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Abstract  The substantial impact of cotton insects and the 
lack of effective control strategies are the main limiting 
factors for cotton production. I n greenhouse experiments, 
the vertical and horizontal distribution of Helicoverpa ar-
migera (Hübner) eggs was manipulated. Trichogramma 
minutum (Riley) and T. pretiosum (Riley) differed sig-
nificantly in searching behaviour as measured by parasi-
tization rates on three cotton cultivars. Parasitization rates 
were higher on the upper and lower leaves than on the 
middle leaves. Furthermore, parasitization rates were nega-
tively correlated with distance between the releasing site 
and egg batches on the cotton plants. Morphological traits, 
i.e. presence of black glands or trichome densities of the 
cotton cultivars played a significant role. The parasitization 
rates on cultivars with glands and lower trichome density 
were higher than with no glands and high trichome density. 
Moreover, GC-MS analysis revealed that volatiles and the 
phytosterol composition of leaves were significantly differ-
ent for cotton cultivars. These chemical traits of host plants 
are considered in relation to Trichogramma behaviour.

Keywords  Cotton · Helicoverpa armigera ·  
Searching behaviour · Trichogramma pretiosum ·  
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Einfluss von Baumwollmerkmalen auf die  
Parasitierungsrate von Helicoverpa armigera-Eiern 
durch Trichogamma-Arten 

Zusammenfassung  Baumwolle wird von einem großen 
Insektenspektrum befallen. Die größten Schäden werden 
dabei von Helicoverpa armigera, einer Schmetterlingsart, 
verursacht. Biologische Maßnahmen für die Kontrolle der 
Schädlingsarten sind bisher jedoch in den meisten Fällen 
noch nicht etabliert. Daher wurde diese Studie mit dem Ziel 
durchgeführt, die Wirksamkeit verschiedener biologischer 
Kontrollmaßnahmen gegenüber H. armigera in einer or-
ganischen B aumwollproduktion zu überprüfen. Folgende 
Fragestellung stand im Mittelpunkt: Welchen Einfluss ha-
ben die chemischen und morphologischen Merkmale ver-
schiedener Baumwollsorten auf das Suchverhalten und die 
Parasitierungsrate der Trichogramma-Arten?

Trichogramma minutum und T. pretiosum unterscheiden 
sich erheblich in ihrem E rfolg, vertikal verteilte E ier zu 
finden. Die Parasitisierungsraten waren auf den oberen und 
unteren B lattetagen verschiedener B aumwollsorten höher 
als auf den mittleren B lättern. A ußerdem waren die Pa-
rasitisierungsraten negativ mit der Distanz zwischen dem 
Ort der Freisetzung der Parasitoide und dem Ort der Eier-
position korreliert. Morphologische Merkmale der B aum-
wollpflanzen, dass heißt, das Vorhandensein von Drüsen 
oder die Dichte von Trichomen, beeinflussten das Verhal-
ten von Trichogramma signifikant. Die Parasitisierungsrate 
auf Sorten mit Blattdrüsen und verringerter Trichomdichte 
war signifikant höher als auf Sorten ohne Blattdrüsen und 
hoher Trichomdichte. Eine Analyse der volatilen Substan-
zen mittels G C-MS zeigte, dass sich die B aumwollsorten 
erheblich, sowohl bei diesen Substanzen, als auch in der 
Zusammensetzung ihrer Phytosterole unterschieden.
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Die R esultate dieser E xperimente werden hinsichtlich 
der Nachfrage nach biologischen Kontrollstrategien in or-
ganisch angebauter Baumwolle diskutiert. Großflächige 
Feldexperimente sind nötig, um abschätzen zu können, ob 
diese Maßnahmen auch im Freiland zur Anwendung kom-
men können.

Schlüsselwörter  Baumwolle · Helicoverpa armigera · 
Suchverhaltens · Trichogramma pretiosum · T. minutum · 
Flüchtige Verbindungen und Sterole

Introduction

Trichogramma are the largest and most widely used genus 
(ca. 200 species) of natural enemies used in biological con-
trol of lepidopteran pests (Smith 1996; Romeis et al. 1997). 
Although Trichogramma have attracted considerable atten-
tion for over a century and they play a significant role in 
the biological control of insect pests, there is only limited 
information regarding the influence of plant physical and 
chemical traits on their behaviour. Several plant characters 
have been presumed to affect the searching behaviour and 
efficiency of Trichogramma egg parasitoids (Romeis et al. 
1998, 2005).

Most research on carnivore foraging behaviour has con-
sidered rewarding experiences such as the finding of a host 
or a host’s products (Lukianchuk and Smith 1997; Vet et al. 
1998; G ingras and B oivin 2002). Previous studies on the 
effect of physical characteristics on behaviour of parasitoids 
have focused on a single component, i.e. plant size (Thorpe 
1985; Romeis et al. 1998). Ables et al. (1980) recognized 
three components of plant structure (e.g. trichome) and 
studied their effects on searching behaviour of parasitoids 
(Gingras et al. 2003, 2008). Successful parasitism by para-
sitoids is preceded by several phases of host searching that 
lead females into the close vicinity of their potential host 
(Gingras et al. 2002; Grieshop et al. 2007).

The chemical attributes of host plants may serve as sig-
nals for the parasitoids to locate host eggs (Vet and Dicke 
1992). Phytosterols are the integral component of plant cell 
membranes and are indispensable nutrition for herbivorous 
insects (Bilger et al. 1997). Chemical stimuli emitted by 
herbivorous host or the host’s food plant are often used by 
parasitoids and predators in the host-searching process (De 
Moraes et al. 1998; Dicke 1999; Runyon et al. 2008). Jas-
monic acid is found in many plants and is involved in regu-
lating diverse plant functions, including plant resistance 
(Creelman and Mullet 1997). Plant volatiles can also serve 
as a chemical defense by recruiting beneficial insects that 
are natural enemies of the herbivore, thereby providing an 
indirect protection to the plant (Turlings et al. 1995; Kessler 
and Baldwin 2001).

Arthropods are well known for a well-developed sense 
of smell (Mustaparta 1984). Carnivores can discriminate 
between plants of different species that are infested by her-
bivores of the same species (Takabayashi et al. 1994). Vola-
tiles emitted from jasmonate application or larval damage 
serve as essential host-location cues for parasitic insects of 
several agricultural pest species (Thaler et al. 1996; Paré 
and Tumlinson 1998, 1999; Rodriguez-Saona et al. 2001). 
By directly comparing volatile emission patterns of glanded 
cotton plants treated with jasmonate or damaged by herbi-
vores, compounds induced by jasmonate can be distinguis-
hed from those that are emitted due to mechanical damage 
(Rodriguez-Saona et al. 2001; El-Wakeil et al. 2003).

The activity of Trichogramma species was examined on 
different cotton cultivars which had various morphological 
and chemical traits were treated by jasmonic acid. The main 
objectives of the present study were

•	� To test the influence of cotton plant physical characte-
ristics (leaf position, distance and position of host egg, 
gland and trichome densities) on Trichogramma host 
searching efficiency.

•	�T o study the effect of cotton plant phytosterol compo-
sition on parasitization efficiency of Trichogramma 
species.

•	�T o investigate whether larval damage or jasmonate appli-
cations influence the plant volatile profile and alter the 
behaviour of Trichogramma species on different cotton 
cultivars.

Material and methods

Cotton plants

Gossypium barbadense (L.) of different cultivars (Giza 89, 
Giza 86 and Alex 4) which vary in gland and hair density 
on leaves (Table 1) were grown in 13 cm diameter pots 
containing a mixture of sand and clay (60:40% volume) in 
greenhouse (27–30°C & 14:10 L.D). Four to six weeks after 
sowing, plants with four to six fully expanded leaves were 
used for the experiments outlined hereafter.

Table 1  Mean of gland and hair density of leaves (1st, 3rd and 5th) 
on different cotton cultivars
Cotton cultivar Gland density of leaves Hair density of leaves 

No of gland/Ø cm leaf No of hair/Ø cm of leaf
Giza 86 < 40 (less) > 200 (high)
Giza 89 40 – 80 (middle) 50 – 200 (middle)
Alex 4 > 80 (high) < 50 (less)
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Heliocoverpa armigera rearing

Adult Helicoverpa armigera (Hübner) were maintained on 
a sugar solution under laboratory conditions for the produc-
tion of eggs. After hatching, the larvae were reared in square 
boxes 15 mm × 15 mm on an artificial diet according to Sho-
rey and Hala (1965). These boxes were kept in a chamber 
regulated at 27 ± 2°C, 70% RH and 14:10 L:D.

Rearing of Trichogramma species

Trichogramma pretiosum (Riley) and Trichogramma minu-
tum (Riley) were reared on Sitotroga cerealella (Olivier) 
eggs, attached to the surface of sticky paper strips (glue 
Tragant,Fluka, Germany) inserted into 50 ml glass vials 
24 h after adult parasitoid emergence. The glass vials were 
closed and incubated at 27 ± 2°C, 70% RH and 14:10 L:D 
photoperiod for 8–10 days depending on life cycle duration 
of Trichogramma species. Female parasitoids, which were 
newly hatched from Sitotroga eggs, were used in the follo-
wing experiments.

Effects of vertical host egg placement on Trichogramma 
efficiency

To test for parasitism site preference, vertical host egg pla-
cement on cotton plants was manipulated. Ten Helicoverpa 
eggs were fixed using adhesive material to the edge of each 
of the six fully expanded leaves of each cotton plant (six 
plants) of two cultivars (Giza 86 and Giza 89). Plants were 
then caged (60 × 100 × 70 cm) and directly exposed to the 
respective Trichogramma species at the ratio of 2:1 (female 
parasitoids: host eggs) for parasitism. After four to five days, 
the number of dark coloured Helicoverpa eggs was counted 
per leaf and the parasitism rate calculated in relation to the 
number of deposited eggs.

Effects of horizontal host egg placement  
on Trichogramma efficiency

In the second experiment, the distance between the place-
ment of host eggs (on the lower surface of cotton leaves) 
and the release site for parasitoids (under the first row (0 m)) 
was manipulated. Three cotton cultivars (Giza 89, Giza 86 
and Alex 4) were arranged each in three rows at 3.5 m inter-
vals. Six plants were used in each row as replication for 
three cultivars. Parasitoids of both species were released at 
either a 2:1 or 5:1 ratio (female parasitoids:host eggs) at the 
first row to test for horizontal variation in parasitism. After 
4–5 days, the number of dark coloured Helicoverpa eggs 
was counted per plant and the parasitism rate calculated in 
relation to the number of deposited eggs.

Effects of cotton plant gland and trichome density 
on parasitism rate of Helicoverpa eggs by Trichogramma

Ten Helicoverpa eggs were attached as described above on 
the 1st, 3rd and 5th leaves (from base to terminal) of Giza 
89, Giza 86 and Alex 4 and exposed to the respective Tri-
chogramma species, at the ratio of 2:1 female to host eggs 
for parasitization. Six plants were used as replicates of each 
cultivar. After four to five days, black eggs were counted to 
calculate the parasitism rates per leaf. The number of black 
glands and trichomes within a circle of 1 cm diameter at five 
sites on each leaf were counted to estimate their respective 
densities and the data were subjected to simple correlation 
analysis with the parasitism rates.

While it seems varying in gland and trichome densities 
of different cotton cultivars, as shown in table 1. It was very 
interesting to know whether gland and trichome densities 
affect Trichogramma efficiency. Therefore, an experiment 
was conducted with selected glandless cotton plants for the 
cultivar Alex 4 to compare them with the glanded plants of 
the same cultivar. T he differences in trichome and black 
glands density may persuade Trichogramma to parasitize 
the host eggs. Six replicates were used in this experiment, 
both Trichogramma species were released on the attached 
Helicoverpa eggs, and then parasitism rate was calculated.

Effects of jasmonate application and larval damage  
on parasitization efficiency of Trichogramma species

The cultivars used in this experiment were Giza 86, Giza 89. 
Plant defenses were either induced by Helicoverpa larvae 
feeding or by treating with Methyl jasmonate.

Herbivore-damaged plants

A cohort of recently moulted fourth instar H. armigera from 
the colony was transferred from artificial diet cups to cotton 
plants (2 larvae/plant) 4 h prior to the experiment to allow 
the larvae to habituate to the new diet, and then placed inside 
a collection chamber containing a plant and allowed to feed 
for 24 h; ten plants were used as replicates.

Methyl jasmonate-treated plants

Each plant was treated by applying 20 µl of acetone–MeJA 
(8:1) (Sigma-Aldrich, Germany) overnight (Thaler et al. 
1996) onto a 15 cm cotton tipped applicator in the green-
house. Ten plants of each cultivar were used. Control cotton 
plants were exposed to 40 µl acetone. Ten host eggs were 
then mounted on each treated leaf as described above and 
exposed to the respective Trichogramma species (at ratio 
1:1 host egg:parasitoid female) for parasitism rate.
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Analysis of free phytosterols and volatiles

Free phytosterols were extracted from leaves (1st, 3rd and 
5th ) of cotton cultivars (Giza 86, Giza 89 and Alex 4) and 
then quantified by the procedure described in Dugassa-
Gobena et al. (1996) applying GC (Shmadzu 14A) equip-
ped with FID, a capillary column (SPB1) and auto sampler. 
Solution of 100 µg/l d7-cholesterol in methanol was used 
as an internal standard. Six plants were used as replicates in 
each cotton cultivar. Phytosterols were identified by compa-
ring the mass spectrometry obtained from the measurement 
by GC/MS at the Institute of Organic Chemistry (Göttin-
gen University) with the mass spectrometry from the online 
database library for sterols according to National Institute of 
Standards and Technology (NIST 1995).

Plant volatiles were collected from an individual plant by 
closed loop stripping method as described by Boland et al. 
(1984) using a charcoal trapping tube. Volatiles were eluted 
from the charcoal with 150 µl of Dichloride methane and 
analysed with a GC. Camphor was used as an internal stan-
dard (152.4 µg of in 5 µl of Dichloride methane).

The instrument conditions were: Shimadzu model GC-
14A; column: (SBP1 30 m × 0.32 mm ID, 0.25 µm film); 
column temperature program: 60°C for 3 min, then ramps 
to 280°C at 6°C/min and maintained for 10 min.; carrier gas 
was He at a linear flow velocity of 40 ml/min.

Furthermore, selected samples were analyzed by TRACE-
GC/MS from Thermo Finnegan at the Institute for Organic 
Chemistry. GC/MS was equipped with the electron impact 
ionisation mass selective detector and DB5-MS capillary 
column (25 m × 0.25 mm ID, with a 0.25-µm-thick film). 
The temperature program was run with an initial tempera-
ture of 60°C for 3 min, then ramps to 280°C at 6°C/min, 
and maintained for 10 min. The spectral data of phytosterols 
and plant volatiles were used for the identification of respec-
tive compounds by comparing with commercially available 
standards spectrum from the database at the National Insti-
tute of Standards and Technology (NIST 1995) database.

Statistical analyses

Means were compared using a split plot design followed 
by Bonferroni correction, using the program SYSTAT 11 
(Wilkinson et al. 2006). Percentage data were arcsine trans-
formed prior to analyses. Correlation between parasitization 
rates and gland and trichome densities was also conduc-
ted by SYSTAT 11. Significant differences were noted at 
P < 0.05 for all trials.

Results

Vertical host eggs location and parasitizing efficiency  
of Trichogramma species

Manipulating the vertical placement of Helicoverpa eggs on 
the cotton plants had an influence on parasitization rates by 
Trichogramma species. Trichogramma were more likely to 
parasize Helicoverpa eggs (df = 23, P < 0.0354) on the lower 
and upper leaves than on the leaves in the middle position of 
cotton plants (Fig. 1). T. minutum had lower parasitization 
efficiency than T. pretiosum, which was further influenced 
by cotton cultivar. Both Trichogramma species showed hig-
her (df = 3, P < 0.0059) parasitization efficiency on Giza 89 
than Giza 86 cultivar.

Horizontal host eggs location and parasitism efficiency  
of Trichogramma species

There was a negative correlation (r = −0.72, P < 0.032) bet-
ween the parasitization efficiency and the distance covered 
during location of host eggs by the parasitoids (Fig. 2). Host 
eggs parasitized at the highest rate were at the realign site, 
i.e. on plants at the first row for both Trichogramma species. 

Fig. 1  Effect of cotton leaf positions on Trichogramma parasitism of 
H. armigera eggs on two cotton cultivars a Giza 89 and b Giza 86; 
different letters indicate significant differences (P < 0.05)
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The number of females released also influenced the parasi-
tization efficiency (df = 17, P < 0.0362) of both species over 
the effect of host location. The larger the number of females 
released, the higher the number of Helicoverpa eggs parasi-
tized. T. pretiosum parasitized more H. armigera eggs than 
T. minutum (df = 17, P < 0.0489). Parasitization rates for 
both parasitoids were influenced by location of Helicoverpa 
eggs on cotton cultivars (df = 35, P < 0.0023). Parasitism 
rates were the highest on Alex 4 cultivar, followed by Giza 
89 and lastly Giza 86 was the lowest for both Trichogramma 
species on H. armigera eggs (Fig. 2).

Cultivars variation in trichome and blank gland  
densities of leaves

Figure 3 presents the trichome density for cotton cultivars 
on three physiologically aged leaves lower (1st), middle 

(3rd) and upper (5th). The result shows that for all cultivars, 
the trichome density per defined leaf area increases from the 
lower to the upper leaves. Nevertheless, cotton cultivars sig-
nificantly differ (df = 8, P < 0.0414) from each other in their 
trichome density for the respective leaf position. Thus the 
leaves of Giza 86 had a greater density of trichome than the 
leaves of Alex 4 and Giza 89 (Table 1).

Figure 4 shows the number of black glands for three cot-
ton cultivars and respective leaf position. T he number of 
black glands increases from the lower leaves to the upper 
leaves for all cotton cultivars (df = 8, P < 0.0393). Leaves of 
Alex 4 and Giza 89 hold more black glands than leaves of 
Giza 86 (Table 1).

Results presented in Tables 2 and 3 reveal that the para-
sitization rate was low on cultivar Giza 86, with high tri-
chome density and few black glands compared to cultivars 
Alex 4 and Giza 89 which had lower trichome density and 

Fig. 2  Effect of distance of H. 
armigera eggs from release 
point on Trichogramma parasi-
tization at two release rates and 
on three different cotton culti-
vars a release rate 2:1 and b 
release rate 5:1. Different letters 
indicate significant differences 
(P < 0.05)
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more black glands (df = 17, P < 0.0427). Nevertheless, there 
was no difference between Trichogramma species. T hus 
trichome and black gland densities on leaves of cotton cul-

tivars strongly influence the efficiency of Trichogramma 
species to parasitize Helicoverpa eggs.

Both Trichogramma species parasitize host eggs at a hig-
her rate on glanded than glandless plants (df = 3, P < 0.0439) 
(Fig. 5). Yet there was a significant difference (df = 3, 
P < 0.0447) between Trichogramma species in parasitiza-
tion efficiency, with T. pretiosum being more efficient than 
T. minutum.

Phytosterol components of cotton leaf

The results revealed that all cotton cultivars possess the 
same Phytosterol profile with β-sitosterol being the major 
component. Hexamethyl, β-Methyl-Cholesterol, Stigmas-
terol, β-Amyrin and Viminalol were also detected in less 
quantity compared to β-sitosterol. Linolenic acid, which was 
co-detected with phytosterols, was present in leaf extracts in 
a higher concentration than all respective sterol (Fig. 6).

Although the cotton cultivars possess a similar phytoste-
rol profile, their contents were significantly different (df = 62, 
P < 0.0391) as well as for various leaf positions. Thus the cul-
tivar Giza 86 retains for all leaf positions the lowest content 
of all phytosterols lower than Giza 89 and Alex 4, except 
for β-Amyrin and β-Methyl-Cholesterol. β-Amyrin was 
detected at a high concentration for Giza 86, especially in 
the younger 5th leaf as compared to both Giza 89 and Alex 
4. Independent of the cotton cultivars, the older leaves (1st) 
showed significantly lower (df = 20, P < 0.0394) content of 
phytosterols than younger (5th) leaves. The high content of 
phytosterols in the younger leaves was primarily due to rela-
tively high levels of β-sitosterol, β-Amyrin and Viminalol.

The cotton cultivars showed significant difference (df = 8, 
P < 0.0347) in the content of linolenic acid. Compared to the 
other phytosterol components, the lowest concentration of 
linolenic acid was also detected in Giza 86. Therefore, the 
phytosterol composition of cotton cultivars is investigated 
in these experiments in an attempt to explain the variation of 
parasitization efficiency of Trichogramma on Helicoverpa 
eggs (Table 2).

Fig. 3  Density of trichomes of cotton leaves on three different cotton 
cultivars. Difference letters indicate significant differences (P < 0.05)
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cotton cultivars. Different letters indicate significant differences 
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Table 2  Mean (± SE) parasitism rates of T. pretiosum and T. minutum 
on Helicoverpa eggs on different leaf positions of three different cot-
ton cultivars in the greenhouse
Cultivar Leaf position Parasitism rate*

T. pretiosum T. minutum
Giza 89 1 84.3 ± 3.1 ab 82.2 ± 2.3 ab

3 81.0 ± 4.6 abc 79.5 ± 6.4 bc
5 90.6 ± 2.1 a 86.7 ± 1.9 a

Giza 86 1 80.1 ± 2.0 bc 78.1 ± 2.3 bc
3 77.4 ± 3.9 c 75.7 ± 5.6 c
5 87.2 ± 2.3 a 81.7 ± 1.3 abc

Alex 4 1 86.7 ± 3.2 a 84.8 ± 2.8 ab
3 83.1 ± 5.3 ab 81.3 ± 6.5 abc
5 92.8 ± 2.2 a 89.8 ± 2.1 a

*Different letters indicate significant differences

Table 3  Correlation values (r) between parasitism rates and trichome 
densities and number of glands on different cotton cultivars
Cultivar Leaf 

position
Trichome Glands
T. pretiosum T. minutum T. pretiosum T. minutum

Giza 89 1 −0.41 −0.44 0.39 0.35
3 −0.35 −0.28 0.28 0.24
5 −0.51 −0.48 0.52 0.51

Giza 86 1 −0.63 −0.60 0.36 0.31
3 −0.53 −0.51 0.24 0.19
5 −0.59 −0.62 0.49 0.46

Alex 4 1 −0.43 −0.40 0.46 0.42
3 −0.38 −0.32 0.37 0.35
5 −0.48 −0.43 0.69 0.62

            

            

Fig. 5  Effect of black glands on parasitism rates of Trichogramma 
species on Helicoverpa eggs. Different letter indicate significant dif-
ferences (P < 0.05)
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Volatiles induced by larval damage and methyl  
jasmonate (MeJA) treatments

Differences in volatile emissions were observed for cotton 
plants damaged by H. armigera larvae, treated with MeJA, 
or undamaged controls. Control plants emitted much lower 

volatiles compared to herbivore-damaged plants or MeJA 
treated plants. There was also a great variation in volatiles 
emitted by larvae damaged and MeJA treated plants (df = 5, 
P < 0.0379). Plants treated with herbivores or MeJA emitted 
a blend that consisted of Hexanal-2ethyl; β Myrcene, Cis-3-
hexenyl acetate, β-ocimene, linalool, (E)-4,8-dimethyl-1,3,7-

Fig. 6  Chemical components of 
cotton leaves on three diffe- 
rent cotton cultivars identified 
by GC-MS a 5th leaf, b 3rd leaf 
and c 1st leaf. Different letters 
indicate significant differences 
(P < 0.05)
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nonatriene, Methyl salicylate, Indole, (E)-β-Caryophyllene, 
Trans-β-farnesene, and σ-Cadinene (Fig. 7). Hexanal, (Z)-3-
hexenol, and hexyl acetate, all Lipoxygenase pathway com-

pounds, were detected in response to herbivore damage, but 
showed a small response to MeJA treatment (Fig. 7).

There was a relationship between emitted volatiles and 
parasitism rates of Trichogramma species on Helicoverpa 
eggs on cotton cultivars Giza 89 and Giza 86. Generally, 
the induced volatiles were higher (df = 5, P < 0.0321) in 
Giza 89 than Giza 86 plants; therefore, parasitism rates were 
also higher (df = 5, P < 0.0211) on Giza 89 than Giza 86, as 
shown in Table 4.

Discussion

Parasitism rates of Trichogramma on cotton leaves were 
the highest on the 1st, 2nd, 5th and 6th leaves, while they 
were lowest on the middle leaves (3rd and 4th). This result 

Fig. 7  Volatiles collected 
from undamaged cotton plants 
(control), plants damaged by 
H. armigera and plants treated 
with Jasmonate. Volatiles were 
collected for 24 h and iden-
tified based on NIST. Each 
bar represents mean ± SE 1: 
Hexanal-2ethyl; 2: ß Myrcene; 
3: Cis-3-Hexenyl acetate; 4: ß 
Ocimene; 5: Linalool; 6: (E)4,8 
Dimethyl-1,3,7 Nonatriene;7: 
methyl salicylate; 8: Indole; 9: 
(E)ß Caryophyllene; 10: Trans-
ß-farnesene and 11: Cadinene 
a Giza 89 and b Giza 86. 
Different letters indicate signifi-
cant differences (P < 0.05)
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Table 4  Mean (± SE) parasitism rates of Trichogramma species on 
Helicoverpa eggs on different cultivars (volatiles emitted by larval da-
mage and jasmonate application)
Cultivar Treatment Parasitization rate*

T. pretiosum T. minutum
Giza 89 Control 83.9 ± 3.5 82.8 ± 2.8

Larval damage 94.4 ± 4.8 89.4 ± 5.9
Jasmonate 98.3 ± 2.6 93.9 ± 2.1

Giza 86 Control 80.0 ± 2.2 75.6 ± 2.6
Larval damage 92.2 ± 3.7 83.9 ± 5.4
Jasmonate 96.1 ± 2.3 88.9 ± 1.8

*Different letters indicate significant differences
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corresponds to that of Ables et al. (1980) and Gingras et al. 
(2008), who reported that the broadly comparable structure 
of different leaf positions may influence plant–herbivore–
parasitoid interactions. T. pretiosum was more efficient than 
T. minutum in finding hosts. Cotton cultivars could be arran-
ged for their attractiveness of Trichogramma as follows: 
Alex 4, Giza 89 and Giza 86.

The level of parasitism was negatively correlated with 
distance that the sentinel eggs were located from the 
release point. T here are several possible explanations for 
this. Firstly, the parasitoids may have taken more time to 
find eggs further away from release point. Secondly, once 
wasps encountered nearby eggs, they may have spent time 
handling their hosts before continuing to forage as has been 
proposed by Andow and Prokrym (1990) for T. nubilale. 
The decrease of parasitism with increasing distance in this 
experiment implies that for inundative releases, the distance 
between release points must be taken into consideration to 
maximize parasitism rates of Trichogramma species in bio-
logical control programs.

Trichogramma behaviour was affected by leaf cotton 
trichome and black gland densities. Parasitism rates corre-
lated negatively with leaf cotton trichome, and positively 
with black gland density. These results are consistent with 
Romeis and Shanower (1996) and Romeis et al. (1998), who 
stated that trichome density, may inhibit parasitoid searching 
behaviour. Based on the present results, leaf trichome density 
may reduce Trichogramma host location ability for Helico-
verpa eggs, and black glands may attract Trichogramma to 
parasitize Helicoverpa eggs. These results correspond with 
those of Mohite and Uthamasamy (1998), who mentioned 
that rates of parasitism were negatively associated with tri-
chome density, when they studied the interaction between 
eight wild species of Gossypium and a cultivated cotton 
cultivar MCU 9, resistant to H. armigera, and the pest’s 
natural enemies. Theses results are also similar to Romeis et 
al. (1996), who demonstrated that trichome numbers were 
responsible for low parasitism rates of Trichogramma on 
H. armigera on pigeonpea plants. Leaf morphological traits 
are one option for selection by plant breeders to produce 
cultivars, with a high density of glands and low density of 
trichomes; this would increase Trichogramma parasitism to 
control Helicoverpa into cotton.

Parasitism rates were higher on glanded than glandless 
plants. Plant surfaces contain epicuticular waxes, chemi-
cals produced internally and leached into the leaf wax, and 
compounds actively exuded to the plant surface including 
trichome exudates as recorded by Eigenbrode and Espelie 
(1995). Attractiveness of Trichogramma to glandless and 
gland plants is unlikely. This may be due to the glandless-
plant structure negatively affecting Trichogramma host 
location behaviour while glanded plants may have special 
chemical volatiles to attract more wasps.

Trichogramma females do not reject the host while 
examining, types of plant hosts; glanded and glandless are 
accepted, but the difference between two plant types appe-
ars in parasitism rates of Trichogramma. T his result was 
consistent with that found by R omeis et al. (1996), who 
mentioned that leaves mainly possess short and erect non-
glandular trichomes which are more densely spaced on the 
lower than on the upper surface. Another opinion is that by 
Trichogramma species accept or reject host eggs is during 
the examining phase. Criteria that deter attack are probably 
assessed at this time. Females were never observed to reject 
hosts once oviposition had commenced; Pak and de Jong 
(1987) noted the same phenomenon. The parasitoids prefer 
to walk on the leaf margins and on the major veins of the 
lower leaf surface. In contrast to the interveinal areas, veins 
and margins are covered with long non-glandular trichomes 
which are appressed to the surface as confirmed by Romeis 
et al. (1996), making walking easier on these structures.

Significant differences in phytosterols compositions 
were found between cotton cultivars and leaf positions. 
There was a relationship between phytosterol components 
and parasitism rates. Parasitism rates were positively related 
to Linolenic acid, Hexamethyl, Stigmasetrols, β-Sitosterols 
and Viminalol, and negatively related to β-Methyl Choles-
terols and β-Amyrin. These results correspond to those of 
Karban and Baldwin (1997) and Schmelz et al. (2009), who 
reported that most phytophagous insects and their natural 
enemies make some sensory exploration of the leaf surface 
before sitting on the wax layer of leaf surfaces. Waxes also 
produce compounds which attract the parasitoids or preda-
tors of phytophagous insects.

In fact, a blend of volatiles released by cotton plants trea-
ted exogenously with jasmonate contained all compounds 
released during herbivore damage. This result is consistent 
with Thaler (1999) and Rodriguez-Saona et al. (2001); who 
reported that volatiles emitted from jasmonate application 
are similar to those released during larval damage, and serve 
as essential host-location cues for parasitic insects. Contrary 
to this Methyl jasmonate did not induce emissions of sto-
red terpenes, a result that was expected since the release of 
stored terpenes is dependent on physical damage caused by 
herbivores as mentioned by Paré and Tumlinson (1997). It 
is therefore likely that the entire blend of odours released 
by a specific plant can be used as a signal. Herbivore-infes-
ted plants selectively attract parasitoids as confirmed by De 
Moraes et al. (1998) and Kessler and Baldwin (2001). Para-
sitoids of herbivores could use these volatiles as cues to pin-
point the location where the herbivores were last feeding.

In conclusion, parasitism rates were negatively correlated 
to the distance between the releasing site of Trichogramma 
and egg batches on host plants. Morphological traits, i.e. 
presence of black glands or trichome densities played a 
significant role. Jasmonate can activate indirect defences 
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in cotton. Volatiles released from cotton after herbivore 
feeding and induced by jasmonate treatment provide cues 
for attracting natural enemies. For instance, in other plant 
systems, indirect evidence has been presented that volatiles 
induced by jasmonate serve as important cues for Tricho-
gramma wasps to locate potential host sites. Thus, it appe-
ars that jasmonate are potential agents that may be used to 
improve biocontrol in cotton production.
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