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Method for Evaluating the Comprehensive Benefits of Biological Control of Insect Pests
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Abstract: The effects of biological control of insect pests are usually evaluated using the same methods as those for
chemical control. However, the methods focus mainly on the short-term lethal efficacy on the target pests, while
neglect the long-term and sustainable control effects along with the increase of natural enemy populations is
neglected, and the benefits of biological control in protecting environment and biodiversity either. At present, there
is a lack of widely accepted method for evaluating the success of biological pest control programs. In this article,
the methods for evaluating biological control of insect pests are summarized, and their practical feasibility and
advantages and disadvantages are analyzed. Based on these analyses, an index system for evaluation of biological
control was established through the analytic hierarchy process. The index system was comparatively applied in
some cases of insect pest control, the methodology and criteria were proposed for evaluating the success of
biological control programs.
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Table 1 Framework of integrated benefit evaluation system for pest control

H#r)Z (A) Target class (A) HENE (B) Rule class (B) Ji%JE (C) Projectclass (C)
HLEYIBIR LG G (A ZU ¥ (B1) BivaReR (CD HRIRE (CLD
Integrated benefits of biological pest control (A) Economic benefits (B1) Control effects (C1)  Decrease percentage (C1.1)

FrEEm ] (C1.2)
Duration (C1.2)
A (C2) Investment cost (C2)

ABHEAE (B2) % BEPE (C3) Biodiversity (C3)

Ecological and environmental benefits (B2) FRBRHT (C4) Environmental protection (C4)

FRAWEBEETB, 78 AFFEREELET B, OXRAWEBEEET B, 2. 4. 6. 8K ~A 5B
PEEMENT LIRSS 20, 5 A5 B EEMEL S k, A B S5 A WEEELA 1/k.

SEFAEA TR BRI T ARSI A, IR0 080 2 R vk BT S0 SR A A (LR A 1) e, I
PHRFAE 1) AT T — AR A BT B S VPN PR PR A . O T ARIEVPAN R A ERE,  T5 BEHREAN ST
HEAT— SRS, TR — B LR CR<<0.1 I, — RO iz AE B AT i — 80k, proR 13 AU
FEAARE, AN AR, IO 2 R R B OO bR A, B il — B 56k k.

WO A SC AN 2 AT IR A RS, D akat By ARSI RLGE By AT LRI, 19 HIARMN 1)
FREEAE, FETTSsRAF I N A E AT We=0.6670 1 W, =0.3330, #)5&eid— S ER S (CR<<0.1) HIW;
HBCEME G RS YRR IZ UL AT RCEE IS, HERRMAAF RN 2R EME. &
G W R B R JEAR YA TR L3 2.

®2 FHEMMAMEFI MR R ENE

Table 2 Judgement matrix of biological pest control benefit and its weight

A B, B, W B, G G Wi B, G W C Ci  C W

B, 1 306670 | C 1 206670 | G 1 105000 | Ci 1 I 05000

B, 1/3 103330 | G 12 103330 G 1 105000 | Cis 1 I 05000
Amax 2.0000 2.0000 2.0000 2.0000

CR 0.0000 0.0000 0.0000 0.0000

Ve Wiy % DA R R B
Note: Wi is the weight of each associated evaluation index.
322 MEFEAMGIERRIFNER R LRFIWFEERSRA, 55T Yaahp V113 S-S0 AHP B
N EAEYPNARCR VN SR BCE L, BRI 100 70, B HBCGEANARELEL 100, fEAGZI
—HPERETR T, RSB S A SR P DU T ROR T B E IR R bR, AR ATN R (GR3)
3.3 ZAEMEITMIERMEENL
FEVEI S MBI RISV IR AR, SR 4 I ARIE, XS PR TR bR E AL,

%R 3 AV R bR OB AL A T I LR 5, B GZi(Wbi Wbi) Abi, b G: FHHEYIFNGLE

i EOr; Whis Abi: #ENIZ (B FRARRN T 52 & TR FACEAT AL WBI: #ENIJE (Bi) IR
iy om: ANFESFER APPSR BRI KL

FHIRAYIBARE AR M2 DV SR A ST, VAR S5 RBEHL AT AE 0~100, ASCRASE
[ EEAG YR R E G R 5 ANEEGL IFa AN M (R 4D

4 FEHIA LT IR

W 17 B A A BB G RN LRV RGTHEAT VPG, L SRR 2R S WL A Y
WK brdE, IFHZ IR RMRHES] (R 5) o SERERNT, WAL AR, Zid O~ IR/, IR JE £
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Table 3 Evaluation system of biological pest control effect

HisZE (A HEMZ (B) TERE (O W73 hr e iy
Target class (A) Rule class (B) Project class  (C) Assignment criteria Assignment

A Bl Cl Cl.1 =80% 100

60%~80% 80

40%~60% 60

20%~40% 40

0~20% 20

<0% 0

Cl2 =3 J] 100

2~3 1 80

1~2 H 60

0.5~1J] 40

0.25~0.5 J 20

<025 H 0

Cc2 <100 JC 100

100~500 JG 80

500~1000 JG 60

1000~1500 7T 40

1500~2000 T 20

=2000 JG 0

B2 c3 AT — B 100

FREUAR T OO, SRR T AT 1 75

FREART HOsh, SRR T A b 4 B 50

B dudlh, AR RECR R 25

I ek P 0

c4 PREE S 2Rt 100

BTG, AR ] A A 50

V5 G Ik B IR G, X AR A Bh A fa b 0

R4 FHEMPETFNERK S

Table 4 Evaluation classification of pest biological control

FHAVEYINIA SR PPN 44 Evaluation level of biological pest control effect SMHIX ] Score range
AEH I (1) Very success (1) 80~100
L (DD Success (IT) 60~80
B (1D Relatively success (I1T) 40~60
KW (IV) Failure (IV) 20~40
SEA R (V) Complete failure (V) 0~20

HH 0 EI@C”EE”U/J\%&Z%{@EEEEE%TH:W PR T e EIWEE T MG, Pa B HURIRIE . TR0 5 .
TEAE /N . BIBC I R /N PGB . T ECER L. NZRRZ 2 AR EE . TR o AT REEE R
. AR BRI SO T 2.

A, AHIE % 7 Vo — e FAB T v TV B AT T 00 (R 6) , SR, MMl FhER
ENVBRZR RO VPN S TR, KRR BI4ER R SR S 80m U S lE . AR T VOYER . “Emisk
OB AR HUEE. BRI DDT O T 2. Horh o HUT M SO BB G, v ORI — R 2%,
HAMEA N 51.66 F1 43.04.
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Table 5 Evaluation and verification of pest biological control cases
HeIF R g B RAEE  BER YR
No Products Target pests Countries References Score Effect
evaluation level
1 NP Rodolia cardinalis R4 Icerya purchasi JERZ /R [55,56,57] 91.39 1
2 FHIGYTIE/NE Anastatus japonicus IR Tessaratoma papillosa I [58,59,60,61] 86.95 1
3 BEGFYE Microctonus aethiopoides XTHRIES: Sitona lepidus Brvts [62,63,64] 86.95 I
4 FJE MG /NE Chouioia cunea ZE[E [k Hyphantria cunea el [16,65,12,66] 82.78 I
5 ZEZEHEE Microctonus hyperodae [T R 4E2E % B Listronotus bonariensis  Hi#ti % [67,68,69] 82.50 1
6 WS T ME/NEE Tetrastichus planipennisi FAMS%E 751" Agrilus planipennis e [70,71,72] 78.34 i
7 WABHIRIREE Trichogramma dendrolimi A2 1. Dendrolimus punctatus [ [73,74,75,76] 78.34 I
8 WA W Dastarcus helophoroides A MR 2F Monochamus alternatus [ [77,78,8,79] 78.06 I
9 fefuf/ME Coccobius azumai WA Hemiberlesia pitysophila BRI [80,81,82] 78.05 I
10 HRComtHIMG /NI Tetrastichus brontispae  FRUaWH' Brontispa longissima BRI [83,84,85,86] 78.05 I
11 BHERMNIEY Sclerodermus guani JeIF 2R Anoplophora glabripennis  1H [87,88] 73.61 I
12 Wikt Steinernema carpocapsae R ik Hyphantria cunea HA [89,90] 69.44 II
13 /NSRS AR B INHEFBE Agrotis ipsilon F | [91,92,93,94] 64.99 Il
Agrotis ipsilon nucleopolyhedrovirus
14 B=&NFE Bacillus thuringiensis TP Tuta absoluta VYL [94,95,96] 60.83 I
15 ZRAE(S I E Aggregation pheromone IEAE TR K 2F Tetropium fuscum W [97,98,99,100] 60.26 Il
16  ?:i%7) Sex pheromone K& B Helicoverpa armigera ERIES| [101,102,103,104,105]  60.26 I
17  FEMEW Beauveria bassiana JeIF R Anoplophora glabripennis  F% | [106,107,108,109] 51.65 111
T HABIA TR M LR P B — AN 2B SR . T
Note: The evaluation score of pest control is mainly based on the first reference of each case in the table. The same as below.
F6 RLERFAROITHERIE
Table 6 Evaluation and verification of pest non-biological control cases
Eil35g JEFH 7 i FUbRE d ISP S 3CHR IME ORISR
No Products Target pests Countries References Score  Effect evaluation
level
1 fajEfi Rotenone W% MY E Semiaphis heraclei th [110,111] 64.99 11
2 #EA Buprofezin & K\ Rice planthopper HE [112,113,114,115] 61.11 I
3 [IHi#E Azadirachtin U&7 5T Agrilus planipennis JIIEN [116,117,118,119] 60.54 11
4 K%WK Diflubenzuron KRG, Pseudoplusia includens ES [120,121] 56.67 11
5 FI4EB#E Abamectin /N Plutella xylostella By [122,123,124] 56.38 111
6 %l Permethrin Nk Plutella xylostella % [125,126,127] 52.50 I
7 R SESNE Beta-cyfluthrin - #R%H Helicoverpa armigera TEHH [128,129,130] 52.50 11
8  ZAHUT Black light lamps FASR R Monochamus alternatus [ [131,132,133] 51.66 11
9 V4R Carbaryl WAL #K Oryia pseudo 5[5 [134,135] 48.34 111
10 6% Phoxim Fi#% 1L Helicoverpa armigera [ [136,137,138] 44.18 11
11 %H B Carbofuran WA KL Ostrinia furnacalis e [139,140,141] 44.18 111
12 A Yellow sticky trap WM E Aleurocanthus spiniferus [142,143] 43.04 111
13 Hif% Methamidophos /NEM Plutella xylostella B [144,145] 40.02 111
14 %/} Endosulfan JEN B\ Bemisia tabaci EN [146,147,148,149,150,151]  40.02 I
15 DDT Fi#% 1L Helicoverpa armigera % [152,153] 40.02 11
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