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Abstract: The aim of this work was to screen for fungal biocontrol strains with inhibitory effects on the pathogens
causing root rot of alfalfa (Medicago sativa). To this end, the fungal strain bai5 was isolated and obtained from the
soil surrounding the roots of Betula platyphylla by the dilution isolation method. This strain was identified as
Trichoderma asperellum through morphological and molecular biological identification methods. Seven common root
rot pathogens of alfalfa ( Fusarium avenaceum FAV-7, Fusarium equiseti FEQ-10, Fusarium acuminatum FAC-11,

Fusarium chlamydosporum FCH-13, Fusarium tricinctum FTR-14, Fusarium oxysporum FOX-15, Fusarium
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solani FSO-16) were used as target pathogens, and the inhibitory effect of strain bai5 on these pathogens was
comprehensively evaluated using the two-point standoff method, the solid dilution method, and the plate-pair
buckling method. The inhibitory rate of strain bai5 against the seven fungal pathogens was higher than 69% in the
standoff culture test. In the fermentation filtrate inhibition test, strain bai5 inhibited the growth of FAC-11, FTR-
14, FEQ-10, FCH-13, FAV-7, and FSO-16 by 63.14%, 49.80%, 40.78%, 33.33%, 16.08%, and 8.20%,
respectively, but it had no inhibitory effect on FOX-15. The volatile compounds of strain bai5 inhibited the growth of
FTR-14 and FAC-11 by up to 74.51% and 72.00% , respectively. Analyses of the biological properties and growth-
promoting characteristics of strain bai5 showed that it grows fast, is strongly stress resistant, and has nitrogen-
fixation and cellulase-producing abilities. The effect of T. asperellum bai5 on the growth and physiological indexes of
pot-grown alfalfa plants was determined. The results show that bai5 significantly increased the fresh weight, height
of above-ground parts, dry weight, chlorophyll content, and soluble sugars content of alfalfa plants. In conclusion,
T. asperellum bai5 can inhibit the growth of at least seven root rot fungi of alfalfa and significantly promote alfalfa
plant growth. Therefore, it is a biocontrol fungus with high development potential.
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1.2.8 WA AE baid IR AR 7E PDA AR L)% 7 d (9 A 85 baid (i I JC B8 /K BB BE , il 45 e B Sk 107
A emL TR IR .
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TRV ) 2 R TS A T TR AR A T B PR AR R B baiS il FREVEIR 1 mL, T(28=+2) ‘CFABE 12 dJ5 A 500 mL T4
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M4t ZEaf i =(13. 95 X ODg; — 6. 88 X ODyy ) /fE T
M4 E b i =(24. 96 X ODgyy — 7. 32 X ODyy, ) /B
MR SR =g Ra i+ R
1.3 3547

FIH Excel 2021 #F 4738 50 B0 38 3, iz FH SPSS 26. 0 #4752 1H 40 M7 , SR F Duncan’ s B7 5 # 22 15 Rl Sz BEAS ¢
65 56 % B4 R AT 25 5 A T . SR HH OriginPro 2024 fE L 12 I MEGA 11. 0M & R 58 & B L .

2 HR5HH
2.1 balbH k5 B i lE

SR FHRR T 43 B VR A 1 MEAR [ 38 73 B9 4 Ak 3R A5 50— EU TR A K baiS. X MRTE PDA S5 378 3k A Kl , <A
PR 22 AE 3 d D9[] DU J B G A A o8 A i B AN B SR . TR VR o) S 1 (L BE S AR S R sk, R T AR (e
ST (B TA) o WROEE R LS B B AS 0 A Y T AT 2~5 AR, AR O 22 BRI, rh 3B B K, K il 43
A F o AR B R & S R 000 AL Fe A (B 1D) o A3 AR TR ONERIE sl B [ R, B AR 2~4 pm (& 1F) . 4
R WA S 5E baid BB RO AR B

XF K % bai5 (1 ITS X Al tef 1-a DX FEAT P 1 AU T 8 00 77 25 5 1A% % NCBI, 3k 1% GenBank % 5% 5 43 il
MK377313 Fl PQ280304, & T ITS il tef 1-a 5 K J7 51 i 1 1) R 48 kK & W W oR , K8 baib 5B AR R A — 3L,
AR REE(E 2) o P, 0 5 T8 25 2 R AE 5 T A2 W02 50 BT L K bai5 B iR 2 52 R A R 25

BEl1 baiS BH#7EPDA I FRE RS FHHE

Fig.1 Morphological characteristics of bai5 strain on PDA medium
A, B: PDA K7 3% 3 I bai5 1 Pk B V& 1) 1E T A1 75 1 JE 45 The frontal and abaxial morphology of bai5 strain colonies on PDA medium; C, D: baib5 B # 1)
7% A1 43 /£ 71 74 The spore clusters and conidiophores of bai5 strain; E, F: bai5 B # (1) 7 22 #1143 2E 78 F The mycelium and conidia of bai5 strain.
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90 W5 % A B Trichoderma harzianum BThr37
911 IREZXARE Trichoderma atroviride Tal00
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Lo KWL K 5 Trichoderma asperelloides GJS 04-217
(70 —— KTt K5 T. asperelloides T145
[ s KB T asperellum BS3-8
"""""""""""""" B AR B T, asperellum XJ087
T T bais
tiR Treescale L WA 5 T asperellum HNCS4002
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Fig. 2 Phylogenetic tree of strain bai5 and related relatives based on the joint construction of ITS and tef 1-o sequences
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JIT FCH-13 (i 30 il O 5 25 (69. 41%) o
2.3 BRIEARFE baid L H K B R xT T Ak H oY I A R
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Fig.3 Inhibition effect of the mycelium of 7. asperellum bai5 on seven species of Fusarium spp.
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Fusarium species, where A is the control and B, C are the front and back of the co-growth, respectively; A [[/NG 7 £ R 22 7 1B 3 (P<<0.05), F [

Different lowercase letters indicate the significant differences (P<20.05), the same below.
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Fig. 4 Inhibitory effect of sterile fermentation filtrate of 7. asperellum bai5 on seven species of Fusarium spp.
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Fig. 5 Inhibitory effect of volatiles of 7. asperellum bai5 on seven species of Fusarium spp.
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Fig. 6 Inhibitory effect of 7. asperellum bai5
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Fig.7 Growth rate and resistance properties of 7. asperellum bai5

A ALK B baib 72 h 4 K HF Growth rate of T. asperellum bai5 at 72 hours; B;~Bg: 43 5 Ry B A % bai5 76 4.2.1.3/4.1/2.1/4 .1/8.1/16 .05 &
FEH) PDA K5 9% 3 F A= K 40 h A9 7 7% 40 hours growth of colonies of T. asperellum bai5 on 4, 2, 1, 3/4, 1/2, 1/4, 1/8, 1/16, and 0 nutrient PDA
medium, respectively; C,~C,: 43 5 b 8 £t A 5 baid 78 2% .4 % .6% .8% Hl 10% NaCl 15 3¢ & | 4= & 40 h #9  %% Colonies of T. asperellum bai5
grown for 40 hours on 2%, 4%, 6%, 8% and 10% NaCl medium, respectively; D,~D,: 43l & 1 A % bai5 7£ 0.1% .0.4% .0.7% . 1.0% A1 1.3% 1y
NaHCO, # 7% 3 I 4 K 40 h (% & 7% 40 hours growth of colonies of T. asperellum bai5 on 0.1%, 0.4%, 0.7%, 1.0% and 1.3% NaHCO, medium,

respectively.
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Fig. 8 Growth-promoting function of 7. asperellum bai5 on alfalfa

A: 7# TAA fE 71 Indole acetic acid (IAA) production capacity; B: ¥ # B JJ Potassium solubilisation capacity; C: ¥ # 88 7J Phosphorus solubilisation
capacity; D: P2k 4 f& JJ Iron carrier production capacity; E: /=£F 4E Z [ fig JJ Cellulase production capacity; F: [ % ik /7 Nitrogen fixation capacity ;
G: =% F§fE /1 Protease-producing capacity.
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%EIEi%%%XﬁH%*EF{%%%E%Eﬁ{E BL i Lr-ﬁlj Fig. 9 Growth-promoting effect of 7. asperellum bai5 on alfalfa
X o ~ _ a: AL A E bai5 4k BB T, asperellum bai5 treatment; b: T8 1 K X i
ROR ISR, A K R e R T & R R AR B L 7T LA

Sterile water control.
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Table 1 Growth-promoting effect of 7. asperellum bai5 on alfalfa

fbF Treatment FW (geplant™')  RL (cm) LAP (cm) NB GR (%) DW (g-plant ') CC (mg-g ') SSC (mg-g ")
Xt B Control 0.254+0.03 9.8740.91 5.30+£0.44 17.67+1.15 66.67%6.01 0.03040.005 95.79+2.22 0.6540.08
AL A % baid 0.324+0.03* 11.17+£2.08 6.834+1.04* 17.67+2.31 68.89+8.22 0.050+£0.004* 126.934+6.59* 0.8540.06%*

T. asperellum baid

FW. fif i Fresh weight; RL: #2 { Root length; LAP: #i | #B K Length of the aboveground part; NB: ™ F % Number of blades; GR: % %f %
Germination rate; DW : F* & Dry weight; CC: M-%¢ % & f Chlorophyll content; SSC: A ¥ 8% & # Soluble sugar content; *: P<C0.05; il HF

{H + bR fE 2% 7R Data are represented as means = standard deviation.
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B 16 R T T

ARWF IS5 R F W, BAR AR B baid 44 & M A ™ Py % = 26 i 70 Ba 0% B0 1 FH SR IR R 7451 %0, FHIR,
X 9 F61 B J1 T B A0 BR RIOCR B I, AN R 40 %0, i IR 45 M A W R 0 T ik U0 T A a0 B R
63.14% o AREAHIUENW S Z M R 35 A VEACH P /040 78 R 5 R4 A AR 0 30 8 R — E A G, 5 Ma
SRS R — B Amin SR RIS R BT KRG AR M R M LA B W S IR AL R SR IR Bk D T L 25
HE SRS 0 (A lternaria brassicicola) ST 22 4% B (Rhizoctonia solani) fTEW Z BB EH N H 224 K o 2240
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P JRVEE TIT 1 R AR B A 48 43 5 15 30 B 76 K 5% bais X 45 6 22 4k JJ B FAV-7 Kl 7) 7 FEQ-10 B 191 4k /)
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