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Equivalent predatory relationshipsin natural enemy communities
and their potential to control aphidsin wheat fields
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Abstract [Aim] In response to the coexistence of multiple natural enemies and various insect stages in the field, a
quantitative analysis of the predation equivalence among natural enemies is conducted to clarify their control efficacy against
pests. This study aims to lay the foundation for developing ecological pest management strategies and technologies. [M ethods]
By reviewing literature on the functional responses of natural enemies in predation, data on the daily predation rates of
common predatory natural enemies on aphids were collected to construct a predation equivalent relationship and determine the
predation equivalent coefficient. Combined with field survey data of natural enemies and wheat aphids on wheat and the
functional plant Cnidium monnieri, the theoretical values of multiple natural enemies co-predating on wheat aphids were

calculated based on the equivalent relationship. These theoretical values were then compared with the actual occurrence of
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wheat aphids to assess the control efficacy of the natural enemy community in wheat fields against wheat aphids.
[Results] The predation equivalent equation effectively integrates the predatory capacity of multiple natural enemy species
and their various developmental stages in the field, establishing a unified quantitative model. This provides a practical tool for
evaluating the predation effect of natural enemy communities on wheat fields. Based on this, the pest control efficiency of
natural enemies in wheat fields of eastern Shandong was analyzed. A simulation of functional plant C. monnieri intercropped
with wheat at a 1 : 30 ratio demonstrated that when C. monnieri sustains a natural enemy density of 15 individuals/ m?, the
natural enemy communities in the wheat field can consume up to 57 684 wheat aphids per 667 m” (calculated as 22 m* of C.

monnieri per 667 m? wheat field). When the actual aphid population falls below this threshold,

natural enemies can effectively suppress wheat aphid damage. [Conclusion] The predation equivalent equation:ZP,-a,-

i=1
serves as a robust tool for quantifying the aphid-predation capacity of field natural enemy communities, aiding in the
assessment of their practical pest control potential. This approach will provide decision-making support for utilizing natural
enemies in wheat fields and advancing ecological aphid management strategies.

Key words predatory equivalent relationship; predatory natural enemies; wheat aphids; Cnidium monnieri; biological control
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Tablel Averagedaily predation quantity of common predatory natural enemies on aphids
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| LN RPN . A 275 3CHik
Natura enemy Aphid species Averz?ge feeding of Avergge feeding Reference
species aphids by larval of aphids by adult
predators (ind./d) predators (ind./d)

farEl EANEL Y] 52.20 / F AT, 2000
Propylaea japonica  Sitobion avenae

RA G 55 Wk / 95.36 PRi&i%E, 2015

Rhopalosiphum padi
B g B 1555 Iof 210.93 343.01 MRS, 2022
Harmonia axyridis Rhopalosiphum padi
L EMR A A 96.70 40.90 SREEMBIE T, 2013;
Coccinella Sitobion avenae B, 2024
septempunctata
Z Sl A 3 122.68 / W7, 1992
Hippodamia Schizaphis graminum
variegata
F o g EANEL Y] 50.13 / HE, 2003
Episyrphus balteatus  Sitobion avenae
3l H A A 200.76 / FAE, 2021
Chrysoperla carnea  Sitobion avenae

A Z 3
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B /INMEYE TIF Aphis craccivora, Bi 546 39.84 44.41 B4R, 20185 Gk
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Table2 Based on the common natural enemy predation equivalent coefficient derived from
the adult Propylaea japonica’s aphid predation rate (95 ind./d)
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R AL K Coccinella septempunctata larva 97 1.02
Z 5S4 W Hippodamia variegata larva 123 1.29
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Table3 Actual occurrence of natural enemies and aphidsin wheat fieldsin Gaotang County and
Dongchangfu District, Shandong Province

AT E R s (k/m?)

Population counts of predatory species (adult and larva, ind./m?)

Imyy PR
(m*) (K/H

T2 AR Res CWEC T2 USRS C R I
Research Number of - ; S S = B B 1
~ A A A A FLIY .
area wheat ears APphids . . . ) 4y H DR
(ind./100 Harmonia Propylaea Hippodamia  Coccinella ., Chrysopid .
(/m?) : dis i ; . Syrphid adult  Anthocorid
plants) ~ @wridis  japonica  variegata  septempunctata "y adult
adult adult adult adult
o5
Gaotang 720.07+0.73 13.00+£6.22 0.09+0.09 0.44+0.22 0.00+0.00 0.00£0.00  2.58+0.60 0.00+£0.00 0.00%0.00
County
REIX
Dongchangfu 520.58+1.74 29.78+5.72 0.09+0.09 0.80+0.30 0.00+0.00 0.09+£0.09  1.33+0.31 0.00+£0.00 0.27+0.27
District

*4 SEENFENRZAXBHEHRERESEVIRAERELR
Table4 Comparison between the theoretical predation values of natural enemy communities and the actual
occurrence values of wheat aphidsin wheat fields of Gaotang County and Dongchangfu District

R Br R i Rk s
Sl 2l Bt (k/m*/d) (k/m*)

Tl b A

Research area

PNLEUES

. Equivalent i
Natural enemy species q Theoretical number of Actual occurrence

sum aphids eaten by natural number of wheat
enemies (ind./m*/d) aphids (ind./m?)

AL
Gaotang County

SOOI A Harmonia axyridis, 8050
W Propylaea japonica, % 5 5k H
Hippodamia variegata , -t 2 3l H

Coccinella septempunctata, o 05 2.13+0.47 202.50+44.43 a 93.60+45.01 a
Syrphid , #L #% Chrysopid, /)N ££ %
Anthocorid
# BRI SO A Harmonia axyridis, #8051
Dongchangfu District H Propylaea japonica, % 5 HlH
Hippodamia variegata , LI I ) o0 1o 188.90+45.34 a 153.43+29.60 a

Coccinella septempunctata , £ %W I

Syrphid, F ¥ Chrysopid, /]M{E1H

Anthocoridae
RARUO AR, TR RS 7R B E 2R (P<0.05, (0%, )
Data in the table are mean+SE, and followed by the different letters within the same row indicate significant difference
(P<0.05, t-test).

i S op e A e, BRI IR o NS U E RN
EPHA R R EEBCN 8 kit (£7) , Hikfy
FESEEURUSCR 2 3k sk 13k 257
AU 1Sk | B RO 1Sk | e A
13k, Rumeghie 13k MERERH 1 3k, fRAY
TR R X s R EEE S B HCR i R
1239.75 /m*/d, 2442 W S2bR & AR R0 N 500 Sk

[ARRES, TFEHIG, BiiaxsR BT “x” 5 M
IeF S A A B R 1000 Sk/E RN, KRR 7
HBSEA R FIF R Scbr &b/, BHRBhIR,
B v XS HLAT “x” 5 S BRWE e A B hy
1500 k/FE KA, RECRCE I B B (E /T 1
SR AR, TR BUHEB IR T, B iE X6k
BT V7 .
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Table5 Number of natural enemies on Cnidium monnieri stripsin wheat fields of
Gaotang County and Dongchangfu District, Shandong Province
AT A PERF R . gy R (k/m?)
. : : 2
el 25 X IR Population counts of predatory species Fadult and larva, ind./ m”)
Research &=y iy i S o o o R IRVHURHL A .
S PR g 2 5 B Coccinel] TRRiEL . FAE AR /R R
arca Harmonia Propylaea Hippodamia occnetid Syrphid ~ Chrysopid  Anthocorid
L . . . . septempunctata
axyridis adult japonica adult variegata adult adult larva adult adult
oA 1.924+0.58 3.41+0.87 0.44+0.33 1.04+0.40 4.30+0.71  0.00+0.00 6.07+1.45
Gaotang County
RENIX
Dongchangfu 8.74+3.80 7.55+£2.12 1.78+0.81 3.85+1.99 1.93+0.49  0.74+0.52 3.11£1.37
District

*6 LAERBEENFENXEARET ENHHEHAYENERERNEE
Table6 Predation equivalent and theoretical consumption of natural enemy communities on Cnidium monnieri
stripsin Gaotang County and Dongchangfu District, Shandong Province

LRSS VY

Research area

R FBCE W B
Hok (k/m¥/d)
Theoretical number of
aphids eaten by natural
enemies (ind./m?/d)

PNGEIES

Natural enemy species

Byl

Equivalent sum

1= B Gaotang County

ZRFE I X Dongchangfu District

SO A Harmonia axyridis, F2051
W Propylaea japonica, % 5t 9L W
+ 2R
Coccinella septempunctata , 1 % ¥
Syrphid , ¥ Chrysopid, /)\7E %
Anthocorid

Hippodamia variegata ,

16.45+12.81 1 562.79+£281.6

SO A Harmonia axyridis, 2051
W Propylaea japonica , % 5 3 W
Lt 2R
Coccinella septempunctata , £ W W
Syrphid,, HL ¥ Chrysopid, /N 1E i
Anthocorid

Hippodamia variegata ,

47.08+12.81 4 472.74+1 697.7

FhOBCA f i BRI BCR N 2 622 Se/m?/d, KRR g

2.3 WEPRELE TR R BUBE TR X 2 H WF B 2
BEAR IS

ST HRTAEE RS L 12 30 fRA M /INE
(AR, HE— 2 ) 224 2 R AU 43T i R By
RS R R A R (K 8) L A 1 m’
PR R SRR R EL 15 3k, BARh SE 5
AL S S/m® . SRR 3 S/m? . 2R EH
AR 2 Se/m? B R EUR AL 2 k/m® EEFIRL)
BT Sk/m®, BSREH 1 Sk/m® L NESR IR 1 sk
/m?, KR EREEAR A YR Rl 27.6 Sk/m®, K

PRE B /NERA 130, B 22 m?, $rEH7E
667 m> ZHKHA 330 %, AJHCEEF hgE
57 684 /m%/d.

3 wWig
31 ERMERAHNSRASYELRNTSE

SE VA R B4 AR R T A B
BN (SCMEFIBREHTS , 2014 ) o AR IARERON
J& HAE PO RO 3 B il ROR A9 225
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Table7 Analysisof aphid predation efficacy by predatory natural enemy communitiesin wheat fields

PN &G Az BF SRR RFIBCE f
(3%/100 ¥k ) Nt WL ZH & MR
> N R i >y . NIE=X
Numberof — NEUKE o (Sr00bk) po T (oo bRy BRAOUE SR (mia)
natural Natural enemy Number of | ¢ficient Actual occurrence Control  Equivalent Theoretical number
enemies species natural enemies o number of wheat M€asUres — SUM  of aphids eaten by
(ind./100 (ind./100 plants) ' aphids (ind. natural enemies
plants) /100 plants) (ind./m*/d)
B 4y
sEILR 2 3.61
Harmonia axyridis
- 500 X
FBACH R 1 1.00
Propylaea japonica
Z 5 H
Hippodamia 1 1.29
g Variesala 1 000 x 13.05 1239.75
LRR
Coccinella 1 0.43
septempunctata
W Syrphid 1 0.53
% Chrysopid 1 2.12 1500 4
/NEWE Anthocorid 1 0.46

< ARRRBIE 2 W B > 2 WF bR R A, O M 2 AT BIR s VARR KBRS 2 9 i BIS(E < 2 W 52Pr
RAAE, TR ZIFHATRIR

x indicates that the theoretical predation value of natural enemies on wheat aphids exceeds the actual occurrence of aphids,
meaning no control measures are required; \/ indicates that the theoretical predation value is lower than the actual aphid
population, meaning control measures are necessary.

F 8 EAIEFRME KRR I A R Z W= B 4E A EINE & 5
Table8 Simulated quantitative analysis of the control effect of natural enemies harbored
per unit area of Cnidium monnieri on wheat aphids

R T PNLOSY e PNLE e w2 R R i sk PR T AR A B

B (m2) (K/10088) FFRh% (3k/100 £ ) Ea s B0 (/m¥d) Hfrh(3k/667 m?)

Total number !

c Natural enemy Number of ¢ quivalent Equivalent Theore?ical number Normalized whe.at
monnieri of Itlatur.al species na.tural. coefficient  sum of aphids eater.l by aphids con.sumptlon
area (m?) enemies (ind./ enemies (ind. o natural enemies per unit area

100 plants) /100 plants) ! (ind./m*/d) (ind./667 m?)
B 47,
O 5 3.61
Harmonia axyridis
[
FBZER 3 1.00
Propylaea japonica
Z 5l
Hippodamia 2 1.29
22 15 Veriesala 276 2622 57 684
L AR '
Coccinella 2 0.43
septempunctata
FrUFE Syrphid 1 0.53
% Chrysopid 1 2.12

/INAE % Anthocorid 1 0.46
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FH 5] 22 b R 305 A ) OGS SR B O 9 3K o 1%
K A LR Y VR T B, W5 A S5
GiARE, G5 RAEE Zy VAR, Rl LA R) R SO
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T, FH ) REO A & D Re s v 252 S
FHH G YRR LKA A 2 R R R R
(BEERE, 2021) o BIHY (kg RE ) 7]
W E AN L AT R | AR A 2 R iR
SEMA R B B R0% , HE Mg om0 3F fg )
PeblgE S (Lieral,, 2023) . Sus (2023) #f
FRM, BE CEWHI KRR 15 AR
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LB P R B OB ZZ I 1.62 £, A&
RN FE 0 PR R AL ATl = B 4R 1.44 £
RIIE , AT PEAL T 7622 H AR AR R e R R i 4%
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B, Ay ) RO V% 45 5 R RB FR AL T — o ffj
i B2 FHEAE R BEAG ik . TEFR e, |
] 3 5 R EOREVR 2 AR Ry, HZ 3R
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T BRI, DA B b B LR 5 ) AH
KSHL
32 ZEHXHIZEWEESHT
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TN S it ) 22 WA A T IR WY 22 T 2 R OREL
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Se/m?/d ., PGS ARG PR R A b Y K R e b
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