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AR TROEA B EAE ALV . LUAE EAEY)
P R 8 SR S — 28R ) o S AR
FROPAREL, G LIRS | A YRR . &
AR R AEY) A KRR Y B s 5507 =0, AR
PR TERE ) ARG L 7 A iy 25 S5 2ok 8 v 436 R A
FAUR, Al N A A EAT a0 2 PR A T 1
YA BRFER . W Li R, MEEE
10—k P9 A= 20 T ELA I R s R AR R PR DY
Zhou SF KRB, WA NAR H I TE (Pseudomonas
Sluorescens ALEBTB)if 1 fifh & i P 40 A4£ 09 Jy
R, HAWIE AR (Atractylodes lancea)BALYERE
RPN S VR R 4208 2 F A ) N A B e
IR, R RE, XF 2 bE PG
FZHLRIBEGE . 2 A 8T B S

EAURERY, HEYMAEYARIER S A2
WhE . HIERRZW, & 5HEYHARLKY . &
TR R VR A A 77 LA 56 iR e
PR A Y R AR AR PR 1 AT R SR AR
L, Checcucci 55 & B R4 1 5 e A A T
B EERNRZ —, B LM B E R
ZRHERREE T ATE AL, T2 T R,
BRI, 77 E I M X 20 BIVIE 3 24 R B o
L ImRIT RSN, A I S A B KRR
YA G, H it & 27 2 AR N AR T
HELH N N TN RE A BBt 2

WM SR Y 5 K Astragalus

membranaceus (Fisch.) Bge. var. mongholicus (Bge.)
Hsiao By EIEHE (€ Astragalus membranaceus (Fisch.)

Bge MYTHRMR, JE—WRilm AR A R w2y,
T REIT A, Hob, AP ERE . N
SFE KA LR, RIEZ, AU
T, A AR KT sk R BT
16S rRNA =il il P BRI AT IR S E s,

U5 BT ECAR A TR R T AR, 7 A A 1 A TR
7125 ¥t (operational taxonomic units, OTUs)%%%
U (EUE: , VTR B RS T 55 N AR AL S T B
a7 LR YA 7 HETIEATEAE

ARWFELL 7 AR ORI AR, Bk
SR PR 35 35 2 AT N AR TR 0 g S e e 2R TR
MR, FELAE ACC Bl N AR T R AR
3 M R v B R R R N AR TR A K R R
WAl ff, A R TR AR ) A Al A Y o E A
R G RBEE, ok e E N IR sk A A W e i
WAERAE RIIER . ISR RERW, heibiisk
PIAR W] BE 52 ) 24 AR ) T A W4 55 S LT R Y
HENEER, PLGpARE S R E S L
Yy B PR RIE R N AR TR B DA B S A

| R L

L1 YRS

INPEVEYE 7 FAE RS, ZILVE BB R A
AR E RS R HIRERAERT, PR |
To FER AR, I ATk, (RR
BB TIEQR4 D W) FEERE S, A E AR
THRERE WG, RS 2 6, —h
SRV TNAER SR I E Tk R, R
TSR, B R O AE ) R AR A R o
%, —80 °C A7, FTFLRMHEL YN E =T
1.2 &

1-Z IR LE-1-RR(ACCO) . IECHE . Z-3-2
FEIEFNE O B - Sigma-Aldrich(fE[);  Tag™ W
o T AW I B RERAEY) .

1.3 AR B S54iML
2 HESCHR G D7 k™, A7 o EEAR R I T 5 X
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PAETR G329 o AR A7 L e 1) S B P A, K
WACKRPERTTE , FdE T LB BARE SR A I
HATAAL IR SR, H 2R BT R 8 A — By R
W%, oAb NAE TR . B0 E TR AR S5 0T
FiF LB WK 3R 3E 0, 30 °C. 180 r/min # KK
F5 2B K5 B (ODgoe=1.8-2.0), —80 °C {377
(N 20%H ).

1.4 WATEREE

FIFA 16S rRNA L7547 B R4 o TCIA
KW IE AR /DT, IRET 50 L LREK
B, 100 °C 24f# 5 min, 1R PCR ¥4 AT ;
FIH 1492R 1 27F 514%, #E4F PCR §7# . PCR
S ZR AL Sy 250 e 5 | 1 51 UL SCRR[8]. PCR
T 1.0%SR EEEE I B VKA I AN 5, 2= 46
FER AT UMY, A5 0751 4 BLAST 5
TE 2R U XT (https://blast.ncbi.nlm.nih.gov), 3R75 %51
AR R, % Wk 2 maifh .

1.5 WHERA %

SIESCHIRIRIE k"), UEAT % ACC I =B 1A
PRI 1E . S5 F [ R 7E % /A & ACC ) DF 85573
AR, TR, A S ACC FI(NH,),SO4
f/) DF $hE5 3530 IR | 341818 5 e, 765 ACC
FIAE Z IR DF 853838 By nl K3 HA IR
TEPE; AUES ACC B FREE FAE RS, & ACC
JIid 22 it

Z: BESCHRAGE kU, HEF TP 2 R (IAA)
AR ) 0 DL & TAA 5 il i € fE Ao AT
Pikovskaya [H{A$E 55 LA TR AVI 07, FHEE L
E M Ees s Y 288 Anjanadevi ZE4RE )y
RIS AR TR IO R A S B AT
2508 T3 HT A RS A
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1.6 HEFEZHERYXE ACC BRAMNLE
HAKKE W

PL 50%ZBE(V/V) R, Bl s 452 & Yt
W, —20 °C f-4F . T2 1%0 (V/V)BYRASINT DE 3
WARSEFR I, PR 1% (V/V)IRIAREFR YT
SRR ]), 28 °C. 180 r/min #EPRKE#5 24}
B KNG, ME ODgwo VAIER B F-M M IEH
XTHE, UNII 19%0 (V/V) 50% LB MR FIXTRE, A34l
AYEER 3 IR LLUEEXIEA] ODgo WEH, it
SN B (vehicle control, VC)FIZREM-% & )b 3
PR A, BN KR =0Dgoo. vomme/
ODyoo. o

S F W R IR O e e Y K
FERYIREMEBEWT : 2. 10, 50, 250, 1250
1 6250 pmol/L, BESHERWI N : 5. 25,125, 625,
3125 H1 6250 umol/L.
17 HEFEZHERYERDIT

WAMHEBRE L R, KEBFRE 0.20 g, 5675
% 20 mL Tz firp, %3, BT TriPlus 300 T5%s
RS (Thermo Fisher)H 25 °C - 20 min, Tii%s
YEFET TRACETM 1300 S AH (315 -1ISQTM gAY .
PEFERE: 1 mL; fAi%FE: TR-5(0.25 pmx0.25 mmx
30 m),

EREAAE . RETTREE . 230 °C; A A
ik : 1.1 mL/min; FHfE#2)F :30 °C 2 min, 1 °C/min
JFZ 38°C, 20 °C/min J}Z 250 °C, 250 °C 5 min.

Frigk s tE: RALEIREE : 250 °C; LT RENE:
70 eV B FURIREE : 230 °C; PUBMLATIREE : 150 °C;
mlz AT . 30-500; HFFERIA: SRt
TEPEIE B W AR A T oA, A 1]
020s; ERETEE: Z3-CHREEN 83, IECH
72, IECEER 69,
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1.8 HEsbs

PRI P B o D RO RO A R 3R S e
R LV S AR fE I 22 T Xk o R
GraphPad Prism 7.01 #1471 &l, F|H IBM SPSS
Statistics(v25)# 4T 5L 2= 7 22404, B{E B E N
P=0.05,

2 ERFAM

2.1 EFRRENAENE AR

M EEARTRIL B 1% 85 MRINAEA . BT
16S rRNA BEP P4 2 e 2R B, B A T ik 4 e 471 [
WRE S DA BAE R BRI R T 99%, % AE
HIFE, & 4 ATTR 13 A& . EINTKE, 67
FRIBAZTE W] (Proteobacteria) , 1545 B Wk BT 5
Ll R, R 78.82% 5 8 MRJRIERETR || (Firmicutes)
7 FRIBHCTE T 1 (Actinobacteria), 435 5595 AR
B 9.41%F1 8.24%; 3 FRIE AT ]
(Bacteroidetes), FIt 5 Aol /N3.53%) . AHIKEF 4]

Chryseobacterium b
Flavobacterium

Bacillus
Staphylococcus %
Arthrobacter =
Plantibacter [
Microbacterium ]
Variovorax N
7
[TTT]

Stenotrophomonas
Acinetobacter

E 425 GenBank, %35 73%1h KY633768 .
KY633769. KY634236. KY634241, KY634419.
KY634431. KY636436. KY636441-KY 636443 .
MN954231-MN954287,

JER KR 73 B R A DU 10 IIZIE T LR
i, ZHJE (Pantoea) Wtk & bR i, 15 45.88%,
A 39 bk IR MR & (Pseudomonas) R FE
o 438 TR AR RENY 25.88%(22 R)s PRI R A Bk
W & (Staphylococcus) AR (7 #8), 543 25 B VK Y
8.24% ., 1 AT & J&@ (Arthrobacter) . A Eh ¥ 1 &
(Acinetobacter) F1 5 ¥T 1 J& (Flavobacterium) 1 ¥k
Fiv 53 BEBIEAR, 53500°R 3.53% . 3.53%7F1 2.35%.
WAL, LSRR SC R T & (Erwinia) . B35 H 0 TR
J& (Stenotrophomonas) . TV J& (Variovorax) .,
F J& (Chryseobacterium) . 1 F J&
(Microbacterium) 1Y) 1 14 J& (Plantibacter) Btk
& 1 FR(1.18%).

2.2 BTE(R A BITHLE R A i
e 4 RFRN], 59 pRal LIG i A KRS

Pseudomonas N N R N R R R N ]

Erwinia ]

Pantoea
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Proportion of the strans classified into different genera/%
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Figure 1.

Distribution of the bacterial isolates from Astragali Radix in Hunyuan, Shanxi, China at the genus level.
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RIS, HaE WK 69.41%; MR
Salkowski i i 45K, EHLH 36 HRi1 7]
Wk R L I oA, E— 2T IEAS 6 MRG
BT 20 mg/L WBERE; A TEkk Hel Mk &
MR i e, M 32.09+1.25 mg/L., & ACC 4
BEC N AR TRTRER 34 K, (54T BSTRRRITN 40.00%; HA[E
RIGPERITARE 27 PR, 0B RPRY 31.76% . ARXTIM
T, FUA AR R R ) P9 A TR AT 7 BN
I3 BIH 14.12% (12 ¥R)F17.06% (6 k) ; B e,
Wbk H78 MBS MEdm , B R E, B
FEM AT ERE S iR 126.3649.79 mg/L; WPk H17
FREINE M e, B EXTBUER R, KRR e]
RSl 14.2320.23 mg/L.,

JER K- AL A= 23 B3 TR 23 AT RRAE DL I 2. 368
e S SRR AR RO T 5, 12 I JE AR AR TR R
JIT i Fe B A e, b ACC g 1Y 43 125 TR
PR 7 Eetem, 1K 70.58%, o b a AR A AR TR AT o
FE B IR Rk 33.33%;5 FLUC A MBI i s (2 A A
FOH R B 7 e, O 33.33%, 7 ACC
Bl PO R PR 7 LU AIG, R 14.71%. BEAh, ARSZER 4

Chryseobacterium
Staphylococcus
Arthrobacter
Plantibacter

Microbacterium

Stenotrophomonas

Acinetobacter

B ARAS 1) 2R B JE A B A Ak, R
A5 38 LV L I A R A TR o

FE_ RS HT I 3ERE I, FRATE— G T IR
HI|WEZ R A | B ACC I it S FLABARE A= 3 1
ITRR. 4R RD, FERMME LR EFE ACC
It 2 il 14 BT R RO B e (32 MR, b BRI R Y
37.65%; LU He NG|k 2R 7 A= I U 1 1Y
TER(24 7R), 5 B BRI 28.24%; FfH S ACC
JIE 2 it R 1 T M P R AR B CRE  LL R (21 £,
dT AT B ARG 24.71%; FEHES ACC B BRI
PSR AR R D, (T B
2.3 JHERYINE ACC EBFRERAERK B

TEAE-NAE LA IR R, &% ACC IR
(PN AT AT AR 20 ERTR ACC /R E SR
W, BHWTE RN IR A5, AR AE A
PRAgE e v R SRR AN R R Y R A AE 2
PR HONS R ARASEIRE A I, A R £
AT B AN RIIE IR, FERR WA SHE . HEIR
A Ay R R AR IR A Co B |
W S LB, ALS PR A R N

[ Potassium solubilization
=1 Phosphorus solubilization
[ Biosynthesis of [AA
[ Nitrogen fixation
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Figure 2.
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Distribution of the candidate plant growth-promoting isolates at the genus level.
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IR TR A O, SR YIL B AR R
FIE LGS0 FUY T IE GC-MS HAR K% %
A DALE YIS RAERY], B EEh F2SH
LR R YA IECEE . IEC B Z-3-CEE,
JE R IR Y CR R RE ). T, B
10 Bk ACC M2l i N 2B TR AR AR, BF s et
YER YIRS AR N AE R A K g, 255U 3,
sl B e TR AR PR 2H (6250 pmol/L)iM &, TFC
P b PRZH AR R T MR B 3, 43l H35. H53
1 H82; 1FE L BEAL FRZH AR K A MR AL 45 H35 . H44
H53. H65 Fl H82, k5 #k; 1 Z-3-C M A 20
TRk K. il 1250 pumol/L AbFRAATH &, 10 £k
TR E 9 1 I G TR h A AN F R AR K
H PR HA4 AR X A2 4 32 W] 18 i 950 6] B 5 1T Z-3-
CURTEAL R, A 3 BRI (H35. H65 il H82)
A RN, BEWRER Z-3-C I TE
TEREIEC RS SR, IF M A R SS, 530k
A —B, MEFRBPIEC R Z-3-CUR IR
FERK (2. 10, 50 pmol/L)}, &% itk H19,
H35. H65 ALK R I B B B9 fe AT o ek, Ak
YR E R IEC IS, 25, 125 pmol/L)Xf ik 3
PRAE R IRHA I B SEERT, B3R lh e O e
e B ik 625 umol/L B, XF B kR HeS A Kk HA
IRTASOL i (VA
24 FEHREEFESHERYS BT
CAREN, EPRHEYERALS 1
HE AW R R AT G, IR S AR AR A 5
G MTAS TR i) 2 R A v R A W 28 RN B B Ak
WA BT BBZ IR, AL GE RO . . B A [E] A
IR B . IR R L IR AR B ER H 3 Fihsagt
MR & e g R 3 1, R EEET LR
., 9 H 28 HREEMIFEAS a4 m] DU I 3 1E O,
L Bz op e 5 (155.36+43.79 umol/kg, ),

WA ) B i e (95.94+10.20 pmol/kg), KA
KRBT A T =4 2 [[)(116.03+17.42 pmol/kg),
1M 10 J 17 H R WFEA BRI 2245 K1)

@20y e
£ oo 1 1 thaalies
=15t H45 + H66
= i { T. . +H53 +« H83
Z } = e i zn i
gnl-o'zhllxi !J!!“!'_I‘il"[_’!-'}[!ﬂr{!
(] L -
2 h -
S 05¢ P :
& Lot
0.0 — : : ' : s B ne”
vC 2 10 50 250 1250 6250
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(B) 2.0
2 . § { L } {
S 1.5
£ N
5 ””‘.'-}'} o F oot > "li"i.n} :
=05
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0.0 Sl
vC 2 10 50 250 1250 6250
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©) 2.0
: Lo
S 15E g
=] I I
z I :
° I 'K [ ] {
5 1.o:~“-‘}'I gl :}ii‘-!.'!%r_'! 2g o ;
2z 3.
Z 05 flzes ;i
24 Ia
00— : : : : o efay
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B 3. FEREEEIFZEZMHELYNE ACC AL

10 FRAE ERE KR
Figure 3. Effects of main green leaf volatiles in
Astragali Radix in Hunyuan on the growth of the ten
strains with ACC deaminase. Relative growth ratios of
the strains in the vehicle control (VC) and treated
groups with different concentrations of green leaf
volatiles were calculated using the average ODggy of
the normal control as reference. The icons in the
rectangle frame correspond to the different strains

examined. VC: vehicle control; A: hexanal ; B:

Z-3-hexenal; C: hexanol.
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T 1. FFRERFTEZFMELZYEE@molkg, #E)
Table 1. The contents of main green leaf volatiles (umol/kg, fresh weight) in different parts of Astragali Radix in
Hunyuan
Anatomical parts Date of sampling Hexanal Z-3-hexenal Hexanol
Periderm 2018.09.28 155.36+43.79° 69.88+8.36" 21.60+2.08°
2018.10.17 — 39.93+3.46 25.28+4.37"
Secondary phloem 2018.09.28 95.94+10.20° 204.61+50.37° 23.14+4.31°
2018.10.17 — 38.41£1.60 22.50+1.10°
Secondary xylem 2018.09.28 116.03+17.42% 198.52+49.89% 31.59+2.10°
2018.10.17 — 40.7045.12 76.35+£15.99¢

HIEC AR, PRI ] g A
Byl DA 3] Z-3-cmmEEAECEE, 9 J1 28 Hk
LAY, WA RIRA B Z-3-C
SEES, 250 204.61£50.37 pmolkg Al
198.52+49.89 umol/kg, J&i fz Hi) & &A%, M
69.88+8.36 pumol/kg, 10 f 17 H REMFEA T,
HARES AT ARG E) Z-3-CU s, H5 9 1 28 H
KA HIREA K TR A E, o B BRI, IEC
B AR A3 R WY, S BRURE SRR AR rh 3 AT LA
R B2 4% K ), BAER A AR B & i B 2
FHAFRA; 10 A 17 H REFAPATIIECD
it £ 5 (76.35+15.99 pmol/kg) M B2 T 9 A 28 H
Xof 07 (31.59+2.10 pmol/kg). HI AT LA H
B RS Ak T R W) i s B SR O TR R AR
fiff F “F SE R RE R, AETE S D | SR I AN
SRR O s TR R AR R ) e T
250 pmol/kg, TEAMSEPS K 10 & N A bk AT
AR FE I N, LR AR AR RN B Sk )
WP L

3 w3

e LR A T, 2 i A E AR s A
WE | HEE M ASCR R RS RVEHT R A2
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Rt (5 R R Ab, R sl 19 ik o A 1% A T M 24 4
R S R R AR B SR N S
T8 YRR, IR AR AN [) 7 R 0 4 2E
PR E RV 45 R RRAEAR PT BB IR T T A [R] 7 i —
S rh 2 MO B A SR L, RS TP 2R T M
(i 2R, AR B AT RE A& 3 AR T
AR AL GRS, N T AR 4y
B 85 BRINAETE Y, 59 #RAT LG IV 2R, 32
MR ACC 2T, 27 bR EAT A0S 1, St FLs|
LR HE RN ACC M 2 B8 1] 015 e 1) T A it
IR, 433k 30 BRI 26 Bk, SfEHE R AUS R
& ACC JBi 22 5 i TR PR B it LU A (22 B 5 2R
AR TR AR I &7 LB, AR AT RE S IR sl N A=
21 A 325 7 T by DX AR A B G

TR AL 8 B4 A Yt KRB e AR R 1Y
50, Nakamura il Hatanaka &3, EEZSHERYIS
PR 5 T, 0.1 ug/mL 1 1 pg/mL (1-10 pmol/L)
Z-3- O I I 10+ 4 0 €8 ] 46 3K 1A (Staphylococcus
aureus) IFO 12732 FRIAAFIE(E. coli) IFO 3301 4%
NfAEN S Demirtas S5 & B, SRMHE & PR A
22 TR P A A 0 TR BOCR AR T 2 IR BAPE T
Horh Z-3-CURIEN RO e i, S/ MR B
500 pg/mL (~5 mmol/L); 187.5. 375. 750 mg/d f)
Wi, Ab¥YEE 14 d, Butyrivibrio fibrisolvens

AY
a]x)
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A TR AR R BRI, O BRI A T R AR o o o422
B REAT FT AN, A AR R AR AR ] 8 38
PR o STV IR B RO A SRR, AUREIY
SRR R P RE LA T S R s, AT
P PR ARG i3 m] DA L e it 45 R Y
PN AT PR o 8 3 X P AR A R I SRR A A A v
P05 B St IO R AL e 45 2 Wi . Matsui 5542
e, ETIUGERNL Z-3-CRmER R R Z-3-CL IR
LRI OB, ATRAL Z-3-CmmEnart, M
Tl REANM A A B, BREEY A B R
Geob, s B IR T RES S S R R i)
SEMERIE R YRACIEAL, FET R Y-18 FAEY)
HAR R 25 FTAE U A A ot R S 0T 5 R
FARE M PSP EAT 2 VE A2

M Streptecoccus  bovis

2 % M

[1] Panka D, Piesik D, Jeske M, Baturo-Ciesniewska A.
Production of phenolics and the emission of volatile organic
compounds by perennial ryegrass (Lolium perenne
L.)/Neotyphodium lolii association as a response to infection
by Fusarium poae. Journal of Plant Physiology, 2013,
170(11): 1010-1019.

[2] Santhanam R, Luu VT, Weinhold A, Goldberg J, Oh Y,
Baldwin IT. Native root-associated bacteria rescue a plant
from a sudden-wilt disease that emerged during continuous
cropping. Proceedings of the National Academy of Sciences
of the 112(36):

E5013-E5020.

United States of America, 2015,
[3] LiJ, Zhao GZ, Varma A, Qin S, Xiong Z, Huang HY, Zhu

WY, Zhao LX, Xu LH, Zhang S, Li WJ. An endophytic

(4]

(3]

(6]

(7]

(8]

[9]

[10]

Pseudonocardia species induces the production of

artemisinin in Artemisia annua. PLoS ONE, 2012, 7(12):
e51410.

Zhou JY, Yuan J, Li X, Ning YF, Dai CC. Endophytic
bacterium-triggered reactive oxygen species directly
increase oxygenous sesquiterpenoid content and diversity in
Environmental

Atractylodes  lancea.

Microbiology, 2016, 82(5): 1577-1585.

Applied  and

Checcucci A, Maida I, Bacci G, Ninno C, Bilia AR, Biffi S,
Firenzuoli F, Flamini G, Fani R, Mengoni A. Is the
plant-associated microbiota of Thymus spp. adapted to plant
essential 0il? Research in Microbiology, 2017,

276-282.

168(3):

Sun HF, Kang BL, Chai Z, Sun HH, Du HZ, Gao JP, Feng QJ,

Zhang CF, Cao QF, Guo LP. Characterization of
root-associated microbiota in medicinal plants Astragalus
membranaceus and Astragalus mongholicus. Annals of
Microbiology, 2017, 67(9): 587-599.

Sun HF, Kang BL, Kang LP, Guo LP, Sun HH, Gao JP.
Involvement of C6-volatiles in quality formation of herbal
medicine: a case study in Astragalus membranaceus var.
mongholicus. Journal of Applied Botany and Food Quality,
2017, 90: 214-223.

FEEF . 1L e EEAR PR B AR G A M 2R, LD PG R AE AL
FALIETL, 2017,

Tian L, Jiang Y, Chen CQ, Zhang GJ, Li T, Tong B, Xu P.
Screening and identification of an endophytic bacterium
with 1-aminocyclopropane-1-carboxylate deaminase activity
from Panax ginseng and its effect on host growth. Acta
Microbiologica Sinica, 2014, 54(7): 760-769. (in Chinese)
&, £, B, REZE, £6, O, 0 A
SN - HE IR N - 1-1 FRR (ACC) B 2 B 1 241 e 1
B S5 RO AR F A KA. MAEYAR, 2014, 54(7):
760-769.

Feng WW, Wu MX, Si YT, Xing K, Qin S, Jiang JH, Peng X.
Screening and biodiversity of endophytic and rhizosphere
bacteria containing ACC deaminase from halophyte
Limonium sinense (Girard) Kuntze. Acta Microbiologica

Sinica, 2016, 56(4): 719-728. (in Chinese)
Iy, WKW, FINEE, RE, BB, Ak, ek b

http://journals.im.ac.cn/actamicrocn



1646

Hong Gao et al. | Acta Microbiologica Sinica, 2020, 60(8)

(1]

[12]

[13]

[14]

[15]

AN IR N A AR PR ACC i 22 18 176 4 41 P 174 9 6 B L
Y ZREE. YRR, 2016, 56(4): 719-728.

Murphy J, Riley JP. A modified single solution method for
the determination of phosphate in natural waters. Analytica
Chimica Acta, 1962, 27: 31-36.

Anjanadevi IP, John NS, John KS, Jeeva ML, Misra RS.
Rock inhabiting potassium solubilizing bacteria from Kerala,
India: characterization and possibility in chemical K
fertilizer substitution. Journal of Basic Microbiology, 2016,
56(1): 67-77.

Gardner HW, Dornbos Jr DL, Desjardins AE. Hexanal,
trans-2-Hexenal, and trans-2-nonenal inhibit soybean,
Glycine max, seed germination. Journal of Agricultural and
Food Chemistry, 1990, 38(6): 1316-1320.

Sun HF, Li ZY, Wu B, Qin XM. Review of recent advances
on the production and eco-physiological roles of green leaf
volatiles. Chinese Journal of Plant Ecology, 2013, 37(3):
268-275. (in Chinese)

MBI, AR, UE, BEW. GIHHERY A RHE X
HABAMEMUIR R, YA SFM, 2013, 3703):
268-275.

Fitzpatrick CR, Copeland J, Wang PW, Guttman DS,
Kotanen PM, Johnson MTJ. Assembly and ecological

function of the root microbiome across angiosperm plant

actamicro@im.ac.cn

[16]

[17]

(18]

[19]

species. Proceedings of the National Academy of Sciences of
the United States of America, 2018, 115(6): E1157-E1165.
Ma Z, Tang CC, Zhang C, Hu ZB, Wang LL, Li WK. The
relationship between endophytes and host plants: implications
for research on geoherbalism. Acta Universitatis Traditionis
Medicalis Sinensis Pharmacologiaeque Shanghai, 2015, 29(6):
4-11. (in Chinese)

LR, JHARE, Skal, WIZBE ERH, BOTE. NAER
515 R AP B X A M A TR IR R, iR E
2R AFEIR, 2015, 29(6): 4-11.

Nakamura S, Hatanaka A. Green-leaf-derived C6-aroma
compounds with potent antibacterial action that act on both
Gram-negative and Gram-positive bacteria. Journal of
Agricultural and Food Chemistry, 2002, 50(26): 7639-7644.
Demirtas A, Ozturk H, Sudagidan M, Keyvan E, Yavuz O,
Gulay OY, Musa SAA. Effects of commercial aldehydes
from green leaf volatiles (green odour) on rumen microbial
population and fermentation profile in an artificial rumen
(Rusitec). Anaerobe, 2019, 55: 83-92.

Matsui K, Sugimoto K, Mano J, Ozawa R, Takabayashi J.
Differential metabolisms of green leaf volatiles in injured
and intact parts of a wounded leaf meet distinct

ecophysiological requirements. PLoS ONE, 2012, 7(4):
€36433.



FELTAE | BUEIEEH, 2020, 60(8) 1647

Composition and function of endophytic bacteria residing the
root tissue of Astragalus mongholicus in Hunyuan
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Abstract: [Objective] This study aimed to isolate and screen bacterial endophytes with potential plant
growth-promoting activities from Astragali Radix, and to explore effects of green leaf volatiles (GLVs) on the
endophytes. [Methods] Plate culture method was used to isolate bacterial endophytes from the root tissue of 7-year
old plants of A. mongholicus in Hunyuan, Shanxi, China and 16S rRNA gene sequencing was used to identify the
isolates. The screening for plant growth-promoting endophytes was performed by adding exogenous
1-aminocycline-1-carboxylic acid (ACC), tryptophan, calcium phosphate and feldspar into the medium and by
incubation in the medium lacking nitrogen source, further quantification was carried out by inductively coupled
plasma mass spectrometry (ICP-MS) and spectrophotometry. Effect of the main GLVs in Astragali Radix on the
isolates was investigated by adding synthetic chemicals into the liquid medium and the ten isolates containing ACC
deaminase were used as representative strains. Headspace GC-MS was performed to determine the contents of the
main GLVs in 4stragali Radix. [Results] A total of 85 bacterial strains were obtained and classified into the follow
phyla: Proteobacteria, Firmicutes, actinobacteria and Bacteroides. At the genus level, they were categorized into
13 genera and the stains of Pseudomonas, Pantoea and Staphylococcus were more abundant (80.00%) than the ones
of the others. Among candidate plant growth-promoting isolates, these that can synthesize indoleacetic acid (IAA)
shared the biggest proportion (69.41%), followed by these with ACC deaminase (40.00%) and nitrogen fixation
activity (31.76%), and these that can solubilize phosphorus and potassium shared relatively lower proportions (i.e.,
14.12% and 7.06%). Among the isolates with double plant growth-promoting activities, the IAA-producing strains
containing ACC deaminase shared the biggest proportion (37.65%), followed by the IAA-producing strains with
nitrogen fixation activity and the strains with ACC deaminase and nitrogen fixation activity, accounting for 28.24%
and 24.71%, respectively, while these that not only contain ACC deaminase but can solubilize potassium bearing
minerals shared the smallest part (1.18%). Besides, low concentrations of GLVs (i.e., 2—50 pmol/L of hexanal and
Z-3-hexenal, and 5-125 pmol/L hexanol) exerted positive effects on the growth of a few strains with ACC
deaminase. [Conclusion] There were bigger proportions of the isolates that can produce IAA and/or contain ACC
deaminase and GLV growth-promoting strains in the bacterial community residing the root tissue of 4. mongholicus
in Hunyuan, which might be resulted from the local adaptation. GLVs might be involved in the shaping of the
composition and function of endophytic communities in Astragali Radix in Hunyuan.

Keywords: Astragali Radix, endophytic bacteria, plant growth-promotion, screening, green leaf volatiles
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