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Abstract: Garlic root rot is one of the most serious diseases in garlic producing areas, which seriously affects the
yield and quality of garlic. Biocontrol microorganisms have attracted much attention because of their advantages of being
friendly to environment, harmless to people and promoting crop growth and increasing yield. In this study, Fusarium oxyspo-
rum, the main pathogen of garlic root rot isolated in the laboratory, was used as the test strain,and JX1, which had a good
antagonistic effect on garlic root rot disease, was screened and identified as Phanerochaete chrysosporium by morphology and
molecular biology. The field control effect of strain JX1 on garlic root rot was 56. 13% , and the yield (fresh weight) of gar-

lic treated with strain JX1 through root drench was significantly higher than that of the control. In the experimental bases of
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support for the ecological control of garlic diseases and the ecological restoration of soil continuous cropping obstacles.
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1.1 et

P s S TR A 2R F6 8k 7T TR ( Fusarium oxyspo-
rum) o KRR FR S HIH N AR AR 4y
BRSO AR S R . HR
FREEN HRRTERERE (PDA) B3R 58 B 97 Bt IR RE
28 C,
1.2 #HRENFT

SR 2157 15 1 N K s 8 25 v o s BT
T B AN [ REAIE %) B 95 647 03 25 4l Ak, PR A
B, FEPURE GRS YRS BT IR 3Rk
7E PDA AU S IR0 2 om Ab4E R0 K AR I 9 9 i
HH,28 CHiF7 2 d J  FERl— BH PR R0 5 7 1) 4
PH B Ab LRI I AR, 28 CARLEREFE5~7 d, LU H 3
ol S TR Ry Xof B I 3 REE AR, DU IR BLAR T
BN,
1.3 EmEENEE
1.3.1 BEFELZ WiEBNEPIERE T 28 C
BigR 5 d, WERREE LS MEKRIES, S H(AEFE
SEFMEY X BRI T A S
1.3.2 oFAmFEL FFNEERN DNA $2ECR
FHETE AL 240 DNA $2HGAR & it 17. AT .
ITS1 ( 5'-TCCGTAGGTGAACCTGCGG-3") , ITS4 ( 5'-
TCCTCCGCTTATTGATATGC-3") , PCR JZ b 4 &
DNA #5452 0. 5 wL,10xBuffer 2.5 wL,dNTP 1.0 L,
i 0.2 WL, IES 5445 0.5 pL, I8 4K %= 25.0
pl, SN 2cA4:94 CTAEYE 4 min;94 CAEME: 45 s,
55 CiBk 45 5,72 CHEA 1 min,30 MEH; )5 72
CHEAH 10 min, PCR ¥ A T AW TR ( L)
JRe A BR 2 /AT
133 MAZAX AN MEEHEREDHEARE
S (NCBL) W3 T 28 -5 15 0 8RR AFARLEY 7 9] 2
FrHex, 4B #E7% (NJ) 7 MEGA7.0 M4 iy &R
GRBER,
1.4 HiEr)HEE UK

WEBERE IX1 #5703 PDA A% 32 b 7F 28
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CEEFEAR T T 180 v/mink5 55 5 d, L & & F1x
10° CFU/mLIY & B & FH o A B 28 JR0FT B ) 1 OTR
G IR E R A B ) 0 R I A
AP AE R A R A

RIGTETE T T AL 2E 05 B il 50 W i 17, R
FHREHLIX HBET, N X R 4 m®, W 4 ASAbRE,
Ay RS KT IR B RR TX T R TR R AT
PR WA PR B R BRI B b B 3 R

RIGTE 3 H PR KGR F AT, B 7 d ¥
LW MEF R 1 A% 20 mL, 3L 3 Wk, FJn 1 K
255, 10 7 d JE A KRR AR S R RIS L. IR o
FhrES ik Y oy gk, o (2) A (3)
TSR T B &

I 18 E = X (I AR B0 8 / (R BR
O R AL X100 (2)

KIR R = KRB AR SR Bx 100% (3)
1.5 #HEHERHEMR AR

RIGTE B T A B A B 130 Mt AT, oAl s
AR B R 15, SR BEAIL X 4 33T, /N X i AR
4m’ BEE 2B, (1) KM (CK), (2) Htk
IX1 KB, BAE P 3 IREE , 3 HIRIHTE 11k
FEAR  BERR 10 mL, BBR 7 d HEAR 1 Wk, 34 k. ER
R BN X R 10 BRFRIES T iR = R IE
[FESSREES RSN/ N =N eyl = SVl
FEFRIII L B/ N R EOF R T 30 Sk R a1 T

my=,
1.6 FEHUE HE R X K 5R AR BR 1 58 o B ER 26 4 BT Y
220

1.6.1 XIS A BRI (X R R | 48
FEBR AT AR IR A . T &
R A ) At il ( VIR A BB AT BR A = 7 ) |
PR (o bt 1 i v e A 2 R A BR A | 77 )
R (o Frat, jE oAb 2l e A PR /™) |
TeKBREREE (43 M7 48, P 5t 4k 27 1) B A A BR A )
FEn ) CEEALEN (BT Al R T AR b 2 S AT R
OS] ) TCK B R BE (43 2k, BRI R B A2
i A R R ) (EARZEHU(SPE ) /NEE (2 HEIRF}
FA R R ) g F R 2 (7 ) R v 4
ZiPES DI

1.6.2 ®wWhXE&its B4R RE B0 H
4 S HAFRME(IS) Stk B (MD) (5 T4
BB (NK) 3058 o i 17, SR FHREHL X 4 HE S, B

ANRYGHI B 2 FALBR (R 1), 2000k O KX
MR QRSP X1 KW (5 1 1%x10° CFU/mL)
TEARAC TR, AL PR E 3 R EE, NX R 4
m®, VEHUHERE KGR 2E E A TR, B4 3 H R E T
551 MEAR, BBk 10 mL, B0 7 d WEAR 1k, 3k 4
W TERFEE (5 H 10 H) RH“Z2” EBEHL R
££0~20 cm HFZ 0 LGRS, 1A AR KTt i 5
#wH.

®1 TRLEHX
Table 1 Different processing methods

b3R5 b3R5 =

JSCK & 2 B FRBTE KN H]

JSIX1 4 & PG ZRAEEYIR IX1 & BERHEAR AL 31
MDCK T LA BTG K X R

MDJX1 e BRI BT PUT IX1 R R AR b
NKCK T T ARV B2 B 7 7K %o i

NKJX1 TET AR BRI X1 R B AR AL 2R

HEMALEE JXT 2l 1x10% CFU/mL,

1.6.3 X% %

1.6.3.1 BRI 3RI B 1 g R8RS T
A5 mL 1 mol/L NaOH, 7E¥E K | F 4 CHHL 16
h;10 000 g #:L> 5 min, B 35 W, VLTE N 5 mL
NaOH # A 30 min; 10 000 g B0 5 min, B | 7%
W, A1 2 R S W W ER R pH T 2 2. 0,
A5 mL ATl 212 £ T, 76 IR e 4R 37 1 10 e
1 min 22, B )2 2088 LA, A0 3 W UdE &
B2 R, A 1 g Jork MgSO, A2 4 Hvh 5% B2 1Y
K43 ,10 000 g B.0> 2 min, B3, FHA SR T,
0.4 mL R W, T 0.22 pum JE B, 77T
-20 CUKFHh .

1.6.3.2 MKW &N E  FIHZHERS
BB B3 (1260-6420A ) I 2 A 1 175 Y R0+ 3¢
RHEW T W R 2R W) R L, O A S Waters
BEH C18 (2.1 mmx100.0 mmx 1.7 pm) ;&K
30 °C ;s A 0. 1%(14:$H§3\§5() Eﬁ@ﬁ,B:@ﬁ%
A, 3% . 0. 3 mL/min, JERERFR . 1 wl, WAHES
ESHILER 2, FUESHOEE . % & 7R
(ESI) fi g5 111, Z /e W I ( MRM) $3 48, <45
SR 103.4 kPa, W55 HL R -4 000 V, ZZ 6%
J1h 448. 2 kPa, B 10 482. 6 kPa, 55 1Lk
FEH 400 °C .,
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Table 2 Gradient parameters of high performance liquid chroma-

tography
WEAHBE ML 5] (min) BT A (%)
0 20
1.0 20
3.0 50
9.0 80
10.5 80
10.6 20
13.5 /
/PRI,

17 HEZIHE SR
BT 5 A R ) SPSS25.0 Hi A

2 HERE

2.1 HEmERERIFE

F A T 7% T8 A RRAIE | DO b Pk BB v 4T
SBERR . MWRKERIEZE P Lo B A 5 2 PR ECH ,
T X R 1% % 1 0 R R XL, X AR e R U
PRI T TR )4 TR RIS A, i B I 40 o s i
AR IR NER 3 K 1 iR, BB IE 5AR N
20 mm, M ERIE 72. 22% .,

£3 EERIX1 HMEHLR
Table 3 The antifungal effect of strain JX1

. XTHRYE A AbBEETE HAR EIEES
[} 73

(mm) (mm) (%)
JX1 72 20 72.22

A TERR IXT ;B JRADHETI TR 5 C AU R I,
B 1 Btk IX1 ARG FRREENNERR
Fig.1 Antibiotic effect of strain JX1 on garlic root rot

22 EREENEE

WA FIRAIE A LA 2, BERE IX1 /918 7% 1E 1
EHO,FHERAEO,7E 28 CHHREXMTHZ
AERHERS BB 7 A R, fh 4 d S8
ORI A AR, AR JXT S A9 2 0N B
W, Wi RDGH , o A 8 A A SO R
2~ 4 AR TSR K T o R TR 226 B
5332, A R,

K B B HL Kk X PCR 938 7= 4 R A 7 4G
W25 s, HERZ KR 614 bp, KB RE JX1
[ P 3 S [ B X (ITS) Jy 41) 1A% 22 NCBI W 3 i 47
LEXT M R G R W, WPE IX1 5 )5 B 75
WRIEE—L (B 3) 5B TE AR, % T bR JX1

%V W J& ( Phanerochaete ) ¥ i Jit & °F- 9 &
( Phanerochaete chrysosporium)
2.3 FEMAERHEBERENR

FTTR] By 36 SR I 4 2R (6 4) R, 5K
Xf BEAH L, Ay 3 7 A= By T Ak BE 34 BE B I 40
R MR B o 1Y A A A 28 JRAT T Ak A5 e K
B A T ) AR IS s 2 o RS R[] By 3R SBOR #2002
A Ak B ) I A 2 2 S B AR B O A R X AR
N R AR TG 2 AT B AR B G R
Ab B TR D RO B IXL A B R ARG A B IR
WORIE 56. 13% , 0. & & THi A 2 AT b iy
WS IR AR B AL IR, 7R 3 Bl A= By T Ak B B By R ROR
wRUf .
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2 B IX1 EERS(A) MEKEMUERS (B C)
Fig.2 Colony morphology of strain JX1 (A) and microscopic morphology (B and C)

100

HIFE T H R (0P237315.1)
I B P (AF475146.1)
O9 700 5B T (KP135092.1)
H AT 4R (OP237314.1)

F R BT F (OP237313.1)

94

JX1
Phanerochaete concrescens(MK530516.1)

Phanerochaete livescens voucher(KP994363.1)

0.005

Phanerochaete sordida(AB210078.1)

B3 EHRIXIMNRZEZER
Fig.3 Phylogenetic tree of strain JX1
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Table 4 Control efficacy of different treatments against garlic root

rot
s st pom Bk
CK 49.14a 81.67a
IX1 B 12.89d 35.83¢ 56.13a
i B 2 FLFF TR 24.10¢ 45.00b 44.90b
MR AT 27.20b 47.50h 41.84b

AN/ ING FRE R R AL B 22 57 3% (P<0.05)

24 EREHEMEAEREER

FH i A= R B 25 R (6 5 1 4) B, 55 0] FR A
Fb, Zead BARR TX1 MR A P Y Rk o -5 R s 43 1) 134
JNT 7. 04%H01 9. 53% , 2 5 438 B i 3 K Ko
FE AR B 25 AH RN AL 25043 501 BL o B3 I 21, 389% Al

14. 84% , 2= SR B 2 K5 TAR JXT BEAR AL 2
(R i 7 77 529 741.40 kg/hm® , HE X IR 5 25 184
12.32% ., LREAWAERETRARAT UL, IXT R 2
ARG AR R B, B R R A B R P R
25 HRHERLGENAFRELEDBELY
REENNE

SR FH 153 255U AH 2 33 - HR TG T v X R AR AR B £
TR RS TR, 7E 3 B i v 3y A
7 B OCHEBR RIS B T . X R IR R 4R
g R SRR PR A R BRI AN T AR
AR T R IS T LR UE SR 5 | K VR RS 2 Ak
TN 7 PP RR 2 TR A bR v i Y G AN A 5
7R o d I e AAOBORE €83 43 BT, 1 A 45 B R 2 ) o
T i B 4 DGR NITE 5 B A3 B B i), S I~ 06 o AR e
KRR TG,
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Table 5 Effects of strain JX1 on growth, development and yield of garlic plants
b3 73 B [FEN &y iiSN &L iR B LE
(em) (em) (em) (em) (em) (%) (em) (em) (kg/hm?)
oyl 71.47 62.57 32.40 1.59 7.73 157.33 6.26 4.13 26 480.25
JX1 76.50 ** 68.53** 33.30 1.93™ 7.93 180.67 * 6.32 4.26™ 29 741.40*

" ARRZES R (P<0.01) 5 " FoRZES K (P<0.05) .

B4 Bk IX1 R EEHKFRERK
Fig.4 Garlic plants treated with strain JX1
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it R (min)

B 5 AFRELERBBREYRINEREIEER

Fig.5 Chromatographic diagram of phenolic acid standards in rhizosphere soil of garlic

®6 AFRMFIFEHBBREYFGAERPEEER

Table 6 Chromatographic results of phenolic acid standards in rhi-

zosphere soil of garlic
e PR mmenm e IS
1 5504 XPERIECRHR  Y=14.458 0x—58.829 0 0.99 6
2 6427 AR Y=11.292 0x+184.4400 0999 3
3 6440 R Y=2.217 3x+112.870 0 0.998 9
4 7334 AETGRR Y=112.090 Ox+4 129.100 0 0.999 8
5 7375 HREE Y=5.014 0x—61.6770 0 0.99 6
6 7452 THMR Y=0.736 4—0.929 0 0.99 6
7 7481 FUERAR Y=3.843 6x+448.530 0 0.999 7

HIZE 7 R S5 i B P JXT RERS A
Ko LR IR R 5, 5 X AT L it
AR IXT ) B 8 2 A Rt £

Heh AR TR RHR AR R T AR A
Xof BT BR B I A 38N 6. 42% , (L2 %o 7 A i AR o) 0 s
R R I AR . X IR L, B A6 ) B
FR JX1 64 £ 0 b A 3 i AR 2R R AR
R F IR (R B AR AR, B R 4 HE 65. 00% L I,
[ o 38 ] S S AR AR T R AT AR 119 1% ik, R
3N 12. 84% F1 12. 82% , X T 7 R 1) A il R R A1
5%t BAR L, AR B AR T IXT 7R TR R 0t
FEBER Kb 13 p (R B R AR (W R RE ), 1T 3
SO AR ORI R SRR R RHR
TS 1) X A R R BT A R 11 AR i AR RN
TR Fr G W, 45 R i A B
T JF S JX1 BRI AT BRI 8 P By 2 W o
()25 it , I LR A A5 R T B - AR I I TR 2 )
B R G
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Table 7 Effects of strain JX1 on phenolic acids in rhizosphere soil of garlic

e XJQ%%XEP@Q fl\iﬁ:'ﬂé ARHR SF TR A TR BB £ &k THRS &
ot (ng/g) @it (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g)
MDCK 360.22 698.94 476.95 1137.71 99.09 519.85 231.21

MDJX1 363.16 522.24* 395.10 909.86 ** 99.74 486.47 195.84
JSCK 365.74 2 574.94 2 629.80 1 061.02 130.45 841.36 215.99
JSIX1 376.08 773.34 ™ 897.25* 924.78* 131.53 733.49 210.71
NKCK 696.02 1 111.25 840.48 1781.18 185.88 1 241.91 468.55
NKJX1 634.35" 758.68 ™ 480.69 ™ 1671.17 147.33 ™ 1 201.83 500.66

MDCK ,MDJX1,JSCK JSJX1 NKCK NKJX1 WL 1, ™ #/RZEFWEBFE (P<0.01), * FREF B EH(P<0.05),

3 17 i

AW FE I L 1 Bk HA B S ORCR B R
IXT1, % %€ W AR X1 o 35 79 5t B F 5 1 ( Phanero-
chaete chrysosporium) , H FiA &8 )7 B 55 B N
FH B STHRARE 3 24 AR A o A F1 R K AR 3
EVEAEREIHE S A5 07 T, JE IR A Y B9k BB
6L B T AT DA S 2 R KA I R AR TR
o BRSBTS A A0 R T R R 7
KL N4 ~5 em BYEARFERT | 35 d 5 AREMRSCR B
. BRI AR LU A R AR D A
Ui 4PN 10 o/ L, R KIRE H25~35 C,pH K
4~ 5, DAL T A R NS SR ISR K ) RS AL S
S (COD) WK BRACR I TE 80% L) 1. &4l
%[24] WE3E & B & B W Phanerochaete. chrysospori-
um-gs075 X BB GRHE MHE % KN-R B €% 55 95%
PLE, Gl f ¥ 09 2 FAF 835 iR, B SRk
S BTSRRI, B bR BKME-1767 76T N
30 C JEFIEY 1% CA™ FIUG & N 50 mg/ LI AL
AT, XS0 K BR R AT K 64% Ao A, ik g
ORI R, O AR AN S T AR e A
TP B K i e R R R R R
B, FERALL 2 AR PR EE v 8 0 i - SRR
T A 5 bk B RE 7 e Y R i 358 F 80% ~
90% , NI IK B X5 5 T B S 19 FAR

T 761 )51 B F- 55 B8 ( Phanerochaete chrysosporium )
JETHE T RN E R EERR s, R
JE LTI RITE R, T AER, T B B R A
A 35 B 36 1o FH O T AT 8 48 22 | Liu 4508 JF
T A PSR TR R N T A B i T )
5T, K e AR A A RE I R /N Y A A

i ST R, 3 BB BHLAS R 28 4k 70 B A /N 22 Wyl R i e
B, BRI 3 R R, AR g R B, M AR
SRR B22 HAT B iR A 2k B R A A K
FEPE, BUAN, 1R TR AE 22 B O 900 TR 5 | 2 1 DD A6 28
M2 5 T A 355k EAS 2R S, (U, HATE
T HR ) BT 5 AR A A B B AE KR R BRI SR
(CHEEi ST

KA R AT I AR BA AR ) A B AE A, 2
T B AR R A 0 O B R 3R, L v /i R SIS ) o A S AR
ROTWHI AR o R EEE A, B4
TFF 5% 285 SR UE BH #8160 ) 6 WS 1 % 2 Py R S i 2L
A REfAVET MU S A BN 4 it A ¥ 1
JE SF R R S, B R 28 W Y R i R
54. 46% , fE—E R IR T ENE/ER AT, 2248
BRAE e 0 T B W R S ) T A 8 R
3d UG, X AR B BRER X R O R (1) - 1
FRACR H58.20% ~98. 39% , K FR AR 3% . ARWF5E
S5 SR IE 4 R — B, HE AR T T KR
R B 153 TR S A SR okt 6 B o1 A ik O A fie A 0, HL
FR AL B B 00 i T A T 7 R R A7 R B
AE AR W K A R 40, I ELOHR E A Bk | H
R 28 5 A G RN 2o LA % I R 2 AR Ry
JREA )RR AR TR A e DR G &
PR, B A0 B (P chrysosporium ) XA [A] 2SR
5 Hb RS R 250 O 1) B AR AR A T 22 57 e b AT
i — 2R BT R A

FE A0 BT A5 T 5 R B T TR R IRE B R
H BT R P 22 A K B T I T AR Al A
TIR AR K597 36 h o, iR B H
TEEAREEIRE] 7. 2 om  J AL T] B VR ELARAL N
2.0 em, M E AR BT il B0k T L AR
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fasie IR LF-ABEIE # A 1, U B 1 5 B P S
SRR Z B AFFE L B E SRS R R, B
JE VSR A 1 S AR T BRI T 22 14 2R R B
TERFAARPRTEA B 705 PS5 T i, AR o 35 R
A A e o D DR — 05 Tt A ) 0 i R A e
SH T R AR B, 5 DR MR o o i i A 38
e A SR A A, BT IS 31 A W) B ¥ B ROCR
73— J7 I, B R X AR R R R
7 LR S B LR A5 A o ) FL A A i i
T3, % T BRI R A SRR R T AR RRAR AR
W3 B8 T R R IGRREVE REA A A AE 2]
i S ZAEH

FARFAFAE R A DI SRR 2 1 220, R F
FEN U LE B ARG IR A2 i, Al T )
LR SRFRER) R ) AT 2 i 2 A
BV R R R IXT BEXT R AR A S 2 B iRk
R SO — W R R R 408 SR L B B R 25 1y
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