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Mathematical model of insect Logistic increasing and economic threshold based

on sex pheromone trap
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Abstract: The research on proper, accurate observation and monitoring pest population is of great significance in forecast
and control pests based on sex pheromone trap. Construction of mathematical models by practical observation, measurement
in fields and calculation is able to play an important role in the aspect concerned by many. Given this situation, in this
study, occurrence and real-time monitoring of population dynamics of pests have been accomplished by application of
production from sex pheromone of insects. According to the characteristics of sex pheromone trap of male insects, combined
with the Logistic differential equation and based on the balanced point between sex pheromone trap and increase of
population, relationships among several values were analyzed and compared with those under other common trappings. The
values were as following: trapping intensity (E) at the time when a population was increasing under the condition of sex

pheromone trap, the natural increasing rate of pests (r) , the trapping amount (x(¢) ), the pest amount in fields (~N). The

maximal consistent trapping amount when the balanced point was reached was articulated [ h__* = %(1 -E*) ], and at

max
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this moment, the relationship between the best trapping intensity ( E* ) and the natural increasing rate of pest (r) were in

. . r . . ..
accord with the formula of £~ = {7 At the same time, in terms of the characteristics of harms of pests, on the
r

foundation of analysis of the substantial field pest amount coefficient @ =S, FR ( S, meant the survival rate of larvae, F stood
for the maximal reproductive vitality of each female pest, R was the ratio between the maximal egg amount and the
substantial egg amount ), the expense of forecast and control utilizing sex pheromone trap and increasing output were

analyzed. When A[ A = Zr(l - ﬁVj + 1] was assumed as the regulating coefficient ( p meant the economic damage caused
p

by larvae, its unit should be RMB Yuan), the following values were definite, the trapping intensity at the time of the

Y VA -1

N
highest profit was £, = AT ; the consistent trapping amount was h, == R(l - J the trapping intensity at the
r r

. After illustration and

time when the economic threshold was reached was E, = A ; I and it should be less than N
;

. . . . c c c
calculation, the necessary condition of existence of the economic threshold wasp > N whean <p<?2 N there was
a « a

. . . c .
the relation (E, <) E, < E", that meant £, was the economic threshold; whenp > 2 o’ there was the relation E, >
a

E" , that meant E; was the ecological threshold. Taking the trap of Oriental Fruit Moth by sex pheromone as example, the
model was verified. Furthermore, the amounts of adults of Oriental Fruit Moth Grapholitha molesta (Busck) in fields were
investigated. By fitting Logistic model , the natural increasing rates of Oriental Fruit Month () under 3 sex pheromone trap
intensities were measured. Subsequently, the trapping intensity ( E) was acquired by the model established in this study;
also, the largest consistent trapping amount when the value of economic threshold of Oriental Fruit Moth ( Es) was reached,
which was determined with the economic threshold model. On the ground of analysis and articulation mentioned above, in
this paper, the mathematical model based on sex pheromone trap of insects was established in order to provide measurement
of the trapping intensity £ in fields and the natural increasing rate of pests r with theoretical guide, in addition, it also could

offer theoretical foundation to forecast and control of pests by sex pheromone of insects.

Key Words: insect sex pheromone; trapping intensity; economic threshold; logistic; mathematical model
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Table 1 E value of OFM of 3 trapping intensities
AN RIS AE/ A Trapping/ind.

5 9 13
E, 0.0584 0.0593 0.0559
E” 0.0602 0.0610 0.0575
E, .« 0.1135 0.1150 0.1087
E 0.0584 0.0592 0.0559
E 0.0216 0.0203 0.0408

FR2 3IMBFHBETEIZFHRENFEERHE h,
Table 2 &y value at economic threshold trapped of OFM in 3 trapping intensities
AN B A4/ Trapping/ind.

5 9 13
hg 123.3 178.8 88.1
hy 8.2 6.6 2.3
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JEE BRI RN A R B 4 T 5 A e £ T T A S8 B0, i HL S BB (5% R AT B 4 B8 e B il i R A o Al R
UEE BB PASCR , nTBRE BiA F A BT R, iR B R AE 2 TR . A0 a2 O RS B R Rl
T3 AR AR R R AL INEL B AT A Logistic 7Y T FLIR] B JRAS MR A5 B 25T 02008 A,
22 5F BE R RDR AR5 3 Fhifiam B R Ik B 2 5 BUE A a8 2 1l i MR s il s i B . AR AR
AT R TR PR R R AT IR A R A B 36, W) I e A 254, MR SR T B A 22 i E
F, G50 T IREPR A A SRR SR IEATIRA — & B BIE T8 32, R A] Sy #Sr L BI A AL 5 R
GEBATE S, (R AESE PR A AN [ B A R RE AR IRTE AR SOIT LA I B MBS — 4R B 8 A B, 775 2t
— P HEAME IE. , A RE SR AT LR T AN R T4
Brigh: SRR BE X AT AT B, S L PG ARl I T W AR X B B B IE LR R A R
2T B

References

[ 1] LiuLF. Advance in research of ecological mathematical models. Chinese Journal of Ecology, 1991, 10(2) : 41-44.

[2] MaF, XuXF, Zhang X L, Cheng X N. A prediction model integrating phase space reconstruction and artificial neural network and its application
in pest forecasting. Acta Ecologica Sinica, 2002, 22(8) ; 1297-1301.

[3] Wang X, Li J K, Hu X M, Xie D T. Intelligent prediction model for rice pests and its application. Transactions of the Chinese Society of
Agricultural Engineering, 2008, 24(7) ; 141-145.

[4] GaoYP, YuH, Cui X Z, Jiang G X, Wang M N. Prediction model for rice stem borer based on L-M optimized algorithm and its preliminary
application. Transactions of the Chinese Society of Agricultural Engineering, 2007, 23(7) : 162-165.

[5] LiuSS, Meng X D. The change pattern of development rates under constant and variable temperatures in Myzus Persicae and Lipaphis Erysimi.

Acta Ecologica Sinica, 1989, 9(2) . 182-190.

http ; //www. ecologica. cn



5016 JAE = 33 4%

[ 6] Shen Z R. Logistic equation revised to describe density dynamics of an Aphid population on Chinese cabbage. Journal of China Agricultural
University, 1985, 11(3): 297-304.

[7] YouMS, Pang X F. A computer simulation model of population dynamics of Brown Planthopper, Nilaparvata Lugens Stal. Entomologia Sinica,
1995, 2(2): 163-178.

[ 8] ChengSH,XuCS, LiM, XinZS, Shu HR, Wang Y A. Mathematical model of chemical control of crop pest. Transactions of the Chinese
Society of Agricultural Engineering, 2008, 24(S2) . 32-35.

[ 9] Byers] A. Active space of pheromone plume and its relationship to effective attraction radius in applied models. Journal of Chemical Ecology,
2008, 34(9) : 1134-1145.

[10] YaoST, WulJX, Zheng Y L, Jin ZH, LuZJ, HuJJ, DuY J. Application of sex pheromone of the rice leaf folder, Cnaphalocrocis medinalis
( Lepidoptera: Pyralidae) in monitoring its population. Acta Entomologica Sinica, 2011, 54(4) ; 490-494.

[11] LiX, L XW,ZhaoZ G, LiJ, MaR Y, Nie L Y. Approach to improvement of using the sex pheromone lure of Carposina niponensis ( Lepidotera:
Carposinidae). Journal of Shanxi Agricultural University; Natural Science Edition, 2011, 31(3) : 213-216.

[12] LuJ, TengZ W, Tan Z ], Chen J J. Computation and simulation of intensity distribution of black light lamp. Transactions of the Chinese Society of
Agricultural Engineering, 2011, 27(8) ; 247-251.

[13] HelL, Qin Y C, Zhu P X. Trapping effect of the mixture of sugar-acetic acid-ethanol to Oriental fruit moth ( Grapholitha molesta) and smaller apple
leaf roller (Adoxophyes orana). Chinese Bulletin of Entomology, 2009, 46(5) : 736-739.

[14] Xue Y H, Ma R Y, Li X W, Li L, Li J. Research and application on the sex pheromone of Carposina sasakii Matsumura ( Lepidoptera:
Carposinidae) . Chinese Journal of Biological Control, 2010, 26(2) : 211-216.

[15] Dul, GuoJ T, Zhang Y S, Wu J X. Effect of temperature on development and reproduction of Grapholitha Molesta ( Busck ) ( Lepidoptera:
Tortricidae) . Acta Agriculturae Boreali-Occidentalis Sinica, 2009, 18(6) : 314-318.

[16] Ding Y Q. Mathematical Ecology of Insects. Beijing: Science Press, 1994 . 210-210.

[17] Zhang X Z. A preliminary report on the study of oriental Fruit Moth (1970—1978). Journal of Plant Protection, 1980, (4) . 254-256.

[18] Zhang D M, Sun Y S. Linear regression equation forecast for Oriental Fruit Moth. Journal of Shandong Forestry Science and Technology, 1986,
(2):22-26.

[19] JuR H, Shen Z R. Review on insect population dynamics simulation models. Acta Ecologica Sinica, 2005, 25(10) : 2709-2716.

[20] Johnson D T, Lewis B A, McCraw B D, Carroll B, Jervis B, Striegler K, Boozer B, Mulder P, Foshee W G, McVay J, Mizell R F III.
Development and implementation of a peach Integrated Pest Management program in the Southern USA. Proceedings of the 5th International Peach
Symposium, 2002, 592(1&2) . 681-688.

[21] DuJ W. Review on the application of forecasing the insect by sex pheromone. Forecast of Disease and Pest, 1990, 1(1): 33-38.

SE Lk

(1] XORAR. S REE R . A%, 1991, 10(2) : 41-4.

(2] B, FBRK, SRAM, BB, ARAS HEE A S 02 4 Rl e BN R OHTE 3 AR A R AR 2l , 2002, 22(8) : 1297-1301.

[3] iEsE, BN, BIME, SITEA. KRS REBINIR SR, Rk T4, 2008, 24(7) : 141-145.

[4] wlde, T4, B, REX, 3l 5T L-M U005 0 /K R 5 ok F0I0 A8 70 K 28 B . Rolk TR 224, 2007, 23(7) :
162-165.

[5] X4, Tz, B8 DB BRI RAEIR T AT, A2, 1989, 9(2) : 182-190.

[6] kBl Logistic &1 J7 & KUK SRR A A RA. dLntRb K%, 1985, 11(3): 297-304.

[7] JURA, deffE . 8 QARSI MBS (3630) . PIE R ERE, 1995, 2(2) : 163-178.

[ 8] MR, fREE, 0, 3550, B WE:, FATL. MEYE RLEPRE M Eeasin. Rk TR, 2008, 24(S2) : 32-35.

[10]  Bk-EAW, SBeR, HOKR), &RH, BidA, SE, ok, A EM EME SR AR L . B ICA, 2011, 54(4) .
490-494.

[11]  Z8E, 250, BRakE, 25, DR, Bda. St RS S A RIE TR, NP IR A RFIER, 2011,
31(3): 213-216.

[12] 5%, Beysc, W%, BREZE. BoUs it a SEL fol TR2ER, 2011, 27(8) ; 247-251.

[13] farss, RN, ARIEFE. BRSO AU IR G BURSEARY NG IR AR BIRAR, 2009, 46(5) : 736-739.

[14] @EHalE, STmale, 220, 252, 5. MM IRPEE SR MM SR PEAZEVIBGG, 2010, 26(2) : 211-216.

[15] ALah, SpadeE, sk, FEet. RE X EUNE L B Grapholitha molesta Busck A4 % B R B R2. a4l 244, 2009, 18(6) :
314-318.

[16] TA8 REMECAAESY bt B, 1994 210-210.

[17] SREBL AUNEORBFYIER(1970—1978 4F) . RMIHE2H, 1980, (4) : 254-256.

[18] ikfBE, PhAZE. MMELRIATFBHHA/ NGO R, IARMLRE, 1986, (2): 22-26.

[19]  A)Zes, Phfisi. B AuRpiesh A, sl 2005, 25(10) : 2709-2716.

[21] FRZRE. R SRR TS Y el jn e B dulldi, 1990, (1) : 33-38.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.16 Aug. ,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
Advances in theoretical issues of species distribution models «---e-eeeeeennes LI Guoging, LIU Changcheng, LIU Yuguo, et al (4827)
A review on rare earth elements in farmland ecosystem —«-eeesseeeeeneniieii JIN Shulan, HUANG Yizong (4836)
A review on the mechanism of attachment and metamorphosis in barnacle cyprids --- RAO Xiaozhen, LIN Gang, XU Youqin (4846)
Decision making in group living animals = ++-eeeeeeeeeeneeeeeeaine. WANG Chengliang, WANG Xiaowei, QI Xiaoguang, et al (4857)
Autecology & Fundamentals
Influence of monsoon’s advancing, retreating and conversion on migrations of Nilaparvata lugens (Stal) in China «-oceveeeereeeneneens
................................................................................. BAO Yunxuan, HUANG Jinying, XIE Xiaojin, et al (4864)
Prey selection and feeding rate of sea stars Asterias amurensis and Asterina pectinifera on three bivalves «+-eeeeeeeeereeiiiiiiii. .
.......................................................................................... QI Zhanhui, WANG Jun, MAO Yuze, et al (4878)
Habitat selection of Whooper Swan at Bayanbulak in Xinjiang of China --------- DONG Chao,ZHANG Guogang,LU Jun, et al (4885)
The genetic structure of endemic plant Preroceltis tatarinowii by ISSR markers «««««-+ssssveeeesimuumetiiiiiiii
....................................................................................... LI Xiaohong,ZHANG Hui, WANG Deyuan, et al (4892)
Genetic analysis of salt tolerance of F, progenies between chrysanthemum and the intergeneric hybrid of chrysanthemum and
CTOSSOStEPhtM  +++vveeessrmmrenre ittt XU Lili, CHEN Fadi, CHEN Sumei, et al (4902)
Indicative effect of the anatomical structure of plant photosynthetic organ on WUE in desert region «-«-eseeeeeeeeemieiiiiiiiiii..
.......................................................................................... ZHANG Haina, SU Peixi, LI Shanjia, et al (4909)
Effects of water on photosynthesis in different age of tomato leaves ------------ CHEN Kaili, LI Jianming, HE Huiqiang, et al (4919)
Photosynthesis-nitrogen relationship in evergreen and deciduous tree species at different altitudes on Mao’er Mountain, Guangxi ------
....................................................................................... BAI Kundong, JIANG Debing, WAN Xianchong (4930)
Effect of fertilization on the dynamic of soil N,O fluxes in Chinese chestnut stands —«+-eeeeeerereeerienniii
.................................................................................... ZHANG Jiaojiao, LI Yongfu, JIANG Peikun, et al (4939)
Effects of long-term fertilization on aggregate dynamics and organic carbon and total nitrogen contents in a reddish paddy soil =~ -+-------
................................................................................. LIU Xiyu, WANG Zhonggiang, ZHANG Xinyu, et al (4949)
Population, Community and Ecosystem
Carbon storage of natural wetland ecosystem in Daxing’anling of China ++---+ MU Changcheng, WANG Biao, LU Huicui, et al (4956)
Monitoring the riparian vegetation cover after the Wenchuan earthquake along the Minjiang River valley based on multi-temporal
Landsat TM images: a case study of the Yingxiu-Wenchuan section =~ «+eeeeeeeeeeeeeeeecnnes XU Jiceng, TANG Bin,LU Tao (4966)
A dynamic analysis of spatial distribution pattern of Larix gmelinii natural forest in Pangu farm under varying intensity of fire
CLISTUTDANGE v +veerermemenentnten ettt ettt ea ettt ettt e et e et et aaeaereneataeneeeneaanenns NI Baolong, LIU Zhaogang (4975)
Structure of macrozoobenthos in lakes along the Yangtze River and relationships with environmental characteristics =~ -+-eeeeeeeeeeeenees
....................................................................................... CAI Yongjiu, JIANG Jiahu, ZHANG Lu, et al (4985)
The research on the age structure and sex ratio of Niviventer confucianus in Thousand Island Lake «--ceeoeereeeereneniiiiiiiii..
................................................................................................ ZHANG Xu, BAO Yixin, LIU Jun, et al (5000)
Mathematical model of insect Logistic increasing and economic threshold based on sex pheromone trap —«-e-eeeeeeeeeeeeeieiiaii..
................................................................................. ZHAO Zhiguo, RONG Erhua, ZHAO Zhihong, et al (5008)
Community composition and phototaxis of insects in tea plantations in Southern Jiangshu Province during late fall +e-eeeeeeeeeieinieiennns
.................................................................................... ZHENG Yingcha, NIU Yuqun, CUI Guiling, et al (5017)
Effect of agricultural land use types on soil mite communities in north China — ««««s-=ssseereessmmmre i
....................................................................................... HAN Xuemei, LI Dandan, LIANG Zian, et al (5026)
Landscape, Regional and Global Ecology
Exploring the space syntax under negative planning: a case study of landscape connectivity based on the behaviors of avian edge
SPECIES  ++reessrrrrrees ettt YANG Tianxiang, ZHANG Weigian, FAN Zhengqiu, et al (5035)
Temporal -spatial variation of heterotrophic respiration in alpine area of southwestern China ««+sseereerereereniiniiii

................................................................................. ZHANG Yuandong, PANG Rui, GU Fengxue, et al (5047)



5132 A % R 3345

................................................................................. ZHAO Mingsong, ZHANG Ganlin, LI Decheng, et alo (5058)
Spatial distribution and change of vegetation carbon in Northwest Guangxi, China on the basis of vegetation inventory data «---+-------
................................................................................. ZHANG Mingyang, LUO Weijian, LIU Huiyu, et al (5067)
Resource and Industrial Ecology
Urban metabolism process based on emergy synthesis: a case study of Beifing «+«e++reeereeeeessemmmmimmmiiiiniii
............................................................................................. LIU Gengyuan, YANG Zhifeng, CHEN Bin (5078)
Evaluation on cultivated land ecological security based on the PSR model and matter element analysis — <+-e-eeeerererenmneieeiien...
.......................................................................................... ZHANG Rui, ZHENG Huawei, LIU Youzhao (5090)
The effect of super absorbent polymer on the growth and nutrition absorption of Festuca arundinacea L. on an improved gangue
ITLALFIX *+# o ee eesememensmnennnneneseenenesenesetneneaeneneentneaeeneaenensenes ZHAO Zhifeng, WANG Dongmei, ZHAO Tingning (5101)
Urban, Rural and Social Ecology
The effect of distance on the ecological conservation value: a case study of Sanjiang Plain Wetland — «+-coveeeeeeeeeeniniiiiiii. .
....................................................................................... AO Changlin, CHEN Jinting, JIAO Yang, et al (5109)
Research Notes
Scaling effect on spatial variation of soil organic carbon in mountainous areas of Guangdong Province «+«-ereeeeeeeeereeniiniiiii.,
.................................................................................... JIANG Chun, WU Zhifeng, QIAN Lexiang, et al (5118)
The changes of hair length and pelage thermal insulation in captive female squirrel, Sciurus vulgarize manchuricus, during

autumn molting Period «««++sssseeererrrmuiiinnittiiii JING Pu, ZHANG Wei, HUA Yan, et al (5126)



(ERFER)2013 £EITBE

CERZFER) RH HERBAB AR DS R, D EA RS hERHEBAE SR 0 F IR
RN A AR ] Q1R 1981 47, Hiif AR A 2# U ATV B MR IR QT MR LR . R EAEST L, AR
GG [ 7R REE R LS ) RAE S R TAE R IR R A A2 WAL, A S 2 i B i R T 17
PR HEAE S 2R SEIR AR R, S 3R I 15 35 R i i AR 28 2 B A A IR IR 55 A [ R 2R i R Rl R SR A 55

(HEAS A T2 B A 25 2 A% 0 S 2R 10 B B LA R A0 S I 5 1 SR GR BB R AR L R X
R S B AR A2 S T ) B 5 R M SO RS T s AR A2 B B vk OB AR A48 0 BT A
AR BHIFh S RIS BN 4%

CEERZARY) 2 A ), K 16 FFA 300 BT, BN E M 90 Jo/ M, 24 i 2160 TT.,

E IR & AR5 . 82-7, AR & AR5 M670

FrfEFIS . ISSN 1000-0933  CN 11-2031/Q

A5 MM SRy B T ST I, Pl B S A R R W S, Wl T KRN TAE S BMIF AT | S5 e | 1B 43
TEAETTI

WML, 100085 JLAUEFIEXAUERE 18 %5 B i&: (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. c¢n M it : www. ecologica. cn

AMEERESE Tk REDEE gl RERE OEE B 6

4 & % Ik ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEATI 1981 453 A B1F) ('Semimonthly, Started in 1981)

$33% FlelW (201348 H) Vol. 33 No. 16 (August, 2013)
% L= <$Z§%Tﬁ>?ﬁiﬁﬁﬁ Edited by Editorial board of
Mk b O E OB i 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn .
shengtaixuebao@ rcees. ac. cn

E: I S (1N S
F & hERE AR Editor-in-chief WANG Rusong
5 DI
I EAEASREEE S Supervised by China Association for Science and Technology
7O
ep R R e A A PR BF ST 0 Sponsored by Ecological Society of China
Hutil . b T IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
HIF L 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press
Hihk . b A IR LT 16 5 Add ;16 Donghuangchenggen North Street,
MR w65 . 100717 Beijing 100717, China
En Rl e ACARER T Printed by Beijing Bei Lin Printing House,
x 1T #4 4 & K i Beijing 100083 , China - 3
Hitik . AR FEIAR AL 16 5 Distributed by Science Press M ee—
mﬁﬂéﬁﬁ% 1100717 Add:16 Donghuangchenggen North g
Eﬁlﬁ :1( 010) 6;‘334563 Street, Beijing 100717 , China 1 m
-mail ; journal @ cspg. net 0 /]
Tom i‘%iﬂﬂi[ﬁ%‘ P8 Tel: (010)64034563 S =—n
" 2l ournal @ cs — ON
EISNRAT ol B 8 557 080 ) Frmailfournal® csps et © ==°
HiE . L ET 399 r:—%vﬁ Domestic All Local Post Offices in China > 8
M ZIN =} I
BB 2565 . 100044 Foreign China International Book Trading 3 E
}"'%@""E‘: . o o Corporation - N~
YR ey — N
W owr GE LRI 8013 Add:P. 0. Box 399 Beijing 100044, China —
ISSN 1000-0933 4= = ey
N 0o ERIMAF LT ENBERS 82-7 EsSEITRS M670 ZEfr 90.00 5T

CN 11-2031/Q



	1.pdf
	全页传真图片.pdf
	中文ml.pdf

	20131620.pdf
	3.pdf
	英文ml.pdf
	16fd.pdf




