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WEHERKEAREIL T WEEESRER, REERE23%HP W EAE. 175 (Caragana korshinskii
Kom.)fE AT A8, 7EB5 X EW K LR RIFEEEH IFEA TR Z N RFNGEAEK,

AT EIFEATARMEER . TN HREMRE, WEESENDEESZER LM AREHMAS,

SPTEA &AL LIBERTREMEDEH. SRRE, Mr&RELERFEREFY S
4 BB B84RRZEHAT B (Bacillus), T3 H =05 Wk .18 B B4R A5 DU T BRI B ARk 118k, HHSGAS10.
SC21MB180W] & E I E&F T RN LK (p<0.05), HERSHRFE4% 5%F19.33%, e
3R 14.23%. 10.01%M112.12%, 2% 5E, SGAS10NM YN H#IFF 5 (B. endophyticus), SC21F1
B180 N EL S AT B (B. subtilis). #JEISGB (SGA510 + SC21)FISCB (SC21 + B180)E A H kb4
BB E R &R 25.3%M27.3%. M $30.3%7F120.6% (p<0.05). M4, WFHESHFERESE
REIZNHSRSENBEADBAERE ), BEN_BEE, #RATIEEREREY, HSGBEREE
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Abstract

As an important ecological barrier in northern China, the Inner Mongolia Autonomous Region bears
23% of the nation’s major sand control responsibility. Caragana korshinskii Kom., a drought-tolerant
plant, plays a key role in windbreak and sand fixation as well as soil and water conservation. To en-
sure the germination and seedling growth of cultivated C. korshinskii, this study isolated and screened
plant growth-promoting rhizobacteria (PGPR) from the rhizosphere of C. korshinskii, evaluated their
growth-promoting traits, constructed composite microbial inoculants, and investigated the optimal
bacterial combinations through pot experiments. The effects of the inoculants on the physicochemical
indices of C. korshinskii, soil properties, and rhizosphere microbial community were analyzed. Results
showed that 84 Bacillus strains were isolated from rhizosphere soil and pruning residues of C.
korshinskii. Among them, 11 strains exhibited capabilities such as IAA production, phosphate solubil-
ization, potassium solubilization, and antagonistic activity. Three strains, SGA510, SC21, and B180,
significantly promoted seed germination and seedling growth of C. korshinskii (p < 0.05), increasing
germination rates by 4%, 5%, and 9.33%, respectively, and plant heights by 14.23%, 10.01%, and
12.12%, respectively. SGA510 was identified as B. endophyticus, while SC21 and B180 were identified
as B. subtilis. The composite inoculants SGB (SGA510 + SC21) and SCB (SC21 + B180) significantly in-
creased plant height by 25.3% and 27.3%, and leaf number by 30.3% and 20.6%, respectively (p <
0.05). Moreover, both composite inoculants significantly increased chlorophyll content and superox-
ide dismutase (SOD) activity, reduced malondialdehyde (MDA) content, and enhanced soil sucrase ac-
tivity. Additionally, SGB significantly increased soil available phosphorus content (p < 0.05). Rhizo-
sphere microbial analysis revealed that SGA510, SGB, and SCB significantly reduced rhizosphere mi-
crobial richness (p < 0.05) but did not alter the overall soil microbial community structure (p > 0.05).
Specifically, SC21, SGB, and SCB increased the abundance of Proteobacteria (by 8.2%, 7.1%, and 17.2%,
respectively) and reduced the abundance of Cellvibrio; SGA510, SC21, SGB, and SCB increased the
abundance of Massilia. In conclusion, this study screened highly efficient growth-promoting bacterial
strains and constructed composite inoculants, which improved the rhizosphere microenvironment
and increased the biomass of C. korshinskii, providing a microbial approach for desertification control
and sustainable development in Inner Mongolia.
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1. 5|8

W5 E A XAENIRE AL 7 AR bR, ARIHE 23% MBI R VD EAT, KA L i,
1B T IETOE IR PR, A RGHEES, KRS B E SRR B S [ 1] 72k (Caragana korshin-
skii Kom.) &% ZRHRXG LB 2 AR, FEMMTRENLT TRPETREMX, HEREKIE, i Biifdn
2, TS R PRSI, T X R K R R O [2]. AT ARBRRERE SRVD . B
TR ASERIK P BERE ST, PRTK LR, LRI T35 R A ik s g hn L3A AL (3], (2 dkmx
BAE[4], FRERR &SR, SRAEZESSETFNES]. ERE, 2024 40 55 N T &R R
TR 6230 Jiw, fEBI=JbR3 R0 “BOR LTS 7 A RSVE BRI H , 0 7 A B 1 P T AR g SR A
EFER X LIEANURB = . B2 A E&60], WA RIS AR, SENTE ERIERIK. K
WG, H12) 7 AR IR RIE 7] ERESBETREAR . ENEZE. MR, BHHRRE
RABFE I HAR T BT A K &

FE PR BrRfie 25 B (PGPR) &2 & JH TR AR 2 1 J Bl 338 . i ik B e s ) e MLk e B AR A A K 1 2
AEY8]. H AT TR I M 1 & (Pseudomonas) ZF AT 1 J& (Bacillus)« MR8 15 J& (Rhizobium)%5 20 24
JB[9]. PGPR FIIE I [0, M6, fRERSE R TR A BERL, 7 WA ZFR(IAA) I R (R HR R K E
B R PRI R, SR PTE 10, Hd, SEAOR R R BRI AT SR I8 R i
WL, Tz AT, EASEE R RANS, R E AN, AR REK, 'S
MaRE &, O CH TEEEAITR[11]. HATA 2886 AN H T EDIG 7 St R [12],
{REF XY 250X — T R IXAZ O AES A I Z RGEMBERTTIE . 2RI R S AEFAPLHRE .

o> F R BES B PGPR AT A& i il oy — Fhi& s, af WIEIRZ 4878 PGPR XM A0 L
S AR TETE (AN [13] o TR A) v 38 52 U 3 i X Tl A D 8 AT RO HL BN 7 23 B (R T3, R T
FEG T HR BRI, RE% BRI A EE . IR B TNV FEAS A 2 FE [ 14] . 573570107 (Amplicon
Sequencing) & AV m B sy I E B vk, @it PCR R Ve B GCEY R F RSP hrad 228 A B,
i i EN P EOR NI R, TR AR R RE D 2RI SR a5k, #E— 2
A7) A B2 ) Al A P AFE V6 TR PR 22 S [ 15]

BTk, AT RO AN R, DA AR bR IR 2E R S b o B R (R AR TR, d e AR
R 77 TAA THEEWITR R K S BRI T AT PGPR. #E—20, 1@ ik 5 hi S0 07 306 #H 25 P B Ak A4
HEEEN, VPR A AT S R T S AR bR R R M S
2. XEHRIGE
2.1. KR

Fr ok b L2 JE 0 LB SRR ST 2024 4F 5 SREE T NS SRR 2 Wi BUas e N TAT k.
FSLIG IR H N S AR R ESEIG H, 38 pH 7.5, SEIHHIRIAHCK AL EE . K72 FR TR H N S IR
AERETT Y7 E RN AT AR, B fd B fh 1 F T 5250

SEG P R 9E 3045 LB, NB. PDA. BPY. NBRIP 8373, LM fRME. fRAnTm i omdt. MmkiEim
IEREFRIE: HERE 10 /L. Cas(POs), 5 g/L MgCl-6H,0 5 /L MgSO47H,0 0.25 g/L KC10.2 g/L (NH4),SO4
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0.1g/L, pH7.5, 3JlG 20 g/L; fE#fvfiess=st: H%EHE 5 g/L. MgSO4+7H20 0.5 g/L+ Na;HPO42 g/L. CaCOs
0.1 g/L. #KAK 10gL, pH7.5, 20 gL, FraRisEdy T 121°CrEE & KE 20 min.

2.2. SEWFE

22.1. (REBRNSBYIFSIIRERE

FREC 2 g FESR NN 18 mL e A EEE: 7K, 80°C/KE 10 min % KAEZEAIAF B, 180 r/min #%3% 30 min il
# LR, 210 f5RE MRS EL 10 uL WRAG T RS . MRERITIERE 7R 2L, 28 CHRIE R 3~5 d, Bk
AW AR AR I BT R A, A E AR T LB RN 4CHRAE. K TAA Eb ik B k4T 776
W 22 5E PER I, BEARAE LB MRRE 729 28°C. 200 r/min 559% 24 h, B.0B B3SO L AR, #EH6
H 24 h, WLHE N TAA FEME.

2.2.2. IPFAER AL

KT 6F T RS ARSI AT R A R E . P72 75% CBEHEEE 1 min, TORZKMHGE)S,
AL 100 K7 B T EBEBEAEFEILF, I ODeoo A 1.00 FIF R, LA LB B3 AN R(CK), 5d 54t
THIAR o B AR RO W38 I TR MR AT R S5, PP ffp T 7R L 8400 1:3 MK+, 4 %
/e, BERIARIN SmL B, CK MMINSERE LR ITIRAE, G4 3 RES . #5355 30d EIEKE . R 1
R BEE, TESAEYER.

223, {RENBEERAHH
SR L LM BB A ). BOBRAETE LB PR HE A8 28°C 180 I/min BE9 7 d, BIL
L SO O H S & B . SR ELISA skl il BT TAA f

224. REEREERERE WS

LB H IR IR o M B TR T A, S5 R R0 m M B S AR TS . SR Al 8 AT 514 27F/1492R 9
1% 16S rDNA, WP J57E NCBI LU, RITJAIHGEMIE R G A B o T i A2 B0 A A0 2 5 2 M0 5 T iR
PR -

2.2.5. EAEFHIER AT FNREYN

K A F RN 5 O B2 AT TR ARFE DL ES, W RR M A2 1 o 526 B ) 28 8k S 30 R P R K
BSRA HEIE, Fh iR, 4 M/, BT YRR EOR 16 hd)RE 3R, WEREK. EEE
AR J CK, 4 7d i 5 mL ODeoo=1.00 Wi, H-EWAHLELBNIREG A, M08 3 RES; Kk
30d MEbRE . MK 2R AR E AR .

KH 95% CFHR SR E i Sk o &, 8 A S 1T (Mol farming) U i€ TH — (MDA %1k
VI AL BE(SOD)E T, K2 Dl vkl e vl B A . Il . SRS R, DL
JIREE . FERERG . DRUEBERREE . I S SRS 1A A R G AT

2.2.6. RFTRFEYEEENF ST
IR E T T UKERAT, BRI ERBURRIEBR A G BRA 7 5C AN E 16S tDNA 387l ,
FF8E R NovoMagic z T G #HTAEWE B0, SWIEHEZ M 58001 .

23. YRGS AE

Fa SR E 3 AR ESE, BURRH R TT 2 5 T (ANOVA), Tukey E#HTZ HELE(p <
0.05). 1% Microsoft Office 16 #4744 % ¥, GraphPad Prism 10 5E 4t/ #r 5 ER L.
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3. RO
3.1. REEMSERE. Th5LE

3.1.1. {REBK S BEFE

I 80 CIMMNE LN B J5 , BEEFRERE R, PRI b B s s VT 2 Ik alifh B 7 3L 3715 84 #k
VR . ZARWE. SRR TAA ZEThEE S e 533 11 MR E AWM. RATAI- TAA SIhREmtk, 45 R
PV AE L R SRR IAE BB R v N T BRI A, AR R AT DUE S WAk S TR g
th DAZE & A7 AE B AL D9 mT GEAEL D W USC A RO (1610 08 70 BRTRRAE A (R B U 2% A1 R I 2 AN IR 7 35X
BEAT W 0 . WA WA ER P PO R TC LI, 5 SR R AR B P gk — 5 7= AR ] (A W s R [ 17]

o, sc21 77 1AA Thik, YMQS HA 7 1AA. fRiiThAs, SGASI10 [FNS BAG 7 IAA. fREEAIFE T
—FhIhfe, LBQ HAMBEAIEIIIIAE, B79 A MU ARSI D68, 242Y. B192 fil B180 HAAMELIAE, B39
A AR RIS IUIhRE, B168 A B163 HIA AN ThAE. PGPR MR AEVEFIAEAE R L RIThERED EI/E - RUR, 5
BAR—DRe MR A AL, B Z M IRe e E A (LA BUR B, PRS2 B 4 Mose
) PGPR, WEHER T TAKMAEKKE[18]. BHEZREE NG AR SR T 2 AEK[19].

Table 1. Isolation and screening results

F 1. REERTHE

Wk 72 IAA iz fies YUH (Staphylococcus aureus CICC23656) T RRRYR
LBQ J J S )
YMQ8 Y S PR T
SGA510 V J J AR T
242Y \ Fr o AR bR 338
sC21 V Ky gk JE 1
B39 V V 7 kAR B -3
B79 v V Fr o AR bR 358
B163 V Fr o AR bR 358
B168 V Fr A AR bR 338
B180 J SR B 8
B192 J Ky SR B 1 8

C ) ’ ‘

L Y5120 1BD 252y

weparhis wh -' -
B A NIRRT IE, B B MR MRIE, B C N IAA LIRS ELS R, B D ﬁ@ﬁéﬁ@fﬂ%ﬁ?#@
K C. D Hb HBTRY SGAS10 Bk

Figure 1. Isolation and identification of selected strains

B 1. (REFEFELE
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3.1.2. FrRAAZ AR

IO AR R R, WA AR AR TR R 26 P B9 R (520 5 &3, B180 FH 242Y. SGAS10 F
SC21 AbF T [{FT SRt 785 & B0 TR B E ¥ N(p < 0.05), 23 B T 9.33%-. 7.34%. 4%F1 5%. K,
%4 B180. 242Y. SC21 Fl SGAS10 1X VUMK B EAT A7 2k 4 Ve BIAR BT SR, 25 S P 07 Sk 22 %) Ay % 4 e 1)
s, gl 2 Bk,

20— b

154

a
104 a a a

HA K (%)

0= T T T T T T
¢ L D A N GNP @O
SN SN Q,x%o?b EOENVPS ‘s@ B

H: FRAFRNREREAREER, ZREFIEKT NP <0.05.

Figure 2. Seed germination rate under different strains

E 2. AT EEREIT M FRELE

I AS R B MR AR B 30d JE AT 24N T AR K e b R (R 2), SXTREARLE, SGAS10. SC21 F1 B180
R AR E R ST R EME(p < 0.05), HREa KT 14.23%. 10.01%- 12.12%, HRA7505E
20.17%- 13.88%- 13.05%, ™ H7r HIHEE T 8.97%- 19.07%- 23.59%, #EE /3 HIHEE T 39.1%- 52.17%-
26.09%, T-HEHIEE T 38.98%. 40.68%. 20.34%. L L4555 PGPR Ik, 7= IAA ZEDhAe %A A]
55, A R IA T TAA DIRRERAT R R AEAE FHIE AR, BEFTRER TAA S5/ 38, R
JE TAA P IETE %, WP h A KA R T HIHIE FH[20]. 242Y BRI R 8047 54 a5 0 A b 3ok
EE, WOk SGAS10. SC21 I B180 = #k I #E4T 5 ST 9% -

Table 2. Biomass changes of C. korshinskii seedlings after single-strain inoculation
2 2. MER B —EHRITT S EN M

SC21 B180 242Y SGASI10
ERIRRE MR R KR EKIRR KR EKIER KR

EEEY

P 18.97+0.32% 20.87 =1.12° 10.01% 21.27+1.39° 12.12% 1943 +0.5* 2.42% 21.67+0.93°> 14.23%

(cm)
./
fﬂt; 843£0.12*  9.6+0.56° 13.88% 9.53+0.32° 13.05% 9.8+£026" 16.25% 10.13+£0.25> 20.17%
- P
Jr()/—lf\)ﬁl 29.67 +£2.52% 3533 +1.53% 19.07% 36.67 £3.21° 23.59% 32.67+3.06° 10.11% 32.33 £3.06*° 8.97%

fifH(g) 0.23+£0.02*° 035+£0.03> 52.17% 0.29+0.03* 26.09% 0.25+0.01* 8.7% 0.32+0.05* 39.1%
FH(g) 0.059 +0.004* 0.083 +£0.009° 40.68% 0.071£0.005" 20.34% 0.065 +=0.008* 10.17% 0.082+0.01°> 38.98%

E: PRARNAREARZEEESR, ZREZENKT N p <0.05,
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3.1.3. {REThREE B ST
LR SGAS10 A1 B180 Bk FE A T NBRIP ~F-H WS i Pl (10 /N, 25 2R &) 3 o

Figure 3. Phosphate-solubilizing effects of strains SGA510 and B180
B 3. SGAS510 71 B180 YRR E

MELRDL, Tk SGAS10 Fl B180 HIAEHSTE NBRIP 5775 I RGE W milE . Hd, HEik SGAS10
TR TR, 2 DRI R BA S HIEERO/A) 5N 1.62 1 1.47. Zidit5H SGAS10 A
BI180 fiftfii &7 54 41.06 + 4.29 ug/mL A1 32.35 + 5.41 pg/mL. ll5E SGA510 Al SC21 {17~ IAA B )G K
B, 518 16.01 +£2.39 pg/mL 1 19.24 + 3.85 pg/mL.

3.14. REBNERE. EBEMSHREKSE

¥ SGAS510. SC21 1 B180 ¥J#ef T LB #5374, 2% (AR IRIE S EFM) FHIGHEITIEEF%E
SE[21], MEHEELE, SR 4A)FT7R. SGASI0 B ERA 1~2.5mm, EAEE, NEH, FlE
MAR, FHRHERES, HEE DGR ETE . SC21 HEVE BAF 1~3mm, ERAMH, HiEH,
TR, TR, MR R . B180 VA EAS 1~2mm, KM, AEY, TR,
Jh e, R REGE, SRR R IETY . M BDUERLE LB RS FRERE IR 12h J5 SGAS10. SC21
A1 BI180 BMRMIBIIERS, ZRWE 4B)Fim. “MEBEEFR, EE2 N RHELRLR, g
o S WZERAERASME. Hd SGAS10 A1 SC21 itk Al LLE I E 21 1H 5 B 2 B kG, 11 B180
W5 B AR N R, Rk,

Figure 4. Colony (A) and cell (B) morphology of SGA510, SC21, and B180
[ 4. SGA510, SC21 1 B180 HYEIE(A)SAPRBFAS
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S8 74 0 285 SR 5 NCBI B 2 1 77 I EAT EET o IR, TR AR SGAS10 AR P 2E 28 fUAT 1R (Bacillus
endophyticus), 5 B. endophyticus J75|—E 118 F] 99.24%. SC21 Bk AR E - B (Bacillus subtilis),
Y5 B. subtilis J7* 51— B &k 99.72%. B180 WM NG FLZFHIFT 6, 5 B. subtilis 75— B &k 99.76%.

R P9 A ZF AT T 2 2020 4508 R 0 i 44 B SR B8, B S AR AR 2 b 40 B A9 38 o il 2 2 FEpT
BRI N A S P M 2 AR B, AR AR AR Tl AR R B 2555 2 ANk . Al B 2E F A
FCA I S B e R T, ISR E . BT SRS, AR EAR I AR B A [ 22] . T
b 2 DR B 2 AT R D B R AR P T IR R, — R UM RS AT B B R AR RO, I kR A IR
REPLA R, RBMHIREEER . REAFRTEE R G RmKAEFRR ), EREHE N2
LM NRIRIRES, REBS KR IRTE, 5 TigMfE(i[23].

SGA510. SC21 1 B180 HyABRAERF N2 3 i 7n. SGAS10 N H 2= [KFHMEE, 5 V-P. L-fiHifd
Wi D-HE&EE. 7% NaCl A& pH 5.7 K. WEh/K@ERMNEHM, SHERSE. WEREE. D-AKPE. B
2 TR ER SN R ME. SC21 N LIV, 5 V-P. D-AHE. L-FHifAfE. D-HEERE. 7% NaCl £
K. pHS.7 Ak WIREGE . SR KRN R, SRR HRREE. WL, IREA KRN &
FAtE. B180 MM :IKPHMEE, 5 V-P. FrigmRih. D-ABE. L-BHi{afE. 7% NaCl K. pH 5.7 4 K.
TR R0 5L JEk K Al SN SR PR, 5 IR ER . D-H Rl WAL . IRAEAE KON 2 (11 . SC21 #1 B180
SEAFE AR B 2R AT R POARAE, AT RE IR ShIE SR RO BAYE,  REBSIRCD IR A R, BARE AR
T8 B AR 2R 135 K T 77 1T SGAS10 VENAEM N AR ZE AT B, FEATRRRREE . D- K. TR EhIC 5
SR, SRR IERATE AR . S RRE IR AEAR pH 2 R AR K, AT LR Tk s b SR e
HuAbh, AT It B TR g S AR T g, SCER AR EE N A PGPR & R etk L3 1 4
JBERTG BE[24].

Table 3. The physiological and biochemical characteristics of SGA510, SC21 and B180
7 3. SGAS510. SC21 F1 B180 E#KAYEIRE (L4514

LR
e
SGA510 sC21 B180

B G G G G
R H B (V-P) + + +
PR L - + +
W - - -
D-RH# - + +

L-Baf R Ar bk +
D-H 5 + + -
IR AL, - - -
7% NaCl A + + +
pH 5.7 A& + + +
fiH PR £R12 )i - + +
VEM K AR + + +
REEK - - -

AR ZenT E1 (14 5), SGAS10 IR EAKHAE 4~24 h, Hodt 0~12 h A Ko iRE, 12 h JE @i
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2%, Pk 24 h FRANFEER. SC21 WRAI A K HATE 4~28 h, 28 h Z AIAE KB AME, 28 h f/FEIE
FaE M. B180 BMRIIX B K HILE 4~24 h, 24 h JGiBWieE, FikfasE .

2.5= — SGA
—=— SC21
2.0
—— BI180
= 1.5
3
a2
O 104
0.5-
00" ——T—T T T T T T T T T 1

4 8 12 16 20 24 28 32 36 40 44 48
S [ (h)

Figure 5. 48-hour growth curves of SGA510, SC21 and B180
& 5.SGA510. SC21 1 B180 BEI#kAY 48h & K HHLk

3.2. ESEFIMNTFRE KR

3.2.1. ZHREREENIERIER

MEE R KE (] 6), SGAS10 5 B180 Z [HIAI1 SC21 5 B180 Z AL EAEHIIL R, 1l SGA510 5 SC21
Z A B S REPER . Bk, 2 5I%E SGB (SGA510 + B180)Al SCB (SC21 + B180)4H &itk4T & & 7K
PP ARSI, A3 HT 5 B T AU AT 4 A BB AR AT 2 MR Bm S PRAL 5 A 1 0

SGA3510

7E: B AN SGAS10 5 B180 HARHE DU, K B N SC21 5 B180 Etk
FEHRI, B C N SGAS10 5 SC21 kIS TR .

Figure 6. Antagonism between strains
6. EEFEmE

3.2.2. EAEFIXTFREMENFIT
MR AEAE, FrAREMREZENKEP<0.05), k4. B 7 R, SR, iH SGB 1)
Frocthm . M EL BEEREMTE R ERE T 25.3%. 30.3%-. 38.9%f1 38.8% (p <0.05). SCB 4t# L
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XPHEAHEL, #Ris. mH g, SFEATE 0 &R E T 27.3%. 20.6%. 38.4%4144.9% (p < 0.05). 5T
BoR, SAHEZMEEME G EARENEE 2 T 1 —REEM R, WA= E 2, e ae
BT TIERRM E RGN, BASER MG J(25]. Hik, EEEAMEH TEMAKE, Y
MR 22 3 WA G L TR SO A, AR B E FRMIT o AR A TR R ) B A 10 I [ BOSEAE 2 FT I 22
FiRIE 78 Hh CARIE S, X Ak 22 AR E I LA i AR 3426 ]

Table 4. Biomass changes of C. korshinskii after co-inoculation with different bacterial consortia

*F4. HAEAEFIEITFEYENTH

B SGB (SGA510 + B180) SCB (SC21 + B180)

E{=tan CK S - S y
KRR KA A K Fa bR R
P i (cm) 17.1 £ 0.700° 21.433 £ 0.556° 25.3% 21.767 + 0.665° 27.3%

K (cm) 9.767 +0.7352 10.933 £ 0.5682 12.1% 10.533 £0.7522 7%

(AN 24333 +1.528° 31.67 £2.082¢ 30.3% 29.333 +1.5282 20.6%
5 (g) 0.211+0.016 0.293 +£0.015° 38.9% 0.292 +0.0122 38.4%
TH(g) 0.049 + 0.006b 0.068 + 0.005* 38.8% 0.071 £ 0.006 44.9%

e FRARNERAREENER, ZREZENKTNp <0.05.

Figure 7. Effects of a compound microbial agent on the biomass (A) and plant height (B) of C. korshinskii
E 7. EAEFIXTREME (AR (B)HIF

3.2.3. EAEFIXFREBIRRNEN

w8 fiion, HefP SGAS510. SC21. SGB I SCB [k 26 A -4 3 & R B35 | T A i i (p <
0.05), ZrHIHEIN 16.35% 18.16%- 23.85%F1 26.66%, [MiHEF B180 Ifr M4t x & E 5 LR % ER
(» > 0.05). AU SGAS510 F1 SC21 ik TH 4R &R, HEAHASERM TR —RA. SGA510 F1 SC21
YIHAT" TIAA G871, Rizwana S5 N(E Y RILEAE T TAA #8711 PGPR RS {2t ISR S BT
[27].
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Figure 8. Effects of different microbial agents on the physiological of C. korshinskii
B 8. HEMA BB T KRR E IR ARSI
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TERAE K, #ill SGAS10 55 SC21 B B180 A5, RN MBS TAA KPR A Rk, M5 R
T EFR WSR-S 32 G . FEPUSAKARAR 7T, $eFh SC21. SGB M1 SCB HIf74 MDA & & B EKT
SHEH (p < 0.05), 73 HIFEAK 15.23%. 16.44%F1 14.59%. MDA J2[E g E b= [28], H& BRI LEY
B AL TSGR TP E[20]. #3E 5 I R AL B AL B (SODYIE I R L, HERD

A7 SGB. SCB [1Wr4% SOD i 14 &3 = T R4 (p < 0.05), 7 AIHER 19.7%F1 20.42%, [HI A7
PEEE & B Al 12.74%F0 9.18%, Ut B & & B 7 v] fe il i 0% SOD &R A &+, IEnnl %
PRI FUVE IS IE P RN i 2 RV, 0 R 3 B A R B U RE D [30]

3.2.4. SEEFIRTFRIFLIRIB LN BRAIFAT
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T E A (p>0.05), HACTRAUE S0 AR Z RO AR AWETT I, KD R ZF AT IR SGAS10. Al Zf

DOI: 10.12677/ije.2026.152024 239 A


https://doi.org/10.12677/ije.2026.152024

XBIE A

AT P B180 L A B 77 SGB AbEEYY i 2 42 51 1 H & & (p < 0.05), 73 A R TN 26.1%+.22.4% 1 23.5%,
ARG E ZE AT SC21 55 AWM SCB ALFE g = T HE, (HARBREKY. LIRS, JREGH
T A A SR T VAR BT A ER2H A 2 5 ) R TS 3 7 R (p > 0.05); IERERSIETEAE SGAS10. SGB A1 SCB 4t
R EZETEEP<0.05), 2RI EHRE 20.9%. 22.7%F1 24.9%, SC21 5 B180 &b FH B W& = 1 X} R (H 2
RARE; LIERRRERE LA T DR T IEBEIE IS, BBUH 455 WE32], SGAS10. B180 Al SGB 4b#E
IR B R TE B R (p < 0.05), IR 15.9%. 13.3%A1 17.1%, SC21 F1 SCB A4bH B = T
STREZER AR E . BARME, TGRS SO R A IREE . o A S AR S B R, T
o AR S A A B SRR T T O S i RE N S P AN B RS M, X SR TR R I A ROk

PET, X LR AT AE I G AR B R R AN AR S BEE , AT AR A K AE AT R A

A B C
809 2 i a & 25 1201
a a a a a a a
20 ab 1004 2
60+ b
50 80
E] 157 %‘3
> 404 : ;‘ 60
< < 104 <
40
20
5 20
0- T 0- 0-
€0 P e e DS
C 0;: O Qc"& £ N EOgEe Qo‘?b OAPRSE
< <
D E F G
64 50 < i 40+ 1.5
a b
ab & a a a a a a
= b # 30 Eul
& Ha HZ1.04
2
: 23 23
H &3 20 W
1 #E X E
= H =+ H 054
B B 104 ha!
o 0.0~

D S S 3
o &S

O DD
(‘evf’cs‘“e\%c"oc

O D @ @R
Cc;f’ca('%\‘oo%b

H: FRARRERAAREER, ZREFEMKTFNPp<0.05 KA NEIESE,
B, D IREHGEYE, ENRERERRSYE, FOUBVERERMEEE, G i AL E BT
Figure 9. Effects of bacterial consortia on soil physicochemical properties and enzyme activities
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3.3.1. ARMEFIN SRR LIRAERE Alpha ZEMARI
Alpha ZFEE M2 2T Shannon Al Chaol SR EGHATIUAEYE = LIS E 1, Wik S Hise
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E 0 N D DR
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Table 5. Effects of different treatments on the alpha diversity of rhizosphere soil bacterial communities in C. korshinskii

F 5. TNELEXFPFRPRITIRMAE R Alpha SIS

JOEE Chaol Shannon Goods coverage
CK 2966.61 + 733.77° 9.687 £ 0.927 0.990 + 0.002¢
SGAS510 1860.94 + 419.94% 9.288 £ 0.741% 0.999 =+ 0.0002
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SC21 2519.63 + 575.52¢® 9.377 £0.232® 0.995 + 0.003°
B180 2742.82 +455.20% 10.028 +0.427* 0.996 + 0.002?
SGB 1777.87 +326.92° 8.745 +£0.392° 0.997 £0.001°
SCB 2136.54 +617.95° 8.772 +£0.530° 0.996 +0.002?

E: TRARNAREARZEEESR, ZREZENEKT N p <0.05,

N0 7 X A 26 AR B L AN B B VR 2 FERURZ I A0 5 s . AFRALEE R, Goods coverage Fe %y K+
0.99, W] WAFNTE 55 FE IR B e miKF, 2 BHAE I P IR FEEAT (40 B R EVE 20 AT /R 88 1T 58 o AR BRI 77 1 Ak
R 5%t AR EE Chaol fB30H BT FI%, b SGA510. SGB Fll SCB 4bFE & 2 FF&(p <0.05), 735 R T
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YIFh g B .
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Figure 10. Effects of different treatments on the composition of rhizosphere soil bacteria at the phylum (A) and genus (B)
levels in C. korshinskii
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