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Predatory functional response of Arma custos (Hemiptera: Pentatomidae) to
the larvae of Helicoverpa armigera (Lepidoptera: Noctuidae)
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Abstract: To investigate the potential of Arma custos to control the larvae of the cotton bollworm Heli-
coverpa armigera, the predation behaviors of 4. custos at the 5th instar nymphal and adult stages to-
wards the 3rd instar H. armigera larvae, and the effects of predator density on the predation ability of
A. custos were tested under laboratory conditions. The results showed that the predatory functional re-
sponse of the 5th instar larvae and adults of 4. custos fitted the Holling II equation. The 5th instar
nymphs had an attacking efficiency of 0.829, prey handling time of 0.024 d and a maximum predation
of 41.667 heads; female adults had an attacking efficiency of 0.796, prey handling time of 0.020 d and
a maximum daily predation of 50.000 heads; male adults had an attacking efficiency of 0.752, prey han-
dling time of 0.021 d and a maximum daily predation of 47.619 heads. The searching effect of 4. cus-
tos decreased with increasing density of H. armigera. When the density of H. armigera remained con-
stant, increasing A. custos density resulted in a decrease in the individual daily predation rate. The pre-
dation of A. custos on the larvae of H. armigera was interfered by its own density, and the interference
coefficients of the 5th instar nymphs, female and male adults of A. custos were 0.548, 0.702 and 0.772,
respectively. The results indicated that both the 5th instar nymphs and adults of A. custos had a good
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potential to control H. armigera, and adults had a better pest control potential than the 5th instar

nymphs.
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Table 1 Daily predation capacity of Arma custos against the 3rd instar larvae of Helicoverpa armigera at different densities

SNt 5k/& 103K/ 153k/8 203K/ 30 k/& 40 3k/4
Stage of predator 5 larvae/box 10 larvae/box 15 larvae/box 20 larvae/box 30 larvae/box 40 larvae/box
S#%# L Sth instar nymph ~ 4.5+0.2 df 7.6+0.5 cd 9.140.6 bc 11.0£0.8 b 15.6£09 a 18.6+1.2a
RS HL Female adult 4.5+0.2 df 7.240.4 cd 8.5+0.6 be 11.3£0.7 b 17713 a 18.6£1.3 a
T Male adult 4.4+0.2 df 6.6+0.5 cd 8.3+0.6 be 11.0+0.5 b 16.6+0.8 a 18.1+1.2 a

R R . RIATARRNG PR IR 28 Tukey R K0 25 57 18 2% (P<0.05) . Data in the table are mean+SE.

Different lowercase letters in the same row indicate significant difference by Tukey test (P<0.05).

R2 EENAREEREHRIRY R BHRTE

Table 2 Daily predation rates of Arma custos on the 3rd instar larvae of Helicoverpa armigera at different densities %
R R 53k/8 10 3k/6 153K/8 20k/4 30k/8 40 3K/ 6
Stage of predator Slarvae/box 10 larvae/box 15 larvae/box 20 larvae/box 30 larvae/box 40 larvae/box
5 #4445 1L 5th instar nymph 90.00 76.00 60.67 55.00 52.00 46.50
IHfE i X Female adult 90.00 72.00 56.67 56.50 59.00 46.50
M8 B Male adult 88.00 66.00 55.33 55.00 55.33 45.25
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Ak [R] AN H B KA & 54 31 0.829.,0.024 d A
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Fig. 1 Functional responses of the 5th instar nymph (A), female adult (B) and male adult (C) of Arma custos
to the 3rd instar larvae of Helicoverpa armigera
R3 EEITIREE H3B L RN R I
Table 3 Functional responses of Arma custos to the 3rd instar larvae of Helicoverpa armigera
. . PN Wk Hof T o hFRAST Hig K& = HANE
M TR | R AT RAMER  ENE
. . R Attacking Handling Maximum daily Predation
Stage of predator Functional response equation . . . .
efficiency time/d predation capacity
S I N,=0.829N/(140.020N) 0.879 0.829+0.078 0.024+0.004 41.667 34.542
Sth instar nymph
M o, e N=0.796N/(140.016N) 0.860 0.796+0.080 0.020+0.004 50.000 39.800
Female adult
TR N=0.752N/(14-0.016N) 0.893 0.752+0.066 0.021+0.004 47.619 35.810
Male adult

T B PR AR R . N, BIIA IR E AL N: S5 )2 . Data in the table are mean+SE. N,: Number of preys
predated; N: prey density.
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Searching efficiencies of the 5th instar nymph (A), female adult (B) and male adult (C) of Arma custos

to the 3rd instar larvae of Helicoverpa armigera
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5% B HAE R R R 16.800 Sk i T 2

7.200 3k , HE R U H IR i 17.800 K2 T
[ 22 5.120 3k , MR LAY B SR e 17.800 3k %
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Table 4 Daily predatory capacity of Arma custos against the 3rd larvae of Helicoverpa armigera

EHRE s 2% i/ (3k/ &) Density of 4. custos/(head/box )

Stage of predator 1 2 3 4 5
5447 Sth instar nymph  16.800£0.800 Aa  11.000+0.652 Ab  8.868+0.388 Abc ~ 7.950+0.348 Acd 7.200+0.219 Ac
HERE H, Female adult 17.800+0.970 Aa  11.900+0.485Ab  7.966+0.681 Ac ~ 7.248+0.714 ABcd  5.120+0.049 Bd
T H Male adult 17.800+1.158 Aa  10.900+0.245 Ab  7.998+0.766 Ac ~ 5.400+0.302 Bc 5.280+0.350 Bc

TP R R . RIS RIS 58 R T AN FNG TR R4 Tukey AR5 25 57 2. % (P<0.05) . Data in the

table are mean+SE. Different uppercase letters in the same column and different lowercase letters in the same row indicate signifi-

cant difference by Tukey test (P<0.05).
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Fig. 3 Effects of the predator density on the predatory capacities of the Sth instar nymph (A), female adult (B)

and male adult (C) of Arma custos
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W B OGRS L 3 0 AT B R D, P T
W AR S H 4 UL B A B 4R g, JT B URE L
Wi S IS HOR B A AR . AEH B H AR T
WIS R AT IR 2 BIVE NS ARV B R 5%
A0 b B DX AT 22 A A 4 S Al A 0 R 2R 5 ) (g
IEAE,2020a, b; AERRZ 4F,2020) . I, A
PERF 4 AR, 1075 38 2 H [B) R O g itk — 25
FIFYf W s XAV A HRLU ) S s B 18 7 A SRR 1) e 3.
LR E L TEIA TR A A B W 0 2~4 5 HU AR
B B gy U SRR R A AT o, M IR
XIARES Rl A F e I WA ik — 2 gE . i
A, RS BB R R Y R R ) RN R B R
P AR | X B B e Y T R
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H gy [El s, NS R B R CEIAA IR IE A
SR FEARE R L, WA AEC FH () 7% B9 2, DA S 91
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£ % X Wt (References)

Cao WX, Zhang T, Yang H, Xu ZQ, Gu JJ, Chen HX. 2020. Evaluation
of predatory function of Chrysopa pallens to larvae of fall army-
worm Spodoptera frugiperda. Journal of Plant Protection, 47(4):
839-844 (in Chinese) [ 3212, 5K4F, HaK, Tk A 5k, BA 7, BR
ZLAR . 2020. VIR F ST MRS 4 Ul B D AR A
T4, 47(4): 839-844]

Ding YQ. 1994. Mathematical ecology of insects. Beijing: Science
Press, pp. 257-258, 303304 (in Chinese) [ T 244K . 1994. B Ht
Bep st ALet: Bleg AL, pp. 257-258, 303-304]

Duan XY, Wang YD, Zhang NZ, Gao F, Zhao ZH. 2021. Research ad-
vances in evaluation methods of predator’ s control of insect
pests. Journal of Plant Protection, 48(2): 275-288 (in Chinese)
[Be 22, TAbrh, akJ5%0, mlde, B4R 2021 R KB
FERETIVEN Ik VbR . AEY PR 2R, 48(2): 275-288]

Fan YL, Gu XH, Xian JD, Chen XM, Lu YY, Zhang LM, Zhou WB.
2019. Functional response of Eocanthecona furcellata (Hemip-
tera: Pentatomidae) to Spodoptera frugiperda (Lepidoptera: Noc-
tuidae). Journal of Environmental Entomology, 41(6): 1175-
1180 (in Chinese) [JWHLAT, 2% B2, VE4KAR, RS H, Bl R, ik
SO, JRISCER 2019, SUFF U8 Xof B b 5 7RI P e £ T BN
FABE LR, 41(6): 1175-1180]

Gao Z, Wang XW, Zhang LX, Sun Y, Fan JS, Fu X, Jin N, Wang GQ.
2012. Study on artificial breeding technology and releasing in
field of Arma chinensis Fallou. Journal of Engineering of Hei-
longjiang University, 3(1): 65-73 (in Chinese) [{= 4., FH i, 5k
24, IhOC, TUHR I, T35, 408, 5o . 2012, M A T 25



54 PGS - SO % T2 A AR £ D RE S 1087

BOR KR BRCE RIS . IR TR, 3(1): 65-73]

Gao Z, Zhang LX, Wang GQ. 2009. Arma chinensis fallou protection
and utilization as a control agent of sugarbeet insect-pests. Sugar
Crops of China, 31(1): 70-72 (in Chinese) [ {55, K27, £ 5t
5. 2009. PRIF SRS BATHER T 2L A EBIEEL 31(1): 70-72]

Holling CS. 1959. Some characteristics of simple types of predation
and parasitism. The Canadian Entomologist, 91(7): 385-398

Hou ZR, Sun BB, Liu XJ, Yin Z, Li JP, Guo XH. 2020. Predatory func-
tional response of assassin bug Sycanus falleni to the larvae of
fall armyworm Spodoptera frugiperda. Journal of Plant Protec-
tion, 47(4): 852-858 (in Chinese) [z, ) D1 DL, X ez, I+
VI, 24 M, J5B4L. 2020. LT BRAS X 5 b 5009k 3 1% 4yt
T ETIRE RN . M-I 441, 47(4): 852-858]

Li HQ, Li JH, Yang L, Liu J, Lu YH. 2017. A preliminary report of cot-
ton bollworm harming walnut tree. China Plant Protection, 37
(9): 44-45, 61 (in Chinese) [Z251fF50, 22446, #76, X4, e
W 2017, R4 B AL R A 4l . o AR OR S T, 37(9):
44-45, 61]

Lu YH, Liang GM, Zhang YJ, Yang XM. 2020. Advances in the man-
agement of insect pests of cotton in China since the 21st century.
Chinese Journal of Applied Entomology, 57(3): 477-490 (in Chi-
nese) [l 2LHE, HEAA, SRR AS, B . 2020. — 122 LI
AL R B S R . NI R L, 57(3): 477-490]

Malaquias JB, Ramalho FS, Omoto C, Godoy WAC, Silveira RF. 2014.
Imidacloprid affects the functional response of predator Podisus
nigrispinus (Dallas) (Heteroptera: Pentatomidae) to strains of
Spodoptera frugiperda (J. E. Smith) on Bt cotton. Ecotoxicolo-
gy, 23(2): 192-200

National Agro-Tech Extension and Service Center. 2020. Monitoring
results and recommendations for scientific drug use of agricultur-
al pests in 2019. China Plant Protection, 40(3): 64-69 (in Chi-
nese) [4x[EARML AT M55 0 . 2020. 2019 4F2x [E AL AT
AW BT 2 P I 45 SR R T2 A rh R AR T T, 40
(3): 64-69]

Pereira RM, Abbade Neto D, Amado D, Durigan MR, de Franciscatti
RA, Mocheti M, Omoto C. 2020. Baseline susceptibility and fre-
quency of resistance to diamide insecticides in Helicoverpa ar-
migera (Lepidoptera: Noctuidae) populations in Brazil. Crop
Protection, 137: 105266

Shang SH, Tian TA, Zhao L, Yu XF, Shen XX, Yang MF. 2020. Tobac-
co pests trapping and killing by sugar-acetic acid mixtures. To-
bacco Science & Technology, 53(7): 26-32 (in Chinese) [ & I
e, FORZE, BT, T €, BN, %K . 2020. AR 754l
TR IRO0T Bt M8 SCAR 35 S5 R AT AR RS, 53(7):
26-32]

Sun BB, Hou ZR, Dong M, Li JP, Guo XH, Yin Z. 2020. Functional re-
sponse of Orius sauteri to the 1st-instar larvae of fall armyworm
Spodoptera frugiperda. Journal of Plant Protection, 47(4): 845-
851 (in Chinese) [#} DL D, {2, 3 [, 2% 4 0, SRERLL, JF
1. 2020. ZR /AL 0T el 5T 0 1% 4 LR EC VR L A
PP, 47(4): 845-851]

Tang DL, Wang CZ, Luo LE, Qin JD. 2000. Comparative study on the

responses of maxillary sensilla styloconica of cotton bollworm

Helicoverpa armigera and oriental tobacco budworm H. assulta
larvae to phytochemicals. Science in China Series C: Life Sci-
ences, 43(6): 606-612

Tang YT, Guo Y, He GW, Liu CX, Chen HY, Zhang LS, Wang MQ.
2018. Functional responses of Picromerus lewisi Scott (Hemip-
tera: Pentatomidae) attacking Mythimna separata (Walker) (Lep-
idoptera: Noctuidae). Chinese Journal of Biological Control, 34
(6): 825-830 (in Chinese) [ 221, 2 3, i & 2h, X1 R0, BR4L
B, sRALZE, Tl 2018, A [A) 0T ) £ 6 RS HL il e S g
S . ARG 274, 34(6): 825-830]

Tang YT, Guo Y, Pan MZ, Mao JJ, Chen HY, Zhang LS, Wang MQ.
2020a. Predation of Plutella xylostella larva by Arma chinensis.
Plant Protection, 46(4): 155-160 (in Chinese) [J3 .15, 38 %, &
PHEC, BEA, WRLLED, RALE, T, 2020a. S x) /NS ik
YR BRI, 46(4): 155-160]

Tang YT, Wang MQ, Li YY, Liu CX, Mao JJ, Chen HY, Zhang LS.
2020b. Predation of Arma chinensis on Spodoptera litura larvae.
Chinese Tobacco Science, 41(1): 62—66 (in Chinese) [ 7%, T
d I, 2, SR, B, BRELEN, 5KkALA: . 2020b. M50
RHECRORAN SR B P FUAECREE, 41(1): 62-66]

Wang Y, Zhang HM, Yin YQ, Li XY, Zhao XQ, Tang YT, Wang MQ,
Chen AD, Chen FS, Zhang LS. 2019. Predation of adult of Arma
chinensis to larvae of Spodoptera frugiperda. Plant Protection,
45(5): 42-46 (in Chinese) [ T, 5K£T 1, FH{L, 22k, X9
W, 20, W, B AR, BRAR AR, SALA: . 2019, Wi R
Xof Bl 50 Mk A 1] W 93 4y R BT BT BE ) L R, 45(5):
42-46]

Watt KEF. 1959. A mathematical model for the effect of densities of at-
tacked and attacking species on the number attacked. The Cana-
dian Entomologist, 91(3): 129-144

Wu KM, Guo YY. 2007. Geotype differentiation and regional migrato-
ry regularity of Helicoverpa armigera in China. Plant Protection,
33(5): 6-11 (in Chinese) [5fLIA, F5-T-IC . 2007. A4 HAIEEY
Ho AL AN DT AL A DR, 33(5): 6-11]

Wu KM, Lu YH, Feng HQ, Jiang YY, Zhao JZ. 2008. Suppression of
cotton bollworm in multiple crops in China in areas with Bt tox-
in-containing cotton. Science, 321(5896): 16761678

Xiong YZ, Li M, Wu SL, Deng W. 2020. Predation function responses
of Arma chinensis to 3 Dendrolimus spp. Hunan Forestry Sci-
ence & Technology, 47(3): 49-53 (in Chinese) [AEER 2, 25%%, {11
20k, X80 . 2020, MU XT3 b BN AR ET SRR S . W
MR, 47(3): 49-53]

Zhou JH, Li PL, Naiwuzhati-Zunong, Zheng HN, Huang J, Wang ZH.
2020. Functional response and predation preference of ladybee-
tle Propylea japonica to Asian citrus psyllid Diaphorina citri.
Journal of Plant Protection, 47(5): 1062—1070 (in Chinese) [J#] %>
W, 2SR, ToRFLAR - AL, FO 6, B, AT, 2020. fAEL
EINCEDO g i NN oK R T A A& 7N L SR S T R S R
1, 47(5): 1062-1070]

Zou DY, Wang MQ, Zhang LS, Zhang Y, Zhang XJ, Chen HY. 2012.
Taxonomic and bionomic notes on Arma chinensis (Fallou). Zoo-
taxa, 3382(1): 41-52

(A3 2 £95)



