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ORIGINAL ARTICLE

Determination of sex pheromone traps distances in control of

spiny bollworm, Earias insulana Boisduval. (Lep.: Noctuidae) by

mass trapping method in cotton fields

Fahimeh Hajatmanda, Habib Abbasipoura*, Gholamali Aminb and Mohammad Fereidoonpoorb

a
Faculty of Agricultural Sciences, Department of Plant Protection, Shahed University, Tehran, Iran;

b
Agricultural and

Natural Resources Research Center, Darab, Iran

(Received 26 August 2014; accepted 24 January 2015)

Spiny bollworm, Earias insulana Boisduval. (Lep.: Noctuidae), causes huge losses to cotton crops each year. As
a relatively hardy species of insect, E. insulana tolerates a wide range of environmental conditions and so is
prevalent in many regions of the world. Effect of sex pheromone traps to control spiny bollworm by mass
trapping method was studied. Investigation of monthly changes in captures in relation to temperature carried
out during 2012 in the Darab region of the Fars Province of Iran. The experiment was carried out in
randomised complete blocks design with four treatments and four replications. The treatments used application
of the sex pheromone trap at the rates of 16, 20, 24 and 30 traps/ha. The captured male moths were collected
and counted every three days. Analysis of the variance of results showed significant differences between time
and trap number in the trapping values of E. insulana. Moth populations were observed in the second week of
September. The highest and lowest captured insects per hectare were 30 and 16 traps/ha, respectively. The peak
captured E. insulana adult males in the sampling period was on 18 November. These results enable forecasting
of seasonal E. insulana population peaks, providing additional information vital for the development of a
successful, integrated pest-management programme for spiny bollworm.

Keywords: Earias insulana; cotton; sex pheromone trap; mass trapping; Darab; Iran

Introduction

Cotton, the world’s major fibre crop, is perhaps

unique in the broad nature of the insect attack to

which it is subjected, and the control of cotton insect

pests remains an unabated challenge (Johnstone

2006). Iran has 214,000 hectares of cotton cultiva-

tion (Bayat Asadi & Arab Salmani 2005), and

presently cotton is grown in 18 provinces (Yazdani

Khorasgani & Hoseinibay 2007). The Darab region

is the largest producer area of cotton in southern

Iran. The cotton produced in this region is of high

quality in terms of colour, elegance, strength and

other characteristics (Raiegan 2012).

The spiny bollworm, Earias insulana Boisduval.

(Lep.: Noctuidae) is a serious cotton pest in Africa,

the Mediterranean region and eastward to Malaya

(Kehat & Gordon 1977). To control this pest,

farmers rely heavily on insecticides, whose applica-

tion is often based on inaccurate pest scouting. Since

the larvae of E. insulana penetrate the bolls soon after

hatching, and are then difficult to control, early

detection of the pest is key to its effective manage-

ment. Pheromone traps can be used as an effective

tool for finding early adult populations (Cohnstaedt

et al. 2012; Devetak et al. 2014) or as a warning

device to detect the attack potential time (Cruz et al.

2012). Pheromone traps are useful especially as a

means of warning of attack potential of the larvae of

the pest (Kehat et al. 1981; Cork 2004). The best

time of trap setting, the changing time of pheromone

capsules, the suitable distance of traps and the height

of traps can affect trap efficiency (Ghobari et al.

2009). Use of traps baited with virgin females for

monitoring the pest population was described by

Kehat and Bar (1975).
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The use of pheromone traps for mass trapping is an

insect control method that has been thoroughly

researched (El-Sayed et al. 2006; Athanassiou et al.

2007). Mass trapping has also been investigated as a

stand-alone approach or, in combination with insecti-

cides, as a control option for pink bollworm in Pakistan,

India, Brazil and Egypt (El-Sayed et al. 2006).

In Egypt, season-long control of pink bollworm

(Pectinophora gossypiella (Saunders)) has been accom‐

plished with three to four applications of the phero-

mone Gossyplure (Hosny 1988). This has resulted in

the abolition of all chemical-insecticide treatments

in some pheromone-treated cotton fields and in

a reduction of up to three pesticide applications in

area. The area of cotton treated commercially

with Pectinophora pheromone is continually rising in

Egypt; in 1986 about 20,000 hectares were treated

with three formulations (Hosny 1988). Krishnaiah

(1986) reported on the use of pheromone traps

for both monitoring and mass trapping of males

of Spodoptera litura Fab. on cotton. Based on the re‐

lationship between captures and larval incidence/

damage, mass trapping of males over a 240-ha area

at a rate of 5 trap/ha was found to be promising in

the suppression of the pest and reducing insecticide

usage. Mass trapping of the Egyptian cotton leaf-

worm (Spodoptera littoralis Boisd.) with its sex

pheromone for four consecutive years (1976–1979)

resulted in a 20–45% reduction in treatments,

together with reduction in the number of egg clusters

and egg viability in treated fields as compared to

control, on vast areas of thousands of hectares

(Teich et al. 1985). Mass trapping of the pest in

cotton fields in Israel is now part of the integrated

control. In Pakistan, season-long control of the

cotton pests including P. gossypiella, E. insulana and

Earias vittella was achieved by disruption of mating

with a saving of up to five applications of insecticide

per season (Cork & Hall 1998).

(E,E)-10, 12-Hexadecadienal (HDD) was identified

as a sex pheromone component of E. insulana (Hall

et al. 1980). This was confirmed by field studies in

which a funnel trap baited with 1–3 mg HDD dis-

pensed in a polyethylene vial was found to be suitable

for capturing E. insulana males (Kehat et al. 1981).

Because the number of sex pheromone traps is the

main factor for success, the objective of this study

was to evaluate the effect of different trap densities on

the number of male E. insulana captured.

Materials and methods

Pheromone trap catches

Pheromone traps were installed from 1 September in

an experimental field at Darab Agricultural Research

Station, Fars Province, Iran (1110 m a.s.l., latitude

28°29′N, longitude 54°55′S). Sex pheromone used

in the experiment was provided by the TRI-

PHERON Company, Germany, with a concentra-

tion of one milligram of pheromone per capsule.

Traps comprised plastic containers (funnel trap with

12 cm diameter, 20 cm height), funnels (3.5 cm

diameter) and pheromone dispensers (inside centre

of plastic roof). Potassium cyanide was used inside

the container to kill the trapped males. Pheromone

dispensers were replaced every four to five weeks.

The experiment consisted of four treatments in a

randomised block design with four replications. The

dimensions of each block were 100 × 50 square

metres in rectangular form; there was a distance of

20 m between each of the treatments and a min-

imum of 10 m between traps. To minimise the

effects of possible interference fringes and proximity,

distance between each of the treatments was 20 m,

and the central lines of each treatment were used for

the sampling. The treatments involved application of

the sex pheromone traps at the different densities 16,

20, 24 and 30 traps/ha. Traps were re-baited at one-

month intervals. Traps were located on the highest

part of the plant at a height of 1 m, approximately,

and at a detected distance in the field. The captured

male moths were collected and counted every

three days.

The percentage of infestation was determined

weekly, counting 100 infected bolls and buds in

total. So far, no other pest species except E. insulana

has been reported in the cotton fields of the region,

and no damage observed from other species of

Earias. However, if damage by any other species of

Noctuidae moths, like Helicoverpa armigera, was

detected, after examination, the contaminated plants

were separated. The damage and infestation levels of

bolls and buds on each of the components were

analysed, and percentage of infected bolls and buds

was calculated using the fallowing formula:

N � i

N
� 100 ¼ I

I = Infestation level

N = Total number of counted bolls and buds

i = Number of infected bolls and buds

Statistical analysis

The data were analysed using the analysis of variance

(ANOVA) technique (P < 0.05) after checking for

normality. Means were compared by Duncan’s

multiple range test (Steel & Torrie 1984) admitting

significant differences at P < 0.05. SAS software

was used for all analyses (SAS Institute 1997).
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The means were converted into graphics for easy

comparison between dates, population of moths and

temperature.

Results

Moth population

Previous studies showed that the developmental

growth period of pest took a month in the summer,

an average of 60–50 days in spring and autumn and

lasts four months in winter. On average, there are 6–

8 generations per year (Hajatmand 2013). Popula-

tion fluctuations of the spiny bollworm, E. insulana,

throughout the year are shown in Figure 1. As can be

seen, adult moths emerge from pupa in late March

and early April. In this period of time, due to lack of

host plants such as cotton, the pest lives on weeds

such as common mallow (Malva sylvestris L.) and

marshmallow (Althaea officinalis L.) and cotton fields

are then attacked in May and June. Because in this

period of the growing season cotton plants are

without flowers and bolls, they are attacked in the

terminal buds of cotton. With the sharp rise in

temperature in the second half of July and August,

insect activity stops, and with the decreasing of the

temperature, it begins in September again and

gradually the population increases. At this time of

year, because of the flowers and the freshness of

young bolls of cotton plants, damage is consider-

able; in fact, reproduction of the spiny bollworm is

activated in this period and continues until the

end of harvest time. In November, pest popula-

tion in cotton fields is maximised; with decreasing

temperature and the cold weather of December, the

population is reduced again. Other causes of depop‐

ulation are reduced vitality, harvesting and reduction

in numbers of attacked host plants. In the months

of January and February, pupae remain in plant

debris; from late March, adult moths will appear.

ANOVA for the mean number of moth’s cap-

tured/trap/night showed highly significant (P < 0.01)

correlation between sampling dates and trap density

(Figure 2). The results also showed that the highest

moth population occurred in the third week of

November. The number of traps per hectare over

time did not interact with the number of insects

caught per hectare.

A steady increase in population from September

through November was detected by pheromone

traps located in the field (Figure 2). Only a few

males were trapped by late August; their number

increased rapidly in early September, was high for

a relatively short period and slightly decreased in

early October. This adult peak was followed by

larval infestation. In this case, pheromone traps not

only detected an early moth population but also

indicated potential infestation by larvae. The high-

est adult peak was recorded during the middle of

November, although many males were captured sub-

sequently, during late November. Rate of captures

on 18 November was 17.12 times greater than at

the beginning of the season, reached maximum and

then reduced in the end of the season. The max-

imum number of captures was in October when the

average monthly temperature was 25°C; with decreas-

ing temperature, the rate also decreased.

Captures of male moths in different months of

sampling and density of traps per hectare are shown

in Figure 3. In all traps, the trend pattern of

population increase and captured moths was similar;

thus, the lowest rate of male captures was in

September and the maximum was in November; it

was reduced again in December. E. insulana captures

increased as the trap density increased (Figure 3).

Densities of 24 and 30 traps/ha captured a signifi-

cantly higher number (P < 0.05) of males than the

16 and 20 traps/ha density. However, between the

higher density traps (24 and 30 traps/ha), the mean

Figure 1. Seasonal changes in adult population (mean ± SE) of the spiny bollworm, E. insulana, in different sampling times
in 2012.
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Figure 2. Monthly catches of spiny bollworm, E. insulana (mean ± SE), in relation to average daily temperature in different
sampling times in 2012. Small letters on the each data point showed significant difference between sampling dates.

Figure 3. Influence of season on the occurrence of spiny bollworm, E. insulana, male adults in different trap density
treatments (traps/ha) in sampling months in 2012. Small letters on the bars showed significant difference between different
months in each treatment.
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of males captured in November was significantly

different, especially in certain months (P < 0.05).

The mean of males captured per hectare indicates

that approximately 1270 and 1133 males were

captured with densities of 30 and 24 traps/ha,

respectively.

Monthly captures in different treatments of phero-

mone traps are shown separately in Figure 4. As can

be seen in this figure, the amount of capture in

September and in 16 traps/ha was 112, and in the

treatments of 20, 24 and 30 traps/ha there were

117.9, 132.89 and 145.8 males, respectively. In

October and in the treatments of 16, 20, 24 and 30

traps/ha, there were 426.2, 494.1, 532.2 and 562.5

males, respectively. Male capture by pheromone

traps in November increased significantly, but the

trend pattern of male density in each of the treat-

ments was similar. In the treatments of 16, 20, 24

and 30 traps/ha, there were 785.1, 998.1, 1133 and

1270 males, respectively. Male captures in Decem-

ber were reduced significantly – there were 644.6,

706.8, 728.7 and 770.6 males, respectively. In total,

highest capture was observed in November and in

the treatments of 24 and 30 traps/ha. Male cap-

tures in these two treatments were not significantly

different.

Changes in percentage of infestation showed that

infestation was up on 18 November; after that,

because of cold weather and reduction in green

cotton field, it declined (Figure 5). At this time,

percentage of infestation increased 7.4 times com-

pared to the beginning of the season and was placed

in the highest statistical group. Infestation percent-

age at the end of the season was 3.6 times that at the

beginning. The lowest infestation was observed at

the beginning and end of the season, with no

statistically significant differences.

Total infestation level in the growing season

showed the highest percentage of infestation was

related to control treatment (Figure 6). Use of

pheromone traps was highly reduced in the high

levels of infestation. The lowest infestation levels

were occurred in the treatments of 30 and 24 traps/

ha and statistically were placed together in a group.

By reducing the number of traps, infestation rate was

increased, so that the rate of infestation in the

Figure 4. Influence of different trap density (traps/h) on the occurrence of spiny bollworm, E. insulana, male adults in
different months of sampling in 2012. Four trap densities (trap/ha) were used for each month. Small letters on the bars
showed significant difference between different trap densities in each month.

Acta Agriculturae Scandinavica, Section B — Soil & Plant Science 5

D
o
w

n
lo

ad
ed

 b
y
 [

H
ab

ib
 A

b
b
as

ip
o
u
r]

 a
t 

2
0
:2

5
 0

2
 M

ar
ch

 2
0
1
5
 



treatment of 16 traps compared to 30 traps, 33.8%,

was increased. Trapping efficiency was greatest in

the period of November, when infestation level was

high and adult moth numbers were high (Figure 4).

The trapping efficiency was lowest in September

when the crop was in flower flush and moth numbers

were low (Figure 4). The sharp drop in trapping

efficiency at the end of the season corresponded with

falling temperatures. The mass trapping technique

applied to the cotton crop maintained the infestation

rate of bolls at an acceptable level of around 1–3%

(Figure 6).

Discussion

The captures of male moths by use of pheromone

traps during the experimental period began in Sep-

tember, increased in October and reached the

maximum in November; captures decreased from

December onwards. The causes of this reduction

were the drop in temperature and absence of green

host plants. Studies in cotton fields in Egypt during

1988 to determine the efficacy of HDD sex phero-

mone for detecting spiny bollworm showed that

three factors, wind speed, temperature and humid-

ity, were effective in pest control, so that when the

wind speed was 6.95 metres per second, the tem-

perature 18.6°C and relative humidity was 65–70%,

maximum moth captures occurred (Salem et al.

1990). The results showed that despite reaching the

end of the growing season and harvesting time the

number of captures never reached zero. Because at

harvest time there are still flowers and immature

bolls that are not harvestable, a field remains a

suitable location for the activity of the last generation

of the pest. In fact, the existence of weeds and wild

hosts like wild Hibiscus is another factor that can

attract pests to traps (Javanmoghadam et al. 2002).

The correlation between the number of captures

per hectare and the number of traps was positive and

significant; by increasing the number of traps, the

total amount of captures could be increased –

although the rate of capturing per trap was reduced.

Although various factors such as population density,

temperature, humidity, wind and pheromone for-

mulations and purity affect trap impact, traps’

density and distance from each other are key factors

in the efficiency of this control method (Batcu &

Nastase 1996). It seems that whenever the number

of traps per hectare is increased, or in other words,

the distance between traps is decreased, the amount

of overlapping smell that comes from the phero-

mones is increased, which causes more attraction for

male moths, which are then captured. This causes

reduction in fertility, and therefore the rate of flower

and boll infestation by spiny bollworm is reduced. In

contrast, in treatments where the number of traps is

Figure 5. Percentage of infestation (mean ± SE) of cotton to the spiny bollworm, E. insulana, in different sampling times in
2012. Small letters on the each data point showed significant difference between sampling dates.

Figure 6. Influence of different trap density (traps/h)
treatments compared to control on percentage of infesta-
tion to the spiny bollworm, E. insulana, in 2012. Small
letters on the each data point showed significant difference
between different treatments.
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reduced, the amount of captured male moths is

reduced, and as a result the rate of infestation

increases. Changes in temperature and green surface

crop are effective factors in increasing the amount of

insect captures per hectare (Amin & Monsef 1994).

Generally, it is concluded that, although the treat-

ments 24 and 30 traps/ha were the best treatments

for capturing of the pest and reducing the rate of

infestation, in terms of insect captures and rate of

infestation, and considering the economic aspects

and related costs, 24 pheromone traps per hectare

seem the best practical option for control of the pest.

Acknowledgement

This work was supported by Faculty of Agricultural
Sciences, Shahed University, Tehran, Iran.

Disclosure statement

No potential conflict of interest was reported by the
authors.

References

Amin GHA, Monsef AA. 1994. Study on influence of
abiotic factors on population changes of spiny boll-
worm, E. insulana in Fars Province. The proceedings
of 11th Plant Protection Congress of Iran; 1994 Sep
6–11; Rasht, Iran, University of Guilan; p. 33.

Athanassiou CG, Kavallieratos NG, Gakis SF, Kyrtsa LA,
Mazomenos BE, Gravanis FT. 2007. Influence of trap
type, trap colour, and trapping location on the capture
of the pine moth, Thaumetopoea pityocampa. Entomol
Exp Appl. 122:117–123.

Batcu M, Nastase T. 1996. Reduction of the cabbage
moth population number by male mass capture
method. Buletinul-Academiei-de Stiinte-a-Republicii-
Moldova-stiinte-Biologice-si-chimice. Kishinev: Aka-
demii nauk Moldavskoj SSR.

Bayat Asadi H, Arab Salmani M. 2005. Pests, diseases and
weeds of cotton fields in Iran and their integrated
management. 3rd ed. Tehran: Agricultural Education
Publication. Persian.

Cohnstaedt LW, Rochon K, Duehl AJ, Anderson JF,
Barrera R, Su NY, Gerry AC, Obenauer PJ, Campbell
JF, Lysyk TJ, Allan SA. 2012. Arthropod surveillance
programs: basic components, strategies, and analysis.
Ann Entomol Soc Am. 105:135–149.

Cork A. 2004. Pheromone manual. Chatham Maritime:
Natural Resources Institute; p 173–245.

Cork A, Hall DR. 1998. Application of pheromones for
crop pest management in the Indian sub-continent. J
Asia-Pac Entomol. 1:35–49.

Cruz I, de Lourdes M, Figueredo C, da Silva RB, da Silva
IF, Paula CD, Foster JE. 2012. Using sex pheromone
traps in the decision-making process for pesticide
application against fall armyworm (Spodoptera frugi-

perda [Smith] (Lepidoptera: Noctuidae) larvae in
maize. Int J Pest Manage. 58:83–90.

Devetak M, Bohinc T, Kač M, Trdan S. 2014. Seasonal
dynamics of the cabbage armyworm (Mamestra brassicae

[L.]) and the bright-line brown-eyes moth (Mamestra

oleracea [L.]) in Slovenia. Hortic Sci. 41:80–88.
El-Sayed AM, Suckling DM, Wearing CH, Byers JA.

2006. Potential of mass trapping for long-term pest
management and eradication of invasive species. J
Econ Entomol. 99:1550–1564.

Ghobari H, Goldansaz H, Askari H. 2009. The effective
factors in prey 205 of pheromone traps Tortrix

viridana (Lep.: Tortricidae) in Kurdistan Province. J
Agr Scie Technol Natur Res. 13:45–52. Persian with
English Summary.

Hajatmand F. 2013. Application of sex pheremone trap to
control of the spotted bollworm, Earias insulana Boisd.
(Lepidoptera: Noctuidae) by the mass capture method
[M.Sc thesis]. Tehran: Faculty of Agricultural Sciences,
Shahed University. Persian with English Summary.

Hall DR, Beevor PS, Lester R, Nesbitt BF. 1980. (E, E)-
10, 12-Hexadecadienal: a component of the female
sex pheromone of the spiny bollworm, Earias insulana
(Boisd.) (Lepidoptera: Noctuidae). Experientia 36:
152–154.

Hosny MM. 1988. The role of pheromones in the
management of pink bollworm infestation in Egyptian
cotton fields. Agr Ecosyst Environ. 21:67–83.

Javanmoghadam H, Amin GHA, Hosseini M. 2002.
Determination of economic injury level of the spiny
bollworm, Earias insulana using sex pheremone trap.
Final research project, Iranian Plant Pests and Dis-
eases Institute, Tehran; p. 1508.

Johnstone DR. 2006. Pest control for cotton production,
present practice and trends for the future. Pest Sci.
9:483–492.

Kehat M, Bar D. 1975. The use of traps baited with live
females as a tool for improving control programs of
the spiny bollworm, Earias insulana Boisd. in cotton
fields. Phytoparasitica 3:129–131.

Kehat M, Gordon D. 1977. Mating ability, longevity and
fecundity of the spiny bollworm, Earias insulana

(Boisd.) (Lepidoptera: Noctuidae). Entomol Exp
Appl. 22:267–273.

Kehat M, Gothilf S, Dunkelblum E, Greenberg S. 1981.
Captures of Earias insulana males in water traps and
dry funnel traps baited with synthetic pheromone of
virgin females. Phytoparasitica 9:149–151.

Krishnaiah K. 1986. Studies on the use of pheromones for
the control of Spodoptera litura Fab. Ind J Plant Protc.
14:43–46.

Raiegan S. 2012. Study on resistance of 15 cotton varieties
to spiny bollworm (E. insulana) in field condition in
Darab region [M.Sc. Thesis], University of Shiraz,
Shiraz, Iran.

Salem SA, Radwan SME, Hamaky A. 1990. Prospect of
using sex pheromone for control of cotton bollworms,
E. insulana and P. gossypiella in cotton fields. Ann Agr
Sci Moshthor. 28:1743–1752.

SAS Institute. 1997. SAS/STAT guide for personal com-
puters. Ver. 6.12. Cary (NC): SAS Institute.

Steel RGD, Torrie JH. 1984. Principles and procedures of
statistics. New York: McGraw-Hill; p. 172–177.

Teich I, Shani A, Klug JT. 1985. The role of mass
trapping of the Egyptian cotton leafworm (Spodoptera
littoralis boisd) in its integrated pest control. J Environ
Sci Health A Environ Eng. 20:943–955.

Yazdani Khorasgani A, Hoseinibay S. 2007. Important
pests and disease of cotton. Tehran: Extension and
Education office Publications. 1st 236 ed.; 77 p.

Acta Agriculturae Scandinavica, Section B — Soil & Plant Science 7

D
o
w

n
lo

ad
ed

 b
y
 [

H
ab

ib
 A

b
b
as

ip
o
u
r]

 a
t 

2
0
:2

5
 0

2
 M

ar
ch

 2
0
1
5
 


	Abstract
	Introduction
	Materials and methods
	Pheromone trap catches
	Statistical analysis

	Results
	Moth population

	Discussion
	Acknowledgement
	Disclosure statement
	References

