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i AL e B AR B = 38 v A T3 8B R AT R R NS L R SO AT 5 3 T 5 [R] B LA TR O o — e RN
T AR B L M T T T2 R TR R EAT A2 S IR B RN 16S rDNA FEH FEF M5 . ) A [ 0k 4 4 55 5 b BT 5
R B A R R — 2B B BT . S5 R R BEE A KA BR A B, B R R PR P F T RRE R B E
TR BRI A 227,31 pg/g 3. 21 pg/g. HUE D EWEAE 0~500 pg/mL AW I+ & AT, 2% 5
T R ZESREAR IR 2R B 2R K. Y MR B SR B 1 pg/mL B R AR VR ZF K K B 2 e D 36, 49 % I
7.91% s WREERB AL 10 pg/mL B FhF R ZFHFEALN 0, B8 B B K, 8 i 0k AT 1 bR e AR TR B R
BRI R » 20 %8 7E A SR B ML B8 ( Pseudomonas putida) » Fo B KA 422308 10096, DI REE 43 BT 2 WA , 2 18k [
At LA VA B AT L ARSI ACC IR BB RE 1. B LA R R B S SR L & 5 £ &0 AW
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13X R 5 AR B IR A RE S AR AL T G R BT ORI R B

KB G AR T TR R T SR AT
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g — D E PR, F AT, AR I I T kR A
YWy ifs i LA B S0 22 Ak v R IR AN 23 3
IR RS G AR SRR R B IR B BE S R
Zz—.

R TE E YT W 16 B IS R R X
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1.1 # #

L1 #®5XA Ml HgEa THNEK
W AR ARl B A BR S F] AR R A
(100°22' ~101°13'E, 37°56' ~38°48' N, + 1 2%
B b, A NAEKFER R 1 a2 a.3 a,
4 a MY AE Mo Bl BIL PR % 1 SO TR Y B R 45 10
B F 28R KR T B0 U 3 Tk T R e R T AR
FmrwE, 4 CHEf. &M . REH 5~30 cm R FR
TR G YRR AR R B A S oy 8
MISLEe %, T 4 CuKAH PR A7, — 10 IR B fie 11 40
B, — e TS RER SR AR,

BERCSAE TSt AR Rl e 1 A BR A R B A

B F TR (REEREAR LA,

SanPrep #3X DNA Ji& ISR & . Ezup #2040
H 34 DNA 27 & (4 T4, Taq
Plus DNA 4§ (BBD , 35 2% [G e (0 5] (g 5t 2
BB A BRA FD . 350 BT A9 JEHLER (MSMD $5
IR |k R L a3 BT DL KE 3R L A LBE G
MUBEEE 32 3 DF #1 ADF 85 32 36 i & e R )
B A RS Y TRARA A FRE
P R A LAt T A b 27 24 5 359 R 43 B 4L 40 3K
] 24 4 A A2 R A BR A H
1.1.2 MHEL5xE mHEMEsoIlCETA
Y1), PCR W AL (BBD » H 3 AX (AL FT N —)
HP400G-C K 37 48 (R DB AR AU A8 I & A IR A
F]) . UV-2450 24007 0L % 43 56 56 BE 3 (Shimad-
zu, H A, Agilent HPLC 1260 &A@ 354X (£ H
LHEARRI A BRA A, JPS-008 A #8754 CEII T
T 28 M 7R PR A A IR A S B O AN CHF M R Bl
IERA BRAFD R FAL b 2 B AR A R
YNEID
1.2 7%
1.2.1 Hef£xBmiAkeiaddnmiE N
I 41 B 7 R AR B AR B = b A T B E
K FH R SRR €6 3% (HPLO) 20 B GE 1 a, 2 a.
Sad a LB EMMKERIE L ERFEFTER
T,

AR N A 2R X B AE R B 5 e R 8
FRIAS b % 25 ik 0 7 0 2 A0 o 24 & 23 ) G Bk
Wi N 1 pg/mL. 10 pg/mL, 50 pg/mL, 100
png/mL . 200 pg/ml . 500 pg/ml MYV, L2818
FRAEXT BCCKD S AP R 7S i Ak #4846 8 18 Fh+, T

B3 RN E K ZEHG 7 R HOR ZE R A4 i
AR IR BE L 35 4% 4 A 1 A0 8 2 (RD L il
FE TS SRS .

1.2.2 BB Hit 28 Huang %5 10
P IFREE . A5 R DL TR O M — Rk
PRk HEAT B R TR B WD 0 . 10 g i+ A T 100
mL KK &% 1 h. B E B EHEW®R 5 mL A
BEA 45 mL MSM (A B Fe BE P AL AR5 3% 3 1K
DL b B R R W W 1 mL, A 0. 85% NaCl
VMR RE 107 ~10° A% f Houk A 2 DU 5L R Wi
— IR B MSM [ R B; 37 5 1,37 °C.150 r/min
PEIREE R 72 h FR A Pk IR T V% 768
By MSM [ER R 58 b i ki a3 77 3 Ik
PLb o e 245 30 1 2 Ak T bR 2% Fh T MSML AR
R AN LB & [, 4 CoKFARAE &

1.2.3 H@mEa%kT B 1 mL FiE MSM B
TR o 150 e O TR AR 9K ) T 4t T A PR 4 1t
&4 H DNA, 3 508 H 519 1492R (5'-GGT-
TACCTTGTTACGACTT-3") Hl 27F (5'-AGA-
GTTTGATCCTGGCTCAG-3") %} 16S rRNA
FHEPEAT PCR ¥4, PCR WK & . DNA #iR
(10 ng/pl) 1 pl, 10 X PCR Buffer 2.5 pl.,
dNTPs (2. 5 mmol/L) 4. 0 plL, Taq [
(5 U/pl) 0.5 pL, B RS (10 pmol/L) %
1 pL,MgSO, (50 mmol/L) 12.5 pL,%b ddH,O
% 25 pl, PCR W % 1F:95 C 5 min, 94 C
30 5,57 °C 30 s,72 °C 90 s, 3k 30 NMEFH;72 C
10 min, PCR =¥ 1. 5% A4 30 i A 06 fi el ik ik
ARSI o bl 10l A T AR W TR I A A B A R gk Ay
afifb D, WP A5 AR A NCBT %4 5 b ik 47
BLAST [a] #5473 B, ff 5 T A28 AL,

1.2.4 BEFWE KR HEBRG 2T
BIRREFR 3 B8 BT 37 CHE M PR 9% 24~
48 h WAL V& AR KBS . I I 43 4 A 4 W 4¢
AWML .

1.2.5 AmAMSH  FEMGENA A L E
Z: A FC A B 46 2 F 0 B8\ O ) BTG WL 20
B AR Ge S s T Mo i AR R 5 L AR
A S 50 | VE R K i ik 6 | 2 R TS | B
JEE B | P 2R 5 VP B I G A R
1.2.6 RARIEAREMRIE B0 0% A5 2 5 R i
PR R 422 0 31 MSM. 8% 3% 56 h 17 76 L 15 3% 2 HA
k4 4 X 10° CFU/mL, 8 1 mL W & 78
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5000 r/min F & .0 10 min, S KK 0. 85%
NaCl ¥ ¥ 25 A 100 mL # MSM ¥ 1A 85 33
Ferr  BRIE A 500 mg/L By & N ME— kR
DL TN T8 W8 fg %8 .37 °C L1150 r/min FHE KB 95
24 h, BMERE 3 NHEE BRI 4 h BUFE 1
L AE 600 nm K F 48 0606 BE T 2 TR Y
OD{H . [7] B R FH o 280 AR 83 325 D 5 7 O 3R U
L2 A T R B

1.2.7 ZzcgtmégEmng Fafrr i
T SRR IR AN 3 ) A€ L CASED J5 vk SR 1L,
Tk Z BOCHERLO 0T M AR B B, o PR IBGR VR T
IR R YRR 5. 0 ¢ AR PBR 4 10,0
g AR P, FEBUAR MR By AR U IR
50 °C , $OF-AF I 1] 5 min . 525 28 BUSHA] 5 min, 3%
FIVLH 2.5 mL/min, BN E 120 s, JE3 2
UK AT S WA A BV 3R] . R A WA R L
W 30.0 mL,# T 2 Cok4f & M, W&/ 0. 45
pm A YLERE (PTFE M B J5 #EH 0 1. B
HEREREICI S mL HH. L 10 000 r/min B
15 min, B E W Wit 0. 45 pm JERE. b 3EWAE
40 C MR ZIE T H O iR e iR
AJE 3t 0. 22 pm PTFE J8 B (1136 1) , i HPLC
I3HT.

AR - S A & BE AR 83 A . C18 (150
mmX4. 6 mm ,5 pm), #EE 30 C,M#E 1. 0
mL/min, R R 10 oL, 353 A8 285 CA) Fl
0.5 % HER KWW (B) . 6 BE PR AR 7. 706 A AH
1 30% BAHSEESBEVENR ,0~4 min,

B ERMEM LR 2 H 230 20 mg bR i
il FH G W W35 2 25 3] 20 mL 75 21 B 3, e il
B 1.0 mg/mL B AR E BRI A7 50T R 6 )
i, —20 °C fRAF. & . E WA 3% AT,
GV W R 38 2 8 o 0 s A i B 9 TBC 1 ok
10, 20, 50, 100, 200, 500 pg/mL Fl 0.1.,0.5,
1.0.,2.0.5.0.,10. 0 pg/mL ¥ BE B bR i 5 IR A 1%
5 53 S0 A5 A 381 ey e 8 RV o 8 o ot
1.3 HiESH

FH Excel 2010 I SPSS 17 #4788 48 it

54387 ,18 B Origin 2018 1 MEGA 7. 0 # {4 i
1%

2 HREAMN

2.1 RIRETBEERNTEFESZRREBR
3 2o e AR A 0 T 1 R i DM R A () A BR A R

FARBR LS & ORI  UFE TR SR
M) 7 6 T R R PN A B Cy ) A 7 3R VR I R B A
Cao) il b o T T A5 19 2 1 Tl 090 7 R ) o
BBy = 27. 3292 — 32. 756, i E R M
R*=0.986;k#kJF y=45.680x +0.512, I EF
R =0.998, UL, FEEAE 0~10
pg/mL Al 10~500 pg/mlL ¥ B N 1 2 B4
PR 1 AH P o AR AR AR R 4 391 R v VR A
il A B AR i E AT 5 . A O R AR IR
E IR 1 BTN ZEREE] 2. 089 min 26 47 4G H 04
LT B €6 135 e 0 7R R A T T R0

ANTR)VAF BR B 75 M AR SR PR I/ SR S
WE 2 fR, BE EAFAE RIS . & 78 Mk N &
RomEk LI E MR ES PRI EES 3 4
B o 2 & ik Bl i KA 227, 31 pg/g. %6 4 4F
BAF TR AR SEE3 a S B &2 5.3
FUREGRAES 3FRERINRENE,.H 2.3.4
EERBHEKRNEE RSB 1 a 81513 m
H1.59.2.27.1.90 %, HIEPRBENELRE
HE1alREERREE LT BEHE,. YiEE4a)m
THEPEET RS ERFE A 3. 21 pg/g. HHH
2R3AFFERGERLEEER . BN a
W EE HE M 0. 51,0, 71.,0. 80 fiF . K545 Uk Y
B KIS RE TR ZAR R £ 5h

u|

/N ZJR o
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Fig. 1 Chromatographic diagram of coumarin content

2.2 SNEFMEEERMEEMTFHEAMGYEE
KHI

A 2R U B X R B T K 2F SR R R n T
3-a PR AEFP 555 57 5 5 3 REAT W, % B BE
A LR BEIN B Bl A R RS B A
AR EEBS, YEGTRERERD 1 pg/ml B,
A Bl e 28 34 W RN K B e R {E 86 )6 L A

S
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ifg Soil
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HEERSE/(ng/y)
Coumarin content

SommNNWWL ,
SLOUNOWUNOWLK ©

B4R/

Continuous cropping years

S [) o i 2 R AN ] A 3 e 2% 7 B3 (P<<0.05) ., Rl
Different letters on the data indicate significant differences at
different treatments(P <C0. 05). The same below
2 AEEEEREXEEERRIEREERAE
Fig.2 Content of coumarin in alfalfa plants and soil

under different continuous cropping years

CK 5 7. 5%, AL BI85 0. 07>0, 24 Hik
FEM I 10 pg/mL B, Bl & ZEH N 0, UL A
SR N E A R RS B R A R

o I 90 0 1 1
PR R T RIS 7 K5 AR R

[ K% % Germinative force
- {L R IE B Allelopathic index
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8 a 075 8
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& 9 S
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= c S
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w20 ®
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Th. a5 R & 3-b FroR , B Ab 3 2 8] 40 1 3 2%
St AL B T 0 A E R IR EAE 0~
500 pg/mL I AN X A5 Bl 7 & 25 387 RS2
7 0 FE VR R A D R AR B Y 5 e 4n 1]
3-c R Y HE G RWELE 0~100 pg/mL B, H
1 b1 15 AR K B Bl v B A 44 M0 S T R R A
%’I‘YZEF?E‘H‘ 100 pg/mL B, £ A0 P 2 5] 25 53 A
o H L FEEWE R 1, 100 50, 100,200,
500 pg/mL B, HIRAR K FE# 2 B CK 43 51 [ IR
36.49% .62.03%.76.23% .94.25%.96.99% .1k
AR R <0, Uh I A 2K R G N 2 X i A b
TR A K3 ™ ) FEF AR SR E AR R
AREEMEEARGFHS,
A 0O E R 2 A K 5 e n 18] 3-d BT
TN B A E R BE B T R R AR A
8, /A B S H CK 4 B BEAC 7. 91%,
16.74% .16.33% .36.73% .69.51% .83. 21 % , %
10 pg/mL 5 50 pg/mL Z A1 JG & 3% 22 5 40 Hiflh
2540 B 2 [ 235 B B 2 R o T R R AR B
AVE M, Y EF TR E @ 1 pg/mL B, 2%
A IR 2E A A T SR AR R s AR K
KE.

[ & % % Germination rate
100 -=- HRIE
b

# Allelopathicindex ,1.00
2 1075 &
: 2
£ a & a & Lo 2
=y <
] -- =
£ 80 0.25 &
5y 2
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Fig.3 Effects of coumarin concentrations on germination potential, germination
rate,radicle length and radical length of alfalfa seeds
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2.3 BEEZMBERNBESER A B MEGAT. 0 M RS B M, B &
2.3.1 T4 %bzr ZFUHFTTE I HFH Y GenBank TR MAE 4 B, NETE

e UR 1 MISML [ A K 57 Jik 15 77 i 18 1% 3% . Bl AIL 3k
HU10 MRS R AF B9 BB L 43 9l 5 44 2 D0, Del
Dc2 .-+ . De9, % H kAT 16S rDNA 43 T4 ¥4 %
E BT MARAY 16S rDNA F 4 5 GenBank %A
JE R B IR A% A W) 16Sr DNA FE 31 47 L 4%

HR PR 4 8 rh T 43 B A5 B9 10 WR B 38 5 00 LR
M ( Pseudomonas putida ) A 99 % 0 ) FE .
10 BR 40 A9 16S rDNA HEFAFHE & L=
GenBank , % 55543 il PQ444060~PQ444069,

Pseudomonas putida strain (0Q061579.1)
Pseudomonas putida strain (CP143524.1)
Pseudomonas putida strain (KY548817.1)

Pseudomonas sp. (CP139018.1)
Pseudomonas putida strain (KJ767373.1)

Pseudomonas putida strain (MH379791.1)
Dc0—Dc9 (PQ444060 — PQ444069)

— Pseudomonas putida strain (CP101910.1)

Pseudomonas bijieensis strain (CP048810.1)
Pseudohongiella acticola strain (NR 136444.1)
E.colirrnd gene (X80721.1)

RGELER

Fig. 4 Phylogenetic tree

80
99
77
100
99
92
100
0.10 |
B 4
2.3.2 BMRAREEL AR 3l ik

A LB AR B Vs AT A WS N 5-b AT L
Al ZEE B R R BE  E % B2 1.5~3 mm,
PR VR DO OO BUE ik @k E UK.

MCERAS B 1) 351 9 P BE P S-c T R % 40 O
FRARE  HOR/NAHIE . # 2K E 0.5~2.0 pm, JE
ARAZI TS JCW] B HEE

a. MSM “FAR 17 37 I 5 b, S GUEE T K 10 X5 A5 WL S 18] 5 o B4~ 40 1A L B

larger under microscope;c. Electron micrograph of a single bacterium

a. MSM plate culture;b. Colony morphology of 10 X5 times

Bs5 KEHEERSE
Fig. 5 Colony morphology of degrading bacteria

2.3.3

[ A A A O LR B 0] 3
R AR AL S S R 1 s, OB #E2 K
RF A 200 AT 0 R0 K i L T 0 D s et 6 | P
LRI V-P K B IR I | T R K A Tt A R 2
W5 P56 35 3R B0 B, BAT 43 i S A L3 4]

A R RE ) A RO R,

GG YA VR TR S W R A 3
A AR PE 3 B 4 2R T DUB a2 T T A R i
T R A W BB B B (Pseudomonas putida)
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F1 BEEHEEELSHE
Table 1 Physio-biochemical properties

of degrading bacteria

5 5 L i
Qualification tests ]:gra ng
acteria

H2 [CY {4 Gram staining —
AL BT Oxidase test +
i1 AL A FFA S Catalase test +
TR K A8 Starch hydrolysis test —
% B F R R B Glucose utilization test —
BB 86 Gelatin liquefaction test —
L2158 Methyl red test —
V-P i 5% V-P test —
B K Indole test _
Tl R 616 JF 3K 5 Nitrate reduction test —

9366 K Fluorescent pigment production test —

W B B
Note:“+7” indicates positive; “—"” indicates negative.
2.4 PEMRIREIE

A L1 B R o A A S I R Dl A v AU
AR5 12 B D S TR R AR R R R AT
I J7 2 5 2. 17 v A S 3K vk B s 7 R A T
o 7 32 e e AT 1) A K BB T R A A T2 2R B ) SR IE
W 6 s . B A T Y A K R ) 3 I IORE T
600nm ¢ K T 43060 BE 1 I E B Y OD f&
B FT i e 04 2 Bl S B T R SR A R A A B
A B A A R N RO AR e R T, 0~
4 bt AR FER ), 4 ~12 h kB AR, 12~
16 hif AR 1,16 hPAJF & Wik AT, 1

- £ K% Growth potential
-+ [%f# % Degradation rate

0.7 -0
~ 06| 2
{20 E
"Eg 0.5 NG
SF 04} -4"@1‘5
o -
~ &&0
ﬁg 0.3} 160 ¢S
HE 02f In -
z {80 ¥ g
& o1t 5
O

0} 4100

0 4 8 12 16 20 24
Ff 1E]/h Time

6 BT RFEMEE A i 2k TR A7 2
Fig. 6 Growth curve and degradation curve

of coumarin-degrading bacteria

H1 12 h B ODyoop, fHIBEE I KRE K 0. 658, &
MR SEMEERBHRZERLR, HEK
BFEAE 0~12 h i, F O R & & 2R T FHE,4.8 h
i 5 2R M A R 4 Ak 3] 26, 59%0 .41, 47% ., #8 5t
12 h DU & LR BE MR LT 100 %6, B0 A JT i 16 1)
A LA PR R X A o 3K ELA SR I R A R B D
2.5 BREERMEESREMELETER

hy it — A TR 5T B B B R A AR T T R
VA R ACC R BRI AT T R4
PESHBEIRAE . 25 S8 7 Fr s . 3% bk TE A PLIE
Can R A L B 7-0 A E ML BE CAn B R 45 . 18 7-b)
VEREPE AR B X IE i B A KR R L R A
B4y WA HIL TR R R T 1 RE 7 . TORE XV M A
oA RS, B — IR B . A, TR
ek R AR 1 75 3 ORI A 1 (B 7-0) L TIE S
ARG I o WA AL AR s R AR R R i - e
MR IC 2 . 7E BT 200 DL G UK 75 3 v, TR vk e B
Fog AR K (B 7-d) , W 7R HAT Rl i [ AU R 4
Z H5RBZHARF AN TR, o EGEE
fJ2 . B bR 72 DF CACC it & M %) 57 ) il ADF
(ACC Ji & B & ) K g 4 ¥ 2 9 25 4 K (|
T-e.7-) R H & ACC it 2 B % v L nlam i 1%
it HEL ) D 36 98 R MR AR (LS B R TR - 1- PR TR
ACCO) & ff AH P i 55 3

25 b ol AR AR TR bR AR & TR
fift BE 7, 38 B MY 22 M ) 8 A R L B T
ffR B0V E [ R & ACC & BTG pE . L Thfig
R 2 B 2% VA ok T e PR D A AR A 0 3% 0 I
WL i 3 VR B RS R R SR B M, T R IR E A B
P I3 ek 5 4 e R T RE Y A2 G 1A R )
SR A .
3 i

YEY B 5 /E F (Autotoxicity) J& A 4 18 i #f
RS IR AR R 3 W ) R PR R HE AR IR AR R T
— Sy Jo ) () 2 T 2 TR R R A 1 AR
AEMEIER L, DA KREMRER.FD
FREEYFENAFEYRZ —, k¥ Hh
CoH, O, 2 —FA BB W . 5 FIAEE B &
TR L5800 A5 FLAE VR AR B v 2 xR 7 AR
PR R AR R T Y A I e
177 10 38 o3 0P SR A0 T A AR A R AR 2k 4 R
AR RN R A A K 2 E IS . Chon
SEUURESE 10 Fh Ak A P xR T AR K Y B
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a. F LB s b, TTHLBE ;. BEMRER s d. FTZI UL ;e. DF; . ADF
a. Organic phosphorus;b. Inorganic phosphorus;ec. Silicate;d. Aspergillus;e. DF;f. ADF

B 7 BMMEDAN SR FHRRIERR

Fig.7 Verification tests of functional and growth-promoting plates of degrading bacteria

M, A 12 2R P A A R A 408 A 2 2R e AR A K Y
AR e BN R R A R R R R R A
S0 T 25 RS A L A 3R K A 2 el e 1
R A AR AR o A T R T 100 me/L 1
T 5200 4 % A i 2 A W S A R
Vi B2 A 2% Ak FE MY A o R AR B A i O
A AR AR R a5 A A A AR N Y
A

AR 5 38 4 0 E A [ A AT 0 18 A R PR S
MBR b G R & i R S B S SRR
B3 A2 . G AT T R R B UK AR A
5 KRR RS M | HERLE W AR RE TR B S Al
T TR A P TR A A O AR R TR A A A
THEh gt — RV B AL TR R IR AR B M
EAESEC . MR INAS [ RO 1 R T
X E A b AR R ZE I R L 45 R LR A R
B TE BT R 0 AR T 2F R TG 3 R
S0 BT K ZE SRR AR IR ZE A K T ™
HAWHIAE I L HLBEE A S 3R T A
M X AT RS T A BRI A AR R A
LAy 7 BRI IT S, Y R R A YIS
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Analysis of Autotoxic Effects of Coumarin on Alfalfa Growth and
Identification of Coumarin-Degrading Bacteria

ZHAQO Tingwei,]JI Bin, PENG Yinan, SONG Jie, YE Ze,
YANG Jianjun and WANG Zhiye
(Institute of Biology,Gansu Academy of Sciences,Key Laboratory of Microbial Resources

Exploitation and Application of Gansu Province, Lanzhou 730030, China)

Abstract To address the continuous cropping obstacles in alfalfa caused by autotoxic compounds such
as coumarin, the coumarin content in alfalfa plants of different ages and their rhizosphere soil was
measured using high performance liquid chromatography (HPLC) and their autotoxic effect was eval-
uated. Coumarin was also used as the sole carbon source to isolate coumarin-degrading strains from the
rhizosphere soil, which were subsequently identified based on their 16S rDNA gene sequence. The
physiological and biochemical characteristics of the isolated strains were further analyzed using differ-
ent selective media. The results showed that with the increase of growth years, the coumarin concen-
tration in both alfalfa plants and rhizosphere soil significantly increased, peaking at 227. 31 pg/g and
3.21 pg/g.respectively. Moreover, increasing coumarin concentrations from 0 to 500 pg/mL signifi-
cantly inhibited seed germination potential as well as radicle and hypocotyl growth. At 1 pg/ml,the
elongation of radicles and hypocotyls decreased by 36.49% and 7. 91 % .respectively. When the concen-
tration exceeded 10 pg/ml.,seed germination potential dropped to zero,with all changes being statisti-
cally significant. Through screening,one highly efficient coumarin-degrading strain was obtained and
identified as Pseudomonas putida , with a maximum degradation rate approaching 100%. Functional
analysis indicated that this strain possessed multiple plant growth-promoting traits, including phos-
phorus solubilization, potassium release, nitrogen fixation, and ACC deaminase secretion. This study
demonstrated that continuous alfalfa cropping leads to the gradual accumulation of coumarin in the
soil, which severely impairs seed germination and seedling growth. Pseudomonas putida has strong
coumarin degradation capacity and environmental adaptability, providing strain resources and theoreti-
cal basis for the microbial control of allelochemicals in the future.
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