FHYR-P 2441 Journal of Plant Protection, 2026, 53(1): 263-272 DOI: 10.13802/j.cnki.zwbhxb.2026.2025150

REKEERBNTES . EERAE
RegFpias AR

KA KR EEXT EEFR' ®m K OUAF!
REE FRET
(L. PAAHRHEE R R0 RO 5 E 0 W B AT T Al A RS 8 T

A5 F A WA TR A SR BV 6 7121005 2. IO AR S EHI L B I 7230005
3. BRVE &V A YR & R A R F] L B0 723000)

WE . 4 9 5 KR £ 25 Stropharia rugosoannulata X3 ¥ 3% & 69 FrBEAF AL R 6 3 b7 42 9k & 09 7 2 2h
)RR A EBA IR E LI P Sk RAPBEE FRATT RARG A ERE AT RERUSITI KRGS
T AR R 3 Z R 10 Fh A &k F Tk ok 69 F R A A 05 A 202 A SR AT @ 1) By s R
WL F ARG IR EA RS F SRR EZ B AL ARG N ALPHAERNEE, RN . X
HREWEXZE P KT FEEATI5}10" L/m>, EFEANN 23 4 0, xFF ARG A F 5345 60%.,
R B TAA R B A, P 43% R T A 4.5% HA A A I 2.5% FH AR
3 Bg R FUA A 1.8% 19 4 B 7 5Lk xd 8k R 49 & 18] By 04 R B3, By i8Sk 45 4 89.09% . 84.85%
80.34% #7 86.93%, FLaxt K 3R £ 35 1 22 & K g 3] FAK, RAM B 25 R R G, T A Z P A,
KRR Bk KR EW; RTAE; 2RSA; HAEE; KEGHEN

Soil distribution, damage investigation and chemical control of springtails on wine

cap mushroom Stropharia rugosoannulata

Zhang Xiaoyan' Zhang Kang® Wang Qingwen’ Wang Xuecheng' Huang Zhen’
Sha Xiaofang' Yuan Xiangqun' Li Yiping"

(1. Key Laboratory of Integrated Pest Management on Crops in the Northwestern Loess Plateau of Ministry of Agriculture
and Rural Affairs, Key Laboratory of Plant Protection Resources and Pest Management of Ministry of Education,
College of Plant Protection, Northwest A&F University, Yangling 712100, Shaanxi Province, China; 2. Hanzhong
Agricultural Technology Promotion and Training Center, Hanzhong 723000, Shaanxi Province, China; 3. Shaanxi

Jinxi Biotechnology Development Co., Ltd., Hanzhong 723000, Shaanxi Province, China)

Abstract: To clarify the population characteristics of springtails in the soil of wine cap mushroom Stro-
pharia rugosoannulata, and to screen effective insecticides for their control, the population density of
springtails and the damage to fruiting bodies were investigated using a five-point sampling method, and
their spatial distribution was analyzed using aggregation indices. The laboratory toxicity of ten insecti-
cides to springtails was evaluated using the mushroom slice dipping method, and effective insecticides
were selected for field control trials. In addition, the effects of the selected insecticides on mycelial
growth were assessed using a plate incorporation method, and pesticide residues in the mycelia were

detected. The results showed that the average density of springtails in the soil of S. rugosoannulata was
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7.15%10%m? individuals, with a uniform distribution in mushroom sheds, and the damage rate to fruiting

bodies reached 60%. Seven effective insecticides were screened, among which 4.3% chlorfluazuron-

emamectin benzoate emulsifiable concentrate, 4.5% beta-cypermethrin emulsifiable concentrate, 2.5%

lambda-cyhalothrin emulsion in water, and 1.8% abamectin emulsifiable concentrate showed significant
control effects on springtails, with control efficacies of 89.09%, 84.85%, 80.34% and 86.93%, respec-

tively. These insecticides exhibited low inhibitory effects on the mycelial growth of S. rugosoannulata,

and no pesticide residues were detected in the mycelia, indicating their suitability for practical applica-

tion in production.

Key words: springtails; Stropharia rugosoannulata; damage investigation; spatial distribution; chemi-

cal control; residue detection
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Table 1 Number of Thalassaphorura orientalis in three

mushroom sheds x10*3k/m?
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Experimental plot ~ Shed No.1 =~ Shed No.2  Shed No.3
1 7.93+0.32 7.81+0.52 7.00+£0.24
2 6.39+0.45  7.17+0.52  6.53+0.65
3 7.83£0.50  7.43+0.26 7.30+0.31
4 8.30%0.61 7.63+0.24  6.40+0.40
5 7.70£0.24  7.47+0.68 6.66+0.27
6 5.52+0.45  6.35+0.23 6.13+0.51
7 6.86+0.56 7.20+0.68 7.47+0.32
8 5.83+£0.47  7.74+0.36  6.90+0.73
9 8.89+0.54  7.74+0.36 7.08+0.24
F-H)% Mean 7224037  7.40£0.15  6.83%0.15

TP B AR b REDR . Data in the table are mean+SE.
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Table 2 Aggregation index of Thalassaphorura orientalis
- R AR L RER TG "
MZ AT R . Z i y = N " . /\*
wim | mm B A6 T e Negadve D BN gy
Mean i . Patchiness . . . Diffusion S
Mushroom . . Mean Clumoing = . Aggregation  binomial . Distribution
density/  Variance . . index ; coefficient
shed No. (3/en’) crowding index Mm index parameter c pattern
¢ M I Ca K
1 0.481 0.022  -0.969 -0.042 -2.015 -1.984 -0.504 0.046 )50
Uniform distribution
2 0.493 0.013  -0.998 -0.026 -2.024 -1.975 -0.506 0.026 5154
Uniform distribution
3 0.455 0.014 -0.861 -0.026  -1.892 -2.130 -0.469 0.031 254

Uniform distribution

R3 KRB A KIKEEEF AR AER
Table 3 Damage rate of Thalassaphorura orientalis to the

fruiting bodies of Stropharia rugosoannulata %

B/ NX 15454 2545 35

Experimental plot Shed No.1 Shed No.2  Shed No. 3
1 70.00+1.15  43.33+£0.67  60.00+0.58

2 63.33+£0.88  63.33+£0.33  83.33+0.88

3 90.00+0.58  80.00+=1.00  63.33+0.88

4 43.33+0.67 56.67+0.88  50.00+1.00

5 73.33+0.88  63.33+0.33  73.33+0.33

6 66.67+0.67 53.33+0.88 36.67+0.88

7 73.33+£0.33  83.33+0.88  83.33+1.20

8 86.67+0.67 80.00+0.58  83.33+1.20

9 63.33+£0.88  73.33+£0.33  56.76+1.20
X% Mean 70.00+4.58  66.29+4.60 65.56+5.52

B AR EDR . Data in the table are mean+SE.
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247 Pesticide

1:1.8% P2 B 2R FLI 5 2:0.3% w5 SH0K ] 5 3:2.5% = BUAIR
TR KT 5 4+ 4.5% = RO T BRFLIN 52 4.3% FR -
HEERFLIN 3 6:25% Mk HH AT IRAEA 7] 5 7:22.49% 1R R L By
5 . 1: 1.8% abamectin EC; 2: 0.3% matrine AS; 3: 2.5%
lambda-cyhalothrin EW; 4: 4.5% beta-cypermethrin EC; 5: 4.3%
chlorofluoro-emamectin benzoate EC; 6: 25% imidacloprid
WP; 7: 22.4% spirotetramat SC.

1 7TFERIERE 15 d R FTERBE R E B ERUR
Fig. 1 Field control efficacy of seven pesticides against
Thalassaphorura orientalis at 15 d after treatment

P B A P bR DR . AN R/ING SRR AN [ ik
B[] 28 Duncan PGB A2 M 22 10 5622 57 W 2% (P<0.05) . Data
in the figure are mean+SE. Different lowercase letters indicate
significant differences among treatments by Duncan’ s multiple
range test (P<0.05).

2.7 KIRZEEE FHIZHF 5 BB Al
AR AN AR 7R, 255 7 d, 2.5% M R0

FE IR K FLA (4.5% A F A IR FLIM . 4.3% 5
S+ FR A ER LR 1.89% Ion] 24 T 22 L I A ARG 91 BT 14
A A 2 5% B (3 6) , FEIIX 4 F 24390 5 Bk ot B
TR AT X B 22 A A VR R AR R R
PRI 5% B [ A T Sk 3 AR

RS STAFIX KIKZTEE LIV HI
Table 5 Inhibition rates of five insecticides on the mycelial

growth of Stropharia rugosoannulata

<L
N W wwnn  mEx
23 e Mycelial  Inhibition
Pesticide Dilution ..* >

. diameter/cm  rate/%
time

4.5% T A BEF L 1000 7.1740.12 a 13.16+1.46 d
4.5% beta-cypermethrin EC

4.3% FH - FYEELFL i 1125 7.10+0.08 a 14.66+0.92 d
4.3% chlorofluoroem-

emamectin benzoate EC

2.5% eSS EGENKEF 1000 6.5140.17 b21.33+1.29 ¢
2.5% lambdacyhalothrin EW

1.8% BT 4E R ZE 3L 2500 6.13+0.19 b25.84+2.00 b
1.8% abamectin EC

0.3% 5 208K 5 600 5.63+0.07 ¢ 32.32+1.53 a
0.3% matrine AS

XFiE CK —  7.10£0.08 a —

R AR DR . [FFE ARV NG FRERRA
[Fi] b B [1] 28 Duncan [CH &M 22 2K 50 22 5 1 25 (P<0.05) .
Data in the table are means+SE. Different lowercase letters in
the same column indicate significant differences among treat-

ments by Duncan’s new multiple range test (P<0.05).

R6 RIKZHEPHFIZBRNER

Table 6 Results of pesticide residue analysis of Stropharia rugosoannulata

ez H Rl Ao
Test item Test result/(mg/kg) HIHCHS Test method
FEREAENE AR GRIFR 0.000 5)  CERZREFNZK SR A AL A HILAR | UABR Mo 48 T R 22 RS P R TR 2 AR 245 22 5k B 1

Lambda-cyhalothrin Not detected (detection
limit 0.000 5)

5 )(NY/T 761—2008)
Determination of multi-residues of organophosphorus, organochlorine, pyrethroid

and carbamate pesticides in vegetables and fruits (NY/T 761—2008)

CHESRAK R AT LI AT HLE FLLER HL A5 T A 2 T R IR A 25 2 5% B A

el ARKH GE PR 0.003)
Beta-cypermethrin ~ Not detected (detection 7€ )(NY/T 761—2008)
limit 0.003)

Determination of multi-residues of organophosphorus, organochlorine, pyrethroid

and carbamate pesticides in vegetables and fruits (NY/T 761—2008)
PEEERAEE R AR RRIIER 0.000 08) (/K SRFNBERE 450 Tl 24 K AR I AL 7 il 5 et 1) DU S VAR € — R IR BT 175 )

R H R Not detected (detection
Emamectin benzoate limit 0.000 08)

(GB/T 20769—2008)
Determination of residues of 450 pesticides and related chemicals in fruits and veg-

etables: liquid chromatography-tandem mass spectrometry method (GB/T 20769—

QB2 4 [ b e 7K R AN 3 vh T 4k T 2% 5% B O G WA (235 7% ) (GB

2008)
(TET N A (R R 0.01)
Abamectin Not detected (detection ~ 23200.19—2016)
limit 0.01)

National food safety standard — determination of abamectin residue in fruits and

vegetables: liquid chromatography method (GB 23200.19—2016)
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Bl AT AT Rt O SR A AN T
T, RN e SRS RIS MR G AR SR
LA B 7ok R S S EM . AR TR
(Lo @ PR s R e N L e e L I =W 4
N SR Gy 52 B 5 F AW R (PR,
2020), BkHUE R RS R E
HeEZ A EZFEHE. AUF5ERA 7RIk
it AT A B R o F IR O, S5 SRR, 34
RIR 5 2 A - Bk HOP 3 R 7.15%10%3k/m?,
Bk G IR 5 4 SR 1R B 458 60% . 3% 5
A SCHR B BEA—3, anighr (2023) A 2 1, B¢
+ v B R b - S AE SV )2 2 30 em - Z IR E
T Tl PN 8- 24 %5 13 38 20 732 3k/m?; ZE3E (2019 ) 38 i
A = P A 2 PP EL YRR X R e e B - 4 rh
BRI Y N 12 042 S/’ IXEHIFSE IR
Bk HTE A S b B R R, AT e AR AR
AL VIAROC . Bk K, ™, 4
Al R AR Rk R g A AR rh , JE b TS TS AR,
A 55 JEARHERR , Bk iy AR K B PRI T3
Fr o eAh, Bk kg o U H R e i, 2D
T T R (Fiera et al.,2020; Zhang et al.,2023) .

A e PRk AR A S rh SIS 5 40 A, Al g
JE R K BR 55 a5 K S84 1 A3 A 1), ol 8 g
W THE 2R 0 ol R PN 45167 5 P T B AR A X AR 1) it
I H X5 A Bk R R AT RETE ) T EORIME
&, IR Kk s 4 o 3. LA RS SR
(2019) W58 25 A m] ek R 2 o A 318 5 iy 45
w3,

AT I L 2 N ARG Bk A 24 580 07 8 AT L
R, PRAL T 10 R BRI Bk U B IR RIOR | 4
FH,4.3% SR - H AEERZLIM AN 1.8% BT 2k 1 25 FL i
B B T 55 R e A, AR 4.5% i R F A B FL I
0.3% 75 Z B K 1 F1 2.5% v R 3 U4 i K FLA
LG Re A IR P . XIRAE (2020) 5T 3%
W 4.5% V& &4 0548 T ZL ol %k Bl Bk 3L Thalassa-
phorura orientalis I R IRFERPHERCR
FERO T IL 14 d DL b ARBFGR A5 SR 5 HZ L, AT
FEIL R IR, 4.5% o A T AE TR FL I T KBR 35 4  24
He K IR R A, M 13.16%34.3% G458 - 4 Eh 3L
TR T 22 AR MR R 2, o 14.66%52.5% =58
SRR AR K LA L 20% FAE A6 TR FL M L 1.8% Bl 4
P 2R FLIMGK 3 FP 2R S I T 2 A K (HR I TR %

BIET 30%. WA (2020) 858 &L, 2.5% 3k
SRS TR LA X Bk e 8 % O PR, HHX
“EJ T Morchella esculenta T 224 £ BRI HIAE F 4
55 , ¢ W HC A B I RRR B b ELAT 3 v O 1 IV 0
B 5% 465 (2020 ) i — 5 AIE S, o A UTTUSE T %) -2
Pleurotus ostreatus P& 224 & M EE 52 A8/ 36 A
TEV- G R B TP A o e Ah 2R 25 (2023) #F 58 &
B & £ 6 BR 70 19 45 7 Beauveria bassiana W V% &
SR 55 0 HRATAH L 22 5 AN 3, R WX R4
PR A P 2 v AR A e 5 LA EIFSEAS
REEAR—H,

H i, A2 2550702 By i 8 T ik de i 225
B A HITE 1 245700 5% B ) R 5 7™ i, A IR0t
4.5% fe 3 T AR FLIN . 2.5% = s E R A R /K L
) 4.3% A - P AEERFLIN L 209% W EUAG E FL I
1.8% W24 TR 2% S 5 Fh 245 50) A TR B ARG , 45 Rk
B, B 20% M A R FLIM AN, HoAth 4 P2l 50 e Bk o
RN AR R . X SR 2RSS AR,
PN LR A (2008 ) 38 i I 70 By 24 B 22 70 2 1 B A 3%
B, R IR B KV 58 A5 G ARG B B 4 B i 22
KBRS T BT AE TR R 1L etk WA
(2020) & IR = A T A TR X048 1 22 A iy, oK
XoF £ TR it JBT 3 B 25 52 e . KT, 20% LA i
FLIMTAY 5k B (D s 5 B E A, 7 SR I b 5 A%
2 i it 24 7] B AR, LSk S 5% B B B R 2 HH 7R
i A PRV U

SN ARSI 5 1) 4.3% FR - 4R FLIm
4.5% 1o SR F A IR FLIN \2.5% = U R S TR K AL
F L 1.8% BT 24 T 2 LM AX 4 B 245 550 ] 1 Sk B i
DL 24 70) , i3 22 2 A SO Bt BA 2 2 B A
R, T LGS K i 2 T 22 AF A IR AR RAIR [] i
TEA LR BRI R 3R B AP B B IR L 422k
FERYESR o AESEBRI IR, BRIE X LE25 51, ik i
TR R T S A L S R B T
R R 2= 50,
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