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Abstract 
Six monitoring fields were selected in the northern part of West Java, Indonesia to identify 
the factors which influenced the seasonal fluctuations of population densities of soybean pod 
borers, Etiellazinckenella (Treitschke) and E. hobsoni (Butler). Data of patrol surveys in 
Central Java were used for comparative analyses on the data obtained from field census in 
West Java. In the northern part of West Java, the Etiella population density was high in 
the dry season, while in Central Java, in the wet season. The Etiella population density tended 
to become high in both areas, in case where large fields were planted with soybean and/or 
mung bean. The difference in the Etiella population densities between the two seasons could 
possibly be caused by the variations in the quantity of the host plant mass in the area in 
each season. The size of area which could be covered by one monitoring fie! d to pre diet the 
Etiella occurrence was estimated at approximately 14,000 ha. 
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Introduction 

In Indonesia, the following five species of pod 
borers are found: Etiel/a zinckenella, E. hobsonj, 
E. · chrysoporella, E. griseadrososcia and £. behrii. 
Among them, only £. zinckenella and E. hobsoni 
are found to infest soybean in Indonesia8

> and list
ed as major pests of soybean in its producing 
ccntcrs1

•2•6•7•
1

1-13>. E. zinckenella is widely distribut
ed throughout the tropical and temperate zones, while 
E. hobsoni inhabits specific areas extending from 
Southeast Asia to Aust ralia6>. 

Regarding the seasonal changes in the population 
densi ty of£. zinckenella and £. hobsoni in Indone
sia, it is reported that there is a great difference be
tween the dry and wet seasons3•5>. The present study 
attempts to identify the major factors which cause 
the seasonal nuctuations of population densities of 
E. zinckenella and £. hobsoni tak ing place in Cen
tral and West Java, Indonesia. 

Methods 

I) Study area 
The field surveys were carried out in six fixed 

The present paper is prepared o n the basis of the results of the cooperative s tudy implemented by the Directorate of 
Food Crop Protection, Ministry of Agriculture, Indonesia, and the Japan International Cooperation Agency, Japan, under 
the Indonesia- Japan Joint Program on Food Crop Protection (ATA- 162), during the period 1980 to 1992. 
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Java Sea 

Indian Ocean 

Fig. I. Locations of the experimenta l fields 
I : Ja1isari, Karawang 2: Lcmahabang, Karawang 

4: Kal ijati , Subang 3: Ciascm, Subang 
5: Campaka, PurwakaJ'la 6: Plum bon, Cirebon 

Tublc .I. Allitudc of each expcrimcn tnl field, area of the subdistrict where each experi
mental field is located, : .. ,11 the dates of bcgiu11i111: a11d end of sowing 

Name of sul>disirict Altitude Area Sowing 

(Ke<:ama tan) (m) (ha) lleginning End 

Jatisari (JTS) 30 13,404 5 Jul 1988 8 May 1991 
Lema habang (LMB) 15 4,671 5 Jul 1988 8 May 1991 
Ciasem (SHS) 7 10.237• 5 Jul 1988 8 May 1991 
Kalijati (KLJ) 105 20,894 
Campaka (CPK) 74 16,856 
Plumbon (PLM) 18 3,585 

• The area where patrol surveys were conducted. 

plots in the province of West Java during the period 
July 1988 to July 199 1 (Fig. 1). Table I shows t he 
altitude of the experimental fields, area of each sub
district (Kecamatan) where the fixed plot was local· 
ed, and dates of the beginning and the end of sowing 
in each experimental field . Lokon, a variety of soy
bean, was sown every two months in the fixed plots, 
each of which had an area of approximately 250-370 
m2 with 3,000-4,500 hills. The soybean plants were 
harvested usually in 80- 90 days after sowing (here
after, DAS). The dry season usually starts in April, 
ending in September, in Wes1 and Central Java. 

For the purpose of comparing the resu lts of field 
census between Wesi and Central Java, pest observ
ers' data in the Central Java Province, covering the 
period April 1984 to March 1988, were analyz.ed. 
There are 157 observatory units in Cemral Java, for 
which 285 officials of the central government are as
signed as pest observers. 

2) Census met hod 
Routine surveys on population density were initi· 

5 Jul 1988 6 Jan 1991 
5 Jul 1988 6 Mar 1991 
5 Jul 1988 6 Mar 1991 

ated in 14 DAS and continued once a week until 
harvest in the experimental fields in West Java. The 
surveys adopted a removal method for census of 
£tie/la larvae, with which each hill was covered with 
tctron gauze and removed to the laboratory, where 
species names of larvae and their number in each 
pod were recorded for each hill . Each hill was adopt· 
ed as a sampling unit. The hills for surveys were 
sampled systematically in each census. The experi
mental field was divided into six subplots, in each 
of which five hills were randomly sampled from July 
1988 to March 1989. From May 1989, seven hills 
were sampled in each subplot. 

Patrol surveys were also carried out once every 
two weeks to record the areas under soybean and 
mung bean cultivat ion in each subdistrict , where the 
experimental fi eld was located. Mung bean cult ivated 
extensively in each subdistrict was infested by E. 
zinckenella and E. hobsoni in the northern part of 
West Java. Density of the pod borer larvae, 
however, was much lower in mung bean than that 
in soybean. 
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In Central Java, patrol surveys were undertaken 

in each observatory unit by its pest observer once 

every two weeks. T he surveys recorded the area 
under soybean cultivation as well as under soybean 

infested by pests . 

Results 

I) Pauerns of cha11ges i11 larval density of. Elie/la 

zinckenel/a a11d E. hobsoni 

Fig. 2 shows an example of changes in larval den
sity of Etiella zinckenella and E. hobso11i, both of 
which include al l developmental stages, i.e. the first 
to the fifth instars. Larvae of those two species 

0 . 1 ,........,-•- •:--
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I o Etle/la hobsonl 
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Fig. 2. Changes in number or larvae of £tie/la 1.i11cke11el/11 
and £. /lobso11i per pod in Ciasem in the dry sea
son, 1991 

The number or larvae included all developmen
tal stage.s (the first 10 the firt h iJ1star). 
The sowing date was on 13 May 1991. 
H: Harvesting. Arrows represent zero. 
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usually appeared in approximately 45-50 DAS, and 
the peaks of Lheir densities were observed in approx

imately 60-70 DAS. The patterns of changes in 
larval density in soybeans were similar to each other 

eoooo 
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Fig. 4. Changes in area under soybean eullivmion every 
two weeks in Central Java Province 
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Fig. 5. Changes in rate (R I) of the area or soybean fields 
infested by Elie/lo larvae 10 the total area under 
soybean cultivat ion every two weeks in Ccmral 
Java Province 
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Fig. 3. Monthly precipiiation in Central Java Province 



in the two species. 

2) Factors causing /l11ct11atio11s of Etiella 
population density /11 Central Java 

Figs. 3 and 4 show monthly precipitat ion and area 
under soybean cultivation, respectively, data of which 
were both taken every two weeks. Fig. 5 presents 
changes in the rates (RI) o f the area of soybean 
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Fig. 6. Relationship between 1he rate or infested area (RI) 
and the total area under soybean cultiva1ion 

Y= 0.020 log X-0.074 (r2 = 0.058, p<0.05) 
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fields infested by Eriella larvae 10 the total area under 
soybean cult ivat ion. 

The rates of infested area tended to be larger in 
the wet season (Oct.-Mar.) than in the dry season 
every year except in 1984 (Fig. 5). When the areas 
of soybean fields were expanded, the rates of infest
ed area were high (Figs. 4 and 5). Fig. 6 shows that 
there is a significant ly posit ive correlation between 
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Fig. 7. Relationship between 1he rate of infested area (RI) 
a nd precipitation (RM) 
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Fig. 8. Monthly precipitation in each experimcnrnl field located in northern part or West Java 
Abbreviations or the location names: Refer 10 Table I. 
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the rates of infested area and the total areas or soy·
bean rields. This means that the Etiella population 
density tends to be high when the cultivation area 
of the host plant is expanded. 

Fig. 7 shows relationships between the rate or 
infested area (RI) and the rainfall (RM): RM is the 
average of monU1ly precipitation during the two 
successive months (i-/th to ilh month), and Rl is 
obtained in the ilh month. There is no significant 
correlation between the two variables (Fig. 7). 

3) Factors causing jluciuatio11s of Etiella popultr
tion density in West Java 

The larval data (the first to fifth instars) on Etiella 
zi11cke11el/a and E. hobsoni were combined to ana
lyze the factors which inlluence the population den
sity fl ucwations. Fig. 8 presents monthly rainfall 
in each experimental field. Fig. 9 shows changes in 
the average area under soybean and mung bean 

ns 
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cultivation (AASM) during the three-month period, 
starting each month,. within the respect ive subdistricts 
where Lhe experimental fields were located. Fig. 10 
presents changes in daily larval density (DLD) in each 
peak period of larval density in the experimental 
fields, where soybean was sown every two months. 
The value of DLD was calculated wi th the follow
ing equation: 

DLD = Et; (n; + n;+ 1)/(2Et;), 

where, n;: number of larvae per pod caught on 
sampling day i (i = 1, 2), which consists of three con
secutive points of capture including the peak of the 
larva l density to maximize the value of total larva
days during the period, t;: period (day) between the 
sampling days i and i + I. 

In all the six places, the larval populat ions had 
far greater densi ty in the field where soybeans were 
sown in May, July and September, as compared with 
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Fig. 9. Changes in areas under soybean ai1d mung bean cuhivation (AASM) in each subclistricl 
A rrows represent zero. 
Abbreviations or Lhe location names: Refer 10 Table I. 



those in other months of sowing (Fig. 10). In other 
words, the population density of £tie/la larvae was 
generally high in the dry season. Fig. 11 shows rela
tionships between OLD and AASM in each sowing 
month. Significant positive correlations between 
these two variables were observed in the four loca
tions. Fig. 12 shows relationships between the area 
of the subdistrict where the experimental field is 
located and the coefficient of determination (r2

) of 
the linear regression presented in Fig. 11. It seems 
that the r2 tended to be low when the area of sub
district concerned was large (Fig. 12). IL suggests 
that it is difficu lt to monitor an incidence of the 
f::tie/la population by one monitoring field, if the area 
of the relevant subdistrict is too large, as in the case 
of Campaka and Kalijati. 

Relationships between DLD and the mean of daily 
rainfall during the period of 30 lo 90 DAS are 
presented in Fig. 13. Some seemingly negative corr·e
lations between these two variables were observed 
in the four locations. However, those negative corre-
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lations could be only superficial, because the £1iella 

populat ion density was generally larger in the wet 
season than that in the dry season in Central Java 
(Figs. 3, 5 and 7). 

Discussion 

Soybean of the variety Lokon was sown in the ex
perimental field every two months. The soybean 
plants reached the flowering stage in approximately 
32 DAS, and the harvesting stage in 80-90 DAS. 
Under such a cropping pauern, even if Elie/la lar
vae moved from the harvested field 10 the newly 
sown experimental field, they could not find any pods 
10 get inlo, because the soybean plants were in or 
before the nowering stage. Naito and Harnoto5> 

reported that the life cycles from egg to adult emer
gence of £. 1.i11ckenel/a and £. hobsoni were respec
tively compleLed on an average in 30.2 and 31.6 days 
on soybean plants, and that the pupa period of the 
two species was both 11.2 days. T his life cycle 
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S owing Month 

Fig. lO. Seasonal changes in daily larval density during its peak period in each 
experimental field 

The month in the figure indicates the time when soybean was sown. 
N: Not planted. R: Rats infested soybeans heavily. F : Flood. 
Arrows represent zero. 
Abbreviations of the location names: Refer to Table I. 
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Fig. 11 . Relationshi ps between the <laity larval density (DLD) and the area 

• 

or soybean and mung bean rields (AASM) in each subdistrict 
JTS: log Y =0.534 log X-2.780 (r2 ., 0.764, t><0.01). 
LMll : log Y= 0.320 log X-2.652 (r2 = 0.452, p<0.05). 
$HS: log Y= 0.982 log X-2.176 (r2 = 0.537, 1> < 0.05). 
CPK : (r2 = 0.015, p>0.05). KLJ: (r1 = 0.333, p>0.05). 
PLM : log Y= 2.354 log X-6.020 (r2 = 0.900, p<0.01). 
Abbreviations of the location names: Refer 10 Table I. 

• 

• 

memal fields, because the early s1age of the pod for
ma1ion begins in approximately 40 DAS. Therefore, 
the Elie/la population in the experimental field, where 
soybean seeds were sown every two months, might 
have been generally brought up by the individuals 
that pupated in the old experimental fields al the 
harvesting time as wel l as by the immigrant adults 
from lhe neighboring farmers' soybean fields. 

10000 20000 

Area or a Subdistrict (b1) 

Fig. 12. Relationship between the area or the subdis· 
trict where each experimental field is located 
and the cocrficicm of de1ermina1ion (r2) of 
linear regression prescn1cd in Fis. 11 

In cases where soybean and mung bean were cul
tivated extensively, the Elie/la population densi ty 
tended to increase (Figs. 6 and I I ). The dependence 
of £ tie/la population density on the size of culliva
tion area of host planls could be justified as fol
lows: (I) Since the sowing time of soybean is not 
necessarily the same all over the farmers' fields even 
in the dry season, I wo successive soybean plantings 
may possibly promote the increase in Etiella popu
lation; and (2) The density of adults which immigral
ed into lhe fields of host plants might increase, if 
the host plants arc cultivated extensively. Kalshoven31 

suggests 1hat if the Etie/la larvae reach the pupa stage 
at the harvesting time of soybean, the adults may 
find new pods for oviposition in the new experi-
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Area of Crop Fields (ha) 

Fig. 13. Relationships between tile daily larval density during its peak period and 
the mean of daily rainfall in the period of 30 to 90 days after sowing 

JTS : log Y = - 0.825 log X - 2.623 (r2 .. o.l62, p < 0.0S). 
LMB : log Y=- 0.849 log X-2.S48 (r2 = 0.594, p<O.OS). 
SHS: log Y= - I.OS3 log X-2. 130 (r2 = 0.408, p < 0.01). 
CPK: log Y= -0.980 log X - 1.961 (r2 = 0.244, p <O.OS). 
KLJ : (r2 = 0.142, p>O.OS). PLM: (r1 • 0. 122, p>O.OS). 
Abbreviations of the location names: Refer to Table I. 

earlier suggested the possible incidence of the former 
case in Etiella. 

The Etiella population density was high in the dry 
season in the northern part of West Java, and in 
the wet season in Central Java. Naito and Harnoto5> 
and Kalshoven31 reported that the Etiella population 
density was high in the dry season. According 10 

Mangundojo4>, however, its population density was 
high in the wet season. Such a difference in Etiella 
population densities between the two seasons could 
be explained by the quami ty of host plant mass in 
the area in each season. 

S1one10> and Singh and Dhooria9> reported that 
adults of Etiella zi11cke11ella were active fliers. r:ig. 
12 suggests the size of the area which could possibly 
be covered by one monitoring field to predict the 
occurrence of the Etiella incidence, indicating that 
one monitoring field should be set approximally every 
14,000 ha. 
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