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Screening of salt-alkali-tolerant endophytic bacteria from
Agastache rugosa and assessing of their plant growth-promoting
effects under salt stress
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Abstract: Saline-alkali soil is extensively distributed in the Songnen Plain of Northeast China,
posing a major constraint on the grain yield. It has been demonstrated that endophytic bacteria of
plants could promote plant growth and enhance plant tolerance to environmental stress. Agastache
rugosa had been experimentally verified to exhibit strong salt tolerance.[Objective] To isolate and
screen salt-alkali-tolerant endophytic bacteria from A. rugosa grown under high-salinity conditions
and explore microbial resources for promoting plant growth under stress. [Methods] A. rugosa
seedlings surviving under 200 mmol/L NaCl were selected to isolate endophytic bacteria by the
tissue culture method. Salt-alkali tolerance of the endophytic bacteria was assessed by plate assays,
and the plant growth-promoting and antimicrobial properties were also evaluated. [Results] A total
of 95 endophytic bacterial strains were isolated from the leaves, stems, and roots of A. rugosa
seedlings, of which 20 strains tolerated 15% NaCl and 14 strains could grow at pH 10.0. The
selected elite salt-tolerant strains possessed plant growth-promoting properties such as indole-3-
acetic acid (IAA) synthesis, siderophore production, and nitrogen fixation. Additionally, 18 strains
showed resistance against three plant pathogens. The principal component analysis on plant growth-
promoting properties, salt tolerance, and antimicrobial properties screened out strains YL-14, YS-
35, and YR-18, which were molecularly identified as Bacillus sp. Under different salt stress
conditions, three bacterial strains demonstrated significant growth-promoting effects on A. rugosa
seedlings. Specifically, under 100 mmol/L salt stress, YL-14, YS-35, and YR-18 increased the seed
germination rate by 5.5%, 8.5%, and 7.0% and the fresh root weight by 34.9%, 124.0%, and
127.0%, respectively. Strains YS-35 and YR-18 increased the main root length by 40.9% and
49.5%, respectively. [Conclusion] Endophytic bacterial strains YL-14, YS-35, and YR-18 with
strong saline-alkali tolerance and plant growth-promoting properties were isolated from A. rugosa.
These strains show great potential for development as bioinoculants and application in other crops
to enhance crop stress resistance and growth, serving as new microbial resources for the utilization
of saline-alkali soil.

Keywords: Agastache rugosa; endophytic bacteria; salt-alkali tolerance; Bacillus; plant growth-
promoting effect
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YEF o T A 4 () P A= R A TR e 8 48 2 AT W) FE
FER AT A, R AR P B £ 4y
fif 2 P, Chebotar ZEM'I 4R 1, i A it 5 9
A TR R — PR A RO TR B T A2 R R 6 e
AV AR I

T (Agastache rugosa), A NFER . I

P4 actamicro@im.ac.cn, 7% 010-64807516
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Pridivk. AEGEEFEPIIR R, ETRhE 8 d
Ja R R &K T R BT RE DR FFAE 5% LA
P, R 1 AR A T AN N 0.33 ng/g.
Xu ZEUR Varban ZE OBFSE ML R, EFATK
Wz TR aE, HeEmFEE, nI7ERRCAIA
Ty FET M IX 2 a4 . RTINS E I, 257
7] i % 200 mmol/L NaCl irif . 48 3§ Flowers
Ay Y, AE 200 mmol/L K B i NaCl ¥ JiF
TRIEFAEMFASEHEMWBEY N EEDY .
Etesami SV, N ER A A9 T 20 B ) PGPB
ATV A RO Al £ A R 6 ol (%) A 9 e el
o PR A T AR Ry 0 B A A Bl 1 A A T A
AR AL o T4 SO R OGN A Al
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1 AR
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e OH WO B
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1.4 AEHARMERBARE. EEE
B E
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P fR A RE S KBTI RE 1 5E o
1.4.1  TERERUME I E

B2 T Ao R BT 2.5%. 5.0%.
10.0%. 12.5% F1 15.0% NaCl () LB #1455 3 3t
W, 37 °CHE3R 3-5 d 5 BT 0 SRR AR KA
W, I E HEERE . 1 mol/L NaOH 75 K5 3%
JLpH £ 8.0, 9.0, 10.0, 11.0, 12.0, &K HEHE
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g AR AE X IR, B TR AT
30 min, 7SR WL 0 PR ] 5 AL TAA ., B
77 IAA R TE EIE, F4°C. 8000 r/min
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Ok, BAREMEE FEFE 30 min /5, 7£ 530 nm |
W R . B TRRRALEE 3 7R, MR 4E TAA 5
HEREL T BARE 2T TAA P i (mg/L).
1.4.3  HIFIRIREEE S E

K PR 2 155 TR bR 82 Fh 22 PDA 8557 56
LT <o v e e A RN SR e = R
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=
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1.5 HWEHEEND FEIFEE

BB DNA RIS IR 43 420 5 12k
PL 168 rRNA i FH 5|4 27F (5-GAGAGTTTGAT
CCTGGCTCAG-3') fil 1541R (5-AAGGAGGTG
ATCCAGCCGCA-3") #EAT 4 124, PCR Jz Jf 4
Z (20 pL): DNA A% 1 uL, L. TFUE5I 9
(10 umol/L) 4% 1 pL, 2xTaq Master Mix (Vazyme
N #]) 10 pL, ddH,O 7 pL, PCR ¥ 34 2 % .
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*1 MEMABEREFREREFRENEK

x2 MR EERETEpHTER LA EKER
Table 2 Alkali-tolerant dominant strains on plates

with different pH levels

Bacterial strain 8.0 9.0 10.0 11.0 12.0

=P

Table 1  Salt-tolerant dominant strains on different
salt concentration plates

Bacterial strain 2.5% 5.0% 10.0% 12.5% 15.0%
YL-13 ++ + + + +
YL-18 ++ + + + +
YL-19 ++ ++ + + +
YL-26 ++ +H+ o+ + +
YL-28 + + + + +
YL-29 ++ ++ ++ + +
YL-31 ++ + + + +
YL-35 ++ +++ o+t + +
YR-2 ++ + + +
YR-4 ++ + + +
YR-6 ++ + + +
YR-9 ++ + + +
YR-10 ++ ++ + + +
YR-14 ++ ++ + + +
YR-16 e + + +
YR-18 ++ ++ + + +
YR-20 ++ ++ + + +
YR-22 ++ ++ + + +
YR-23 ++ + + + +
YR-24 + + + + +

s AR, e ARKRZE; 0 ERED,

+++: Vigorous growth; ++: Moderate growth; +: Slight growth.

R W TAA F=iD) BN RE AT T F R
ST (PCA), B tE bR FE w5 — . R R
(F2), BT EiRras R, it r8E—. —
SRR B B R 2 i AT AR R, A
FEPR AR A A FR B R YR-18, YL-14 J
YS-35,
23 EFRNEMHE YL-14, YS35 &
YR-18 £ E

2% 16S rRNA JEH 757087, %% YL-14,
YS-35. YR-18 ¥jJ& T2 fifT A g . Hrr, YL-
14 539K ZEHIFF 16 (B. inaquosorum) MER 88
YS-35 SERE AT (B. cereus) SN3-1. YR-18

YL-5 +H+ ++ - -
YL-24 -+ ++ - -
YL-25 " + - -
YL-30 ++ ++ ++ - -
YL-36 ++ + + - -
YL-37 ++ ++ + - -
YL-38 ++ + + - -
YL-46 ++ + + - -
YL-63 ++ o+ + - -
YS-14 o+ + - -
YS-22 o+ + - -
YS-27 ++ ++ ++ - -
YS-31 -+ + - -
YS-35 +H o+ 4+ - -

s AERKHE
ﬁzﬁo

+++: Vigorous growth; ++: Moderate growth; +: Slight growth;

++: KL+ ERED; -0 R

—: No growth.

5382 AT (B. siamensis) cqsM9 1— (11
N 100%. 45 RG R B M ES R (8 3) 5 W
VEIEAFHE(E 4), B2 YL-14 HER K ZFHUAT
W (B. inaquosorum), YS-35 A W FE ZF £ FF 5
(B. cereus), YR-18 MW ZFHIFTH(B. siamensis).
24 =ZMHEHRNIHRPETEETMFEL
IS

TEIEH 44T, YR-18 T #kAb B AT {g vk 22
AT HIET R . TEERINE SR, YS-35 Al YR-
18 fE A [m] 72 2 M A i 2 /A W R . TE
80 mmol/L MM AR, YR-18 RERHIIEH &
BOR W, R REX A T 8%; fE
100 mmol/L & irie kb3 R, 3 Ffr Py A= 4 1R ik 2
P A A 1 0w A R AT Pr s, Hob YS-35
WRCR B, WACREER T 8.5% (K 5).
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®3 LHRMBEFTAEAERERT

Table 3 Growth-promoting characteristics of 22 endophytic bacterial strains from Agastache rugosa

itk PRI CES i i IAA =R
Bacterial Siderophore Nitrogen Phosphate Release IAA production
strain production fixation solubilization potassium (mg/L)
YL-4 1.59+0.10 + 1.35+0.08 - 3.32+0.06
YL-13 1.54+0.12 + 1.46+0.26 - 3.70+0.05
YL-14 1.95+0.09 + 1.18+0.04 - 3.44+0.14
YL-15 1.33+0.14 + 1.41£0.15 - 3.12+0.13
YL-36 2.19+0.64 + 1.31£0.10 - 3.77£0.16
YL-47 1.43+0.03 ++ 1.15+0.05 - 3.17+0.29
YL-54 1.83+0.06 + 1.23+0.11 - 2.92+0.11
YL-57 1.50+0.14 ++ 1.17+0.07 - 2.99+0.05
YL-59 1.56+0.17 + 1.65+0.30 - 2.93£0.15
YL-66 1.75+0.10 + 1.20+0.17 - 3.07+0.12
YS-12 2.13£0.18 + - - 2.98+0.13
YS-16 1.74+0.09 + - - 3.12+0.14
YS-25 1.64+0.21 + - - 3.15£0.14
YS-35 1.64+0.26 + - - 3.17+0.16
YR-4 1.16+0.05 ++ - - 2.80+0.17
YR-7 1.41+0.11 ++ - - 4.2240.32
YR-8 1.56+0.13 + - - 2.37+0.32
YR-12 1.21+0.06 + - - 2.79+0.06
YR-18 1.28+0.08 ++ - - 3.43£0.15
YR-22 1.60+0.12 + - - 2.63£0.13
YR-23 1.60+0.12 + - - 2.84:+0.06
YR-27 1.29+0.02 + - - 3.00+0.39

KPR P EEbRERE . - TCMRE ) +: AILRETT; ++: AILAES HAGE.

The data are presented as mean £SD. —: Absence of capability; +: Presence of capability; ++: Strong capability.

Bl EFNEARSIMBEREFRITIE. A: YL20FYMOSHIHIZA; B: YS-14X%F XY 13 ik
By C: YS-14XF TZO2 M R

Figure 1  Plate confrontation of endophytic bacteria from Agastache rugosa with three pathogenic
microorganisms. A: Inhibitory effect of YL-21 against YMO5; B: YS-14 against XY 13; C: YS-14 against TZ02.

P4 actamicro@im.ac.cn, 7% 010-64807516
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Table 4 Inhibition rates of 22 endophytic bacterial strains from Agastache rugosa against three pathogens

LS

Bacterial strain

Xt YMOS F4 I
Inhibition to YMOS5 (%)

XF XY 13 (Al
Inhibition to XY 13 (%)

Xt TZ02 HyF IV
Inhibition to TZ02 (%)

YL-4

23.72+40.04

YL-13 22.00+0.02
YL-14 25.67+0.03
YL-15 42.54+0.03
YL-36 47.07+0.01
YL-47 15.65+0.02
YL-54 33.74+0.04
YL-57 48.90+0.00
YL-59 21.52+0.01
YL-66 -

YS-12 21.27+0.00
YS-16 -

YS-25 -

YS-35 19.56+0.01
YR-4 29.83+0.01
YR-7 35.82+0.03
YR-8 18.09+0.03
YR-12 46.82+0.03
YR-18 18.95+0.01
YR-22 45.97+0.00
YR-23 24.82+0.01
YR-27 38.14+0.00

20.82+0.02

22.15+0.02

28.57+0.03 17.81+0.02
23.61+0.09 18.38+0.02
21.91+0.01 13.24+0.02
33.41+0.02 30.02+0.03
30.99+0.02 23.86+0.00
13.32+0.08 -
37.89+0.06 11.99+0.01
22.76+0.03 24.43+0.04
20.34+0.04 22.37+0.02
32.45+0.02 35.27+0.04
20.82+0.07 43.38+0.11
10.90+0.06 7.19+0.03
21.67+0.03 23.40+0.01
27.97+0.06 32.99+0.00
17.68+0.03 26.9+£0.02
42.25+0.02 31.62+0.01
40.80+0.01 34.47+0.01
25.06+0.01 30.37+0.01
36.32+0.04 27.17+0.00
42.86+0.03 26.37+0.06
42.01+0.03 25.80+0.01

RMEAE P EbR 2 . - TCIHIRCR.

The data are presented as mean+SD. —: No Inhibitory effect.

25 ZMEKMNEMETETEEK
oAl
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Figure 2 Principal component analysis of growth-
promoting factors of endophytic bacteria from
Agastache rugosa. RF: Nitrogen fixation capacity; PI:
DP:

Indole-3-acetic acid

Pathogen inhibition capacity; Dissolved

TIAA:
production; SP: Siderophore production capacity; ST:
Salt tolerance; AT: Alkali tolerance.
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Figure 3 Phylogenetic tree construction of three bacterial strains based on 16S rRNA sequences. Bootstrap
values at branch nodes indicate the reliability (%) of the corresponding branches, calculated based on 1 000
replicates; The scale bar represents the unit length of sequence divergence values in the constructed phylogenetic
tree; The numbers in parentheses are the accession numbers of 16S rRNA gene sequences of the corresponding

branches in GenBank.

El4 LBIEFHELYL-14, YS-35KYR-18EHKAVREL. A: YL-145#k; B: YS-35Mitk; C: YR-187Hk.
Figure 4 Phenotypic characteristics of bacterial strains YL-14, YS-35, and YR-18 cultured on LB medium. A:
YL-14 strain; B: YS-35 strain; C: YR-18 strain.
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Figure 5 Effects of three endophytic bacterial strains on seed germination rate of Agastache rugosa under salt
stress. A: Germination phenotypes of 4. rugosa seeds under different salt stress conditions with bacterial strain
treatments; B: Germination rate statistics of 4. rugosa seeds (Different letters indicate significant differences
between different treatments under the same NaCl concentration at 0.05 level).

R"S AEHENEFSNEEKHZ
Table 5 Effects of endophytic bacteria on the growth of Agastache rugosa seedling

NaCl i J& szl ERSIS A% FELRR G ARG e L

NaCl concentration ~ Treatment Root length Lateral root Plant fresh Root fresh Root shoot

(mmol/L) (cm) number weight (mg) weight (mg) ratio

0 CK 7.57+0.83a 14.00+2.65a 17.13£0.81b 4.73+1.10c 0.40+0.12a
YL-14 6.53+0.15a 17.67+1.53a 23.67+2.10a 8.20+0.79a 0.53+0.06a
YS-35 7.00+0.36a 17.00+1.00a 18.67+0.31b 6.27+0.25b 0.50+0.03a
YR-18 7.18+0.45a 16.67+1.53a 25.90+1.73a 8.73+0.55a 0.51+0.08a

50 CK 3.10+0.26b 5.67+1.53¢ 6.43+3.44b 2.20+1.30c 0.51+0.06b
YL-14 3.50+0.30ab 10.00+1.73b 8.63+2.49b 3.03+0.93bc 0.54+0.02b
YS-35 3.80+0.10a 15.67+1.53a 14.60+2.25a 5.83+0.74a 0.66+0.05a
YR-18 3.30+0.17b 13.00+1.73a 10.93+1.93ab 4.40+0.70ab 0.67+0.03a

100 CK 2.324+0.49b 7.33+2.31a 7.23+0.58b 1.83+0.15¢ 0.34+0.01b
YL-14 2.53+0.40b 8.67+2.52a 7.27+1.04b 2.47+0.12b 0.51+0.08a
YS-35 3.27+0.25a 9.67+0.58a 12.03+1.48a 4.10+0.20a 0.52+0.07a
YR-18 3.47+0.21a 11.00+1.73a 11.57+0.90a 4.17+0.25a 0.55+0.05a

TP dE I EER R, RS ANIR] T RER [F)— b P 22 5 0 254 (P<0.05) .
The data are presented as mean+SD, and the different letters within the same column indicate significant differences between the

same treatment at 0.05 level.
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Figure 6 Effect of three endophytic bacteria on the growth of Agastache rugosa seedlings under salt stress.
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