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POPULATION SYSTEM AND POPULATION SYSTEM APPROACH TO
RICE BROWN PLANTHOPPER

Xiong-fci Pang, Guang-wen Liang, Ling Zeng & Wei-jian Wu
{South China Agricultural University, Guangzhou)

ABSTRACT

Population sysiem means that a subject population is considercd as a control
system, grouped by several states, connecting with survival rates and
productivities, and its environmental acting factors are regarded as the spatial
limit, to study the popaulation dynamics and population dynamics control. in this
paper, the rice brown planthopper, Nilaparvata lugens (BPH), is taken as an
example to construct the population sysicim model. Based on the space-siate
equation of cybernetics, the state vector "X" is constructed by developmental
process from epg to adult per day, the system matrix "A” is constructed by the
average life table data, the control matrices B'RRand B"IC are construct by
resistant varicties of various damage rates and "selcetive” or "wide-spectrum”
insecticides:

X(p= [A+BRR+BIC]X{t,).

[n this model, the interference indices of population control(IIPC) are used
as an inputting information opcrators. With the output equation, the population
dynamics and the population dynamics control of BPH can be discussed by the
results.

Key words:population system, Nilaparvata lugens, population dynamics contiol
INTRODUCTION

The application of systems science, including cybernetics and large scale system theory and
methods, 10 investigating the human population is a recent development in China. In this casc
a lerm "popuidation system” is used 10 study the population dynamics control. The population
system approaches to insect and animal populations were discussed by Pang ¢t al' In this
paper, rice pest inscct, rice brown planthopper Nilaparvata lugens(BPH) is taken as an example
to construct the population system model and discussed for this problem.

POPULATION SYSTEM

A population System means that a subject population is considercd as a system, grouped in
several states, connecting by several rates and productivities as the state to state transiers, the
cnvironmental effecting factors arc regarded as the spatial limit, in order to study the population
dynamics and the population dynamics control.

The population system approach carried forward the popalation ecology methods. Before the
development of system science, the life table method, Volterra mathematical models, Leslic
population matrix modcl ete. were founded as the methodological base of population systems
studics.



A life table for BPH

Life table was first applicd 1o study human populations, grouped in age states of equal time
intervals, constructed by Graunt in 1662 and Halley in 1693. It has long been used in demography
and later in animal population ecology. Morris and Miller'® constructed another form of lifc
table, grouped in stage for the insect population. on purpose to study the effectiveness of t he
acting factors, Pang et alP¥ sugpested that the life tables may be grouped also in various
factors(Table 1).

Table 1 Average life table for 2nd generation of BPH
(Hziling Izland, Guangdong Province, 1976-1990)

stage Factor  Survival EIPC Survival Survival
and instar rate at f rate of per day rate
b v} (sh x(=1/5)(Sx) (ay)
Egg predatars 8,=0.567 1.78 SE=5,8,5, 2, (=0.893
parasites 5,=0.949 1.18 =0.453 a, ,=0.893
others  §,=0.951 1.05 .
8y ,=0.893
Nymph pid. etc 5,=0336 2.98 Ss=§, g 5=0.804
instar =0.336 8,,5,=0.804
1-2 .
8454,=0.804
Mymph prd. et §.=0.324 3.09 8L=5,5, 8y4.44=0.849
instar parasites S,=0.835 1.20 =0.271 8,5 14=0849
35 .
81,29=0.849
Aduit Py(Sag)i=0.178 5.62 8p 21 =0.800
{=1000 - fly3 24=0.800
P=0.246 - .
P=0.728 - .
Pp,==0.390 2.56 835 24 =0.800

F - the proposed meximum fecundity (per fomalea);

Py~ the propertion of F that can be achieved by the females of the given population;
P - ine proportion of female adukt;

P, - the proportion of habitant adults after flying;

(SA‘) - survival rate of adults per day(i);

{SAJ = [.6 .64 .41 .326 .262 .21 .188 .134 ,107 .086 .069)

Py - the proportion of fecundity per day{i)

Pg = [0 0 0.003 .058 .149 202 .198 .180 .113 .073 .044]

BIPC - exclusien index of population control, for analyzing the important factors;

a, - state per day, equal time interval, for constructing matrix model.

Index of population trend and index of population control

A mathematical model was constructed for the index of population trend () by Watt™,
According to the life table grouped in stage intervals and factors (Fig. 1) for BPH, this model
can be expanded as follows:

I = SE SSSL F PF P P, 2P,(S..) (1)
1=8,5,.S F PF P P, £P,(SA,) (2)

On the purpose of investigating the population system as a control system, indices of

.2,



population control(IPC) and the exclusion analysis method, the addition analysis method and the
interierence analysis method were deveioped by Pang et al/»4%% and Pang™),
Index of population control{IPC)
IPC =11 3
where: 1 - index of population trend in the normal condition
I’- index of population trend in the changed condition
According to the equation(2), let us suppose that the factor "I" is excluded, correspondently,
survival of this factor becomes 8,=1. In this case, we shall have an exclusion index of population
control(EIPC).

S, S,..1..SKF PFP P, sP,(SA,)
EIPC = =155, (4)
S, S,...5,.SKF PFP P, zP,(SA))

Supposing that a factor "a” is added, in this case, the survival rate of this factor "S." will be
inserted into the equation. We shall have an addition index of population control{ AIPC):

S, S,...58,.--5K F PE P P, ZP,(Sa)’
AlIPC = =

)
8, 32%& FPEP Ph' ”:H(SAJI

Supposing that the factor "j" is intcffcrcd, the survival rate of this factor "S;" will be changed
10 "8, We shall have an interference index of population control(IIPC):

S, §,..8"..8k F PF P P, ZPy(Sa)'
IPc = = 8§, ®
S, §,..8,..8K F Pr P P, ZP,(Sa,)

In case of more than one factor arc cxcluded, added or interfered, the sum of the indices of
population control is equal to the product of these indices.

Population system model

The population control system model was described as a state- space analysis model of
cybernetics by Pang et al.” as in Fig. 1 and cquation 1.

Fig. 1 Network model of a population control system

x, - state i(i=1,2,3,..n); a;; - survival rate of state i to state j (j=i+1)

a,, - fecundity of adult state i; b;; - input of the effect of effecting factor i
F, - factor i.



The state space equation for a population control system will be

X(t) = (A+B)X(ty)

Y(1) = CX(1)
where

X' = [x; X, X3 - X, %] State variable
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| 8y 0 0

| ) 45, 0
A= | .
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r .
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The index of population control may be used as the "predators’ 10 decompose and combine
the effects of the acting factors. For example in table 1, the addition index of population
control(AIPC) of the effecting factor "predators” on egg and "predators eic” on nymph will be

ATPC(prd):

AIPC(prd) = (0.561)(0.336)(0.324) = 0.061

8

By means of the indices of population control(AIPC and IIPC), the network model of the
population control may be reconstructed as Fig. 2.
The state-space equation for a population system will become

X(t,) = [A+BNE+B’RA+B"IC]X(t))

Where: A - system matrix.
BNE - control matrix of natural enemies
B’AR - control matrix of plant resistance
B"IC - control matrix of irsecticide

)



Fig. 2 Network model of a pest population control system
NE - patural enemies as an effecting factor
RR - plant variety resistance to a given pest population
IC - insecticide(if it is used)

The information approach to effecting factor

According to the cybernetics and informatics, the environment factors always affect the control
system through the information transfer. Studying on a population system, the effecting factors,
such as temperature(°C), moisture(RH%), natural enemies(density), plant resistant) etc. are of
Lhe various dimensions. By means of exclusion, addition and interference analysis methods, the
cffectiveness of a factor will be transferred to EIPC, AIPC as an inputting information into the
population system!!,

In the equation 9, the elements of the matrix BNE, B'RR and B"Ic, b, b, b";; will be
b = a4 (IPC)

b.j,i = aj,.ibj.i(IPC‘j,i-l)
b"; = a;b; b’ (TPCT 1))
(where IPC;;, IPC; are the TIPC of the factors of the indices of population control)

POPULATION SYSTEM APPROACH TO BPH

As an cxample herein a population system of BPH is selected to study the effects of rice
variety resistance and insecticides. In the population control system model, the state vector X is
construcied by 32 state variables (egg-7 states, smaller nymph-5 states, larger nymph-8 states and
aduit-12 states). The data a;; and a,; are used to construct the system matrix A, the interference
index of population control of resistant rice varietics and the insecticides are used to construct
the control matrices B'RR and B"IC as in the equation 9.

The a;; and a,; were showed in Fig. 1. The b, b’y and b7, b",; will be studied as follows.

Information appreach to the resistance of rice varieties and the insecticides

The survival rates of the nymph stages (Ssand Si), the proportion of maximum fecundity (P)
and the complex coefficient Pi(SA,) are effected by the resistance of rice varieties. A susceptible
cultivating variety "B2", a modcratcly resistant variety "FB2" and a highly susceptible varicly
"TN1" were selected for the experiment show in Table 2.



