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Insect pests are limiting factor in increasing agjtural productivity. Use of insecticides is orfe o
alternatives, but the outcome is still unprediaabécause of dynamic behavior of insect pests.
Thus, basic knowledge about the relationship betirsect pests and insecticide use in the agro-
ecosystem is important. This study analysed theuhym relationship between insect pests and
insecticide use, which is built on an economic pofhview. To see the relevance, this study
utilized a data set on insect pest infestationiagdcticide use in soybean based ecosystem. The
study showed that, theoretically, there is a camlitvhere level of insect pest infestation and
effective insecticide use were partially stablenas fully stable. Empirical evidence shows that
the partially stable condition is not the case aybgan-based ecosystem. Total instability
occurred, meaning that there will be pest explosiben the natural balance is disturbed. In this
case, used insecticide was ineffective. The imitinas that if the insect pest infestation termls t
be uncontrollable, ecosystem of soybean shouldabechand changed with other ecosystems.
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I ntroduction

Insect pests are one of constraints in agricultpratiuction. It has been
reported in many agrarian countries that insecttspésave brought about
considerable yield losses (Rola and Pingali, 1993)erefore, Insect pests
should be properly controlled in order to reach thaential production.
Controlling insect pests is not an easy task, bmxaof complexity in
relationship between insect pest and their habNaturally, pests have been
controlled by natural enemies, such that the pdimmalevels of pests and
natural enemies are in a balanced condition. Betabse of interventions of
human businesses, the natural balance of insets ped natural enemies has
been bothered. The used insecticide has been er@idered an external factor
disturbing the natural balance. Insecticides ndy daill pests, but also kill
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beneficial organisms such as natural enemies armbngsosers. Those
organisms have been well identified as importanmmanents of agro-
ecosystem (Settlet al., 1996).

The relationship between insect pests and insdeticse exaggerates the
complexity because of possibility of pests to b&stant to insecticides, as well
as resurgence. Untung (1996) points out that itsées have been known as
cause of secondary pest outbreak in Indonesiaragdeulture during the 1970s
and 1980s. An econometric study by Mariyono (2G8®)ws that insecticide use
in rice is no longer effective in controlling mylke insect pests, even the insect
pests significantly increased after applicatiomsécticides. It has also identified
that the relationship between insect pests ancttiogkes is in two ways after
introduction of economic threshold concept in aregnated pest management
strategy. In other hand, insect pests are deperaemsecticide use. On the
other hand, insecticide use depends on the leveingdct pests because
insecticides are no longer used in scheduled mgMaetyono, 2007; 2008).

It was observable that insect pests are naturgthachic. The dynamics is
affected by changes in agro-ecosystem, includingedticide use.
Understanding the dynamics of insect pests anctiicgde use makes it easier
for farmer to manage insect pests below econoryidalieshold level. This
study aims to explore the dynamics of insect pastsinsecticide use by using
mathematical models. The economics theory underlbezause, based on the
facts the use of insecticide has a economic benkifi dynamics of linkage
between insect pests and insecticide use were ederirom the economic
theory. Empirical work takes a case of insect pestd insecticide use in
soybean agro-ecosystem.

Theoretical framework

Since insecticides are used because of economifitjpreasons, the
underlying theory used in exploring the relatiopshetween insect pests and
insecticide use is micro-economics. Farmers fapgmhlem of insect pestsa(
that can reduce the potential value of output. fEmmers use insecticides
to protect the potential output from losses assediavith the insect pests.
Thus, the farmers reach the potential productiomiaximizing yield that can
be protected using insecticides. The farmers gdireed the use of insecticides
that protects yield losses associated with inseestsp However, using
insecticides can not completely eliminate the ihgests, yield losses are still
there. Have also case of migrations of pests corimorg other places. So, the
observable value gained by the farmer is formulated
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v=h(x)+g(a) )
where h(x) is a recovery function of insecticide use a{&) is a damage
function of insect pests.

Biologically, insect pests grow at natural ratesaddition, the insect pests are
suppressed by insecticide use. Thus, the evolafiamsect pests over time can
be expressed as:

a=y +oa+ X (2)

where a = d%t Is the rate of change in insect pests over tipnerepresents

constant change in insect pestsrepresents growth rate resulting from natural
growth plus migration of insect pesi8, is a measure of impact of insecticide
use on growth rate of insect pests. Note thatséaticide use is absent, insect
pests will grow atx rate. In normal casey is positive because population of
insects increases, antl is negative because insecticides kill insect pd&ts,
in a special case, the condition is reverse. Whagrulation of insect is very
high, « could be negative. This condition is likely to pap when insecticides
are no longer effective and insecticides cause m=sirgence, that isy is
positive. An increase in use of insecticides ldadsn increases in insect pests.
Based on the rationalization above, the dynamiatigeiship between
insecticide use and insects pests can be derived & lifetime problem of
maximization faced by the farmers. The problem &hamatically formulated
as:

Max [ “(h(3) + g(a))-e " dt (3)
Subject to:

A=y +aa+ X (4)

a(0) = a, (5)

where a(0) = a, is the initial pest population ang is subjective discount

factor. In this case, the use of insecticides satered a control variable; and
the insect pests are considered a state varialolg éHal., 2001). For empirical

formulation, let denotéh(x) = B,x+ B,x> as a recovery function of insecticide
use andg(a)=yIna as a damage function of insect pests. Note fhat

represents the property (or toxicity) of insectesd andy represents the
virulence of insect pests. Under assumption of zeitgective discount factor,
p =0, a Hamiltonian problem can be formulated as:
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H = B, x+ BX* +yIna+ A(y + aa+ oX) (6)

The first order necessary conditions for maximaatre:

oH By 2B
=B +2BX+A5=0 & A=-0 Ay 7
P By +2p, 5 s (7)
And =M _ 7. m (8)
oa a

Substitutingl of equation (7) into equation (8) gives:
jv — _Z + M + Zﬂ_la X (9)
a o o

Taking total differential equation (7), then diéetiating with respect to
yields:

: 20, .
A=—"Lx 10
5 (10)
Substituting of equation (10) into equation (9) gives
g P (11)
2pa 2p,

So, there is a system equations resulting fromdgm&amic evolution of insect
pests [equation (5)] and the dynamic evolution rifecticide use [equation
(12)]. That is:

a=y+aa—X

(12)

x= % _Pox_
2pa  2p

This can be expressed in a matrix form of the brster partial derivative of the
system can be expressed as:

Fow o]
X -oy(2p,) " a —a] | X By (25,)

The determinant of squared matrix(a®) - 5%y (28) 'a™ < , i8 negative, by

mean that the system has a saddle path (Greftan, 2004). This means that
there is a path leading to the equilibrium pointyApoint aside from the path

aX
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will move away from the equilibrium. Diagrammatilgalthe canonical system
in (13) can be expressed in a phase diagram, whicbnstructed step-by-step
as follow.

At the steady state condition, there is no movenreat and x, meaning
that a=0 and x =0 are respectively. These result in two isoclineeasted
with a=0 and x=0. First, draw an increasing isoclines far=0 and a
downward sloping isoclines fak =0 in a plane ofa andx. Then identify the
movements ofa and x based on the model of the system equations. The
direction of movements is expressed by an arrove fifodel suggests that

da/ox < 0, meaning thati< 0 or a decrease(;i) when the level of insecticide
use is greater than the level of whiéh=0 (above the isoclines foa=0);
anda>0 or a increases(T)when the level of insecticide use is less than the
level of which a=0 (below the isoclines fora=0). Likewise, the model
suggest thabx/ox < 0, meaning that < 0 or x decreaseg«) when the level

of insecticide use is greater than the level ofclwht =0 (above the isoclines
for x=0); andx<0 or x increase{—) when the level of insecticide use is

less than the value of whickh=0 (below the isoclines fok = 0). The motions
of a and x are represented by the arrows on a plana @nd x. Any point
away from both isoclines should move by followirg tresultant the arrows,
called trajectories. The phase diagram is depictédlg. 1.

We can see that the system has a saddle poinibegun. Beyond the
equilibrium, the condition moves over time. There &wo stories of which the
maximum value is not the case. The first is thaémvinsecticide use is getting
higher, the level of insect pests is getting lowBnis condition shows that
farmers want to completely eliminate insect pebte second is that the level
of insect pests is increasing while the use ofdtiseles is decreasing. This is
an indication that there is pest outbreak, and éasmo longer control the
insect pests. In reality, both stories have been dhse in Indonesian rice
agriculture during the green revolution. High u$ensecticides was addressed
to maintain high production of rice. The use ofecticides was subsidized by
the government (Barbier, 1989; Useetnal., 1992).
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Fig. 1. Phase diagram of movements in insect pests aedtioisle use
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Empirical work

This part presents an evidence of the canonicaess of dynamic
evolution of insect pests and insecticide use (egu#l2)).
The system equations are modeled as:

a=¢, +pa+p,x+¢ (24)

: 1
X:¢o+¢1g+¢zx+ﬂ (15)

where g, ~y is constant change & ¢, ~ ¢, ~ a is growth rate of pest attack,

B

1
are constant change & which is a non linear combination of toxicity of

insecticide and growth rate of pest atta@bg;z;—y represents a nonlinear

1
combination of pest virulence and insecticide tiyjc ¢ and x4 are error

terms.

¢, = is rate of reduction in insect pests due to usesscticides g, ~
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Secondary time series data are employed in thig.Widre data comprises
of four districts in the nine-year period from 19801998, when the data are
well documented. The data come from a series of uAhrReports of
Monitoring and Forecasting Pests and Diseasesloldagions are four regions
of Central Java, and the agro-ecosystem observesbybean agriculture.
Variables analyzed are insecticide use (kg) andnsity of insect pests in
soybean agriculture (%) representing aggregate lpopa of insect pests.
Insects pests studied here consist of armywopsdpptera spp.), pod worm
(Helicoverpa armigera, Hubn), pod borerHtiella zinckenella, Tr) and pod
suckers Nezara viridulla, L and Riptortus linearis, L). These pests are
considered important soybean pests in Indonesigslikaen, 1981). Farmers
are assumed to face multiple insect pests andihey taken proper responses
of controlling such pests.The equation (14) and) (A% estimated using a
regression method called generalised least squdtesl.results are given in
Table 1.

Table 1. Estimated system equation of insect pests andtingke use.

a X

Cosf. Sdt. error  z-ratio Cosf. Sdt.error  z-ratio
Constant -358.96  124.50 288 -267.53 102.05 -2.62
Insect pestsa 21.63 16.68 1.30
1/insect pests, &/ 0.1004 0.4456 0.23
Insecticide usex -0.5925 0.1873 -3.76 0.4395 0.1929 2.28
R? 0.2736 0.1521
Wald-test §?) 10.92 p=0.0043 52 p=0.0742
Observation 32 32

Note: a) significant at 1% level, b) significant%® level, c) significant at 10% level, n) not
significant

a X

Coef. Sdt. error z-ratio Coef. Sdt. error z-ratio
Constant -358.96 124.50 -288 -267.53 102.05 -2.682
Insect pestsa 21.63 16.68 1.30
1/insect pests,
1/a 0.1004 0.4456 0.23
Insecticide use,
X -0.5925 0.1873 -3.F6 0.4395 0.1929 2.58
R? 0.2736 0.1521
Wald-test ¢?) 10.92 p=0.0043 5% p=0.0742
Observation 32 124.50 32

Note: a) significant at 1% level, b) significant% level, c) significant at 10% level, n) not
significant
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We can see thaf® of Wald-test in both equations are statistically
significant. This implies that overall results aignificantly estimated (Greene,
2003; Wooldridge, 2000). With respect to insecttpese can say that insect
pests grow over time, meaning that the populatiéningects increases.
However, the population decreases as insecticideingeases. In this case,
insecticides are still capable of diminishing insg@ests. With respect to
insecticide use, we can say that there is no effetisect pests on insecticide
use because the coefficient ol not significant. But, use of insecticides
increases over time. These estimated results dersyequations can be
expressed as:

a=-35896+ 2163 a— 0.5925 X (16)
X = —26753+ 0.4395. X (17)

By following the same procedure as before, at thady state condition,
seta=0 and x=0 are respectively. These result in two isoclinesoeasted
with a=0 is the increasing line, ankl= 0 is horizontal line. The isoclines for
x =0 is horizontal because the coefficient @fin equation (15). The model
suggests thaba/ox = —0.5925< 0, meaning thata<0 or a decreases(i)
when the level of insecticide use is greater thanevel of whicha=0 (above
the isoclines fora=0); and a>0 or a increases(T)when the level of
insecticide use is less than the level of whick 0 (below the isoclines for
a=0). Likewise, the model suggest thak/ox = 0.4395> 0, meaning that
x>0 or x increased—) when the level of insecticide use is greater tien
level of which x=0 (above the isoclines fok = 0); and x <0 or x decreases
(«<-) when the level of insecticide use is less thanwvilee of whichx=0
(below the isoclines fok = 0). The motions ofa and x are represented by the
trajectory of arrows on the plane afand x. The systems can be expressed in
a phase diagram in Fig. 2. Observal that the engdidynamic system of insect
pests and insecticide use in soybean agro-ecosyistamstable. Any point
aside the equilibrium were move way from the efuiim point to four
directions.
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Fig. 2. Phase diagram of empirical movements in inseds@esl insecticide use.

The most undesirable movement is that insecticgk and insect pests
increase simultaneously, meaning that populatiorpedts is getting higher
when insecticides are used. Conversely, the mastaide movement is when
insect pests and insecticide use are falling tegeffwo other movements are
trade off, by means that if the insecticide uséigh the population of insect
pests is low and vice versa.

For theoretical justification of unstable conditiatenote the empirically
estimated dynamic system equations (16) and (brfesented in a matrix form

as:
al |2163 -05925| |a| |—35896
= A |+ (16)
X 0 04395 | [ x| |-26735
By following (Hoy et al., 2001) that the dynamic system equations will

be unstable and diverges from steady state it values of the matrix are
positive resulting from positive determinant of mat (21.63+*0.4395, and

positivetrace of matrix, (21.63+ 0.4395 . This means that if there is a shock
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disturbing of the system, the population of ingees$ts and insecticide use will
move away from the steady state point, and nevérbgek to the stable
condition. If the most undesirable movement acdialgn happens, farmers
should terminate the system, and replace it wittew system. Applicably, in
this case, soybean agro-ecosystem should be replaitk other agro eco-
systems, for instance, maize and rice. Anotherrateve is to idle the eco-
system or fallow the land.

Concluding remarks

By using a mathematical model derived from optincaintrol, the
dynamic relation between insect pests and insdeticise in agro-ecosystem
has been identified. Farmer needs to be carefulanaging the agro-ecosystem
since the dynamics of linkage between insect pastsinsecticide use is not
totally stable. If everything is under control, tbes a saddle path leading to a
steady state point which provides optimal level ingecticide use. The
condition can be reached if the agro-ecosystemaisaged correctly by wisely
using insecticides. The steady state level of inpests can be maintained at
reasonably profitable level.

Empirically, the saddle point condition is not ttese for soybean agro-
ecosystem. For this area, the biological relatietwleen insect pests and use of
insecticides is unstable. There is a possibility flasect pest to be self-
regulated, by mean that insect pests falls witreout treatment from use of
insecticides. Conversely, there is also a possibiibr insect pests to be
uncontrollable, by mean that insect pests can agttuced using insecticides.
If this is the case, the agro-ecosystem shouldebminated, and start with a
new agro-ecosystem.
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