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Effects of Two Biocontrol Fungi on Major Alfalfa Pests and Rhizosphere
Microecology
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Abstract: This study was conducted in an alfalfa field at the Luhuatai experimental site of the Institute of Plant
Protection, Ningxia Academy of Agriculture and Forestry Sciences, where Beauveria bassiana and Metarhi-
zium anisopliae were applied in alternate rows for three consecutive years. The results showed that both ento-
mopathogenic fungi provided effective control of Odontothrips loti, with average control efficacies of 34.8%
and 30.3%, respectively. Compared with the control, three years of B. bassiana application significantly
improved soil physicochemical properties, with available phosphorus and soil organic carbon increasing by
67.2% and 41.7%, respectively, showing greater improvement than M. anisopliae. Soil enzyme activities
were also enhanced, with increases of 36.91% in sucrase, 64.20% in alkaline phosphatase, and 31.03% in
catalase. Application of M. anisopliae increased sucrase activity by 30.32% and catalase activity by 24.42%
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relative to the control. Compared with the soil bacterial community, soil fungal community structure was more
strongly altered by the two biocontrol fungal treatments. Meanwhile, the relative abundance of beneficial taxa
such as Sphingomonas increased, whereas the proportion of pathogenic fungi such as Fusarium declined. Over-
all, this study provides a theoretical basis and practical reference for pest biological control and the sustainable

development of grassland agriculture in the Ningxia region.

Key words: Alfalfa pests; Biological translation; Soil physical and chemical properties; Rhizosphere microecology

LA E 16 (Medicago sativa) Z A “HHE 2 71
PS8 T SR, Tz N T AR A T AR R
M R AE T R DA R
Fe M AE B A I B b R A Y A R
e, TEATRERRTERE E7 W, 20
R — AT SRR O R E A RS R
Jig s A B RTS8 547\ i i B T B 5 HOR A
S5 W B S IR R ks X, 2 0 AE X A
WP ATS B AT H A FEAE ] X T 4R T B X
ERCE SaaECR i 7 2 P DR =
F Al A A P A A SE A T A Ml 25 4 0 R DL R
BRI R AR R LYK E E e AR
J O B R AR A 7 R R AR

FAORR L E R EER R W
1 AN AR A AR A 8 S Odontothrips loti 5 38 K
5 Megalurothrips usitatus, J& T 2% # H (Thysanop-
tera) .8 & B} ( Thripidae) . 2F £ 46 5 ] & L& & 74
M4 A, S BOE fE RO TR B IE AR
BELVT- ), St 3 K S0 T g o BBCEL T A AL L T A
FRECR TR A L B G B Therioaphis tri-
Jolii F J& F 2 ¥ H Hemiptera BE %% Bl Drepanosiphi-
dae, Hi & WF Acyrthosiphon pisum 3§ J& - ¥ H
Hemiptera % B} Aphididae , 7§ % #F 1 35 2 il 0 =X 0
i, LUK W 90 B T Wk £, Rl i R O R Ak
BRERWEEAR Y FAEEH ST E
Hb DXCEE AR A 7 DR AL SR R AT X AE
TN A E 0 H A AL B 2 R Y L B
R N Vi

27 By 16 3 A A7) o 5 1 i T ] b RE LA Y
ol F- B E A7 BT 8 5 R A O FL R W T
AL a ARG Bl R O L it 24 50 M DUKS T fik 1k
B 7R 6 4, 5 305 B B 4 T A TG R B
I HALZ Ge b 4 i if 5 B o 5 SO 5 A4 35 AU S A
A R e R TR IR 2 A B 1) 2 B R 7 A2 B R OR
BTz MG TE . B HU )i H T (Entomopathogenic
Fungi, i #X EPF) J& — 8RB i UL RN EAE B ALy 5
L AT RARI A B ia Ve L 8 iz T A0l
FHPIA T, BATE A P4 T SR T Metarhi-

zium anisopliae’'™ " FRAL 18 Beauveria bassiana
S EPE 2 Sy A Wy By 36 18 50 B 36 51 S8 o K R
YN IR | e oK WA T HAY R  FE ) BB R AE
FH A OGN T OF R B D . REMUEY RS I L
S it 15 MR S A S A W A R AR R AR A T e R
MZHF N R, HEjh A & T EPF X T LM A=Y
A2 A R W B AH SCHIE |, TE B T4l EPF X R M i AR
A A B A B T HERR VAR AR SRR AR
B IE VAl 4 7 S A A MR A AR T AR
i U A R 7, DL BGX PR EPF X 4 4
e B S B A WU VR A5 R B R o SE e R e A, B
B FEAE 4 1 1L R IR 2 ) b S A 2 R U
TE & 77 A2 T A 00 I P B AR 5 o T OB IR X
— B AU BT 5B R B b M B A AT, S AR
A SR AT Sy 22 R A 4 A W B R R

1 MRS

1.1 ##

P () it FH AR 3 TR 5910 A 46 2R AR R Mezarhizium
anisopliae T # IMI330189 19 1.0 X 10 - g 'fF7]
12 By 59 R BR 9 A 8 B Beawveria bassiana T ¥k
B094 ) 2. 010" 4> - g~ 4 7 T iR A K3 550 , i
A B2 B A W) 1 i 5 BT i 1

A% : SWBD-16A & 25 M5 55 2% , It 57 R 48 R
BHEERWA R A A .

1.2 REHZE

AR I XA T T E RN E X AR
T B ARMRBL A BE AR W) DR AP B 5 T AR M S i L AR
JI 2 56 3k 7 7 M2 (38°39701"N, 106°08" 56" E) , T 2
9°0.3333 ha, FAE B9 & 7 & APy CWL363HQ . T
A LSRR AR ETHEAT H RRAE . BRI A
{8 W (Beauwveria bassiana) 1 & fa T &% {8 &
(Metarhizium anisopliae) % 1 6] 8K Jits FH J7 =K, B 43
ST 2021 4F (2023 4F F 2025 4F #E A7 0t FH , 1 £ 2022
AR 2024 AFR HEAT I o it FH SR TR 5 RS
Jei R Pt 75 24 St A E AR PR R L vt R



%7

T A PRI A B R R S A B 2 AR B AR 2 Y S 2431

H2~3 cmo PR B B At T B2 34 3. 75 kgrha .
AR ARERL , BAEE/NXHEHA R 5.5 mX
5 m, 2k 50 ][] S >R B Al B 96 4 it 5 & AE AR N
EH 4,

1.2.1 AFZH K 202547 H 30 H 4% 1 S HORE v
W B AR X 43R 5K T m B/ X SR HTA
B S5 A E R BCE B/ X REAILER 5 A
R RV 20 R H RS ARCAR  F i B I Hy S /N AL
FAFTAER 30 em (58 40 em B9 BB G0 7S HE H
R ERCE 1T B3t P % 9 R A= B R VT 2 o A 1 8
W 3E K By S BRI S R B IR SO

it o | (CK—=PT)
uﬁ%%{@;

CK AN [R] B[] N 2K By i X E 500 PT o AN [
8] P9 B 9 DX L 1 4
1.2.2 MR RELET REL2 1L4HE
F T A AR PR 48, R FH B AL 0 BURE V6 78 AN SR
Hi Bt LR 5 T A AR B 0~20 em (1 3, B 54 R
FERYRESLIR A 14 8 (150~200 @) FH T+ 1 4k
PRI E , AR Bl G 2 mm 7 S, 432 2 50 mL
LW ELERHT LR ANT . ALK
ERBWE AT 2R T, EHSAS A
FH OB A Bl 3 0 5, 4= B L 1 A% % kR FH 4 B8
Fi b5 200 2, A1) ICP-aes ¥ I 5 4 B0 L 3 SRR &
o A LB R S R A A DU, R
67000 5 5 I+ 4 pH(E .

FH T 004 0 40 53 BT B RE O 2 M R VR R ik &
AN AR AT SR A AR
1.2.3 sz B UE S PRl 22 3R
R, R SPSS 20.0 #F 47 MR K 22 o W
(ANOVA), 4 7] 2= 5 I 2 P L Duncan 3 K 5 (P<<
0.05) . QIIME2 43 #r 4~ 5+ A 0y Wy Fh 75 3 B ]2 2
FEPEFR . £ /T R(v4. 4. 2) 1 1Y vegan f i
15 HE AL AL 5 B 4t 53 B o R ggplot2 i A7 + 4
T 2B 2 A T AR AL

}X 100

2 HRESH

2.1 AMAEBEMNEHEBEEEHRPBELR

i P& 1AL, AR A 1A i O B AR A Y
(-0 G SN T = S 1 SO 429G
e, A A6 1 D B0 B L R D B A
150 3k « EBC SR 3 R A b SF- 34 e 9 RE 2 Ry 27

Sk E RS E BEE R S By O
M5k AR S AR BRI AR T 3 AR A ] it 4
fo T LR AR A 3AF HY BT AE 2 A AR A T
JEA 2R 98 3k - A S TR 1053k - A ALY
AT X B 5 5 R T % B 4 20k 19
k- EHBIAT M 24 % - E AL AR TE BEAE R O
AR 6k EH RS TRS Sk HA AT B I R
B ey ek - AR &Mk - ARAK
38 KA L | A B RN W T A 3 Ak B (R) 2%
S N E w2 (1

FH i) 5 33 20 SR 50808 s, 79 A A 7 BT 6 H i) 32
TR AR A 6 G ] S LR B E BRSO . [t 3
AR A T AR AR U S 7 38 B AR
34.8% , B RGA F) 56. 1% ; [l 3 4F 4 fa, 1 4% 42
R %0 30. 3%, e B AL 37. 626 (I 2D, {H
PR A (97 A X R i S | R R S L A
JEE AV T ) 3 o0 B A RBOR AN AR, R IP LR 2 —
R HIE R -
2.2 WMAEREXTEEBEAEREEFENZN

55 %5 BB 41 B, 18] 3 4F BR 4 1 {8 s, B Ak

8200

2 oo Bb
E a

S50t ! = Ma
5 N == CK
L
52 |00 N
HE100F | mm N
2 E:§

z |HEN

E :::1:§ a

2 [EHEN

S '-J:§

; oHEN

1 BEHARLEETEERYE

Fig.1 Abundance of major insect pests under different

treatments in the alfalfa field
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Fig. 7 Alpha diversity of soil fungi under different treatments in the alfalfa field
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