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Isolation and Indentification of Higher Yield EPS and Its Application
in the Improvement of Arid Region Residue

HE Xiangrui'?, PEI Xiangjun'?, LI Qiang’, LU Jianguo’, HOU Qianru’, ZHANG Xiaochao'?

(1. College of Ecological Environment, Chengdu University of Technology, Chengdu 610059, China; 2. Tianfu Yongxing Laboratory, Chengdu
610059, China; 3.First Hydrogeological Engineering Team, Xinjiang Bureau of Geology and Mineral Resources, Urumqi 836302, China)

Abstract: This study explores the soil improvement potential of high—yield exopolysaccharide (EPS) strains for waste soil,
providing new remediation strategies and microbial resources to address the shortage of topsoil. Three high-yield EPS—
producing soil bacteria were isolated in situ from waste soil: Peribacillus frigoritolerans, Bacillus cereus and Bacillus
velezensis. These strains were used as composite inoculants in pot experiments under drought stress, with soil-to—waste
ratio, particle size distribution, inoculant concentration, and inoculant dosage as orthogonal test factors. Principal component
analysis was employed to optimize the substrate formulation, resulting in the optimal remediation ratio: nutrient soil-to—
waste soil = 7:3, particle size distribution = 5 mm, inoculant concentration = 0.6 (ODyy,), and inoculant dosage = 150 mL-
kg™'. The application of high—yield EPS inoculants was found to be an effective strategy for improving waste soil in arid
regions. However, its efficiency is influenced by soil texture and structural characteristics. EPS—producing inoculants
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significantly improved the structure, physicochemical properties, and enzyme activity of waste soil, helping plants resist
drought stress. These findings highlight the strong potential of EPS inoculants for waste soil remediation.

Key words: EPS; bacteria; soil improvement; slag dump; ecological restoration
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R BRAEATAVE IR BRI ARIIBE . QIU SFIA 45 th EPS 7E LR 37 A= 1y N5 1152 0 - S 240 T 1 7 4Lk
TR E B REEMEM . MUEWIANRE A YI(EPS)HA #4454 Y45 e s e s iR
TPAEY) G2 A5 PR MU0 A A s L 0 e v b P A R EPS TR, T EPS Xof - 3 ) e 45 fiE
FIFGEAEREST , T LB ss MR T A M S RN . HATA RS AR A U i TR N B — BRI B R,
KA IR i /D3 T 70 ok R A S RE 7R T A WIF ST, T oK 2% 18 3 TG 52 30T H 5 22 g 7 vl R
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1.1 kAR

L1 RERR FEPURICAK s R it 3 3 BT R A 0 25 B 2 8 8 7 25 DX A 1 3R 2 4%
D7 & TC TS YR e T H(UN H 558G U EAT 3R 2 1 ERAE . B BURE TR FEHE )0 0~5 em , LA IR
KRS SAFRYE . SRAES R AR Sl e ATCRCRAELS b G i5 2, 3 11 IF A i BBORE (o7 B TR B A
B[] 455 B .

112 AR3E A LBREMARTIREL  BERRYS.0 ¢, BF1I510.0 g, NaCl 10.0 g, 35i§20.0 g, Z£187K 1 000 mL,
pHIE7.0~7.2; LBU A F2 35 . W RERY5.0 o, B 1 1510.0 g, NaCl 10.0 g, €18 7K 1 000 mL, pH{E7.0~7.2; &
P 15 373 . A 49 420.0 ¢ 25 1 1520.0 g . MgS0, 0.05 g.Na,HPO,- 12H,0 2.0 g, NaH,PO,-2H,0 1.0 g.pH{H
7.0, A 21000 mL.

1.2 HRAZE

1.2.1 #fs S g BAETFHEIEIH, A 200 mLZEIB KRG 515 R (1071~ 107) R B, il il 338
BRI . B50 WLETEROR AT TLBIEA S 3538, 28 “CfF) 15 3548~72 h, PREBUGIEZEHE | il 437 22 11 PR
W%, 23~ AR RN AL G HFPT50 mL LBIRART #7256 (£35U8) ,30 °C. 180 remin HR3%24 h, 15 .
1.2.2 A HPIHEREERN T 50 mL LBIRARKE #2367, 30 “CA4F T 180 remin'Hiz %24 h, Hilf5 ¥
1x10° CFU - mL" R T o 3% 5% 4R i 454 2100 mL LBE; 353517, 30 °C . 200 r-min™ 439185 3524,
48,72 WG #EHUANZHE . SR PR IR BRI I 5 OD o8, 45 & F AR AR U Fh 41T 3 2 = 1

1.2.3 Bk B REBREEAE B IR AR AL R A BRA R TI Y o T AR P S8 FH Blastk
145 NCBIER I 2 LX), 7530 B s [R5 1A, R FHMEG4.02 il 2R Getkb b

1.2.4  EAkE) FAERE M BRI B R AP T 50 mL LBIRARE 7R 3,30 °C 180 r-min PR35 24 hifil
BT . 5% R R R 2100 mL LBE; 3R3E, 30 °C.200 r-min 'R 15 3524,48,72 h, 15385, VA
10 000 r+min™"B5.0> 10 minf_F 3 , IIABFHATRO5% 2. Bk 17 ) , 4 “CEA B 7%, BRSO ITVE , T S vk
WIWIE T T 788K . BUHL 20 5 6% R 0 i W AT, IR BRFR $2 21 J5 7K i I A4, i %E 490 nmAb ODAEL,
FEAR A A A bR v 2 T A AN 2

125 FFREERROERELAAA K EZEPSHIRZ1-6.Y2-1MIY3-1% LR & Hl & 2 61
BB PR 2R =K A, W2 S M e i = L I E b K PR 2R CRID B ZSAEXT IR (CK2) , Ik
BA10MCK2 M OB 77 B Z AT 11, 4L Y X LB it in 5 7 - 5 408 5 - A sk . dlik
HEIUCOHAT, IEAI I B LR 1.
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Table 1 Orthogonal test factor level table

ARG £ SR L)

. o : B J0UR it fmm CTARHBE(ODg,) D I & /(mL-kg™)
21 5 Proportioning of construction . . . . . .
) . Particle — size Concentration of Dosage of microbial
Group waste soil (construction waste . . . i
. . . distribution microbial inoculant inoculant
soil : potting soil )
1 9:1 10 14 150
2 9:1 5 1 100
3 9:1 2 0.6 50
4 7:3 10 1 50
5 7:3 5 0.6 150
6 7:3 2 1.4 100
7 5:5 10 0.6 100
8 5:5 5 1.4 50
9 5:5 2 1 150
CK1 7:3 5 / 0
10 10:0 2 1 100
CK2 10:0 2 / 0
Y 0:10 / / /

Z R R I A AR TR 2R & BE AT, e & 14.5 em AME 23 em BB AL, RIAEPTI R S0
1 o PP REUL ST, B A A Y SRR 860, 3 1+ 10 mm. FiAE 30 d 545 1k BeK (i - 585K
FART 6% , BT 208 530 dWCARES 1 HEREAR , 25 AR MR 25 B ISR 3 2 bR AR o a0 5 H A
wmr.

(1) 3ty . WSS B RIE 5557 60 d e, bR RO 5 B IE B i) SRR . AR e B - %
7260 d Ji7 , TESE Ko S VO Ak 5 80, R BT E R . A4 e B /KM BT emx 1 em 45 52, T
JIn200 wLZEMEK , AP RIT A B R (0 ABHCRIFREA X AR B R o WSS K7 Ko A B

AB R (WL s™)=200/s (1)

WSS B KoKV /N5 A A A I A ) 25 B B4 em®, Fp L AR T . 353310, 75
BRSO P E AR, T TR 5 I 45 B2, BT T N 28 1K R IR ARS8 R i, o b3S R LG , il
24 ho WA DRAR T, 5 35 IR ML FRRTE INZE 1K, BIRAR S 2

TR E S SALR R KIS C AR E IR TR A SS &, 20 T N BE TR 18 /0 5 FL AR B
52\ NS B 1 N E WA SN s ol = AN = R G 2 AR (N R SR 2 AN il R0 R ot = oy | o < I W= W AT
T I T B ER T, 200 BT B 0 3 22 A 04 b, DT IR T A Y 1 W] IAE ]2 BUREAL , TSR &k
FE D E 58 F AR &K Omo A AR R ) P 7 BN 55, Dok 7078 % o BERDPRE(HE 1 2
0.01 g), icat. KA LREAE BT AR E R 2 0.01 o), T2 138 [ AR Bk i ) H 32 E ol

BD=Ms/V (2)
K :BD A R (g om™); Ms 3R JTT N - 308RE S BT BT it (), Ms WIS AR Bk ST 1, B
Ms=M/(1+6m) (3)
A VAR TIZS R (em?), AT AR 52 BRI A R RS B 2 o
RSB R
AR ALBREE P(%)=(1- 1K %5 B2/ 1 3% )+ 100 (4)

(2) AR BT 38 pH ARSI 8 SR HIZK IS B FL N % s AT BIL IS S8 SR BB R A 0 s 2R
07 SR L PR R 5 Wi 7 R FH S S A B Rl — SR B 7 L (05 5 0 7 SR T H,S0,-HL0, T #5 - K
FADCIE T 5 B 25 RN S SR TR A B R AR 9 T8I 5 1A AR AR 5 >R FH A PR S MR 3 - AR B DT e
¥ 5 I RE SR M3 IR R i

(3) LSRG . ARYEAS RN P e PR OGRS [R) A S B 1 3 Rl | o1 26
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R | RO T S A A 1 T L v T R 4R S N - A R A R R R . M B Rk o B
SR 5 1 A HEAT 30~50 H 2 i b B, 3 05 5 1) A FH IG5 92 355 & (ELISA MLbio, H [ ) 42
At F 30 2 B - S99 O, 308 5 R AL (VIR OSK AN=LUX ) 5 4% AH B i K T, R OB P AR -5 4 1y Wt
HAE
1.3 HiEAE

iz JH Microsoft Excel 2010 #l Origin 2021 F {4 # AT HUR G 3Tl & . (8 SPSS 21.0 #4722 543

R E = U SN W i Ve 2
48 h
2 HZHRE5HH 2 B
2.1 BHHREITHIE 20
M AL Z1-2 . 21-6 . Y2-1 . Y3-1 iy P=fie ©
BT I D5 T, A b 21 -6 fash & 55
B RS  7E 72 A H 2351 pgemL AR bR Z 2 .
e

71-6 .Y2-1.Y3- 110 Hbp Rtk 70

22 HHRMERE s
FH 1] 2 FH e 2 W] A1, AR5 DX 4 458 v i % 1) )

WR Y2-1.Y3-1 )8 T2 AT s L 20 0] R 2 0

TAFT B (Bacillus cereus)F1 U1 3E 31 2F 10 FT B (Bacillus

velezensis); T Mk Z1-6 J& TR AT 1A J& , M FE AT B

(Peribacillus frigoritolerans).

Z1-2 71-3  Z1-4  Z1-6  Y2-1 Y3-1 M-I
Bl 7 KREFEEMEN E L
Figure 1 Sugar yield changes of EPS of 7 strains

with time

a.Z1-6 c.Y3-1
E2 3#EEREIRRIEES
Figure 2 Plate streaking morphology of three tested strains
R2 BEMETEHER
Table 2 Strain identification result
[0S &4 e 1o IR ARLLEE 1% AR
Strain No. Genus Bacteria with the highest homology Similarity Related characteristics
— S AR TAA S
L TR R IAN
71-6 . R o . 99.66 Nitrogen fixation, IAA production, phosphorus
Brevibacterium Peribacillus frigoritolerans o
solubilization
82 TAA R i
. . R .
Y2-1 H—@ﬂ: AR A /{kﬂ:@ﬂ: l 99.93 Nitrogen fixation, IAA production, phosphorus and
Bacillus Bacillus cereus . o
potassium solubilization
BT TAA S S
e . 11 S 2 .
Y3-1 H‘@HEIE = ﬂé/ﬁﬁﬂ:@ﬁlﬁ 99.66 Nitrogen fixation, IAA production, phosphorus and
Bacillus Bacillus velezensis

potassium solubilization
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St o PAFR N B TR RN 4l 4 R R 21 S HECK 142 55 110.62% , 2H 10 L CK24%: 75 83.33% . 41104
45 R RE (2,75 kg-em™) 58 35 H AL (2.88 kg-em™) Jo #5225 o T i 18 5 VR ANl s (10 4% g )
&S CK1$570.18%, 210 L CK242 55 123.33%. B8 77 A it i . 5 B2 FHIR I () &85 iz 3B 7k M, 4l 5%
CKI4ET+75.41% , MiAe 4l + Hh SR A I , 20 1088 CK 1Y 2 K 18 K M B 2 1K 73.3% .
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a L
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% _%L 40 BE 201 g f
SE 30 S é L5 gh
"-_i; ~ hi
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10 0.5
0 0
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80  d
C
| ab ab
1.4 . .ol
ab E b a
P ] o
abc . < 60 |
abed bed —.2
bed S v 2.,
2 L
cde 1 def 35
cde =3
Tgre
ef ef qg\\:i
¥ fo £ 30 od cd
3z de
a
g 20 def
3 ef
=
0.2 10 5 f [
0

CKICK2Y 1 2 3 4 5 6 7 8 9 10 CKICK2Y 1 2 3 4 5 6 7 8 9 10

B3 TEAMEREDN

Figure 3 Analysis of soil structural differences

2312 EEEACHREF o HE4ARTH, TR HE 30 dJF 458 CKI A 2 R R8s 1A LT 4
HHETF31.03% .22.27%F160.98% , i 45 AL FEZH 105 CK2 TE 8 22 5 . Al 10MI4 A A& B A CK24E T
58.82%, 05 5CKITC B E 25

23.1.3 RIEEEETACEF o4 mEISATH B FI30 d, BREI3SN, A TF 28 b 38 a1 e 1 s
B TCK2, 1042 7439.21% , 55 CK1TC i 25 25 5 5 oo 280 W 11 I 075 A 1 S8 b 3% 8 T CK2 (3
30.76%~367%) , 4155 CK1JC i % 22 57 , 20 1088 CK2 K F#:37.92% ; e it 1% 1 (43 3 40 44 7 T CK2 (34 i
19.71%~133.61%) , 4155 CK1 4110 5 CK2TC it 3 25 5 415 (41 6 21 71 21 8 iy JUR il 4% P I 3 751 T CK2
(HEIE19.7%~22.19% ) , 2H 58 CK 132 7178.95%, 210 5 CK2 L B & 2 5% . T 510030 dJF , ZH48 st
PR P PR CK2 P2 71 88.18% , A1 742 FH51.72% , Hor e i 25 55, 105 CK2 F F#57.85% . Fr A7 IE 28 Ak
118 o — 3] 260 T R RE A O 0 1 0 CK 2 4 3 T (M 34.3%~79.82% F192.39%~598.76% ) , H 21 1)
ou—H) 2 W T M i R (27.36 pumol - d e g7t) |, 2L S P TREARE A PR B R (22.71 umol < d ™t g7 o TR G N
BT o~ A S 1, 2 SECK 14 TH43.39% , 20 1048 CK242 7134.27% . £ 5 IR B PEAECK 1
$T188.11% , B CK242 T+108.49% , 21105 CK2 0 i 35 2% 5+

2.3.1.4 AHYIAEPEZE R AEAS B FE A 30 dJF YRR H LI 6, 4% Ak G AR 4 A BMIR L
7, R85 MBI FT30 d, BF A 1E 58 A BE A4 Bk 5 48 CK2 24 A $2 71, H: v kb B8 21 5 19 bk 5 4 CK2 48 7
54.46% , 5 CK1AH HL BT 0 B #1E 22 5 (20105 CK2AI 48 B 42 7120.65% . FT A 1EAS 4b FR A AR K 45
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Capital letters indicate the differences among different time points within the same treatment group, while lowercase letters indicate the differences among different

treatment groups at the same time , the same below
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Figure 4 Results analysis of soil physical and chemical properties

CK2¥A T, Hodp 41 L A4l 29 R K (35 8 F-CK2, 431 4 32.04 em M142.34 em , # CK25> 1) @ 3 $2 T
252.08%#11365.33% , 21 SHECK1 i F $ET422.41% , M AE 41105 CK2 R - J0 B 25 5 . BRAL3 4154l
64h, HAs T A IEAC AL BRAG AR JeE LU 34 725 T CK 2, B I K1 41.17%~129.41% , 2H S8 CK 1R 7 [b T 33,33 %,
H105CK2[0]JE i EPE 27 . 7T S W830 dJF , 413098k M A CR24E 7131.919% , HAY IE A Ab HE4 OC
FAER 10 CK2PR 5 B H7120.63% . 4HSIAR K AR CK1 8 R 7+22.45% , 41 10F1CK 28] JC &
EMER . A EA B AR E L3 R T CK2, 3 06 4 13.63%~66.43% , 41 1038 CK2 42 £ $2 71 78.7%,
M2H55 CK1H) JC . #5125 5%
232 ZWEF ESMWBARENH
2321 XIELM REIAH, SRRSO RN, Z5A FIEHT : TR ME K H R K
) 3= 25 M D) 28 SR UK 9 I > 4 T L 5 45 B JEE B S s 4 A L > TR 5 T > B 70 FH o 5 205 R Bl R Ry i+
et 1> B 751 FH 0> A 20 > TR 39 W B2 5 405 B 78 /K Sk T T B > S0k 2% e > BT 70 ) o 5 465 B2 kb
ZWORL R B R . BAK TR T RO 2 B X i A R R R AR, {EL B ) R R X A A
B JEERE R AN KPR B2 R (p<0.05) .

P &1 8 BT, A= 4 i il RN R S M B 26 8 3R A R AR T, M B IR N S S AR
455 F7 B N A W 4 i JEE R 1458 B 0 KA 2.25 kg em AT 1 em, 38 9: 1 IFA3 4R T 192.2% F1 66.67% , 5
5 0 AR ST, A 235 i B A L I 2 A ) o e 2 B TR Y R O 150 mL A
W4 Bz B 3 R0 A W) 235 R JEE R 343K B e KA 2.14 kg - em 21 0.89 em, %% 50 mL B 43 B2 TF T 46.58% Fil
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Figure 5 Analysis of soil enzyme activity
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Figure 6 Comparison of alfalfa phenotypes under different treatments

CK1 CK2

17.1%. HEW 45 K Rk MEAE BURL R IC o 2 B I8 B B KAB(36.21%) . HE W46 B 18 7K M Bl 4 15910 FH 12 g 38
KIS, Jit A 150 mL A9 B 55 A 22488 50 mL B2 K M T B 24.47% , 50 mL B 24 36.41 wL-s™ £ 1,
W5 R i RV 8 I 2 B 751 P 00 R0 T BN, B ) X A 5 B B A ) e ) 2 IR R
PR 7R FH A 22 18 KO TN

2322 RHERACHS  RAAA, B WIBTET0 d, BT e HLUR R B A A
Py EAT R 2E VR R, T AE T 5 RA 5930 dJm, RGTHRE R A PR e B AS R A
figt

i MpHAE R AT R0, ANEPSHE 5t Al g fifd SRR B OR3P P804, LA 240 T £ R IR 2 i 2R
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60~ 2 [J30d 35. b [ ]30d
- 60 d | - 60 d
5 k<
Tl 2 =
< E% -
CKICK2 Y 1 2 3 4 5 6 7 8 9 10 CKICK2 Y 1 2 3 4 5 6 7 8 9 10
. [ 1304
Lo *® [ ER
0.9+ Aa
0.8
0.7+ Ab Ab Ab
0.6
£ 0.5
=
0.4
0.3
0.2
0.1
0
CKICK2 Y 1 2 3 4 5 6 7 8 9 10
a. ¥k Plant height; b. #24 Root length; c. R 56 H Root to shoot ratio
E7 #EYEEERERS T
Figure 7 Result analysis of plant physiological character
R3 TEEHIPMEERFTESN
Table 3 Multivariate analysis of soil structure effect
F
LIV LAY EAC L WURLZR T T e BE T A
Response indicator Proportioning of Particle — size ~ Concentration of Dosage of
construction waste soil  distribution ~ microbial inoculant microbial inoculant
H . 2.993 0.304 0.343 0.414
Bulk density
{L%% 2.993 0.304 0.343 0.414
Porosity
EYPNEIE
o KRR R 44.928%* 148.049%: 23.654 22.935
T+ IgELERY (T 60 Water stable macroaggregates
il )48 iz JE
4/7) Soil structure | EDERRE 32.720% 6.222% 0.222 3.556*
(after 60 days of Thickness of biological crust
treatment & iz figi i
) = ﬁ ﬁE 104.799%:* 12.434%* 9.638%:* 21.520%%*
Hardness of biological crust
I e bl )
ét%./ EZ#HKVIF 1.108 4,542%* 1.490 0.390
Water retention of biological crust
2 9k ok
LIS REATE 66.751%%* 53.976%* 0.174 24.880%*

Water permeability of biological crust

iE: *p<0.05, % p<0.01, N[,
Note: *p<<0.05, **p<<0.01. The same below.

T B AL, TN 1 LS pHAE . AN, 2R AT LT & B A4 20K - I LG > R >
T > REAR GRC 5 5 ) B A 0 i Y 2O REAR G > TR R A 32 5 52 ey S ARl 25 ) 20«
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BT HE > AR T > B MR B 5 5 T RO B Y SR YRR - L B > R AR G > BRI VR > TR
M,
2323 1IEEEE  FHFESTTHL RS BIRIRT30 d, B e FE R T A 458 oo~ 2 W T VR il R
WERGY A B R B AE T R WhE 30 dJ5 53X Rl B2 ma 2R ik /0N , A3 F 7 FH 0 5 1 iR A o6
P4 458 o 70 W T IR R AR AL A S S R o R R TS T ) FE RO - T b > R AR G > TR
U T > B
233 AR A A LEBRAEWRE G YR HR6 AT, BRI AR IR W BR S R T T
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Figure 8 Effects of different residue ratio, particle composition, bactericide concentration and dosage on soil structure
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Table 4 Effects of soil physical and chemical properties on variance analysis
I
Wi B 5 B it LB L RIAR LD T e BE [illaERs
Response indicator Proportioning of Particle — size Concentration of Dosage of microbial
construction waste soil distribution microbial inoculant inoculant
ﬁmﬁﬁ 104.763%* 25.478%* 5.683%* 3.998
Organic matter
25 TN 26.948%* 17.959%:* 3.077 1.714
- 2 TP 1.928 2.991 2.243 2.519
T o
(b330 dJ5 ) 2 TK 0.150 6.692% 0.221 0.723
Soil physical and RASA
'p Y . ’f;lz ﬂ 9.099%* 3.528 4.324% 30.984 %%
chemical properties Ammonium nitrogen
(after 30 days of o
treatment) i 30.59% 1154 0.004 0.044
o Available phosphorus ’ ’ ’ ’
o
. TERLER . 14.649%* 0.035 0.179 0.074
Available potassium
pH 10.527%% 1.706 1.225 2.820
7@1‘)153 2 684.042%: 11.771%* 197.012%%* 19.730%#:*
Organic matter
2% TN 19.27%#: 1.591 0.937 4.074
+ B R TP 3.036 15.727* 12.741% 3.036
(Lh¥E60 dJ5) 24 TK 0.555 6.8337% 2.028 0.409
Soil physical and A
phstest EEa 1.046 22.555%* 6.423* 0.448
chemical properties Ammonium nitrogen
(after 60 days of AL
ok B *
treatment) Available phosphorus 172.059 35.220 7.485 1.321
s
. e . 52.689%* 16.912%* 8.087 5.326
Available potassium
pH 5.034 0.312 0.197 5.009%*
x5 TEBERZWMAESN
Table 5 Effect of soil enzyme activity on variance analysis
F
g
ML 5 e LR B BRI BT
Response indicator Proportioning of Particle - size Concentration of Dosage of microbial
construction waste soil distribution microbial inoculant inoculant
A B g S-AKP 21.775%x 11.824%+* 3.218 3.195
TIWER (AR S—a-GC 88.054%+ 47267+ 39.621% 40,832+
Soil enzyme
activity 30 d JIR At S-UE 8.1437%* 19.884 % 7.155% 0.638
JHEREE S-SC 71.466%+ 19.13%* 4.585% 57.142%%
MBI S-AKP 4.453% 7.315%+ 0.800 0.853
TR R S—a-GC 0.375 4304 0.101 5.818%
Soil enzyme
activity 60 d JIx B S-UE 10.597* 10.225%* 4.310 4.043
M S-SC 6.488%* 0.126 0.298 3.736*
xo WEMBERSHEESN
Table 6 Microbial community diversity analysis
2
FEAR Sample Chaol Observed_species Pielou_e Shannon Simpson ?ﬁe{%;?
5 3333.88 3 006.9 0.902 829 10.431 30 0.998 377 97.1
10 1616.29 1572.0 0.874 287 9.283 51 0.995 532 99.4
CK1 2028.14 20228 0.920 056 10.104 20 0.998 390 99.7
CK2 1 638.08 1579.8 0.877 246 9.321 19 0.995 964 99.3
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Table 7 Score of each principal component

IZYNY
PCl PC2 PC3 PC4 PC5 PC6 BT

Comprehensive score
415 b

Group M4+ & W HE M WA B f#E B e B A 55y He#
Score Rank  Score  Rank  Score  Rank  Score  Rank  Score  Rank  Score  Rank Score Rank

1 -2.24 9 0.964 1 0.056 3 -0.272 8 0.017 3 0.291 1 -0.430 9
2 -1.998 10 0.696 2 0.0721 2 -0.331 9 0.021 2 0.126 4 -0.474 10
3 0.253 5 -0.871 10 0.0978 1 -0.383 10 0.025 1 -0.653 10 -0.193 7
4 0.216 6 -0.401 9 0.037 5 -0.141 6 0.009 5 -0.278 9 -0.054 6
5 0.659 4 -0.073 6 —-0.045 7 0.194 4 -0.013 8 0.086 5 0.207 4
6 0.189 7 -0.054 5 -0.008 6 0.038 5 -0.002 6 -0.002 7 0.049 5
7 1.723 1 -0.236 7 -0.112 10 0.484 1 -0.031 7 0.187 3 0.527 1
8 1.044 3 0.0133 4 -0.089 9 0.378 2 -0.025 10 0.240 2 0.369 2
9 1.347 2 -0.381 8 -0.061 8 0.271 3 -0.017 9 -0.014 8 0.348 3
10 -1.194 8 0.343 3 0.053 4 -0.237 7 0.015 4 0.016 6 -0.307 8

BB AR bR AL S5 BB A PR R IR, nT IS 2045 F RS (R 7). ERUTEE 15450

AN RS 43-5 HX R BT kR I B A A A R
F.,=0.311 2F +0.242F,+0.130 2F+0.114 5F +0.072 5F+0.048F,

ST B 6 4 E A LR A1 HER AL 7> 20 8521 9> S>4H 6>4H 4>41 3>41 10541 1>
2. AL LRI £ 5 35 0 5:5, ORI G HC M 10 mm, B8 746 BE R 0.6, B 5770 FH &4 100 mg - kg™’
HZEA IS/ AT 3 BILH 7 .41 8 A4l 93X 34 b P A4 i I L35k 505, DRIk 2 5 3] 4 398 W Y8 A s gl A
IR AR FE A, PTR S % R 5 A TE E AR B, DASTER PR URA PR IC B

3 WSk

AWFFEI VY 3 R AR EPS B A i Z€ R AT T8 (Peribacillus frigoritolerans) MR ZF fLAT T (Ba-
cillus cereus) M D1 e/ ZE AT 18 (Bacillus velezensis). WS &P, W FH &AM F I E 52 miE + A= Y45
O J5E B REE B e 1B K 1 SR A H 45 SIS RRE B2 4 =S 1 6 B 3 il 4 T 70%~123% 11 80%~
110%. IR 45 BBk PR BTt M alih + 2 TR AW a6 LB M52 5 1 B i |
AT e EPS FREARSC , EPS B RE S = L HEALER B I AGE: , W] BBIE MU B K 2 LR AR, T B
JiriE 30 d J5 , TRV BE A B I ML B S A R A S pH B AR i S R, EPS S i 3
5 - R RIS M (AN o35 45 8 1 1l DR 55 ) 32 THA MLET RN 3R 43 /Ko DF9E 3R A HLe 5 4 9
S5 P A AR BEAR OG!S, e (U2 e FDK I ) 15 P42 25 02 3 C N POEFR 7 3 sk M
i NSNSy, EPSHESR G vh 5L , A AR ) B AR O RN % PR SR ) 7 A 1 EPS IR AT BEAE + I ER
B v B e fitt £ 0 N, 38 o B 8 R Ak, 4 R AR A AT 1 pHAE .

EPS B 7E #1200 R 7 T 2A R4 0 0 I 7 BRI A afiids i)V S ) TR it 23R
FEOT T S PRI W) - B T, A DU 2 B Ay T RS A A 4 KRR T . TR I R BT
PR B 8 Y b B A P RN R 43 B i, R SR 45 M R O TR A . A SRR R AR W 4 R A Y OC TR
R RV AR B W R T D B Y R ITE VAN 44 B R A I 7 T R, N Rk T
PR E P A B T34 58 EPS TR0 A9 B 803, - R o v A S8 25 A (i BRAL A M B B A ] L 25
RS B AR R R AR B P 25 S
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