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Identification of springtail pests on Morchella and insecticides selection
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Abstract In order to identify the springtails damaged Morchella spp.. and select effective insecticides with
obvious insecticidal activity and less impact on the mycelium growth of Morchella , the springtail samples collected
from different cities were identified through phylogenetic analysis of CO | gene. The results showed that samples
from Chengdu, Sichuan and Zhumadian, Henan belonged to Entomobryidae, from Jintang, Sichuan belonged to
Onychiuridae, from Luding, Sichuan and Zhengzhou, Henan belonged to Hypogastruridae. The insecticidal activ-
ities of nine insecticides against springtails were determined by the method of mushroom-dipping and residual film
in glass tube. Lambda-cyhalothrin 2.5% ME, imidacloprid 10% WP and matrine 0.5% EW showed the best in-
secticidal effects (LCy<C10 mg/L). The insecticidal activities of nitenpyram 10% EW, thiamethoxam 25% WP
were lower than the above three insecticides. The effects of nine insecticides on mycelium growth of M. esculenta
were measured by plate bioassays. Imidacloprid 10% WP displayed the lowest inhibitory effect on mycelium
growth with the ECs, value of 707.353 mg/L. The antifungal activities of malathion 45% EC, nitenpyram 10%
EW. indoxacarb 150 g/L SC, pymetrozine 25% SC and lambda-cyhalothrin 2.5% ME were higher than imidaclo-
prid 10% WP. Therefore, based on the comprehensive evaluation of insecticidal effect and safety evaluation, imi-
dacloprid is the best candidate, followed by nitenpyram and indoxacarb.
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Left: Springtails damaged the fruiting of M. esculenta in Jintang. Right:
Springtails damaged the mycelium of M. esculenta in Zhengzhou

1 BRERAEFRRE FMAER
Fig. 1 Symptoms on Morchella esculenta damaged by springtails
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Table 1 Morphological identification results of springtails

SR A I (1] /45 R b s KESERRD) TEAS 2 RHAE
Collecting time  Collecting location Identification(Family) Morphological character
s P I R PRELFEAR. WAL JEHIE 5 | SUAE AL E 65 3
I Entomobryidac  UKHEZ [ELTCHER OIS | MR AH = H 45
o AU VH SR BB AY , TOFR 5 71 55 TV 75 AR o P9 DO 2K 5 M 65 10119 )
2018,2019 P14 Onvehiurid JEAEAR B R 6 AR E A AR A RSN 4 LR R 2 AR
myehndas 58 5 Pl HURAE il F6
BULE 2018 P ER AR ISR TN 5 S S0 LT 04 7 ML 5 4 5 2 2 5 L4 9
2018 T e K Hypogastruridae T S VI T4 VY

2.1.2 pFaMFEE

X 7y A CO 1 R R Bra 4 PCR §°
B ARAR0 CO 1 R B FE 430k 648 bp(2018-
Chengdu) .651 bp(2018-Luding) . 644 bp(2019-Lu-
ding). 664 bp (2018-Jintang). 651 bp (2019-Jin-
tang) . 634 bp (2018*Zhengzhou) 1 667 bp (2018-
Zhumadian) . EAF NCBI _Fi#4T BLAST, 4 &

GEFEAAANIE 2 B s AR JURE (2018-Chengdu) 5
Homidia tiantaiensis (KJ873727. 1) [a] J& ¥ & ik
100% , BF I JE i A (2018-Zhumadian) 55 Entomo-
bryoides dissimilis (KM610126. 1) # [a] 5 74 Ky
85. 44 %, 4x & HUEE (2018-Jintang, 2019-Jintang) 5
Prota phorura maoerensis (KU508167. 1) ¥ [w] 5 4
Sy 83. 93001 85. 3496, i E FHBIH HUAE (2018-Lu-
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ding.2019-Luding. 2018-Zhengzhou) 5 Ceratophysella NCBI |25 30 [RJE 218 80% L I Rigws
denisana (1.C222045. 1) f [w] Y5 2 43 51 A 83. 73%, WINE RS E Homidia  Entomobryoides., Protaphoru-
83. 8401 83.25%, HFHAE CO IEH A BFHY  ra il Ceratophysella 4 1~

0.29 Bradysia impatiens BIOUG08498-G02 (KR766184.1)
0.05 Protaphorura aurantiaca PYAS Protaphorura_aurant_leithhill14X12v3 (KT808373.1)
o 008 Protaphorura armata 2F1b1_JCA11 (KY231116.1)
0.08 Protaphorura campata 6A1b1_JC433 (KY231126.1)
0.07 Protaphorura genheensis YTLHHID 9 (KU508240.1)
0.06 Protaphorura janosik CS1 (KY513473.1)
—08 Protaphorura maoerensis GMX_MES_1 (KU508167.1)

0.08

0.03 0.03 2018-Jintang
0.03 006 2019-Jintang

‘| 2018-Zhengzhou
0.07 2018-Luding
v L 20 2019-Luding

0.01
0.02 Ol Ceratophysella denisana Dy-p8 (LC222045.1)

0.04 0'100 p Ceratophysella succinea. 6G1bl_JC487 (KY231136.1)
0.03 Ceratophysella gibbosa cd198 (HQ732040.1)
Ceratophysella denticulata Dy-h1 (LC222040.1)
0.03 0.06 Entomobryoides dissimilis 11-21-Ent-1 (KM610126.1)
ge 0.02 o0 2018-Zhumadian
0.07 Homidia laha AH_7 (KJ781693.1)

T : Homidia similis SXKEMS_3 (KJ873856.1)

| Homidia tiantaiensis HaiN (KJ873727.1)

12018-Chengdu
Homidia latifolia JXNC_7 (KJ781748.1)
Homidia sichuanensis GD_2 (KJ781649.1)

T - Wk £.09 Homidia anhuiensis AHLA_4 (KJ781802.1)

2 EF 00 1 ERNFHERRRSHMAR
Fig. 2 Phylogenetic tree of springtails on Morchella esculenta based on CO | gene
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physella sp. AL R H B RMARLE A EIF LG fE 10~30 mg/L Z[]5150 g/LEfi i SC.45%

JET 9 BRI E NI SRR 2 BiR. BHiGi EC. 25 Yonkag i SC Fi 25 Vo WERE WP (1)

9 R A BRI — A HUE M HE 2500 RHUTE MRS LG i T 30 mg/L,

A HEUAE R ME (10 7o nik dumbk WP 1 0. 50075 %
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Table 2 Toxicity of nine kinds of insecticides to Ceratophysella sp.

255 W /mg -« L7} b {E = hrEiR LG/ 952 EfFM/mg- L ! 1 P
Insecticide Concentration b+SE mge+ L1  95% confidence limit (df=3)

2. 5 V0 R R T4 TR ME

o M@ 15 ©), 5o © b +0. . . 587~2. .95 ;
lambda-cyhalothrin 2. 5% ME 100, 10, 1, 0.5, 0.1 0. 852+0. 133 1. 144 0. 587~2.162 0. 952 0. 813
45 % SR it EC

A%*im?f 200, 100, 50, 25, 12.5 1. 52140. 285 38. 725 27.594~62. 954 0.132 0. 988

malathion 45% EC
10 %4z mE E
OA}EEEH% W 80, 40, 20, 10, 5 1. 91540. 296 19. 458 14. 633~25. 795 0. 141 0. 986
nitenpyram 10% EW
150 g/L i i g SC

s ’ ’ ) . i . . . i . . 5 .
indoxacarb 150 g/L SC 80, 40, 20, 10, 5 1. 847+0. 296 36. 668 26.619~48. 609 0. 554 0. 907
. 5% S EW
0. 5/ E S 205010551522 51,1525 1. 74540. 285 5. 276 3.896~7. 210 0. 262 0. 967

matrine 0. 5% EW
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475K 2 Table 2(Continued)
2551 WE/mg « L7} b EhrfEiRzE LG/ 95X EfEM/mg+ L} 1 p
Insecticide Concentration b+SE mg+ L1  95% confidence limit df=3)
25 %My il SC
L ”:H@ﬂ = . 200, 100, 50, 25, 12.5 1. 69840. 286 37.924 26. 896~51. 321 0. 873 0. 832
pymetrozine 25% SC
10 %5tk Hu btk WP _
, 10, 1, 0.5, 0. . 734%0. . 605 L T8T~8, & b & 5§
imidacloprid 10% WP 100, 10, 1, 0.5, 0.1 0.734=0. 120 1. 605 0.767~3. 334 0. 560 0. 906
25 %01 g WP
, 40, 20, 10, . 56640. . . 512~32. b b
thiamethoxam 25% WP 80, 40, 20, 10, 5 1. 566=0. 276 22.930 16.512~32. 753 0. 342 0. 952
Y
2576 BERH WP 200, 100, 50, 25, 12.5 1. 387+0. 269 64. 355 44, 849~98. 502 0.428 0. 934

buprofezin 25% WP

2.3 IFRAFIMEREELERKNZMN

K PR 22 A A BRI E T 9 PR ORI 2 i
P22 AR R BRI, 25 RN EE 3 iR, 9 FlR
XT3 S TR T 22 A AS [ R B B A
10 Y60 Howbk WP X B 22 1 410 1 18 I B /) ECso A
707. 353 mg/L; Hk Ry 45 %0 SRR #E ECL10 Y0/ e
Hifie EW . 150 g/L el fU g, SC. 25 % it if il SC

B
5

2. 5% B AR S 4518 ME, ECs, 7 100~300 mg/L
ZIa) ;25 Yo g WP,0. 5% %508 EW F 25 % 1
WEE] WP X R 22 5 o 1E A &k, EG Ik T
100 mg/L. &5 & % Bk 2L iy 2% AR R, 9 Fl A dusf) op
10 Yot Hupsk WP Sy e e 5, HUh 10 9005 W L
EW #1150 g/L #i d g, SC.

x3 IMAAFMEREEFLMMAMEER

Table 3 Inhibition of nine kinds of insecticides against mycelial growth of Morchella esculenta

2L WJE/mg - L1 bEERfERZE  ECso/  95%EAGHR/mg e L} x P
Insecticide Concentration b+SE mge+ L1 95% confidence limit  (df=3)
2. 50 R IR R A s ME
400, 200, 100, 50, 25 1. 650£0. 167 116. 101 96. 778~140. 524 1.232 0. 745
lambda-cyhalothrin 2. 5% ME ’ ’ ’ ’ 3 ’
- R
43%55.‘]&%% EL‘ 500, 250, 125, 62.5, 31.25 1.731+£0.187 302. 724 247. 831~390. 090 1. 810 0.613
malathion 45% EC
10 %04 mE B e EW
. AJ?%/EHQ‘,H#U 300, 150, 75, 37.5, 18.75 1.093%0. 161 220. 151 159. 656~358. 369 0. 405 0. 939
nitenpyram 10% EW
150 g/LL SC
N e/L HiR L 800, 400, 200, 100, 50 1.0924+0. 153  206. 705 157. 832~271. 685 0.973 0. 808
indoxacarb 150 g/I. SC
0. 5% Z 0 EW
= , 40, 20, 10, 1. 58940. 167 .7 25.376~38. 1 . 784 b
matrine 0. 5% EW 80, 40, 20, 10, 5 589=+0. 16 30. 700 5.376~38. 133 0.78 0. 853
25%0 il SC
% ttﬁ@ﬂ Q . 600, 300, 150, 75, 35.5 1. 23140. 154 140. 010 109. 541~177. 758 0.178 0. 981
pymetrozine 25% SC
10 Yot bk WP
1 , , , 200, 1 1. 68540. 17 707. 7.279~879. 591 . 291 . 962
imidacloprid 10% WP 600, 800, 400, 200, 100 68510. 174 07. 353 58 9~879. 59 0. 29 0. 96
25 oW H g8 WP
240, 120, 60, 30, 15 1.763%£0. 171 77.575 65.292~93. 266 0. 708 0.871
thiamethoxam 25% WP
259 i
5/6UEER WP 80, 40, 20, 10, 5 2.073%0. 181 18. 340 15. 703~21. 353 2.038 0. 565

buprofezin 25% WP

3 it

IR ] P A v AR R T 9 = i v AR 3 0% i A
Ower V4% 55 F AR 1y JE ik b 2l B9 S0 I8 75 57 48
PR T AR RS T R MU JR AR
SRR KT (ELAE (0 TR 75 7 15 M 4 fk i O
P foff - SRR T 119 ) 22 5 A AR TN, 1 2 T SR A
G A WS FR 48 . R R B 9

T SRR T T 22 A T SRR AR A S
SErp g/ N ) S B B TR . B 5 O K ok
e S WEp R e IR A S AN S W B N UF 13
H - SBNEIR , —Se DA b A5 & L SR
HAREFRRAR SUNMBTE T By e sh P i Ak A
PICR G MR AE 38R AT Bk B AR 2L
A — 28 LI R IR o 2 R A
Jei» IR Bk RS A R AR S IR N 22 1
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S R E TSP R AL BT AR AR K R S T

Bk R RE T PRAH: Ot B H- XA B 4 4 22 Ao
B AR Bk A R STk K
FBRE RIBERLE 5 AREY . MREREE TR
FHTE b B B A I 7B 4 b A BT BR A kR i
HBUMBER S Ceratophysella flectoseta , TF B K H-
BRI T RAMABEL 3 B AR K A BRI Sali-
na sinensis sp. nov. ARBEK AP Salina auric-
ulae sp. nov. FIHL H K M Bk B Entomobrya dian-
baiensis sp. nov. ", Weiner 4527 7¢ v 5 &
FRBT AR Ceratophysella 1) 4 Fpik L, H
L5 — B R Ceratophysella skarzynskii sp.
n. o A TANERIE 25 b N FRES A4 P AE , 2E ) 1Y) 5t 4%
Yoot B A R AR 8 M I A AR ™A% B0 Ao 1] 22
S B ST AR A RN BT R Kk e DNA
OYRAESNY) 73 % P R VE FTBOR B, CO T 2k
PRI Ay sl 2 e ) 3a Y A TR S e 90 0k 3z e 03
Mok G C R BOE RN B0 T 73 28 BT L b b R
ZRIMRGRZR . AFFFGES R COT &M R
B e BR A  BURE S T A R Bk Bl A R
FBEEL 3 B RS A S NI RS A
frt—%5E,

B A Sy R A d T2 B IS 2
— U Ry AR TS AR G A T 0 XU PR A 11
FEFERE T DRk R S S ERAEY
B H TR 2 d, TR A A A BRI AR AL
WRIEE S X F SR A Bk BT T 6 AR AU
(AR FE R o T T 2% B 700 %0 ekt iy By Y ROR 24 7
95% LA b, Horp B 2 0 f R B 2 TR 2 0 KB i
HAWR ETRIE R . AT A [F) 28 R R
AT B R A R A T 22 A K 2 el , 45 2R
7R 9 T Ak e X) ik RN S TR T 22 R B AN R Y
A& RN TE T P Forp 1020 nik Ak WP X Bk e 2%
WP v ELX TR 225 Wi B/ s R B A R 5 10 V0 4 e 1
i EW 1 150 g/ L efi gl SC Xk i % s i A Aoxd i
LN AR . IR AED 0 1 i R A
ey LCsy 24 1. 86 mg/L, 5 A 3 5 &5 R AH 0
(1. 605 mg/L) . m Bk ] A By 6 £ B AR
i FLG £ TR AR A TE B S s o e R A 7 3%
2 3~4 KJaE 10 d BRI KRR . el 5
Nkt ) TR AR A8 A R 5t A o ) 7
JTAE A AR IR 158 AN

ARWIFFE A 3 AT H 8 A% HORDR Bk L Y 2%t s

PR = T T 22 A R A 52 T o 7 52 B 0P P
HUGH A 2% HUBOR B0 T 22 52 T ik 55 25 300 L P 2
A EAEC AR . AR S S o XTI 3 g
G FETRL 2280, Xk = i T 5 S AT J8 % Wi e 1
P2 IS N A EA T T 5 O A% R 14 & BR A6t 4
HEHIEAER .
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