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K87. LBI17 F H#IrH AR RAF LA % . K87 sk X%k, KRkkie. K40, H4kia.
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Abstract: [Objective] To provide environmental sustainable, safe, and efficacious management
approaches for root rot impacting a range of crops in the unique agro-ecosystems of Gansu and
Qinghai Provinces. [Methods] The plate confrontation method and the organophosphorus agar
plate were used for preliminary screening of 305 strains of tested bacteria, and the strains obtained
from preliminary screening were re-screened with the fermentation broth method. Subsequently,
the nitrogen-fixing, phosphate-solubilizing, and potassium-solubilizing abilities of the strains were
determined by the Kjeldahl method, ultraviolet spectrophotometry, and flame photometry,
respectively. The siderophore-producing activity, the IAA content in the fermentation broth, as well
as the acid, alkali, and salt tolerance of the strains, were determined by spectrophotometric
methods. Finally, targeting the pathogens causing root rot in various crops in Gansu and Qinghai
Provinces, bacterial consortia were constructed with different functional strains for disease
prevention and plant growth promotion. The plant growth-promoting and antifungal effects of
different consortia were evaluated, and the best consortium was selected. Furthermore, the 16S
rRNA gene and gyrB of the strains in the best consortia were sequenced for identification. The root
rot-preventing and plant growth-promoting effects of the best consortium were evaluated by the pot
culture method. [Results] A total of 86 antagonistic strains and 134 phosphate-solubilizing strains
were preliminarily screened out, and 20 antagonistic strains were selected after re-screening,
among which strains K87 and LB17 demonstrated excellent broad-spectrum antifungal effects.
Specifically, K87 showed inhibition rates of 87.53%, 74.90%, 75.15%, 79.69%, and 88.43%
against Fusarium avenaceum, F. equiseti, F. oxysporum, F. solani, and Microdochium bolleyi,
respectively. LB17 exhibited inhibition rates of 61.89%, 87.52%, and 87.23% against F.
oxysporum, F. solani, and Bipolaris sorokiniana, respectively. Among the 8§ strains with superior
plant growth-promoting abilities, LB17 had the strongest siderophore-producing activity, with an
iron carrier activity unit (su) value of 0.32, and K113 exhibited a good nitrogen-fixing capability,
fixing nitrogen atarate of 0.08 g/L. K87 secreted the highest amount of IAA, which reached 9.87 mg/L.
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MP6 had the greatest ability to solubilize inorganic phosphorus, with a solubilization rate of
1 470.69 pg/mL, while K85 showed the best performance in solubilizing organic phosphorus, with
a solubilization rate of 1 321.23 pg/mL. MP41 excelled in potassium solubilization, with a
solubilization rate of 140.33 mg/L. Ultimately, 14 bacterial consortia were constructed, in which T2
exhibited the best synthetic performance, with a nitrogen-fixing rate of 0.212 g/L, a potassium
solubilization rate of 86.28 mg/L, and an IAA secretion rate of 16.91 mg/L. Moreover, its inhibition
rates against the 6 pathogenic fungi all reached over 60.00%, and even 87.69% against F. equiseti.
Strains LB17, K87, and MP6 in this consortium were all identified as Bacillus velezensis. T2
demonstrated significant biocontrol efficacy against root rot in naked barley, with the control effects
exceeding 70.00%, and exhibited remarkable plant growth-promoting properties. [Conclusion] This
study developed an efficient bacterial consortium for the management of crop root rot and the
promotion of crop growth in the unique agro-ecosystems in Gansu and Qinghai Provinces.

Keywords: root rot; biocontrol bacteria; plant growth-promoting bacteria; bacterial consortia;

naked barley; Lanzhou lily
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x1 FEhEAEEER

Table 1 Inhibition zone diameter of the antagonistic bacteria

Target Strain  IZD (mm) Target Strain 1ZD (mm) Target pathogen  Strain No.  IZD (mm)

pathogen No. pathogen No.

Fusarium K87 15.28+0.16a K103 15.58£0.09tuv LB7 2335=1.18jk

avenaceum K11 15.11+0.40a K120 14.93+0.13uv LB6 23.12+0.51kl
K91 14.53+0.44ab K110 14.45+£0.41vw LB33 22.24+0.88Im
K38 14.43+0.16ab K118 13.39+0.26wx LB35 22.05+0.571m
K37 13.73+0.30bc LB3 13.01+0.25wxy LB26 21.34+0.60mn
K79 13.7140.24bc LB4 12.67+0.38xy K96 21.33+£0.57mn
K12 12.9440.27cd LBI13 12.34+0.53xy K105 21.17+0.36mno
K34 14.42+0.31ab LB5 11.61+£0.42yz LBS8 21.00+£0.99mno
LB35 12.00+0.44de K86 11.43+0.23yz LBS5 20.86+0.94mno
K102 11.94+0.03de K121 10.68+0.33z LB44 19.97+0.24nop
LB33 11.25+0.50ef LB36 31.61+0.43j LB13 19.46+0.220p
LBI11 10.94:+0.48ef LB40 18.39+0.36r LB4 18.70+0.88pq
K71 10.53+0.38f Fusarium K33 33.16+0.55a K100 17.59:0.33qr
LB10  8.78+0.15g K102 31.69+0.24ab K98 17.44+0.28qr

oxysporum

LB16  12.01+0.49de K91 30.47+1.14abc LB16 16.67+0.11rs

Fusarium K91 42.23%0.16a K29  30.01:0.93abcd K89 16.61+0.41rs

equiseti LB44  41.59+1.24a N22 27.45+0.56bcde K119 15.41+0.16s
K115 38.72+0.08b K87 27.35+0.76bcdef K56 10.80+0.36t
K105  38.69+0.33b K117  27.224595bedefl | ginolaris LB17 21.71£0.03a
K113 38.3240.53bc K12 26.54+0.91cdefg sorokiniana K91 20.55+0.02b
LB35 37.47£1.21bc LB33 26.42+0.71cdefg K33 11.37+0.01e
LB17  36.83+0.51cd LB64 26.02+0.23cdefgh LB33 9.28+0.03f
K87 35.86+0.46de N20 25.32+0.80defgh K102 13.74+0.06¢
LB33  35.53+0.36def K16 25.18+0.49efgh K34 12.70+0.10d
K56  35210.07efg K71 24.66:0.90cfgh Microdochium K102 30.99+0.52a
LB2 34.71+0.36efgh LB67 24.56+0.57efgh bolleyi K87 30.69+0.51a
LBI11 34.63+0.28efgh K34 24.32+2 45efghi LB10 28.26+0.41b
LB27  16.17£0.75tu K93 23.60+0.49efghi K119 27.50+0.63bc
K96 26.09+0.32Imn LB7 23.57+0.68efghi LB33 27.47+0.76bc
K102 34.20+0.54fgh LB6 23.29+1.80efghi LBI11 27.46+0.27bc
LB26  33.98+0.51fgh LB75 22.13+0.56ghij MP2 27.09+0.27bcd
LB16  33.7340.55gh LB73 21.34+0.54hij LB30 26.10+0.87cde
LB15 33.42+0.37hi K37 21.33+0.73hij LB35 25.91+0.65cde
K85 32.07+0.33jj LB34 19.77+0.561jk LB31 25.62+0.64de
K117 31.69+0.32j K79 18.46+0.95jk LB27 25.49+0.22de
LB32  31.48+0.14j LB26 17.89+0.46jk LB7 24.62+0.90ef
LB28  30.50+0.44jk LB28 16.12+0.21k K118 24.61+0.08ef
LB1 29.93+0.90k K26 25.57+0.51defgh K117 24.50+0.30ef
LB10  29.63£1.39k K11 22.48+0.73fghij MP8 24.46+0.39ef
LB20  27.51:0.16 Fusarium K87 38.52+0.46a LB32 23.72+0.64fg
LB7 27.50+0.681 solani LB17 37.10+0.80ab K100 22.98+0.08fgh
LB14  26.47+0.89Im K116 36.34+0.44b LB16 22.94+0.38fgh
K119  25.88+0.15mn K114 34.26+0.62¢ K86 22.274+0.55ghi
LB34  25.64+0.38mn K113 34.22+0.39¢ LB40 21.97+0.8%hij
LBS8 25.114+0.68mn LB20 31.14+0.40d LB34 21.95+0.58hij
K51 24.71+0.15n LB15 30.62+0.24d LB37 21.65+0.36hijk
LB25  22.75+0.350 K85 30.20+0.59de K91 21.39+0.69hijk
LB21 22.10+0.770p LB14 29.82+0.71def LB24 21.14+0.89ijk
N66 21.40+0.300pq K91 28.89+0.62efg MP14 20.39+0.02jkl1
LB24  21.31+0.530pq K102 28.48+0.19fgh LB9 19.97+0.52k1
LB37  21.03+0.21pq K115 28.03+0.24ghi LBI18 19.90+0.22kl
N48 19.994+0.33q LB2 27.18+0.12hi MP13 19.34+0.781
LB38  18.35+0.39r LBI11 26.55+0.03i MP16 19.24+0.431
LB19  17.76+0.28rs LB28 24.97+0.24j K89 19.16+0.201
K98 16.67+0.37st LB21 24.12+0.88jk MP12 17.49+0.60m
LB6 15.97+0.14tuv LB10 24.05+0.18jk MP17 16.94+0.56m

IZD indicates inhibition zone diameter of the antagonistic bacteria. The data are expressed by mean+SD, and different lowercase

letters after the same column indicate significant differences (P<0.05). The same as below.

>4 actamicro@im.ac.cn, 7 010-64807516



IV | AR, 2025, 65(5) 1983
JRbifaCK
Floxysporum
3 ~ /
JhTRECK
F. solani
Bl HoOERENIIERR
Figure 1 Antifungal effects of partial antagonistic bacteria.
R2 RMEIAMEER
Table 2  Solubilization zone diameter of the phosphate-solubilizing bacteria
No. PSZD (mm) |No. PSZD (mm) |No. PSZD (mm) |No. PSZD (mm) |No. PSZD (mm)
CK 0.00+0.00 K38 11.21+0.01 K115 8.88+0.01 K17 10.78+0.20 MPS 8.83+0.03
K86 7.33+0.02 K37 10.97+0.04 K116 9.68+0.02 K6 9.76+0.02 MP12 13.64+0.04
K87 32.89+0.01 K79 12.59+0.01 K92 11.81+0.01 K5 7.76+0.02 MP13 13.68+0.01
K89 8.65%0.05 K12 7.01+0.01 K93 8.77+0.03 MP1 10.84+0.03 MP14 9.60+0.01
K91 10.27+0.03 K71 8.58+0.02 K94 11.54+0.02 MP7 11.194+0.05 MP16 6.75+0.07
K100 8.25+0.03 MP41 35.67+0.02 K95 7.41+0.02 MP10 11.234+0.07 MP17 7.82+0.04
K102 17.67+0.20 MP6 37.79+0.02 K72 11.21+0.01 MP11 10.19+0.05 K110 8.50+0.03
K117 9.93+3.34 MP9 16.49+0.02 K73 9.98+0.01 MP29 10.23+0.07 K112 6.90+0.01
K118 8.37+0.04 MP5 9.69+0.01 K74 12.98+0.01 MP28 9.23+0.07 K113 8.70+0.67
K119 14.29+0.01 MP3 8.71+0.01 K75 9.45+0.01 MP26 7.81+0.07 K114 11.28+0.01
LB7 9.59+0.03 K53 7.76+0.05 MP31 7.45+0.01 MP25 8.73+0.07 K34 10.90+0.01
LB9 15.56+0.06 K52 10.48+0.03 MP32 12.66=0.01 LB21 13.23+0.07 LB17 16.69+0.01
LB10 9.48+0.13 K61 8.38+0.01 MP33 9.24+0.01 LB22 8.99+0.06 K16 11.22+0.40
LBI11 7.90+0.04 K62 13.26+0.02 K63 8.40+0.01 LB23 10.29+0.05 K45 13.74+0.01
LB16 11.68+0.01 K67 8.47+0.02 K35 7.30+0.02 LB25 8.29+0.05 K57 13.21£0.01
LB18 8.85+0.04 K85 27.49+0.01 K21 8.50+0.01 LB28 9.17+0.03 K11 7.85+0.03
LB24 12.77+0.03 K90 9.53+0.10 K22 9.70+0.01 LB38 9.84+0.02 K42 11.05+0.01
LB27 6.24+0.04 K108 8.58+0.29 K23 10.26+0.03 LB3 10.25+0.02 K58 8.10+0.01
LB30 12.39+0.01 K107 7.89+0.01 K24 8.64+0.01 LB2 7.25+0.02 K65 10.77+0.01
LB31 16.68+0.21 LB36 11.68+0.01 K25 7.90%0.01 LB29 13.28+0.02 K43 10.98+0.01
LB32 8.32+0.04 LBS 13.36+0.02 K26 7.75+0.21 K40 7.43+0.02 K44 11.43+0.01
LB33 11.624+0.04 LB6 7.38+0.09 K27 7.48+0.42 K41 8.56+0.02 K33 16.31+0.02
LB34 5.16+£0.92 LB5 8.9340.01 K28 10.79+0.42 MP36 7.31£0.01 MP2 16.34+0.04
LB35 7.60+0.01 LB1 8.72+0.03 K31 10.94+0.42 MP39 9.23+0.01 K104 9.85+0.03
LB37 7.41+0.02 K103 11.08+0.03 K13 13.26+0.42 MP40 7.23+0.01 K15 11.62+0.39
LB40 10.29+0.01 K105 10.86+0.02 K14 8.69+0.39 K111 10.91+0.01 MP34 12.24+0.02

PSZD indicates solubilization zone diameter of the phosphate-solubilizing bacteria.
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Figure 2 Solubilization effects of partial phosphate-solubilizing bacteria.
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Table 3  Antifungal rate of the antagonistic bacteria

Target pathogen Strain No.  Antifungal rate (%)  |Target pathogen Strain No.  Antifungal rate (%)
Fusarium avenaceum K56 87.54+0.01a \Fusarium oxysporum K71 72.02+0.02j
K87 87.53+0.02a K11 65.70+0.02k
K37 66.52+0.06b LB16 61.31+£0.011mn
LBI16 66.05+0.03bc K34 61.21+£0.011lmn
LB35 56.87+0.02de K21 65.70+0.02k
K11 55.46+0.01def \Fusarium solani LB17 87.52+0.01a
K91 54.86+0.03efg K11 83.09+0.01b
K34 53.89+0.04efgh K87 79.69+0.01c
K38 52.14+0.02fghi K38 69.04+0.04d
LB33 49.80+0.05hij K21 79.74+0.01¢
K79 44.79+0.02k K102 79.74+0.02¢
Fusarium equiseti K102 92.88+0.02a \Bipolaris sorokiniana LB17 87.23+0.03a
LB64 82.01+0.03b K91 82.47+0.02b
K91 81.23+0.01bc K34 57.61£0.01de
K34 79.92+0.04cd K33 53.36+0.03f
K21 79.43+0.02cd K102 66.81+0.02¢
K56 78.06+0.05de LB33 58.09+0.01d
K87 74.90+0.01fgh \Microdochium bolleyi LB33 92.55+0.01a
K117 74.92+0.02fgh K33 89.69+0.02¢
LB33 73.75+0.02h K37 89.17+0.02¢
LBI17 61.89+0.01i K34 89.04+0.01c¢
Fusarium oxysporum LB33 80.18+0.03ab K20 88.58+0.03cd
K33 78.99+0.04bc K87 88.434+0.04cd
K37 78.14+0.02bcd K56 65.63+0.01¢
K38 75.40+0.01ef LB17 57.37+0.01f
K87 75.15+0.01efg K91 54.54+0.01g
K102 75.05+0.02efgh K71 45.16+0.03h
LB34 74.39+0.01fghi LB64 91.50+0.04ab
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Figure 3 Antifungal efficacy of the fermentation broth from selected antagonistic bacteria.
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Table 4 Plant growth-promoting potential of the superior strains

Strain  Nitrogen-fixing Dissolved inorganic Dissolved organic ~ Potassium- Producing Producing
No. quantity (g/L) phosphorus (pg/mL) phosphorus releasing quantity  IAA (mg/L) siderophore (su)
(ug/mL) (mg/L)

CK 0.000 0+£0.000 1 0.00+0.01 0.00+0.01 0.00+0.01 0.000+0.001 0.000 0:£0.000 1
LB17 0.05124+0.0002d 1 102.95+0.02b 586.45+0.03¢ 43.17+0.02b 5.687+0.001g  0.320 0+0.043 Oa
K113 0.080 3+0.000 4a 909.84+0.04d 744.68+0.07d 33.70+0.02¢g 6.781£0.005¢c  0.310 2+0.000 3a
K87 0.059 6+0.001 6¢ 367.63+£0.13h 432.79+0.10g 25.75+0.02h 9.873+0.003a  0.263 7+0.000 3b
K85 0.060 2+0.002 Ob 949.69+0.09¢ 1 321.23+0.09a 35.52+0.03ef 5.790+0.006f  0.258 0+0.001 2b
MP6  0.060 6+0.002 0b 1 470.69+0.20a 1 141.86+0.04c 40.90+0.02¢ 6.672+0.023d  0.170 6+0.000 3c
K33 0.042 8+0.000 3e 569.64+0.01f 436.47+0.03f 36.23+0.03d 5.950+0.00le  0.170 2+0.000 3¢
K56 0.043 6:+0.000 3f 458.87+0.02g 336.92+0.04h 35.86+0.03de 6.649+£0.012d  0.133 4+0.000 7d
MP41  0.053 7+0.000 4cd ~ 742.27+0.02¢ 1 272.80+0.04b 140.33+0.03a 6.852+0.008b  0.132 9+0.000 6d

MPA41 it FRIER 2, HARTIRIY ODgoo (6 A T
RA, HI7E 1.5-1.7 Z[8], 7£ pH 4.0 BIRF 5K
i, K56 JLF A K, MP41, K87, K33 11
ODeso fH T 1.6, KB MP41, K87, K33 HAf
BRI ERAE J1 . 76 pH 3.0 R0 T, S HERA
ODgeo THIHEIT CK, KT 0.02, UiH & HRTE

pH 3.0 R F¥IRGEAE K . Bk, #2 7E pH
4.0, 5.0, 6.0 &M FHAK R E LB17,
K87. K113 iR bk
2.4.2 TR EE

e 5 fis, SR pH (N 8.0 B, £
B ODgoo [H TR, {HER LB17. K113 4MKT
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Figure 4 Acid tolerance of the superior strains.
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Figure 5 Alkali tolerance of the superior strains.
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Figure 6 Salt tolerance of the superior strains.
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Figure 7 Compatibility of the superior strains.
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BEWR T13 XL B I B s, Xt
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HYCRAWAAL, MEEH 63.68%; X,
FHEAZ BRI PN R 5051 R 47.45% F1 53.99%, T
X Bl A L O Bl A R R AL, Ak
19.47% #1 19.56%, HF# (L F T2. Kk, #
E T2 MR A H R
26 EMEEEAREMERE

WK 9 fr, T 16S rRNA JEHF 5 # 4
MRS LB ER, REEAHR T2 i &)
B #k LB17. K87 Fl MP6 5 Ul 3¢ 17 2F 46 4T i
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Table 5 Plant growth-promoting potential of the superior bacterial consortia

Bacterial consortium Nitrogen- Potassium- Dissolved Dissolved Producing Producing Comprehensive
fixing releasing  organic inorganic  IAA siderophore  analysis
quantity quantity phosphorus  phosphorus (mg/L) (su)

(g/L) (mg/L) (ng/mL)  (ug/mL)

T1 0.107 1+ 84.00+ 300.56+ 351.86+ 9.94+ 0.276 0+ 0.302

(K87+LB17) 0.000 2¢ 0.10b 2.03g 2.30d 0.02m 0.001 2f

T2 0.212 0+ 86.28+ 346.50+ 413.11% 1691+ 0.328 4+ 0.611

(K87+LB17+MP6) 0.000 0a 0.10a 0.77e 2.03¢ 0.05h 0.000 3e

T3 0.018 9+ 71.78+ 437.60+ 419.23+ 18.56+ 0.181 6+ 0.376

(K87+LB17+MP6+K85)  0.000 1k 0.10f 2.03b 1.53b 0.03e 0.001 3j

T4 0.012 1+ 43.01+ 255.40+ 299.80+ 51.63+ 0.210 9+ 0.464

(K56+LB17) 0.000 11 0.01h 0.01i 0.77f 0.09a 0.000 3i

T5 0.104 7+ 39.72+ 322,77+ 328.13+ 19.39+ 0.368 6+ 0.434

(K56+LB17+K113) 0.000 2f 0.031 2.03f 3.05¢ 0.03d 0.000 3¢

T6 0.011 1+ 43.97+ 263.25+ 273.00+ 20.28+ 0.176 6+ 0.249

(K56+LB17+MP6+K113)  0.000 01 0.01g 3.631 0.77g 0.01c 0.001 5k

T7 0.045 3+ 41.30+ 386.31+ 409.43+ 15.59+ 0.260 0+ 0.320

(K33+LB17) 0.000 1i 0.01k 1.33d 0.15¢ 0.00j 0.000 9¢g

T8 0.018 0+ 42.12+ 40391+ 413.25+ 15.00+ 0.3392+ 0.335

(K33+LB17+MP6) 0.000 0k 0.03j 0.77¢ 2.66¢c 0.04kl1 0.000 9d

T9 0.149 2+ 80.40+ 259.22+ 275.50+ 18.28+ 0.112 7+ 0.471

(K33+LB17+MP6+K113) 0.000 Ob 0.01e 1.531 2.63¢g 0.02f 0.000 Om

T10 0.037 2+ 42.19+ 281.43+ 298.27+ 23.54+ 0.226 9+ 0.306

(MP6+K85+MP41+K113) 0.000 3j 0.03j 1.53h 2.03f 0.02b 0.000 6h

T12 0.073 0+ 30.37+ 212.98+ 233.19+ 14.98+ 0.164 1+ 0.234

(K113+MP41) 0.002 5h 0.03m 8.68k 1.53i 0.021 0.000 91

T13 0.141 0+ 81.26+ 482.00+ 42535+ 15.10+ 0.470 2+ 0.579

(LB17+K113+MP41) 0.000 Oc 0.01c 0.77a 0.01a 0.05k 0.000 9a

T14 0.077 6+ 80.78+ 257.69+ 348.02+ 15.88+ 0.413 6+ 0.464

(K87+LB17+MP6+K113)  0.000 Og 0.10d 0.01i 0.01d 0.03i 0.001 2b

T15 0.1352+ 42.82+ 233.19+ 247.74+ 18.11+ 0.112 2+ 0.376

(K87+LB17+MP6+MP41) 0.000 1d 0.01i 2.03j 1.53h 0.04g 0.000 3m

RO EEME 9) &L, LBI7 1 K87 55 D1 3 M
LEAFT R AR MERE BCRC 17467 (DQ903176.1)HY 15t
EHEE R 0, 1000 K HE H B X EHR N 98;
MP6 55 UL 3 it 28 460 KT 14 4 #E ¥k NRRL 415807
(EU138622.1) [t /L 1 25k 0, 1000 IREH H
JESZHPR N 99, HIFH#£4C % GenBank, 315
B o 5 4 B A PQI44581., PQI144582,
PQ144583, Pk, #E Rtk LB17. K87. MP6
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Figure 8 Antifungal rate of the superior bacterial
consortia against pathogenic fungi.

FERL) . M3 (T2 & A0 5+ 242 MRS I 05 0 7
)RR E T 80l 21.50-25.25, mILE S H &

FF T 7 N SN s o LY, 2R AL T
HARHUE S . R AP i i fe
G T S A R e SO LB B T R R
A 53 A2 5% B A T e, DR I O o o B
AW, BT 2 MY E B, el
B2 250 B o Fp A5 28 T B8 (Bacillus

A Bacillus velezensis (MW578391)

97

9o LB17 (PQ211017)

99{ K87 (PQ211018)
100| MP6 (PQ211019)

\O

I

0.10
B o5 | VP17 (PQI44581)
K87 (PQ144582
974{ (PQ )
99, MP6 (PQ144583)
_
0.10

Bacillus velezensis (ON597433)

100 { Planomicrobium okeanokoites NBRC 125367 (NR 113593)
Ornithinibacillus sp. (LT725658)
Lactococcus cremoris (NC022369)

Bacillus velezensis BCRC 174677 (DQ903176)
Bacillus safensis (AY167867)

Bacillus velezensis NRRL 41580" (EU138622)

97 Bacillus licheniformis LMG 12363" (AJ579786)
100! Bacillus licheniformis KCTC 1918T (AF272017)

Lactococcus cremoris (NC022369)

&9 ZETF16S rRNAEFE (A)FgyrBEE B RZ L BR

Figure 9 Phylogenetic tree constructed by the neighbor-joining method based on the sequences from 16S rRNA
gene (A) and gyrB (B) locus of the strains. The accession numbers of the sequences in GenBank are shown
following the species name, and the superscript “T” indicates the type strain. The branch numbers indicate the

bootstrap support rate; The scale bar indicates a nucleotide substitution rate of 0.10.
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Table 6 Root rot control efficacy and plant growth promoting effect on naked barley of the optimal bacterial

consortium T2

Treatment Disease index Control eftect (%) Plant height (cm) Stem diameter (mm)
CK1 85.00+3.90a - 19.75+2.89b 0.058+0.010b
M1 23.50+4.74b 72.35 30.11+1.24a 0.114+0.012a
CK2 86.50+3.16a - 19.89+3.37b 0.042+0.013b
M2 25.2545.19b 70.81 30.22+1.27a 0.123+0.010a
CK3 86.25+2.12a - 26.63%1.65b 0.051+0.015b
M3 21.50+5.67b 75.07 30.71£1.19a 0.114+0.011a

“=" indicates the treatment was absent from control effect.

BN ZE R W (B
pumilus)™ | DUSET ZEfUFT 18 (B. velezensis) . it
LT 1 (B. halotolerans) FVE A 28 #0 4T T (B.
cereus) G RARIESSI E T ERCERIC N B.E . i
F L AFNIR S R I, A DA LR BRI AR 2
LA T X0 AR AR T o TR Y T R R AR 60% A2 AT,
Rl A 25 fOFF TR L IR R 2P AT v LA R A 28 1 AT
%Xﬁﬁ%j‘f(%%f@woﬂym cinerea). X9
W (Fusarium oxysporum) A1 4% ¥% 18 7 (Alternaria
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