SR “BHR 127 3R IO % 7R AR R e 1w 9 - 5000 S BRAR
R APZRFUG 0 BIHE B O RS 30 D RUEW AT AEAR (2 R HERZS X3 Ak X5 AR
SRR VRIS AE T — 80 “CUKAR T - e A0 B R 7 rma ad 1 U 5 40 A
2.2 HmAERNE

+ 15 75 3 (Bulk Density, BD) ., #fd Fil 3 7K & (Saturated Holding Capacity, SHC) . & 45 357 7K 12 (Capillary
Holding Capacity , CHC) il H [} 57K fit (Field Holding Capacity, FHC) F 35 JJ 350 4 5 + ek £ & LIS
(Non-Capillary Porosity, NCP) , &4 FLFf & (Capillary Porosity,CP) ., & FL [ & (Total Porosity, Pt) i 24
LB A ; 3 pH [ pH i (FiveEasy FE22-Standard) Jll] 52 ; -3 Hi 5§ Z (Electrical Conductivity, EC)
JH HL 5 R AW (SevenCompact S230) il %€ ; + 3 &% ( Total Carbon, TC) 1 i & (Total Nitrogen, TN) [ ik %
TL & AL (Elementar Vario MACRO cube) jil] % ; 1 1 3 24 40 ( Available Potassium, AK) J§ NH4Ac-k
WO b L RS BB -F 1000 W ),

Xt FH 05 - A0 TR Y R EAT DNA 2B, IR H PCR 9738 16S rRNA ) V3~V4 X 51,8 H
lumina MiSeq(2 X300 bp X 57 ) - 3 HE A7 155 38 125 00 15 o K 0 i 75 45 SR #8045 1240 1) 258l DL 3 sy
JREF ARG . MY 45 R 2 QIIME2 (2025, 7) #E47 B2 . Mt (DADA2 83 fly 1 77 51 22 7
(Amplicon Sequence Variant, ASV)RFE4RH, § A R iEFH (V. 4. 5. DTS00,

2.3 HEALIE

AL B B A P KON B0 15 G5 Excel 2019t S7 REAS ¢ 46 36 Ji] SPSS(Statistics 26) » i
4343 Fr (Principal Component Analysis, PCA) |4l & #f 7% 45 #4 47 v 94k . g 2 #E 1 70 #r . PERMANOVA
Ko JBE B TUAY 43 #7 (distance-based redundancy analysis,db-RDA) FiZ & R & =1,
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3 SR 5ot

3.1 TEEAMR
Xof fi Rl A CHRO A A il A (WRO A 38 3 A0 S0 4 47 % Eb 23 B (B 1D R BN pH 7 7E i & 25 = (P =
0.015), HR +3E BD &=+ WR i SHC 76 P4 7] 22 5+ 8 /N (P>>0. 05), HR () CHC 1 FHC B§AI%
F WR ¥ CHC fl FHC, +3EARSRT 1, WA LR TN.TC f1 AK HFEZEF AR ZF P > 0.05),
C: NEW4E+EAE 28~30,
F 1 OREE B S 4R A LA TR

PR fa R - BIE = bRk 2 PRAL A R - BIE = bRk 2
HR 1.43140.083 HR 127.285+35.509
BD/(g e+ em™®) EC/(pS+em™)
WR 1.417+0.075 WR 113.289+13.622
HR 34.679+£3.004 HR 7.60640.391
SHC/ % pH"
WR 35.316£2.038 WR 7.89240.118
HR 32.389+2.701 HR 0.376+0.131
CHC/ % TN/(g+ kg D)
WR 32.828+2.064 WR 0.35440.088
HR 30.749+2. 413 HR 10.029+1. 201
FHC/ % TC/(g kg
WR 31.201+2. 285 WR 10. 08941, 270
HR 3.26440.915 HR 28.393+£6.060
NCP/ % C: N
WR 3.52840.795 WR 29.731+£6.275
HR 46.043+1. 849 HR 3.39742.988
CP/% AK/(g -+ kg "
WR 46.309=+1. 254 WR 3.59343.177
HR 49.306+2.397
Pt/ %
WR 49.837=+1. 467

E: (D x &7 P<0.05, £ 2% ;(2)HR A = el WR AT A5 A4,

XFLAE 13 A R EE AR R i R A7 PCA 23 #7 .l 45 /i 9 4>

HRI3

F R (PCLPC2) 43 5l ft B¢ T 40. 7% F130. 3 %6 1 A8 5 (2 n
T 71260 B 1) 2 W0 A4 = A3 4 AR S A 1] L an

22 SRR . S5 IR, HR A WR BEAS 78— 4 23 [A] A A o &2 2 =
B —E By e

PC1 #% 4 BD il FHC,CHC,SHC # & .,PC1 #1584y
B Y REAS B A B Y e S AR K O DR R RE T 5 A o) }, w
O AR A REAS 1 B H AL KO DR RE ) B X R 25 S

PC2(30.3%)

WeT RS R . PC2 R W FAMER AL E 4 , , =
SR T A 7S B LE R O M C . PC2 AR 4y B o e
FY R A B0 Ay R i R A TR e (L L R I B 1 R AL R PCA 47

B SRR AR AR R AR R I R A AL R A A R M L EUE R A AL
3.2 TIEMEEE
3.2.1 E3EmEeg ASV %t
i Venn E (& 2) Al M. 7E HR T+ 2. 30F 824 4~ ASV(H B ASV & 6. 68YO 1EfTA )2
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5 6 3] sOBLEk LR BRGSO BRI AR TR T 5T

HEZ(E 20, BT E R EEr ASV 5 491 14, 83% (HR1) . 19. 85% (HR2) . 13. 13% (HR3) |
11. 28 (HR4) Al 14.52% (HR5) , 78 WR A4+ 2, 647 816 4~ ASV (i 5 ASV it iy 6. 38 V) 7E
i L2 s (] 2B) . A LR R SRR ASV i H 400 15, 409 (WR1) (12, 79 % (WR2) . 12. 94 %
(WR3).16.47 % (WR4) Fl 14. 35% (WR5) ,

M LR ASV i kA HR RIUE W B R EE 22 5 . R 2 L3R 1 829 4~ ASV,HR2 1 %
2 449 N JE B W > HR4 F il (1 392 4~), HRS A B FH (1 792 4~) . WR ) ASV B2 bl 3 it 22
S, WRI1 A 1968 4 ASV,7E WR4 IAF 55 (2 105 M) HATEN T 1 635~1 834 4, ik | &£ IE
JE LR A ASV B B T AL ASV, LR [R] L 2 40 5 RE TS ELA B R SR .

B2 #I#RIRER L ASV % Venn
3.2.2 EMEBEU MR
X e JFE At A AL R o 8 40 R R 9 A X 3 B T 20 2 9 f B R AT G4 A (B 3) . #E HR BIAR
B 38 v (T 3A) S AT 3 B2 e e B D0 35 1 B 3 28045 35 A R 8 (Ralstonia) R L 40 & (Pseudomonas) |
RLATE (Nitrospira) MNDI I MIZ17 %, $551 46 TIR1 A1 FRA o 45K 508 (0 M0 X B2 8 % 75 T
HAb w2 29 31 % F0 35% . IR EAM 4N @ 7 HR1 A1 HR4 B9 4 J2 v Al 48 X =32 B A8 % i, 20 9l 24
RIS 170 . FEALA B ZE HR1 R HR3 AR E BRI AR (520)  Hogxy = A B AR F B R B RR .

A B
100 100
Other Other
W Xylanibacter Bradyrhizobium
0 Blautia ™ Blautia
Segatella Segatella
Sphingomonas Sphingomonas
B swao2 B swaoz
M oc32 M oc32
N Lysobacter N Lysobacter
~ B Polycyclovorans = B Polyeyclovorans
il W ro41 i M R4
+H— W Subgroup 10 +H— W Subgroup 10
"D——{ B Dongia "D-;‘ M pongia
m Gaiella m W caiclla
¥ I8 Steroidobacter = I Seroidobacter
Candidatus Nitrososphaera Candidatus Nitrososphaera
Acidiferrimicrobium Acidiferrimicrobium
B viziz W yizi7
| By W vnpr
W Mitrospira W Nitrospira
Pseudomonas B Pseudomonas
B Ralstonia B Ralstonia
0 0
HR1 HR2 HR3 HR4 HRS5 WRI WR2 WR3 WR4 WRS

B3 HEEEAEER 20 RHEE
£ WR AR BR -5 b (|8 3B) , AL & IR R 40 s LA AL 40 7 . MIN DI i MIZ17 58K 2 e 3 J& B
M ERELA T BERE. HHEEE WRL.WR3,WRA + 2 iy xF £ 5 B F W 0. 7E WR2 12
(R X = 3 S G, b S Vo 2006 . A AH T 1 A G 3 B AR Ak B 5 7 R T R A W L ZEBR WR2
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A A 2 T AR R R R, LA B AR WRA A R N £ (1000, KA+ R ALK,
3.2.3 mEHER SHR

X AR PR - 108 240 DA A Vi 2E 4T JE T Bray-Curtis FE 85 (%) 3 A8 45 43 B (PCoA) (B 4), 45 2L 7R, HR 41 F1
WR 2300 4 AR Br - B 40 B BEVE S5 M A7 A I 2 22 52 (P=0. 016,R*=0. 102) , HR ZHFEA (& 4 TP RIE SO 1E
PCoA # [a] th 25345 T PCL S A PC2 TEAE DX I, 43 A3 AH XS 48 v, 20 N A A ] 78 S /D o T 9% 45 4 B
P, WRAREA (B 4 b =85 FE40 M0 T PCL IEAE X8k, 435 55 M 43 L, 40 25 S K, BV 45 4 A
SBRERIN R EEANR,
3.3 EmitEARSEENRXERERT

X HR 5 WR AR 5 A 5840 B 75 E 17 0 58 H 7 19 35 B 85 19 70 4% /0 M (db-RDA) (&l 5) . HR 411
WR 4 7F db-RDA2 %t R I H 570 85 HR A0 1] T A pn il T 23840, WR 20 01 1) T Aa p il -2
3 » ¢ WA A At B R 0 308 o Ac 28 = MR R e T AN P VR 41K . HR 41 B AR TE db-RDA2 (1 f A X
B, WRZH AR 4l E 5 0TS0 B0 43 A . pH X 20 B A v 3R B0 R0 1) B2 ), ) 4R 1] db-RDA2 (1
TEJ7 ] SR 0 pH (B 5 R A2 0 20 DA R 5 2 AR O AR DR AE R 4 WR gl v, EC Fil BD [ 545 7] db-
RDA2 W 5(E X5, 5 pH 2 5UAOC, 7T 58 5@ R AR FEA AR G, CP #l C + N i db-RDA1 1 db-RDA2
FEI P A RS2 L TC A1 NCP X 20 B R 7 2H B 1 52 Wi AR o 535

0.100FF_1588 oHR
0.075P=0-016 s ks
% A
0.050F a0k
® o
~ 0.025} 4o
a ° é
5 :
(&) [}
& -0.025F a °
A M
A
~0.050F “,
-0.075} o
1]
~0.100 L L N i . . X X N R N
03 -02 -0.1 0 0.1 0.2 -2 -1 0 1 2
PC1(62.3%) db-RDA1(31.08%)
4 AR B AR BR 5 FEEFRELIEAE
+ 35 40 B B 7% PCoA BE % WA db-RDA

4 e

4.1 RBPHIPHRFEHELEREETF

o ft o AL AT RS AR SR AR AR b S BEAE M TR R G b, AR pH A B & 2 R (P=0.015) , #fi #j
FARAR PR+ 18 pH (7. 890, 12) B 2 &5 T BEfil B (7. 61£0. 39) . Hofl B4k P i EC . BD. 45 /K 5 45 K
Gy AR Sr P8 AR TE 1 3 25 S (P=>0. 05) 35X 5 15 58 “ /K &b 38 " (B 6 A7 6 22 507 L pH T v R 2 2 T =
FE YN AR A A T OC B 1 PR 5% 3K B0 [R5

db-RDA %55 7R , pH 2 52 W0 41 B8 R V% 25 40 1) SC B R BT DR 7, 1) 42 0y o) 5 A RS R AR 1) 43 A O 1) — 38
iR En . pH FHi 0. 28CAN 7. 61 F+ & 7. 8D s s UM WV 450 K 2B W 3 A8 (P=0. 016) , iX KB
MR PR A+ HEAN B X pH AR fH i) i B U . pH X il A A T V& 25 A B B S R BT 2 RS A AR
S ¥R pH B4 5 0 20 PR A0 A AR F A5 RIS P L R AN B R A K RS A R . AN B AFSEIESE pH BERK
A+ JEFR oy CANW VR Vi) 1 A5 280 8] 42 52 T 058 3 6 7 43 1) A T 2 A

B = A N AR B -8 pH FH AT R LR R % K8 T K7 B 8h S8R 53 7 (Na ™ (Ca™
Mg ") [ R AT, il Pk ER (A Na, CO; \NaHCO,) 5 4 pH Fhit s K TR 8 5 30 H 507 LA
FE CAHIF 5% rh 0 21+ AT HLBR & 13929 10 g » kg™ ') R RE ) T W pH 5555 P ™ 5 30 = A Ikt BF
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JoT CHEIA] A A B pH i i (7. 5~8. 5)M 8 PR £ A 1 0 43 0 A AR Ml AR B+ 48 pHL O 2o ]
P B R 3 0 PR (7. 0~ 7. 5)  fish & AR B 13 2 0 ok v ol 2
4.2 pHERFMWAHBEZENYET

Venn B 43 H7 7R o AN [R] 4 2 20 0 2 0] 5 o0 B 2 &% H 2 ASV (5 [ak 15 %0 ~27 06 d i Ak =
ASV (8% ~9 %), B AR 22 B0t 32 2 - J2 i v - VR 2 2 el A 55 X T ARG AR AR AE 60 ~ 80 em YR
A ASV B0E B B o 3X0Rh 22 5 S T RE AR 262 AR R IR IR AR R A I o W R A R e A A TR
B BRI AR R R R A LB A L RS A B RIR SRR A0 A L

YT JE KF- e s T pH T i S 200 56 B ) 58 2SR AR Ak A5 SR 40 JE R A TR A R BR R AR B
T B R (2000 ~32%0) o PR AN IR ELAT S A LT S W AN A WD A S 2 R AR D RED T AR
20 H I B B 40 i 7 46 K 4 1 2 v B AR R B R B R R (B WR2 R R . HAEE R T —
AN B ZETE A B A AR T AN 4 A 0 T 1 R bk B T R0 VA R T ) R s i TR CAn 7 A e R TR TR 5
O R o (e R R AR B 3 v 7 AR R B 1 R S B (20060 ~3500) BN AR R AR TR AR R IR
e HEAR AR KM . ZE RS AR AR b s 35 R BB AUAE 20~40 om 22 58 Th s, Hofth + )2 £ B T B X nT g
PRI A b T2 = 3 R0 0 7 R A DR A Sy A o A At R 1 R R S R R . A RS R
B pH (1 T e A2 A TR 2 B AT BV FE T X S0 TR RS B AR R 1 R . e Ak 40 B T G A R AR TR 2
(60~80 cm) AHXF=F FEREINZ) 1026 . $ 7R R 20 o A2 20 A8 o] BE 5 3002 20 b, 1 — 25 1) 555 ) A 1
Sy ARBURE S

PCoA /R — H M B E SEMAEAE BE X R (P=0.016), % — KM T T “BE 4 R 1L £ B0 fg
B WA 25 R G A IR S LA 0 B RE AR AE PCoA 23 i) Fh 43 A 45 v, 38 W RE 75 &5 A B 5 A A 4
BEA ST 438, 2 WA B VR R MR 25 2 P B 42 1T B 2 o MR £ BRI Ak 10 B 2 ) T 5 50

g LT, pH T i i ik 40 A AR B L AR T TR R A Tk TR B el AR TR B A A XL 5 B0 PR ik A B
T NS A B0 7 i) 2 Ay L A L ORI G AR )55 T AR Y 35 43 4K BURT T B
4.3 RBHHEMMEYENHSEERT

B = A R AR AR B 1 58 pH T 51 8 240 TR 3 0 AR PRCABE B Ak 51 & T RIARAS RS . pH BT i
IR Bl | A 5K 5375 R0 A AT BT RE S TR DR T . pH e 00 A A e R R R R R R
HhPE B G B A T NG T R P DR T A T L R A R A A R L SRR R, a4
Ty Cl 2L VA B A2 D) DB BETE FA B M R I (P =0. 016) , A bR (IR 5% 2 5 . I B 32 40 4% ORI 4 335 fi
HI 55 o b 1043 S BURS ASRE IR o (B A5V R R AR R R AL S FT RRE AR R W R IR R T A IR
it —A R e pH G AR W RETE T I RE BB B o A R RS BT R

5 %5

i 2 28 GEATE T BT = A Y R AR 17 bR et B A A R R R P £ 3 (0~ 100 eon) B AR ot K2 H: 400 B8 A
LEFYAF BN T S538 - R RSB bR 1 39 pH(7. 890, 12) B 3 1 T et FE I ML (7. 61+0. 39, P=0.015) ,pH
T e 2 B Sl 200 TR AR T 2 AL S AR Y OGS BRI DY 15 pHL T i S BOC HE AE A TRR TE RG TR R BRI 4 R R
TEAS A AR 20 B 2 T B 38 R R (2006 ~ 33 04) TR A6 40 T8 76 TR J2 (60~ 80 con) AH XS 3= FE R I 2y 1000 5 A
RERIRRAR PR A0 B RE TS B ZAEME R B AR (P=0.016) , REVEFRE MR T B . A5 S B = £ I 42 B 47
M HE 2 T S5 1 S HR A T Rk

S E 3k
(1] wER.XZ3.TEZ.F. AR EWAHHE LR EAGIREMT] £5F£E,
2022,41(5):903-911.
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Study on the soil physicochemical characters and bacterial communities

of Robinia pseudoacacia protection forest in the Yellow River Delta

ZHANG Yong', ZHANG Jun', WANG Jing”, JING Wei', ZHANG Xi*
(1. Shandong Key Laboratory of Eco-Environmental Science for the Yellow River Delta ,
Shandong University of Aeronautics, Binzhou 256603, China;
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Abstract: To explore the relationship between dieback of Robinia pseudoacacia and its rhizosphere
soil physicochemical characters and bacterial community structure in the Yellow River Delta, three major
Robinia pseudoacacia shelter forests (Island, Warhorse Fifth Farm, and Ninth Farm) in Hekou
District, Dongying City were selected as study sites. Rhizosphere soil samples {from both healthy and
dieback Robinia pseudoacacia protection forest were collected in five layers for testing. Comparative
analysis revealed: Among the physicochemical characters of rhizosphere soil between healthy and dieback
Robinia pseudoacacia , only pH showed significant differences (P=0. 015). Bacterial spatial heterogeneity
among different soil layers was significant, with unique ASVs (Amplicon Sequence Variants) in each
layer accounting for 15% ~27%. The abundance of Ralstonia and Pseudomonas significantly decreased
in the rhizosphere soil of dieback Robinia pseudoacacia, while the relative abundance of Nitrospira
increased by approximately 10% in the 60~80 cm soil layer. The B diversity of soil bacterial communities
showed significant differences (P=0.016). db-RDA indicated that pH was the key environmental factor
influencing bacterial community structure. This study reveals that the increase in rhizosphere soil pH
causes alterations in bacterial communities, and that the rhizosphere microenvironment triggers the dieback
phenomenon, providing a scientific basis for health diagnosis and restoration of Robinia pseudoacacia
protection forests in the Yellow River Delta.

Keywords: the Yellow River Delta; Robinia pseudoacacia; protection forest; dieback; rhizosphere

soil; bacterial community; high-throughput sequencing
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