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B OE: [FRIRBEARERBALL, BERE, LoMAEYRH ZAeME, SHE8T, EA
FHRBEREGEGE., (B RCESGRAENEH ZWEL, AR EGREAEZ L, HH XA
A ERER AR, [FE] AMARAEFI KR ISR 2N A, RA LKL Lk,
BT Topsis oM ELEAGIE . BHE. BR. BAAFHE, [FIARKILGA Afi, B3 %
A 2 A 8] R Ie M T AE AR E K R T B A, AR A K6 B ek BAR TR L3R B fom a0 AL,
AR S B AR AEZE ., [4R]1 B4k SYP006:SYP033:SYP092:SYP202:SYP400 e
oA 4:2:3: 14 EASRANEODRRE, FLA LHM A5 . TR AR EHARE RO A
48.9%, T HARARE JA 89 55 2 H 60.9%, [ B & #=(Solanum lycopersicum). #k4&(Capsicum annuum)
kg EFHAEEE R E I I(P<0.05), RIFELE pH BIK. £ ZHIK, BMER. R, #®
WERG SR, MABKEKBH R, AHRSEIK. B0 AT FRABURE A 69 B 2 h
47.94%, ¥EFFEHh 7.65%; M BAMERGTIA 63.43%, BT AMKSEEEA(P<0.05); T4
ACARJE R B 5 2 A 56.11%, #42(Lycium barbarum) = 2 3% 5n 119.99%; A H &394 10 L/667 m?.
(48] 2604 Lk 4 50 RIFOHERBERE . D ER, AREERS. AT L
A SAER.
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Optimization and application of a bacterial consortium for
preventing root rot and promoting plant growth

LI Jianjun!, XU Shiyang?, MA Jiayong!, QI Yonghong!, LI Xueping"!

1 Institute of Plant Protection, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China
2 College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, Gansu, China

Abstract: [Background] Multifaceted factors contribute to the occurrence of root rot, posing
challenges to the management of the disease. Bacterial consortia characterized by robust
functionality and structural integrity emerge as viable candidates for the sustainable
management of root rot. [Objective] To optimize the proportions of strains in the bacterial
consortium and elucidate its disease-preventing and plant growth-promoting effects, thus
establishing a foundation of the large-scale application of the bacterial consortium in
agricultural practice. [Methods] We employed orthogonal design to optimize the structure of the
bacterial consortium that had been obtained. The Topsis comprehensive analysis was conducted
to evaluate the inhibitory effects on pathogens and the phosphorus-solubilizing, nitrogen-fixing,
and potassium-solubilizing capabilities of each treatment, on the basis of which the optimal
composition of the bacterial consortium was obtained. Furthermore, indoor pot experiments and
field trials were conducted to assess the performance of the optimized consortium in preventing
root rot and promoting plant growth, and the changes in nutrient content of rhizosphere soil
were measured. [Results] The optimal bacterial consortium, designated as ‘Tuweiwei No. 4’
(SYP006:SYP033:SYP092:SYP202:SYP400=4:2:3:1:4), demonstrated significant control effect
on root rot in Solanum lycopersicum and Capsicum annuum, with inhibition rates of 48.9% and
60.9%, respectively. Additionally, greenhouse pot experiments revealed that the plant height,
stem diameter, and fresh weight of S lycopersicum and C. annuum plants treated with the
bacterial consortium increased (P<0.05). Meanwhile, the treatment with the bacterial
consortium reduced the pH and salt content and increased the available nitrogen, available
phosphorus, and available potassium in rhizosphere soil. Moreover, the treatment increased
bacteria and actinomycetes and decreased fungi in the rhizosphere soil. The application of the
consortium in the field exhibited the control efficacy of 47.94% on root rot and increased the
yield of C. annuum by 7.65%. In the cultivation of Lilium davidii var. unicolor, the consortium
achieved the control efficacy of 63.43% and increased the plant height (P<0.05). In the
cultivation of Lycium barbarum, the consortium inhibited root rot with the efficacy of 56.11%
and increased the yield by 119.99%. The optimal dose for application in the field was 10 L/667 m?.
[Conclusion] The bacterial consortium ‘Tuweiwei No. 4’ exhibited good performance in
controlling root rot, promoting crop growth, improving soil nutrient content, and regulating soil
microecology.

Keywords: plant disease prevention and growth promotion; bacterial consortium; Capsicum
annuum root rot; Lilium davidii wilt; soil nutrient
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MBI FH R, ALFE I AL
PRAML B G . R . WS . TN E S
Fh e | RS HS BB R A 35 o AN (R 2R BUAR g
o HL i A AN AR ], 38 A 0 it 22
7 M J5 - % i3 #9.(Bipol aris sorokiniana)t!, #it{fl
HRIEHT . ZEHEIE T . AN 20 . TN 2 Hh ik
P (Fusariumsp.) 5122, BribZ 4k, 35t
14 )3 98 (Microdochium bolleyi) 5| i f4 1 J32 13 4R
JE R B4 ph 7 B (Clonostachys rosea) 5 | it
PR 2T K e B AR R L H B (Pythium spp.)
IR SRR ED . R kA S, T
R A F AL AR AR A 5, ™ AR AR A
AR FEEE, B ARG AWM AR Sr B TR
R K FFR A HELA R T T BRI AR AR R /N
RGN FEEFRERD . T IL, MR
W FEIE IR B AR R, RAGEIREAE, R
i PR 2R IR B Sk A AR 8 50 4 M A B R e R A
&, BB, WERHAEY SRS+
e FI R B, Hal DhE o e dE A K
V5 A A A SO St A v >k 38 2 B A
EWHN, RS0, Ze . mREEIHRI,
Horp, ZE0FT F (Bacillus sp. )[R B AL PE i e 2
ZIEAE S o . TE I RS CR o B AR
T A R A A B i A B R A
ZEARAT 1R (Bacillus subtilis) Pl HEbR 858 1 A B3R
5 HoE FE AR R AP gz M D3 24
¥ (Bacillus velezensis) I 1545, X ZFp
s S AT SR A A B AR 2B A T T A O o
E3); B 5 2R A AT (Bacillus mojavensis) il
XA RS PO R B, (WIS B AR R AR 4 2R
Ko, (A A i S 2 ik R U
it 5% £k % 481 4F B (Bacillus halotolerans) ] i 17
GBI AL N Kk, HA RAFAE AR )
PETHAE D) A B G Iy AR TS R RN
o, S S R E e, BTN R AR

FIA BR HARCR AT E -

BEMAYIERTE S — M 2 M 45
YA A, ISR — 2 BENIEE, B
A HRN T - S A s L IA L A
58 pH . $&& LI TT | A bR R
RE 1 AL AR AR AR S REAR G b o ik B —
PRI AL B R U0V DL S B 2R R TR R 2 i
(Aspergillus niger)ZH & JE B Tl A 1 T 7R X 2R
Hifbl(Fusarium oxysporum)5 | A2 i) & Ptk 20
FBIE PR R AT XSRS S R, K
3 - B4 A W T AR 32 2R FEAEL R 3 A B R
RORIE 87.78%, [A)I B AT 2 35 A9 fe 2R
Deng S5 5R 2B, DU 32 $h 25 0PI . BT S
A #3974 T (Sinorhizobium meliloti). F R ZE 4t
F-7# (Bacillus megatherium) | Al 5 2F fFT 7 4 %,
M GHAEYE R B ER S T LAY .
ffRL . R . A S, DL ARG
KB TE M, RN RRAR R e A . RERAEK,
FEoF HARL PR T S G MR T A A 7 AR S o BT
X AR RS 2 A AL, R FPOBE R R
B, FAG B EFRAT A . RSP 2R AT A (Bacillus
tequilensis) . T 52 b ZFFIAF I . R ZF MO IA
MO ZE A 1 (Bacillus circulans) &2 &1 8 #Y T
FRUXT FHBURARUAR JE 975 () FH [B] Bl 34 =5 35 88.52%, If:
HEA AR et B B0 mfEH . 250
SELUHR B T — Fl 1 2€ 55 FF 74 (Brevibacterium
frigoritolerans) . BEHF 2 fAF 14 (B. cereus) . A%
TR AL S A TR R BPS, H )it 5 X0 A
BRI IS 68%, FHHBEARIRTH A
dn 0T M IR . AR, X R A A W T R
BURE G A, HE AR s AT,
FRL T TRk A KPR B2 R 4 o [V . IRl
FH 1] it FH 35028 e e A S AN B, BELAG T
KRR TE R4S ]

T . MM, AGE . MRS SRS IR E YL
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XHMA RO FEEY, T REE R E L
LA BAW R . EREFRKET K
) H 2R, AR BRI K, 8 A7
KIEFERS, WIEEE LR EM L. MR
48 (Fusarium oxysporum) . Ji& 5z 4 ffd(Fusarium
solani) . J& % (Pythium spp.) Fl 57 4 22 ¥ B
(Rhizoctonia solani)% Jy iR & e A i
SRR IR, TR B T HARBR, L%
Pkl . ProkiE . faE M E, EWER R,

e, IR, HEgL, EENE
PEAb s DX o e . P RRSE A RS HOR
BRI AR R O, AREY A A
6], 51 B R0 22 M DL N A 4 R BT 2 PR i as R
AMEL FTARFE Y, AEUEA i A DA T A
IR B 338 vh i B B s 0 A= S Sh BB TR I, O
AL 2] T — R4 £ A0t £ 0k 5 & 04 9 T
F, HALFEH S ZEAFF 7 (B. subtilis) 2 Pk, JE
Hn 9 ZE AT 14 (B. mojavensis) . D1 SEHT 2 4T A
(B. velezensis) JTfif 5z £k ZF il (B. halotolerans)
&1 BE, FetEDE R, R, BA.

AR AR A T RE, TR B RO L S R R

% . SR A RIFRSSTUER, BA
RAFRIA L T o IR, ABETEAE A
EXZE G AR AR BT, R4S
A HMNE RO AER RN, s N
RHGAIR I E AR A S RUEYI R &, Bt
P 4 SRy ohRe, DRI SR m R
AL LR 77 K o7 FH B8 7 A

1 ARSI

1.1 #&H

FEE TR 2E /AT 56 (B. mojavensis) SYPO006 .
U133 25 047 7 (B. velezensis) SYP033 | Hfi &%
FAT T (B. subtilis) SYP092 . i 32 £k ZE AT H
(B. halotolerans) SYP202 . A4 51 ZE4T H(B. subtilis)
SYP400, ANSLI LA, KIETHAM . BB, A
G SAFCHR R 58, SR AT HAEE-80 °CfILIE IR
R A v ] R RS SR DR O DR, DR
%5 CCTCC M 2022354-2022358, HApt:dn
F 1R,

L 95 5 JiL T AR Bk £ (F . oxysporum) . Ji& Jz
Befo(F. solani). &% (Pythium spp.) A7 Ak 22 4%

=1 i ERE
Table 1 Characteristics of the selected strains
Item SYP006 SYPO033 SYP092 SYP202 SYP400

Amount of dissolved organic 143.600+1.440 /
phosphorus (pg/mL)

Amount of dissolved inorganic 800.560+2.620
phosphorus (pg/mL)

Amount of fixed nitrogen (g/L) 1.122+0.007
Amount of dissolved 100.600+1.460
potassium (mg/L)

Rate of fungistasis (%)

97.270+0.860

0.107+£0.002 /
392.480+2.250 /

220.050+2.670 / 303.420+2.520

1202.030+£0.660 202.040+0.860  240.340+1.820

0.060+0.001
473.200£1.000

0.083+0.006
101.360+2.050

Fusarium oxysporum
Fusarium solani
Pythium spp.
Rhizoctonia solani
Salt resistance (%)
Alkali resistance (pH)

26.620+0.190
32.140+1.590
42.010+0.390
22.320+0.040
10
9.810+0.020

90.320+0.370
88.600+0.120
85.650+0.600
86.740+0.310
9
10.500+0.040

/ 77.340+0.700 66.320+0.220
/ 62.730+0.590 30.240+1.410
/ 64.030+3.270 88.100+0.080
/ 72.420+1.200 62.440+0.890
10 9 9
9.320+0.050  10.200+0.030 9.330+0.070

I+ R B A I IIRE .

/: The strain without the function.
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I# (Rhizoctonia solani) ARSI A, RAH
A 5-80 CIRIR PR . == N A & Hh 2k 5t
J& Bz B AL (F. solani) FlIZR 4 (F. oxysporum) i
T A B B A ) PR AP 5 A= B i 9 =
Feft .

B Z B SYP006. SYP033, SYP092,
SYP202. SYP400 #% 1:1:1:1:1 Ay FLBIIR & K557
53,

a5 i FH 7 85 R BB - 34 W K T 1
A RN B B i, B an R O < FEOE
908>, HALAHFN A Pt 555 HIE 5 B
PR AP IR 22 B A SR T 2N E
Hs MACE R TR 150, 10 4ERNIEE .

1.2 EFRE. FERFFNE

LB % 7% 5k F1 1 4% 25 4 245 0 3 Al (potato
dextrose agar, PDA); 35S 2% SCHk [25] B 1 ;
Pikovaskaia’s (PKO)JCHLBE S 77 3 Fl1 58 4 15 HL
W5 95 5 S % Sk [26] B0 s 0 A RS 3R
(nitrogen free medium, NFM)FIHI A B 5 3 2
5 SCHER[20]0C ] . Hodr, BiiE e B bt R R
HAMWRAH

2x10” CFU/g i ZF A /K Ok, 75
ez LR A Y TREA R F 5 30%ME5E R K,
INZRE R AR A BRA R 2x10" CFU/g fif
TE M 25 #0FT 1A (Bacillus amyloliquefaciens) A] ¥
YRR, TLPUJE L TARTTEA A . Havit
FGriraty, FE 254 Bk A BRA A

BREN TOGREEFRAE, TURLRAA
B TAES, Jnt e SRR R R A PR
IEE BEE, Olympus 2wl BELOHL, Sigma
Laborzentrifugen A vl ; IR Z RS-0, Hbh
ML RHE () A RR A W] ekt 2otk , b
SKAG AR IR ARG R A | BPRL, RN
BRI S 5 F AR A PR vl 5 L IR A A A
R ARBEASIAY IEEACEAS AY, AEM

MIERBIAER ST BT, B HE#Y
s
1.3 EEAREBMK

W AR R (Q% . 4%. 6%. 8%)H%
BRI RS KB, 3% 2 s, 8 Lig4Y)
TEASRE, W54 B RLE LB SEH0E 465 30 T
1K LB 5595 567 CRE MR 50 mL/150 mL = 1)),
30 °C, 150 r/min ¥&JR$5 5% 36-48 h, KRR
W FE LR 108 CFU/ML J&, #2362 P& b F
BIIFREEA LB B, IRA KRR 3648 h,
PR 7 & B R AR 18 8] 10° CFU/mL J&
A PKO ToHLi . ZEA&MWAPLEE . NFM, #iK
AREFRIL, ME A A PR E . SR, e RE
MANE R, f)a kA Topsis ZEE T &AL FREE
BB KNI THEA o e Ty e B
E AR O RS X

x2 JBEHREAELLEXEEIT

Table 2 Optimal proportions of different strains by
orthogonal experimental design

SYP006 SYP033 SYP092 SYP202 SYP400
(%) (%) (%) (%) (%)

Treatment

T1 2 2 2 2 2
T2 2 4 4 4 4
T3 2 6 6 6 6
T4 2 8 8 8 8
T5 4 2 4 6 8
T6 4 4 2 8 6
T7 4 6 8 2 4
T8 4 8 6 4 2
T9 6 2 6 8 4
T10 6 4 8 6 2
T11 6 6 2 4 8
T12 6 8 4 2 6
T13 8 2 8 4 6
T14 8 4 6 2 8
T15 8 6 4 8 2
T16 8 8 2 6 4
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1.4 EEEARBGRRERFMENESE

Fohi . PO Z It s o £, EHEEN
TR IR 2 A R X H RN . PR K
1 20 cm Ay HASEARIT ) 3 0 (B 4 7%
FEMLAT, 1B/, & CKL (R EER,
A HRAL) . CK2 (i I AR, BB RE ) |
T™ (R A &R L 4 5 R R EHER, T
AEFRALY . TP (AW &l 4 5+ J R v
R, BAAL FRAH )55 4 S0P, b3 5 A E A,
HAR R HEBREE 5 K, 20l A FlkE
i 2x10° CFU/mL WSR-S 8 R gl iR &
il F =PRI 30 mL, S5 AITERSARAS 15, 25,
35 RATHRZH ] LB i R R HEAR (30 mL/#k) , 4b 3
ZH A 4x10° CFU/mL & & & ZWEAR (30 mL/#k),
TESS 45 KA gt Faivkem . 200, fE s . %
TR, [RIBFIE 158 pH . ATV TEER MR .
R B . SRR R - SRR E M . pH
IR P R VA BE 1 I 3 0 SR ] v R A L
P AR R . RO . R A
SR FH A S A SRR AL | - S SO AG T A
- BEE A A A AP . AR
AT R e g R T B G

T BARMES B BT F P kT, 4
RARAEGIT . 0 S {@BETONN; 12 AR
K, NI, A4ids, wrfdhE, R
WBE; 2 9. MRIEEASH, JFA W B4ids, n
Rumt kv, AR 3 9. MLEEERARAE
ke, R R, AR RN, 490 MR
FRAEFRIE L2, B L IRIE

BRESURE R AR S H VRGP, )
FRUEGDTR . 0 Z% . RN ; 1 9. WAMA L
o, HEIRAR 10%UT, MEAEE; 2%
MR R A, BERR SRR 10%-30%,
MR ZEE; 3 % WAELHSHERA
30.1%-50.0%, KR ZES; 4 9. WELH

5 TR R 50.1%—-80.0%, k2S5 A8 0,
5 9% . FFEEEARER B RRAGSE
95 15 6 BU=" (IR R BOA F B0 )/ AR BUE

< s e B AR BB > 100 (1)

B 5 =[ (XF REI 17 i %54 33055 15 45 £50)/ %7
M 1B 45 £]>100% (2)
1.5 EE6EARHENATHRBIRE R
B iR R

FEFR PG X, O R AR A,
DXLt R 9 E 32 52 6 B R N RO o i 7
HR g 2= M ICH R A Al BB, H 3
S, BT AR, RO e B
ZEVERR S, 2021 4E 5 F 19 HBH4k, BRATHE N
30 emx30 cm, @FIEEME . KEAET 5 H
19H. 6 H22H.7H28H.8H20HM9A
7 HEEK 5 W, oAt FH A A e A T 1l
SREBUNXHES], /NXEACH AL 10 m? (58 1.0 m,
£ 10.0 m), £ 9 LB, 4351k CKI1 (251
XFHR) . CK2 (212 CFU #HEE ZEAIAF T, B 7%t
B8 FHR 30 g/10 m?) . CK3 (30%ME 5 R /K5,
25X IR, A B 800 %5 25 mL/10 m?)
TP1-TP6 (E AW AR L1k 4 5, W3], M
435124 30, 60, 90, 120, 150, 180 mL/10 m?),
Tgaba 4 NS BUER S AL T 6 J] 23 H
T 1R A0 4 5 MR 7 T 28 HIF 758 1 IR
N THR R BRI, WEJE 8x10° CFU/mL)
4 mL/Bk; 9 1 6 HifA7 1746 2 RN THEA 5 mL/kk,
Xof FECA T A HR L o P 245 500 K . BRORUE A T
MR it < T 4 5 J5 ZUSCER AR J L AR 6 X R X
RARAG O, AN B PR A I 10 % B JE 9 &
VR G L I S [T A= DU = S W 23 |
FAFEX AR R AR ER, BREMAR
sZ 1 B AR 24 500 7 1K 58 7] 4 3 R P ) R
WU e 4k o 4 SRR B0 7 2 vy,
GBI EY R, HE RS
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GB/T 17980.32—2000 417, AR 3)iTHH &
I ZEFNB R

R (Yo) =R IR R B TR B <100 (3)
B 16 50 (%)=(1-CKoxPT1/CK xPTo)x100  (4)
NI (@) CKo: 25 IR IR X it 245 il &9 R PTo:
AR TR Xl 25 B & 55 CK 2 28 P 0 BE X i 25 )i
KIRE; PT: PRIt 2 J5 KRR .
1.6 EeEAHEMNATEEHERD
BhiE R

M E A AESRRRR, s RE 5%
A AR R RN o IR B O A 2
Mt B3 & IHER, 183, ) haE,
RIS RO H A5 L ERE, T 2021 48
4 H 30 HEEFhFhER, BRITHEA 20 cmx35 cm,
o Ath, FH 1) 48 R B R AR AT o iR R IBUR X et
£ 32 m. F& 6.5 m, #EFET, HAEKE A E
350 kg/667 m*, 24 (B aLHE 2.5 L/100 kg i B
WIS G AT RERR . X CK1 (35 FAXFER) . CK2
(2 {¢ CFU AHEZEAIMIE, BRI, H&Eh
2.0 kg/667 m?) . CK3 (30%ME57 R Ik , 2577 I,
Z4FITEE 1:4 000)  TL1-TL6 (B AW & L 4 5,
AEFEA , R 2. 4. 6. 8, 10, 12 L/667 m?)
SG9NbIE, EEMEE S A MR e Atk
B E AR A, 555 A A A B R
Wi IR 5 A AW, 9 R Ak
o IR, ANSE WAEA T HH () WE 88 45 Ak 1 IX AR kA
KEBRIER, AIAEMAREW, gl
FIAE 50 7] 5 3 B X B B 2 Ak o Y R A
RIFFMTAR A XS SR , 545 100 BREFE
T, B RIS PR AR 3 R
B, B 10 BRACAT, Ml s bk o FHAE(S) .

(6) T3 R I AT RL
R H(Yo) =K IR R B VA A B 100 (5)
b5 16 50 (%)=CK—PT/CK* 100 (6)

N (6)F: CK: XX KKHE; PT: 24

HR A B DX 3
1.7 SEAFEARMEENATHRERER
Bria KRN

LML BN B R S U EY, A KA
PR, RS R, H R E A
AR A AR R LA AR SR S IR
TEHIN A AT T B A A KR, #F
W, &, MG 10 4, BRITERE N
1.5 mx2.0 m. RKFMAET 5 6 H. 6 )] 8 H
A7 H 11 HEEK 3 Wk, Hoft FH A A BRZ 5 A 7o
R IBOR X, 1AL 667-1 000 m?, 2021 4F
HEEMH AT 4 A 22 HIFTHEMR, % CK1
(75 A X HR) . CK2 (2 12 CFU i B 28 fFF 1
FHE 4 2.0 kg/667 m?) . CK3 (200 12 JE ¥ 2
AP TR, R 1.2 kg/667 m?).
TG1-TG3 (A AW A LM 4 5, ¥4, M
AR 5. 10, 15 L/667 m*)% 6 MAb3,
FeJ5 i 500 kg/667 m* (4-5 L/RR)BEFTHEMS,
AR ] B B 25 23 50 em 22453 3 A, FSANE
o dlh A L, B S 34 s, K BRI AR
FEARPR o BERL T S A AT I it 5 8 2 A R A fr A
e ZEHH AR SRAH I Ak (6-7 YOI R Il ™
s ARG 2 PR A (7-8 H )R AR M AT AR S
RIRAEOL . ik AT, BEEETIEAT,
R PR TR A 1-3 17, WIFG 1217, &
TIAFCA R . SR A A TR AR AR
R, s R R, RIS R v
AR . B Mg R AL Sy 5 G, et
Wr: 0. Mewnt; 1% 1-3 MR
F AL s B vE s 2 9. 46 DALSRN A B Ak i
% 3% W6 MU ERIRE 12 BA &M A
TAL BB TS s 4 9% 172 DL b BAR A S BB R

AT B) AR R FBTAL :

RGBT (Yo) =2 (55 ZIa MR B AB X G B )/
PR R B <4x100 (7)
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Bl i6 3R (%)=CK~PT/ CK* 100 (8)
ANRE@)F: CK: 25 XX LR85 PT:
255 b BB IX K 5 6 Ko

[F] It 2 A A B M AC AR R O, R
ST VA 750 7 ) L A X A A AR A R T
B, WA, AT R,

1.8 HIEAIE

BTG 8048 % ] Microsoft Excel 2007 i#E4T
AEFRFFEAER, R DPS 15.10 #1722 5 &k
43 M7 (Duncan # & # 227) & Topsis Z55 50 HT o

2 BERE5M

2.1 ERANMUER

M 3 i, ANFEAPLS TR EA—, Ab
M T14 A HLBERE Sy 5o, 4 391.68 pg/mL,
T13 #ICHLBERE J1 5o, 15 1 670.03 pg/mL,
REE SR T16 felf, M 1.640 g/L, TIS fEH
RE S Hctf, N 669.53 mg/L, AbFE T4 (3N EHfE
J1Ehf, XFRBARA I 2N 95.61%, X JE %
FIFITE RN 92.32%, XiF S 22 % T A T BRT 5y
91.03%, T8 X JiF K¢ Hie 61 (%) 41 i 1 Ao, 38
92.85%, 5 HAhAbHE 2 5 12 (P<0.05) £ Topsis
AT R, T14 MZEGTEReRIL, SitaEh
0.863 1, HEAE 1, HIL, #iEE A H &5 Ek
SYP006:SYP033:SYP092:SYP202:SYP400 #fE
Bot ol 4:2:3:1:4, ALIEMEAGHE R4+
ik 4 5.
22 EERAMBREEEAR
2.2.1 BB AN E I KRR E R BB
WEREIER

Wk 4 Fon, BG 0 FRX 3 A AR e
A AE B 35 (P<0.05), & Ab BR AL (TM) Bk & L
X HR(CK 1) 8 35 cm, ZEMIIEHIN 1.45 mm, &F
EIGE 522 g, JF HARKERE AR 8 BOK IR
i, BiRCH 48.9%. BRAAL FRZH (TP) Pk i F X

FE(CK2)HE M 25.8 cm, ZEHAHEN 1.15 mm, ff
FHH 7.05 g, XA AIBIECH 60.9%.
222 EEEFANEMLEFRMARPR LIRS
4 B 2 M

mk 5 Pn, A WA L0 4 5 it A
A BT R A SO R B R R,
it A BEZHL (TM) B BAAL PR 4 (TP 4 %F BT &
HopH., BRI TR, R o) il
R AW B AR T B 2 TR (P<0.05),
Z it Ak FEZH (TM) 488 H X JE(CROL) Bl i 210 7 1
i 20 mg/kg, HACHE SRR 10 mg/kg, HAL
PE RGN 51 mg/ke.
223 SEEEANEMEBRMIRPRLIES
AEIME IS =E R0

mEk 6 s, MAEERHAR MM 4 5
G, FEhAL PR (TM) S BRAAL B (TP) AR s 4
PR FI I R S0 S 5 1S i (P<0.05), L A
EREAR(P<0.05), QAR I« -5k 4 55,
TP 4 14 0 0 F(CK2) & 4 3.6x10° CFU/g,
H SR TR T 9.4x10* CFU/g.
23 ESEAXNEBRMRBROMGAME
FA K3 R

g HEN IR, BERAR M4 5 X
BB 4 W 1 PR, VR 1 R RAR R
HA—ERPHARCEE, Bk TP2 (60 mL)Fh, HAx
BRUAE 20.38%-47.94%2 1], TP6 (12.0 L/667 m?)
BB SR, N 47.94%, S5XFIE CK2 (Ri#E 2
Ry A CK3 (BEHRKANZEF AL E
(P<0.05), {H TP6 (180 mL). TP5 (150 mL). TP4
(120 mL), TP3 (90 mL)fY /™= 5 8 3% & F CK2
(Rt H 2E AR 57 A CK3 (BEE 2 /K57 (P<0.05).
CK2 MM & 2.07%, CK3 M= 5N
3.86%, ‘-flfi 4 5 AL FERR TP2 41, HAvAbHE
(OB P RIE 4.96%-7.65%2 1], HAh, HEH
R 4 5 X BRBURR 55 1 B R 7 R
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Table 4 Preventing root rot and growth-promoting effects of the bacterial consortium on Solanum
lycopersicum and Capsicum annuum plants

Treatment Plant height (cm) Thick stems (mm) Fresh weight (g) Disease index Control effect (%)
CKl1 31.60+1.30b 2.63+0.01b 13.94+0.64b 90

™ 66.60+3.38a 4.08+0.04a 19.16+0.68a 46 48.9

CK2 33.00+1.86b 2.89+0.01b 20.83+1.64b 87

TP 58.80+2.69a 4.04+0.02a 27.88+1.83a 34 60.9

x5 EAEAXNEMLBRIRER IR R

Table 5 Effects of the bacterial consortium on Solanum lycopersicum and Capsicum annuum rhizosphere
soil characteristics

Treatment pH Electrical Alkaline nitrogen Available phosphorus Available potassium
conductivity (mg/kg) (mg/kg) (mg/kg)
(mS/cm)
CKl1 8.47£0.01a 1.800%0.003a 88.00+£0.16b 62.00+0.34b 83.00+0.51b
™ 8.36+0.02b 1.700£0.001b 108.00+0.83a 72.00+0.63a 134.00+0.31a
CK2 8.46x0.03a 1.300£0.001a 73.00+£0.85b 65.00+0.94b 140.00+0.21b
TP 8.31+0.03b 1.100£0.003b 79.00+£0.96a 74.00+0.38a 182.00+0.87a
* o SAERNERLRBRELECENE O
HORI . . 231 L L avield ke I
Table 6 Effects of the bacterial consortium on g I - :
Solanum lycopersicum and Capsicum annuum ‘;40‘ 1 I E c |
rhizosphere soil microbial quantity E 30k 1 ] d &
Treatment Number of Number of Number of a% : i ﬁ;l e :IE | ]
. . . S0 d (b e mb ¢ |ja [ja |Ja [a

bacteria fungi actinomycetes ‘—g 2 b 3;— ? :2 | f?‘ 5 . g :g

(x106 CFU/g) (x105 CFU/g) (x10° CFU/g) £ 10f g é % g fg g é g é
CK1 1.25+0.15b 1.30+£0.02a 1.68+0.12b . ﬁ RN R % = R é . ﬁ . ﬁ . 'é.
™ 2.42+0.01a 0.13£0.01b  2.76+0.23a CK1 CK2 CK3 TPl TP2 TP3 TP4 TP5 TP6
CK2 3.40£0.03b  1.23+0.04a  4.90+0.03b Treatment
TP 7.00£0.05a 0.29+0.01b 5.60+0.06a 1 A T ok S SRR 5 s B B 250 148

YA it s 38 i g2 ke, (RS R
F 150 mL/10 m* ZJ5, Hym@&#nAs g%
(P<0.05), K, R G Lk 4 5 HE &K
FEFI S 10 L/667 m?,
24 EEEANBEWMERBIMGIAME
FA R3S R

FRAE K RIS A 2 g v A1, 2 A &
AL 4 SRR E AL A, TR,
—&; P RAE 93.6%-96.8%Z 18], 4nlA 2 fr

FERCRL PR OR R/ING S R AL R 2% 5
#(P<0.05). FIA.

Figure 1 Effects of the bacterial consortium on
preventing root rot and yield increasing rate of

Capsicum annuum. The different lowercase letters

indicate significant differences among treatments
(P<0.05). The same below.

N, ST 4 =X E A AL R0 B AU
54.48%63.43%22 0], 4bHE TL5 (10 L/667 m?)[¥)
gt b 63.43%, PhFxifadl, HH 5
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. Control efficiency (%) = Plant height (cm)

%; 70 b be a
= d ¢ d
2ol 4 L ¢ L I & & I
ot 00 HHH
5 40 + i | . - : [ q i :b
2 | S 1 o
U b 4 od e ::% &7
22007 5 . % % Z g
g ,f w‘ 8 7
%m-é y é : é % g éf
g O % [ S 1 é 1 Il % 1 /.4 1 /ﬁ I : /I |
&} CK1 CK2 CK3 TL1 TL2 TL3 TL4 TL5 TL6
Treatment

2 EAEAKEBARSHERIIHBRIRE
EHN

Figure 2 Wilt preventing root rot and growth-
promoting effects on Lilium davidii var. unicolor
plants of the bacterial consortium.

Al kb B ] 22 57 i 2 (P<0.05) . A bR & R, <+
i 4 5 4b 3R TLS M ferms, 4 32.54 cm,
F T HAULFE(P<0.05); HK WAL TL6 A
M CK2. CK3. Rk, HARWAR LM 4 5 B
HEAMZER M REMEN 10 L/667 m*,
25 EAHEAXNARRREREIIEAIE
AR R

ZHE A EMME L, EAHR Mk
4 SOXTMIAC G4, I 1 U XHAR R A —
TE BB IG R (L 3), TG (5 L/I667 m?) B35
37.39%, TG2 (10 L/667 m*)HIBi& K 56.11%,
TG3 (15 L/667 m»)IBGRL R 36.71%, 5 TG1 K&
XF B CK2 (2 12 CFU M B ZF AT 1R 7K 43 5O 1)
A4, IR CK3 (200 AL TE# 2 AT Al iR
PR FDIBTECHR 40.93%, LK FAFE TG2, 25
S E(P<0.05), HIt, EAWA LM 45
B 6 M ACAR 5 1 B A FH 2R 10 L/667 m,

WKL 4 B, it FH B ) B0 B AR BN 10 4F:
MAC A i i 2L RE M /0N, 526 TR R it FH T e 4
R /N 2%, (HAS A PR3 R 22 55 8. 3 (P<0.05),
LhEE TG (5 L/667 m) ¥R K, A 1.74%,
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= 50k
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5 40f &

= | a % % % % E:

o 7 /

5. 101 w7 9 v b

S0 = :% x d -

2 ‘ , % b = g

g 10 i?J I -i% :i-g ¥ b

A oLl ,A,Al'%.::ﬁ.—:r -
CKI CK2 CK3 TGl TG2 TG3

Treatment

B3 EAEAAHPGHIICREHRIIHG
Figure 3 Root rot preventing effect on Lycium
barbarum of the bacterial consortium by field
experiments.

Crown breadth increase amplitude (%)

i = Stem width increase amplitude (%) S
! u Rate of growth (%) %
= - 0r o 5 %g -5
ES 1201 % : © =

s 7 b:| 1.6 &
g5 100 = b 14 §
£2 80t A g 12 g

&h 7 : i 1.0 §
% 60 . ' % 08 5
58 40} 3 e 0.6 -
$ B i i 04 =
S8 20r /| Z 02 =2
(=R f él * 3
z 0 : - —al 0.0 £
<] CK1l CK2 CK3 TGl TG2 TG3 7]
o v

Treatment

B4 ESEANMIREKERNZME

Figure 4 Effect of the bacterial consortium on
Lycium barbarum growth indications by field
experiments.

TG2 (10 L/667 m*)iKZ . Jiti &R & &L
T 4 5 fe A AT AR 11 968 1 I 25 38 Jn (P<0..05), 7E
35.57%45.40%2 8], AbPE TGl ¥GlRiEK, M
45.4%, {HRFEMLT X CK3 (200 1ZfETER 2746
FFEANEHER ) (P<0.05), ®iF &S, AbRE
TG2 (10 L/667 m?) W3S RO o i 2, B0 IR
77 119.99%, *f M8 CK2 (2 12/ 5a b B 2 AT i
IKAMECREF) 2 CK3 (200 AZf7 52K 25 FAT B AT 1
PERS T B 77 20051 K 67.55%F1 38.30% , F1
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FRAWR MM 4 5 £408, HEAHR
AL 4 5 XTI RO R AT, i o
HEFHEN 10 L/667 m?,
3 Wi

BT DEAE YR S 28 1A% F e £
IR —, Z W BRIk AR X
A, RIS BT EFEEREW, A
[vi) DA [R] A 400 1) R TS 28 3 2R RS IR A ]
M3 AT — o 26 5PN AR DL A
B RO TR AR T 2S00 3 0 30 5t 2 e 10
(F. oxysporum) , & iz #iéft(F. solani) . J& %5 (Pythium
spp.) ST A 22 A% (R, solani) AHLERE2 ) K wif
i 36 15 2] A B R B 02 A= 2800 A TR R A TG
b, DAL FTAR A R U 4 5 XTIt | i e
SRR . A B L R 22 A% TR I R R A B A
95.61%. 92.85%. 92.32%F1 91.03%, #H—H
PRI PR R KIREE -, UL A DAL R 2 X 3
W T B AR OL B S B AR
WO, I HZ B Eh R R R, X 58
R D B EE AP A I — 8 ikl
BUA R 0. A RS AR Re e T
BTk, RMEYES & R A H R oK 1Y)
b3 T, HEAPLBEE A 316.93 pg/mL, KF
B 9B VA A WLWE B bk SYP400 B IR A HLWE =
(303.42 pg/mL); ¥ JCHL#E R4 1 582.68 pg/mL,
K F e o % JCHLBE R Mk SPY092 11 ¥ il it
(1202.03 pg/mL); [EZ&E N 1.3 g/L, KT
[ & F bk SPY006 (1.122 g/L); fsiim Kk
652.93 mg/L, KT foff# i WAk SPY202
(473.2 mg/L), #F— LUt Friy d 5 5 & A H
AL R PRREEAE

WF5E R WIS, YEEHRFP AL G L 3 FlesS
s AT FROR , B ERCE B 2 D A 22 ]
B 5 7 A AR B A B e e, 2 o AR

YER &5, MABE R kB 5 PRE & A 4
A= W ZR B A 800 5 B — TR R 241 AN TR
FERERER T, X AT RE 5 A5 e U R 38 Ry 2
AT B & (Bacillus),  [7] & B ik = 1] e 25 1 1 i
A, EARM P EAE LS o 75 i — 2D 5

HAT, 2806 T 26 WMAEYH &R G R L)
REARFIE 25 5 I TR PR S5 LU B 2 e A, 5594k T
PR B A3 LG <<t A8 5 R A« T AR R0, A4S
AR R R T1 (4% AR IR L
RO BT . AL SRR AR R O AS [] 9 T
IR Topsis Z55HEA Ak, A AESE
LU 2H BE T8 R 25RO AL, U X A T
HH TR 4 EC LU A9 4 R AR R AT R R FL LR Bl
N o 1E IR T RE 8 DL/ f i ae AR H AT
Rl A3 A SR ) A TH R, 48 IS ) BT iR 2R
B R 2E VR0 2 S, TR A W R R B A
SR B Tz AP ARG R IE
AR IV T X R AR C L B4 T Tk, HZS
R BTATTE F A& D RRREME 1Y 2 N I E O 3
AR —, WA RC b e B i 1 IR . (HRR
TEF X% ) Gk = 58— PR 7 B A AR

Kk, 5IA Topsis £ G Hridixt i R TR G
TR T A5 B e U BE B, Ak S H () 356 1o
WARBL I R B IRERNE, M Topsis £545 50
Pridid T R A b . KEWFIE & B,
FRR AL, W . WE | pH SRR R )
RERN BB, ST R 557
St — 2 . AN, BEAW AR LM
4 5 H AN H T HAAR K . BAE0N . M
e R IS 5 977 96 AR ¥ 5 [R) R R 24 0 A 251
K, wAEMETNEZRICT WA 2550, Rk
HPriazovt B, BAWRKR) H R 6 HFE
W7, ABXT LA AE Py R 28 5 1 Bl v RICR
ek — 2R . WA B SR A RS T AR s
S5 AR F W RS RUT h Z20E | E R I
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SR G A S i 15 B 2 A Y
BRI HAT T BRI, X BRAS IS H I
Z A HAt o It m] REHA L R A RCR
X HAB B A -t ] REHA L R BTG R00, H
PRy b — 2D I B BRI

[l NS A A2 45 Dl A W ) g F 5
B, H— BRI AER PR OO | TR TR
R BOREHEATEE At RS B S B
Mo AL Sl A M RGRH T ek b i B
R sxt, LA SRR, 1EFR
o5 5 B P R, ik T R e AR AR K
7R, JFRETR AL TRy L et 1o
Fror R | R B SRR A e R AL S, R I
UL FIN B — RIFTE PP, AR R B, &
B A PR FR N AR B 3B R AR, JEie e
Fanb S, AR LM 4 5
Ji, HARPR A ORI Bl R R L
RO A5 A R 25 T R (P<0.05), BB A9
S5 R REAC HEAE DI AR P L 3 PP i 2 . 3K
T A 5B A B SR AR T, [ At G S 1 3
B9 [ R R SIS, L el it — AP 4
5 AT g SR W0t IR A e AR T Y
Y A A YRR B e i A A S A
PRAR 2 - S Bl A W v 10 3 25 R 2 o 4 DDA
K, AW LB SR L4 505,
bt S PRASURR P - HEAN AT | WOk Bl R0 k5 0
i, W RO R AR SO, AT AR
AW G AR FRREIRIRTA L, RAK
SRAEFHRE ST, RERS TE /01 ML A R AR P £ S FR
BEF R ST . 120 TR A R AR B 1 P 2 2
3EINE 6 s EANDG et $280 R LA DIVA -SSP
B BUEYIRER , P AIRZ R HEA Dk e
ARCR, EARAMHE, A rywk a1
FEARAR P+ SO0 DV G BB DA, SR B
PA55 A B Al R T2 ] IR P ) AR I o

i T R 08 SR R R AR B - 38 v 1) 9 i A=
20 TR R T T A ASIRAE AR e, DLk e
O3 B RAT SR T A AR RSO RE 11
MR AR AR B - S o A= 2545 21 7 ks, I+ 1)
flt 5 1081, REAE A S8 ] g i L TR A AR A
SO, MO R AR R BRI, HR RO
BEAR . BAAHLEII G 12— IRAIRTT
AWK, < L 4 5 25 TR R XY
Rz gy, W T BRABURIE I . B G kG2
o SR ACAR R o5 2 2 BRI B A9 977 9 2 2 1R RE
B T 32 B R B0 14 16 L RE O IR E MERO H
AN RIS HE feft P X AS R A ROCR R BA —
X A AE 5 ) AS [/ 0 b XA fe . -3 S5 A
BN R ZEFA KW, 22N a AR KIS
FEE AR . R, HIRTEE . TR
NEIR HHEK RgF, T3 i A A Y - S PR35 22 LA
i oy, BRIz, AR
Ao IS SRR AR 0T A AR NS B A A
AREH T A FEEY 2 R S, BRI
TRV BRILZ AL, 426 T &R N AR X RR Y
37 9 D A= A8 2R ¥ A Tt P e 3 ot B T )
e, HAEN SRREAN P KA iR, 7
FCJGCEA AT RE J2 11 77 A aod e P S AT T
PRAEDIIE IS A5, RRRE B o Fha A v 0 3 L £
JR RS, R IR TR SRR S S
T IR T 324, I BRI T Al A 5510
YR BEAH, IS T AR AR
DIRERN P 3 AT RE Hh T B AR R E FEUS T RE
RO PR A fe A - SR IR o DRORE BT 7 2 T —
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SYP006:SYP033:SYP092:SYP202:SYP400 i fF
BCEE ol 4:2:3:1:4. ZE S WMAEYHFR i
4 5f RIFPHAIRIE SN E | L EY A .
BOMEY . $Et ISR . RREK - SRR
i O RS RE R s HRE L A
MR R 10 L/667 m*. ASHF5E R 38 = P b
XA = A0 T 55 B B o e 28 B AR IR I 2
TR | R T S AR B T B
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