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I5R7KE EMFI10 X TERBIMX EERIER
NmEERPEEIEH

keed L, kAl FAED ERE EE¥l EFEL HLE
)%%A\P ’ %{%*147 ’U’J/J\%*l

1 BRPGIRTE R 25 BRI S AR Wb 2 B W B SE 00 =, PO A DX i fe 24 b4 BT e e 8 AR
SR, BEPE PEEE 710055

2 i BB RS b, TR R 751503

3 JEHL 2L N BT PRI S SRR SR T A E R SR P E R B 2B G, dEET 100700

4 AU RS Y SRR =R SR 5SSO, Biae T 835000

HRAR, BRELAN, AAEIR, WEIRAR, Jeill, PO, #9E, BMEE, RAE, DN IRUORE EMFIL0 X R R X B

BRI 0 B BITA VR FID]. U 273E R, 2024, 51(10): 4162-4180.

ZHANG Xiaochen, ZHANG Hongjie, LI Shengbin, DONG Zhengdong, LONG Shupu, HUANG Xinguo, GUO Lanping, KANG
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i Z: [#X1RERSAT, AFE, L&EBI LR F K (Astragalus membranaceus) X
MBA LR Y RFTLGREZL—, FIHRERTZAAMSRA THE, BATH LA KNG BE
FHR., DRAFIREXCURBRAOBRA R S E N EER, 494’3?”@5&5‘4*?%4’?)?] b ILIR
H, [86] A RKE BB R FRARB RGO EZE8REA, KRS ZKAF(Trichoderma
harzianum) EMF910 /2 3k s & F FATiX 2 £ 2R A 976k, [Fik] BE4A8 558, B
B BEAFRHSTAME T EEH AT AREIL L BRI L ERE RO RE,; @dP
PR IS A R KA E EMFI10 A #H A& Tz m i e9dp R, @3 2R XBEL TS
KAE EMFI10 £ & a3 L35 F 2 AP 5 RARB m e B 20k [4 R ] 5128 B\t R & KARE /A1)
H AR A B Kk Fe(Fusarium solani) X12 Fe 4} & Je 4k J.(Fusarium obliquiseptatum) P1. 7 % 414
(0% NaCl, pH &) TR 7 dJE, B RAE EMFI10 3 # 4k X12 A= P1 #9-F 437 %) & 5 %) iX 3
77.93%F= 73.82%, A& % # 5 (1% NaCl, pH8.5) TR 7d /5, AKX ARE EMFI0 2 H#k X12 =
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P1 89 -F 4474 R 5514 3] 70.22%A= 67.95%; £ E®EMH (0% NaCl, pH A R)EHR 12 hE, bR
AE EMFI10 *F @k X12 #= P1 6970F A LI 41257 H 87.21%A= 86.11%, E-BEMHFTEFA 12 h
J&, "R ARE EMFO10 & H Ak X12 F= P1 69 3aF 87 K37 4] F 551 4 72.29%F7 64.47%., &HKBE R
B, EARE R R TAZ R A EZ R P AKX KRE EMFIL0 B Al R0 A F R A 56.3%,
R 2% RAE EMFI10 B 7 4 22 69 & Kt BB AL KA & FALA 12.5%; 4it A& F KRB R A
mE, EREW, SRAKE EMFIL0 B A A2 A% EKARE R A REH 33.3%, W Izeimb i RE
EMF910 4 /KT B 20 % EARE K 5/ E N A 50.0%. [48] 714K E &b ki R & EARE 7
8RR A 2 Ah 8 R kT0 S 4 Tatedkie; & H A (1% NaCl, pH=8.5)TF, "~ %K A% EMFI10 %t
R H R A R AT LA BT HME R, 125 1B % 554 (0% NaCl, pH & R)&947 4| 2 R 48
PO BT F e e R RE EMF910 af 2k R 235 F AP AL % RARE R B A BAF a9 B 6 R, SR TH
J& 4 A% A b R ARE EMFO10 & A 4F T 2 3 sk R AP AL RARE 4 69 A A b7 06 RAR AR £ 4%, R BT
AT A 3R E E b 2 s R A oA KR E EMFO10 B o6 AR R sm 315 K,
FHR: &k, RER; SEKRE; Lt

The control effect of Trichoderma harzianum EMF910 on the
root rot pathogens of Astragalus membranaceus in Ningxia
saline-alkali regions

ZHANG Xiaochen', ZHANG Hongjie', LI Shengbin’, DONG Zhengdong', LONG Shupu?,
HUANG Xinguo?, GUO Lanping’, KANG Chuanzhi’, LIANG Jian""*, MA Xiaokui '

1 Key Laboratory of Medicinal Resources and Natural Pharmaceutical Chemistry, Ministry of Education, National
Engineering Laboratory for Resource Development of Endangered Crude Drugs in Northwest of China, Shaanxi
Normal University, Xi’an 710055, Shaanxi, China

2 Science and Technology Service Center of Yanchi County, Wuzhong 751503, Ningxia, China

3 State Key Laboratory for Quality Ensurance and Sustainable Use of Dao-di Herbs, National Resource Center for
Chinese Materia Medica, China Academy of Chinese Medical Science, Beijing 100700, China

4 College of Biologic and Geographical Science, Resources and Ecological Research Institution, Yili Normal
University, Yining 835000, Xinjiang, China

Abstract: [Background] Root rot is widespread and harmful, being one of the most common
diseases in the process of large-scale cultivation of Astragalus membranaceus in the northwest
saline-alkali regions of China, which causes a decrease in yield and quality of A. membranaceus,
and there is currently no effective control method. Trichoderma harzianum has a significant
control effect on the pathogens causing root rot in rhizome crops, but its effect under
saline-alkali conditions has been reported rarely. [Objective] To clarify the main pathogens
causing root rot in A. membranaceus in the northwest saline-alkali areas of China, and to
explore the inhibitory effect of T. harzianum EMF910 on these main pathogens under
saline-alkali conditions. [Methods] The pathogens causing root rot of A. membranaceus in
large-scale cultivation in the saline-alkali areas of northwest China were determined through
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tissue isolation, in vitro tie-back, morphological, and molecular biology methods. The inhibitory
effect of T. harzianum EMF910 on these pathogens under saline-alkali conditions was studied
through plate confrontation experiments. The control effect of T. harzianum EMF910 on root rot
in A. astragalus in saline-alkali soil was investigated by pot experiment. [Results] The main
pathogens causing root rot in A. astragalus in the northwest region were identified as Fusarium
solani X12 and Fusarium obliquiseptatum P1. After culturing for 7 days under normal
conditions (0% NaCl, pH natural), the plate inhibition rates of T. harzianum EMF910 on X12
and P1 reached 77.93% and 73.82%, respectively. After culturing for 7 days under saline-alkali
conditions (1% NaCl, pH=8.5), the plate inhibition rates of T. harzianum EMF910 on X12 and
P1 reached 70.22% and 67.95%, respectively. After culturing for 12 hours under normal
conditions (0% NaCl, pH natural), the spore germination inhibition rates of T. harzianum
EMF910 on X12 and P1 reached 87.21% and 86.11%, respectively. After culturing for 12 hours
under saline-alkali conditions, the spore germination inhibition rates of T. harzianum EMF910
on X12 and P1 reached 72.29% and 64.47%, respectively. The pot experiments showed that in
A. membranaceus pre-infected with root rot pathogens, the survival rate of A. membranaceus
treated with T. harzianum EMF910 was 56.3%, while the survival rate of the control group
treated with water without T. harzianum EMF910 was only 12.5%. The statistical survival rate
of A. membranaceus with root rot showed that the incidence rate of root rot in T. harzianum
EMF910 treatment group was 33.3%, while that in the water control group without T. harzianum
EMF910 was 50.0%. [Conclusion] The main pathogens causing root rot in A. mezmbranaceus
in the northwest saline-alkali areas of China are mainly F. solani and F. obliquiseptatum.
T. harzianum EMF910 can effectively inhibit the growth and spore germination of these
pathogens under saline-alkali conditions (1% NaCl, pH 8.5), but the inhibitory effect is lower
compared to that under normal conditions (0% NaCl, pH natural). T. harzianum EMF910 has a
good control effect on root rot in A. membranaceus in saline-alkali soil. These results provide
data support for the biological control of root rot in A. membranaceus in saline-alkali areas of
Ningxia using T. harzianum EMF910 and also provide a reference for the use of T. harzianum
EMF910 to control the root rot in other saline-alkali areas of China.

Keywords: Astragalus membranaceus; root rot; Trichoderma harzianum; saline-alkali condition

& F} (Leguminosae) # 1€ J& 74 (5 (Astragalus
membranaceus)tit & A] LLA 2, J& ATTRHIE 24
SRR, RGN EM . BRI,
AT AEHE SR, AT TRE=Z 7.
FARBE . ABCASP . B P 2544 T 3 X 8
BRI A, AL R R, A
TARIFRRB Y K, HEERSS 0 HE
Hitar=d, H, MRIEWIER—R HA B
B A E, T E 2 R M A R AT R
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TR T8 . H R T S P A X R AT
B, B AP T g, XA R
) - S A A 13 S T 3k S b X RS R
Fio LA R A XS T B R A A L N
B, PR AR A RAA, HET7E %I
TSI TAR RS A R A 133 hm, il 25 Ak 45 16
FURARWI K, B EEAR R 1590 & n] U & 2%
e, HAP RS e ER N E, WEi A HE
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R BT 75 5 B B B 7T =3k 50% A8 . BT
TE R FAE B oA 2o 2 rh X AR T 5 ) BJ 37 475 LA
fe=piia o, DL R R AR X 5 BT
PR L b A 5], AR N D3 H B S R R b
AR 24 1 T R AR RN PR AT I A
PR 6-8 A Oy ARG s &0, Rl A
G2 ol FF T R LS B S A 2 A 2 A T
TR B 6 , (B RERNAE A FR 038 m, k2%
A 225 1) it FE A6 95 i T DT 24 1, S Bufka
A 25500 o S MR B B IR RO Ok B 22, [R]A
A 24 (4 48 FE %ok A 5 BRI 0 AR fi B A7 A 5
RIWEAESEFE . FEh F 2Rl R v ok AR
B 9 2 35 A1 FH A 0 A 5 A T sl s A )
AFER IR, DIk B ZE 5 24 R AR 1 fik
REAAG, B 2t S R R H T,
T A= AR IR A U HLIG T 2594 1 9 Ak 2 Aok
FIBLAL 24 FHAE ) FoA o 2 rh s 35 Bl 4 ) = 250y
I 2 —, {H i FEhis b X B Frik - H Al v o,
=W 6 RE A &P A ROR IS A FRE ST .

BExt B TEAR R R AR BIG , T eE
W5 1RO F I BOR B, PR LS o I
PR AR O 3o o EL A B 9 55 B AR 0 B 3
Y. B R Z2 R AR B0 TR ISR A B
B, G| H AR G Y 6 2 Bk 8 (Fusarium
solani)®, 5 [ A R JE 99 A 2R A0 B £ (Fusarium
oxysporum)®, 51 T 1% 4 46 R JE g B4 65 R St )
5l £ Ok M e B #BE 4k 6 (Fusarium
macularis)!'%E . CAGE R, Sk, JE
B 10 K 57 A 22 4% T (Rhizoctonia solani) 2 552
BRI A EE R,

K %5 )& (Trichoderma) EL & BRI 1A |
WHAEVIDHARE NN Z —. WHRARE(T. harzdanum)
VE IR IR B RSz —, AT LA H A%
F, ARHAEY AR, SRR A YRR A Y iaa Y
i 32 Pk o A BT IR B IG5 X6 i 2 B

(Phytophthora nicotianae)-5 22 7 4 14 5| 2 4 41
HRIREUY | 5/ MZ R (Sclerotium rolfsii)
51 A 4% 2K eV R A 1 BB R
EHA R EDBEEOR . AR, i
ER I PR AR T LR fiff A% 45 A R R R X 3 T A
(R AT e VR TS, B R ) AR B
AP BIIARORAN , W AR S H A B iRt E
P R B A AR Py 3 AR, A SR IE B
KATETH Tha739 X3R5 A1 18 o o H.
A BRI B IRRORNT

e XA R ORI AR IR A R, KER
(Trichoder may) L 74 2 fi i WL 14 A= B T R 2 —
XN ZE . A SEAE ) AR T s b7 16 Y A 8 2%
R s SRS R 1 3R o R T B 9 AR
SR ST AN (RS S N SUD O N
F B v B EE AR AR R e i /0 LR 3R E T
R X A AR, TE KRR o rE R A
AR AR IR A BUR AT R, A SR
1R T B R Al b DX R T O 4 i TR A T
IYEEEE , JFHESE T WS KRR EMF910 1 ER i
AT RSB TR B AE B AR . SRS SR AT
Sy 5 B b B R B AR BN A AR W B IR 2
it

1 MR5r%

1.1 ¥&

— AP A (1 IE R B R R T (L SRR e
R AT RRRE B T 2021 4F 6 H R A T E |k
FA X BTN E LS PR SR b, 1%
M A SR A R S A 1, 38 pH(ETE 8.2 A4,
F RN 10 gikg, REIEF 5 BRI
WA MRRE AT 20-30 Axbk, ATHEUEZ T
SR FRUI PR I RE TR SR B . AN BIF 5 BT S R K B
EMF910 by A PR A8 41 if 1 7E 4338 vh 43 25 B A
PR T 2 PG VI A 2 A i B 2% 2 B A ) S 50
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T TR R R R ] e R 8 R ) £ 0 (CCTCC
No. M2021815).,
1.2 EHRE. TEXFRIE

PDA #5575 PDB 15575275 SOk 2210
il ; EhBl PDA ¥5373k: 7E PDA $:3R3Edn A
10.0 g/L S Ak4H, pH 8.5; Btk (I i 2 b
(YEPD)K:i#75(g/L) : BEE:#) 10.0, B F K 20.0,
HI%THE 20.0; ERTK YEPD #5355 (g/L): BELbHS
10.0, &1 20.0, #%H% 20.0, SEiLEH 10.0,
pH 8.5; MR AT KEER: L (g/L): WHE 27.0,
FAHY 20.0, MEITRIEGY 10.0,

FLE DNA $BGLH &, RARAERHL L
AR E; PCR ¥ 359 & PCR i
2xAccurate Taq Master Mix, & TAY T (L
TR AT FRA F . PCRAY, Bo M1 H R A BR
oaEl BIRWEBERS KA, dbatos—E R
AIRAWE BB RS, iR R R
Al ORI E L, FEER I RBH A ]
1.3 HmEMSTEREK

F A R S R B AR R A T T
arrh, AWK PR R 5 4 . SR E L
L5  vE P E T A A 9 A8 4L 2R 1) 361
/NB(5.0 mmx5.0 mm), F 75%LFEHIRIE S s
JEHUE, BE 1.5%IK E RN R kLT
1 min, FJCE/KMYE 3 K, BF/AET PDA
BigR LR, 28 °CHiFR 3-4 d, Pk LKt
FLE R, PR BOR S B0 A B — T
K BB TIC T PDA 55353k F4kLE T 28 °C
iR 3-4d, ERHZBEZREHRBIR—HTK.
W 2l LT B B R 2 BN FE PDA #HE |, 4°C
A H
1.4 BREREIE

SR B R R 41 SRl i AR bk
W4 SIS 8 43 B 380 9 TR AR 1A 7 B0 T A I 3%
FEAEROR O R 47 HICAE 7908 35 19— 48 A T AR

0, FHBT DR HARZEREN 5 em KE9/NE . L
WAL TITER /N EOIRII 3 A, e
TAEG P 75% L Bext R . 55—
75 B TR D THD 5B 1 1 A N 5 e P R i
2, AT RERN G PDA 8555 54 Ry B X IR
B BRI AR RIRE A A A AL 3
B A Ak B AR A S ) A AT R I AR
AR IR MR R T R 5% o 7E 55 37 1) L%

o 12 o PO MRS ) AR A g ML R AR S, X
MR SLHEAT i F A RRIC % o X T A $E e
K BRSSP R O3 B AL R bR, JF LA

B mvR s . W22 A TR R R R R
e A ] o

1.5 BREMESUER

W EOR B A E] PDA KRR B 7
5-7d )5, WMEIFHMIE SRR B A | 48
. PRECE 22 F, Bl DG B s xR 22
SER L AT RN A TR A AT UER . AR (
BR3P 43 2005 T R v et B0 BT
AT S FWI S .
1.6 HREMS FEMFERE

DLBUR T 22 0 R ORHE L DNA, #I 1%%:
Tl 2 3505 7R 6L T AP AE PDB B5 57 3E, 28 °C.
160 r/min 535 3-5 d, FhuEE BEREH 2,
W E 2R A TR RIS IS , 2 B ELTE DNA 2
B S e B A5 32 B SRS 14 1TS1 (5'-TCCG
TAGGTGAACCTGCGG-3")H11TS4 (5'-TCCTCC
GCTTATTGATATGC-3")#"#% rDNA ITS J¥41,
PCR JZ WK & (20 pL): 2xAccurate Tagq Master
Mix 10 pL, &4 DNA 1 pL, k. FiF5149
(10 pmol/L)#% 1 uL, #4li7K 7 pL.PCR I 4514 -
94 °C 4 min; 94 °C 45 s, 55 °C 45 s, 72 °C 1 min,
130 MEFF; 72 °C 10 min; 4 °C{FfF. PCR
FERSEHET E I, P2 1Yo Bn R AR R H Uk
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HEATIRIE , TEBERS USRS BT AT R A2 1 25
AU HE Ab FRAE 5 5 6 AR T AR TR (i) i
A B2 BT o

¥ DNA ITS 725 RAEAZ IR 7 41 B s 122
GenBank (http://blast.ncbi.nlm.nih.gov/) #f 17 [F]
TR T 5 43 B X, BT #4097 Pk rDNA ITS
F¥ 9152 500 P v B AR AL, AR L
FEEREFESH MEGA 11.0 Bk k454
(neighbor-joining, NJ)%#E4T 1 000 AL EE
JETHRIF R T LB
1.7 ME%AE EMFI10 X & R EHEUH
B R HNEIER 7

N T KK EE EMFI10 7EER SR A4 1F T
ABEVER, 456 T 2% A 16 X R 0T i
Tl R S s 1) R = R AE TR S I AR B A
& pH 8.5, NaCl &N 1%, 43l 7EIEw &
S ARG T 3 BTG KX AR EMF910 X 350 147
PR ) 23 % A6 0 & B AR
1.7.1 B%RAKE EMF910 X BUREIIHIZRE S 4

SR PR IRE 75 23V 03 7 7 LE R AR B 2%
TR EMF910 X80 B I ifEH . 7¢
AT, HATALAR 2 S AR 8 mm
EURHE S XA EMFI10 HHE, XFRIER
F PDA B FE R0 20 mm &b, F(25+2) °C
B p e g 7 d, DUREERIG KR E
EMF910 U Ax R, R b3 3 MER
HeAh 5 B H A O, () Imaged B4 X
BURBEAT 50T, 43 5050 XA EMF910 5
09 A G T VR TR (A7 . mm®), i A TR

B R
Xof PRV TR — b PR B 74 TR
1| 22(%)=
M Ce) R A T
1.7.2 W% AKRE EMF910 X 3% H 7 F/F & ]
B Z B
HF# A e YEPD 353535, S0 Ao &

*x100 o

WA JE R 10° CFU/mL, WPk K% EMF910 #15
W M 10° CFU/mL, 10 mL h58 &5 18 % B 28
Frgegirhdh &4 8 mL 368 YEPD B335 3, 1 mL
095 A L BRORT 1 mL JGIE K 10 mL 1E 8 4: A4
IR 3Rt A4 8 mL YEPD 55556, 1 mL
O AR 1 mL JCE 7K. 10 mL R0 514
XTIRFHR I 2 B5 373 P & 8 mL #2A% YEPD 557
B, 1 mL BUSHMERHA 1| mL MRAE
EMF910 £ ; 10 mL 1F % 2518 5 Xl i 36 2
B firp &4 8 mL YEPD H555 58, 1 mL 3%
PRI A 1 mL W X K% EMF910 7880
BLHFESL T 28 °C. 160 r/min 537 12 h J5 il A,
TE 40 A% G WSS & 4 B0 I 168 1 1Y B &
PO, A 2G5 v o I o 0 A i R R 481t
i B kit kAT, StRE 100 A9 bR
R R AR E 3 A ER
1.8 BFIAW

T AT R ARk IR A KB EMF910
XFHE 2 BRECR SRS R 1 B AR B A 1R
Mo @RI E 1 MK IE 1A HRAR
% EMF910 TR 5714 2 b3z, b8 2 4 F
11, AAIS Pr i R AR S AR 1 e ok
BT 7 = R A IE X 5 i
1.8.1 M%ASZ EMF10 EFAH &

M SR U IS AR & EMFO10 P-4 H
JCE K ik 45 B 10° CFU/mL (0 72
Fie B S% B Fh i B A 2 0 A OB R RS 57
JE, 28 °C, 160 r/min #7557 5-7d, (HHHMmEk
THEOR N 2 e 2 ) R PR B, R IR s 2
A% EMF910 B4 A4tk #] 10° CFU/MmL,
it
1.8.2 HREABERIE&

BB A AR A 1 B0 ik £ T D 45 Fh 22 PDB 85
Fidirh ) 28 °C. 180 r/min ¥ IS 5-7 d, I
BRI EO I e R AR, &
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1.8.3 BUREMEMS A

H O 20 55 3% 0 1) 35008 TR & IRV T SE 0 A
e AR A T, & i M SEOR TR
FHeEE M 107 CFU/g®,
1.84 ZBZHAEHBE

AR T B R A R A 2 B L [l i
B A DX 5 S X B A AR Ui T . A
HiAR H T B R B 6 X5 0T R R 5L
M —AEAE BRI, BORIERAIE E . T X,
WEKT 25 cm, JiE. OWREE. KR, T
ML 153

SEE AR S K 50em, P& 20 cm, &
17 cm. BE2ELEEL R 13 em, LT EY
H 15 kgo BEHCARARDL R A7 IO EE Y 8 B4l v
I 16 bR, K HIE N 2 4, UL T )
GRS R E R AR — 3, BT
P 8 BRIH . 7 SO E F AN e A i
Ab, (RIS, BEREEZ R S em,
1.85 ABARNETLERNMRELEE

PR AL BEE ) B R AR T S BDEATAS 1 K
M AR EMF910 B FIFEAR , K BEWFRRE 10 f5
J&, BRALER 1 Lo WK BRAL I B RS AR 5 A
FEIMEE T, BARREEE 1 LiEK. Bak)E
60 d &EF% 10 d fliH 1 R, 60 d J5f1~4b 3
B Bl S K e R R AR E R AR K
1.8.6 EFBREMNEKIEFUE

WEBREEZPERK 6 ~H, TGkl
Xof R R R TG 6 L v RO AR AR 1 Ol AR
W HTGTT

B MRS 2 W ESHEMCRIZ S, 4t
AN TR) Ab B AE 7 v b 43 58 5 1 TEAE AR
FEIG 2N AE TS AR AR o5 B R A R SRR L A9

B ECAR BRI T A R AZ A BB
FEM P BB R | SRR A5 L TR AR g L T

IR Y v R A AR ST T AR AR AR AR, K
o Ry R B EEAEL AR o SR SR B E 4 T
1.9 HIELIE

P E AR Y% FH Microsoft Excel 2019 A&k
PEATER PR AR B, i Al SPSS 23.0 # kAT A A
RI7 20T, KA Originl1 AR .

2 HZRE5OM

2.1 KHEEIRBRERMNE

IE R IEEFPHLIL, A RRek 0, AR
JEE 9 H B R B A R L AR (B 1A,
BIN), L FARZEER B R, IR AL
L4, PRERHL R AR (B 1B, BN,
HMZEF) RS O dE AT R Ik RIS
(B 1C. 1D).
22 HREHSESCEREEFNE

Z N AR S 7 B Al Ak 5 A5 51 4 Bk
TRIEEOR A . PR X12 5 Pl fE Rz 3 8
B MR AR5 7 RIRE iR Y ke, E
ARGRBORTE. M TXT A (E 2A), FERE
RS A5 11 AbF2 R0 EOR B X 12 B DRI & PR
BERMALUR AR | RS MR RR
B IR G R B, K BN B B IR X12
PR EAL & e A AR B (K] 2B), HRH K
IR (4 K I iR AR — B0 BERDEUR A P1 AUAR
BRI 2t A R s g (K] 2C) . 4
SN 5 Ah o B B T B B AR . AR B A
M REACH 2 . Bk X12 5 Pl Al RE &S R i
R J 97 1) 32 B O T -
23 HREAIFSWE

WK 3A s, BURH X12 MEL 6
PEAR, AR F AR HL, TR R FRR
MRS . WM B s, H 22 p AT,
AN, MLANAS—, B 22 NS ) S5 TR B T
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El1 AEREHFER A HUEACREE BB R, B ARRECHE N A& . C: AR

B AR, D: B 00 B AR R A T T
Figure 1 Symptoms of root rot of Astragalus membranaceus. A: Astragalus plants with mild symptoms of
root rot. B: Astragalus plants with severe symptoms of root rot. C: The root of A. membranaceus with root rot.

D: The cross section of the root of A. membranaceus with root rot.

B2 HmENBEEEARE A XHARRERERARE. B: BURHE X12 RHEH RS E AR, C:
BURTE P1 (a4 20 A AR ] TR 25

Figure 2 Invitro tissue graft of pathogenic fungi. A: The root profile states of the control group. B: The root
profile states of strain X12 return group. C: The root profile states of strain P1 return group.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4170

(PEXYE ST

Microbiol. China

3 HFRENEREEMES A-CHOMNEURRE X12 M EREEIEA.
MMFIEZE; D-F 5l AEUEE P1 ERETEIES .

40 fFOL B B T 2
40 ot R P RZ R TIRE

Figure 3 Plate morphology and microscopic morphology of pathogenic fungi. A—C are the plate colony
morphology of pathogen fungus X12, and the mycelium and spore morphology (40x%), respectively. D—F are
the plate colony morphology of pathogen fungus P1, and the mycelium and spore morphology (40x%),

respectively.

W(& 3B); fil 528 JIRE 3C). BURE Pl
W22 G ER, BONEUE, WEWL N6,
R 53 TR 22 B 35 SR 0 ) A AR kit 5, I
4 (E 3D); WM R BN, Pl L E
FETERRIES, B, W5 W 22 2L TR AR (K 3E),
TR, FAaEfT 4, BR800
AR, I AR 96 FAATERR IR (K 3F)
24 BREHNDFENZELEEER
RERKAEMERN, WK X12 5 Fusarium
solani [IAHMRIPEILS] 99% (& 4A), ZMEICHR
[24,27145 G HAP AR S I OB A&, &0 &
FUR B X12 A8 B Hk0(Fusarium solani). B
#k P1 5 Fusarium obliquiseptatum [ AHALPE

100% (1l 4B), He 2 BUWTAE P1 kb 161 ik
il (Fusarium obliquiseptatum). 2 Fiiill 77 B AR )
rDNA ITS 751 2 #2538 & GenBank, 3545741 %
F50 5% OR121457.1 5 OR121458.1,
2.5 FMAYRAKRE EMF910 X1 4R FEmBUmRE M
HHI1ER
2.5.1 Btk EMF910 X 0% B B 22 4 K a9
EA

Bl 5 Hr, XTIREZH 3RS B AT, R
WAEE EMFI10 5 2 #REUREFERE 255 5 Kt
AR HIROCR o B P4 b A0 BT e fh i
FORTE, AT EERN ) R AR EMF910,
FEERI S IR 2T, M SOREE EMF910 535
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WP X12 LR FERT, SR X12 ARSI &%
S, W PR EMFO10 58051 P1 2L 33
I, XK P14 KA BMEIER, B
FEIEH 2 X P1 A= B3 i 8RB
FEFRBNSE 7 RAF, M AR X IR 4%
A 2 MRBURE M EE AR A, RS %
K% EMF910 7EEh s M 15 554 T % 2 #RE0h
S, gitssRamE 6 . mE 6A
ALAL, BORE X12 EE S 15 &0 T w5
AR TR EAA R 25 25 5(P<0.001), FEIEH 4%
T, HBE TR R FAE SRR AS R T 1 % 1
L, BT AR SR i) X012 BB 22 4R K 3

95

W Pl FEIEH 00 T & AL /N Tk
RS AE T BB 7 1 FR(P<0.01) , 158 B R B 45 14 7]
RES e R P A . MK 6B A1, IEH
T, MRARE EMFI10 X80 H X12 53
W P1 B IEIZ8 530 AT LA 3 (77.9340.00)%
F1(73.82+0.03)%, FHIEAMF TG HKAZE EMFI10
ST X12 5EkR P14 545 5] LAk 5|
(70.22+0.02)%F1(67.95+0.03)%, EhBM 51 F s
AR EE EMFO10 Xt 2 #R S0 i 14417 i1 26 2 2% /1N
TIEH 2T B 6 (P<0.05), HiBIm KA
% EMF910 A4 B8R T BB 25 H T AR 1Y
ER AL I 327 20

Fusarium solani strain FUS ITS 11 (HQ384397.1)

60 | Fusarium solani strain 12 (JX896998.1)

100 |- Fusarium oxysporum f. sp. conglutinans strain MAFF 744001 (DQ452447.1)

99
43

100

91

74

84
95

100 [

0.05

Strain X12 (OR121457.1)

Fusarium solani culture CBS:127118 strain (MH864425.1)
Fusarium proliferatum strain 08405 (KJ020897.1)

Fusarium proliferatuene (FJ040179.1)

Fusarium oxysporum f. sp. momordicae strain HuN4 (MF445458.1)
100 Fusarium oxysporum strain TBCui (JN020659.1)

- Fusarium subglutinans isolate TR-12 (KX385059.1)

r Fusarium sambucinum isolate ZZ347 (KP264666.1)

k Gibberella zeae isolate HMA-9 (GU480950.1)

Fusarium culmorum isolate ITCC149 (AY147307.1)
Fusarium boothii culture CBS:316.73 strain (MH860690.1)
Fusarium acuminatum strain G17XY4-31 (MG670377.1)

[F usarium tricinctum strain 4/3069/2 (EU744837.1)
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B 97 Fusarium venezuelense NRRL 22395 (NR_172367.1)
Fusarium cryptoseptatum NRRL 22412 (NR_172368.1)
47 Fusarium acutisporum NRRL 22574 (NR_169884.1)
100 Fusarium rectiphorum CBS 125727 (NR_166028.1)
5 100 Fusarium obliquiseptatum NRRL 62611 (NR_165844.1)
Strain P1 (OR121458.1)
84 Fusarium robinianum (NR_154410.1)
Fusarium domesticum CBS 434.34 (NR_145050.1)
2 Fusarium biseptatum CBS 110311 (NR_137706.1)
08 100
_— Fusarium delphinoides CBS 120718 (NR_130680.1)
57[ Fusarium penzigii CBS 317.34 (NR_137707.1)
Fusarium ruscicola LIP CLL17029 (NR _177580.1)
= 99 Fusarium zealandicum CBS 111.93 (NR_138298.1)
Fusarium cicatricum CBS 125549 (NR_174640.1)
74 Fusarium salinense CPC 26973 (NR_172264.1)
78 | = Fusarium citricola CPC 27805 (NR_172265.1)
99 Fusarium petersiae CBS 143231 (NR_156397.2)
Fusarium nurragi CBS 393.96 (NR_159860.1)
Fusarium babinda CBS 397.96 (NR_159861.1)
Fusarium algeriense NRRL MOLD:66647 (NR_158423.1)
Fusarium burgessii CBS 125537 (NR_172292.1)
Fusarium hostae NRRL 29888 (NR_171109.1)
Fusarium concentricum NRRL 25181 (NR_111886.1)
Fusarium pseudoanthophilum CBS 414.97 (NR_163682.1)
Fusarium werrikimbe CBS 125535 (NR_175624.1)
002
B4 REFBFRERZLE A: SURH XI12.B: BURNK P1. 43 X BUHFR bootstrap {H; #5574

1 GenBank % 5%5 5 A REUF RPN LI 2 F
Figure 4 Phylogenetic tree of root rot pathogen. A: Pathogen fungus X12. B: Pathogen fungi P1. The value
at the branch represents the bootstrap value. The GenBank accession number is in parentheses, the scale

numbers represent differences in sequence evolution.
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El5 MERAE EMFI10 S EHEEMNFRIFRIEE  A-D 7 5URIER F80RE X12, #hss
TEORE X12, 1E3 4P FEURE X12 50 S5 EMFOL0 XS, $hid Ph T S0RE X12 50 JeA T
EMFO10 XfUff; E-H 23 BIARIER SMEONE P, A TEUNE P1, IEW&MFTEUNE P1 S50
HAEE EMFO10 Xfre, $hBsZ& F T BUWTE P15 JOKEE EMFI10 Xk

Figure 5 Plate confrontation experiment of T. harzianum EMF910 against pathogens. A to D represent
pathogenic fungi X12 which under normal conditions, pathogenic fungi X12 which under saline-alkali
conditions, the pathogenic fungi X12 confronts Trichoderma harzianum EMF910 under normal conditions,
the pathogenic fungi X12 confronts Trichoderma harzianum EMF910 under saline-alkali conditions,
respectively. E to H represent pathogenic fungi P1 which under normal conditions, pathogenic fungi Pl
which under saline-alkali conditions, the pathogenic fungi P1 confronts Trichoderma harzianum EMF910

under normal conditions, the pathogenic fungi Pl confronts Trichoderma harzianum EMF910 under
saline-alkali conditions, respectively.

2.5.2 E¥k EMF910 X BUi% & 8 F 85 & B9 H0
MR

TEERBHE E W G TR 4T, SO X12
Pl 7E3: 5% 12 h B9 F i RS O E 7 Fros o WL
LRI, TR WAL N, ANAE TR R B SR,
5 RREE EMFI10 dER5 SR 4B 2 AR B0
P53 HE A R R W A&, TEFRBRIET S
MR EE EMFO10 FEI5 52010 2 BREUWR 1R 40 4E
filFEAT K, HILHS O AR 2ZKE
PR F X B4

X2 RSO I AT R R TS, 4

RANE 8A PN, FEIEH FIERIR A T 2o i
X12 R R 12 h JF R 0500 95.56%F
92.22%, BRI P1 7EH5 5% 12 h J5 19 8 A%
I3 510 80.00%F1 84.44% , Ui BIELHH 414 %F 2 £k
B0 B 961 1 & TG B35 R (P>0.05) . 247 7E
M KEE EMF910 B, FEIEH 5ERm a4 T3k
W X12 BIEE &5 5 12.22%F1 25.56%,
FOR T P AYER & 5300 11.11%7F1 30.00%,
X UL K AR EMF910 FIAETEXT 2 MEBOW
A8 AR B THNEIERT . 43k e R B
ZM 5 IE R S TR KRS EMF910 X 2 FhE
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6 FIRMUIFRIELER A AFRSHAMBOREREEHRGEIT. B: WX KT EMFI10 7E805% 5 1F
WA R XU R I HI . NSA IEH S5 SA: B AAE; NSAL: IEH 404, AVEUR # X B4 ; SAL:
RIS, BURFEXTIRZL; NSA2: 1IEH &M, X4 ; SA2: hAscfh T, X4, *. 0.01<P<0.05,
#%.0.001<P<0.01, ***. P<0.001. [

Figure 6 Results of plate confrontation experiment. A: Colony area of pathogens in different treatment
groups. B: The inhibitory rate of T. harzianum EMF910 on pathogens under saline alkali and non-saline
alkaline conditions. NSA: Non saline alkali conditions. SA: Saline alkali conditions. NSA1: Under non saline
alkali conditions, only the pathogen control group. SA1l: Under saline alkali conditions, only the control
group of pathogen. NSA2: Confrontation group under non saline alkali conditions. SA2: Confrontation group
under saline alkali conditions. *: 0.01<P<0.05, **: 0.001<P<0.01, ***: P<0.001. The same as below.

R H LRI GI (B 8B)AT A, TEERENS: AR MR ARIE T . KR A A
PRI RASE EMFO10 XF X12 1 P1fIFHI LR TG 880 2 Bk, BRI 8 R AE00 B ECh
I 3R (72.2940.06)%F1(64.47£0.04)%, 76 9 Bk HAAEAb 320 0] 5 4 5 T AR A0 A
IEH AT X X12 #1 P fLF A L ARy By 16 Bk, TH KX B W A TG R N
MM (87.21£0.05)%F1(86.11£0.05)%, fEIEH 45 12.5%, My X AR %E EMF910 18 77l Ab #4185 5 1
AR X 2 Fh SO R 6 B 2 R A S RGN 56.3%;

FEAE B 500 5 ER A 1F T W X K B EMF910 X X WAL R I AT A7 B B A e ) AR 58 2 3 155 O
X12 FfFB & il 2 HAT B 25 25 5 (P<0.05), PTG, Gt R IE 1, mgS R, W
XF P18 R 2 A M 2 F(P<0.01),  KXTHRAL BB R H N 50%, B FTIAL P o
2.6 EHRBER EMRRRER 33.3%. FEEHEET, R

FAI PR B ORI AR ASSS SN AN BRZEAE L AR B e e R R T
RWE 9 Fin. MIE 9 A, EEMKREREM  16.7%, UL ZOKE EMF910 754, % 13 i X}
PR E AT R L AR 6 MR MEAUERRA —ER AR .
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E7 BURE X125 P1FE 40 FEMATHHELER A EWAFTEUREN 4. B: IEH
FAF T IR PORE: EMFO10 AR FIZH. C. £ 1F T (UBUN A R4, D $h8E1F T IR SR % EMFO10 4k
pLIEZE]

Figure 7 Germination maps of pathogen conidia under 40x objective magnification. A: Under normal conditions,
only the pathogen control group. B: Under normalconditions, the group was treated with T. harzianum

EMF910. C: Under saline alkali conditions, only the control group of pathogen. D: Under saline alkali
conditions, the treatment group of T. harzianum EMF910.
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Figure 8 Result of Pathogenic Spore Germination Experiment. A: The germination rate of pathogenic

spores in different treatment groups. B: Inhibition rate of T. harzianum EMF910 on pathogenic spore
germination individually under saline alkali and normal conditions.

9 WERHAREMERES A iAW ML 2 FORARIRAS . B 70 A L A7 3 3 AR BRR S
Figure 9 Root Status of astragalus after harvesting. A: The root status of astragalus membranaceus in the
clear water control group. B: The root state of astragalus membranaceus in the T. harzZianum EMF910
treatment group.

F1 TRELEZBRFEEEREERLFER

Table 1  Survival and morbidity of A. membranaceus plants in pot culture with different treatments

Item & KX AR R A EMF910 Ab 31
Clear water control T. harzianum EMF910 treatment
FE#R B 4L Total number of transplants 16.0 16.0
1715 FAR L Number of surviving plants 2.0 9.0
96 2 Survival (%) 12.5 56.3
HRFE R Number of diseased plants 1.0 3.0
K IR Z Morbidity (%) 50.0 333
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3 Wik

ARWFFE RN, 8 PG ER B X R A1 35 5
BRERIE M AR, MRS HIAFRFEE
(R JEE 12 o FEAR RS 1) S R o 2 B vh AR AR 25
PeAb , BRI AR 2535 B A 1) B SR ) £ AR AL S
I DA HR D A A R 0 L 2 €0 A P L 5 e TR 7
R b DX R T o 1 = O TR Ok R e
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W5 Sz B RE S 5 | A B A BARE o (b 2o
PR . RIBR R SRR B R R
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PR A A OB, TEXT R
Bite R s R E M . XI5 R R, R
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AR B, 6 ER 55kt 557
7 d B, TEER EMFI10 X #k X12 Ay %45
WIS 77.93%F1 70.22%, XTERE P1 AGSEAAN ]
RAYHIH 73.82%F1 67.95%. @iE¥f HAEIEH 5
ERIRSE R bR EMFO10 X 2 Fdv 38 i i 41 skl
RATHL, FEERBRAAE T kAR RN 2 FhEUR
R T NS R i o Rl o 3 ol O v
2R (P<0.05), HOW Bl 71 & LI R iER T
MR K% EMF910 X80 e X12 5tk P1 fir
W R AR T, FEIEH 5 R A R T R R b
X12 FFW & £ 53518 87.21%F1 72.29%,
STE MR P18 & B9 8 86.11%F
64.47%, MY AKEE EMFO10 75558 5 1F % 414
X 2 BRECR B AT R IR H B
2557 (P<0.05), BPTE IE 5 2508 T X B0 14 96+ 1
ROHIVE R AR, XA B RS
WARM S, BRYETHRIRETETHAR,
FHE L AP E R, B R ATHERT,

TEER A T Wa AR EE EMF910 % 2 FhEUR 11
il 20/ N D PR A R R B R A T EMF910
W22 AR SABER . R, A 2 ok
R E IE 5 SR N B TR VR T AR L 2
AL, SRRSO SR UEEOR R P1 AR K,
U, FEERBAE TR EMFI10 Xfptk Pl
P 2R T RE 1% S DR — Ty T RT B 2 SR A% 1 ol
T Wtk EMFO10 AR SABER, wmfest T
FARE P1 A o {H SRR 5 ey 52 g iy 2 K 25
EMF910 i 4: B VE A 75 2 it — 20 ) SE IR Y .

R I A P A AR AE S 35 A0S B RAR
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[Fi] b T 2H B P AR R AL IR AR AE TS O, X a]
FE A FH T AT 40 ) 58 o A B B B0E R AR
JEwe A, HETSBAHMRSET, WAl REEH T
FEAE KRl B Pl T BREE IR R S ) 5 SO AR BT
RE 10855, VTR A AR A IE AR . TS
MICT- IR R e 2R, (R AL 34 o
BEHEARAT 16 8 T K B4, UL K2
EMF910 > £h 5 358 v i 5o 19 A= K B A e i1
FH o X BT AT RE 2055 581 550 Ak 33 4 R B AT A7
15 P U AR TG 1 A R AT R, R A B A
TG B R IR S R 3 BRI T 16.7%, X UG
WAREE EMFO10 7EERB8 A5 14 T X o5 EEAR i s L.
ARG, BEEM KRS EMFI10 75 R
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