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Abstract

Spodoptera frugiperda is a major pest causing maize yield loss
in Brazil. There is therefore a need for control methods, notably
for organic farming because classical pesticides are not allowed.
A potential solution for organic maize is to apply the biological
control agent Trichogramma pretiosum to reduce S. frugiperda
populations. Here, we tested the application of one, two, or three
releases of T. pretiosum. We measured plant damage ratings, egg
masses parasitized, and grain yield. Results show that 79.2% of
egg masses were parasited. Maize yields for parasited plots in-
creased of 701 kg/ha versus control plots. This result equals a
19.4% gain of productivity and US $96.5 gain per hectare. There-
fore, biological control with egg parasitoids is a promising alter-
native to control S. frugiperda in organic maize.

Keywords — Biological control, Egg parasitoid, IPM, Monitor-
ing, Organic farming, Pheromone trap

1 Introduction

Maize is of primary importance to Brazilian agribusiness,
and it is grown widely in the national territory; the crop
has a variety of socioeconomic interests across the coun-
try. Maize is a fundamental component in a chain of organic
food production, which includes milk, beef, and eggs. De-
spite the increase in geographic area occupied by maize
in Brazil and the market demand, research in bringing or-
ganic production to sustainable and profitable levels in the
country remains inadequate. Therefore, the development

and subsequent adoption of alternative pest control strat-
egies for organic agroecosystems poses a substantial chal-
lenge, particularly when combined with goals for increas-
ing maize yield.

The fall armyworm, Spodoptera frugiperda, is a key
pest causing yield reductions in maize production systems
(Cruz et al. 2010). Biological control via the release of nat-
ural enemies such as egg parasitoids has been proposed
as a viable method to control damaging Lepidopteran
pests of maize in Brazil (Parra and Zucchi 2004). S. fru-
giperda deposit eggs on the plants. Their larvae emerge
and feed on young leaves 3 days after oviposition. Injury
to young plants can result in stand reduction with subse-
quent yield loss of up to 54.5% in the conventional maize
agroecosystem (Figueiredo et al. 2006).

The use of natural enemies, particularly parasitoids, has
shown promising results in reducing damage from insect
pests (Mills et al. 2000; Mills 2010). Favorable results in bi-
ological control use have facilitated research opportunities
to develop new commercial insectaries, and various natu-
ral enemies are commercially available for direct applica-
tion (i.e., inundative release) in pest management (Cruz et
al. 2013; Van Lenteren 2000).

Andow (1997) pointed out that the use of Trichogramma
to control European corn borer in the USA was limited by
the low cost of chemical pesticides, even with substantial
improvements in efficiency and a reduction in cost of the
parasitoid. This fact is not the case in Brazil. The relatively
low value of both the commercial product and labor for
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release of Trichogramma makes the technology viable, even
when compared to the use of chemical insecticide. In addi-
tion to economic competitiveness, environmental benefits
obtained from the use of biological control favor the use of
the egg parasitoid Trichogramma (Fig. 1), to control S. fru-
giperda (Parra 2010).

The release in a timely manner and appropriate density
is imperative for successful pest management. Furthermore,
interactions between the natural enemy community and fall
armyworm population dynamics in maize fields must be
considered in developing an integrated pest management
(IPM) program for this crop (Wyckhuys and O'Neil 2006).
This approach has been shown to reduce pest population
densities, resulting in less plant injury and yield loss. It is
believed that conservative measures (Wackers et al. 2007)
taken for biological control in organic systems may pro-
mote the survival and the performance of the natural en-
emy in the area (Wyckhuys and O'Neil 2006). Additionally,
the absence of chemical pesticides in organic systems will
help increase the population of beneficial insects, as many
of these chemicals compromise the efficacy of augmenta-
tive releases of biological control agents, as well as their
natural occurrence (Ables et al. 1979; Knutson 1998). How-
ever, in most production systems, the number of eggs par-
asitized by native populations of Trichogramma and other
biological control agents are not sufficient to prevent the
pest from reaching damaging levels (King et al. 1985).

Despite progress in biological control worldwide, this al-
ternative is not widely used compared to chemicals (Popp
et al. 2013). There are several reasons for this; many prob-
lems must be overcome before the product reaches the end
user (Parra 2010). Its efficiency depends on several factors,
including the kind, quality and suitability of the biological
agent, released number, method and the time of release,
and the complex interactions between the parasitoid, the
target pest, culture, and environmental conditions (Ables et
al. 1979; Knutson 1998).

Figure 1. Female of Trichogramma pretiosum parasitizing egg
mass of Spodoptera frugiperda at maize leaf

Insects captured in pheromone traps have been used as
a tool in IPM decision-making and to initiate chemical con-
trol and natural enemy releases (Ameline and Frérot 2001).
A trap containing the S. frugiperda sex pheromone is con-
sidered the best method to determine if a maize crop re-
quires insecticide treatment (Cruz et al. 2012) and can also
be used to ascertain the most suitable Trichogramma pre-
tiosum release time. The trap detects moth arrival in the tar-
get area, and consequently, female parasitoid release can
proceed at the appropriate time. The objective was to eval-
uate the efficiency of releases of T. pretiosum in reducing
the population of S. frugiperda and increase crop yield in
organic corn.

2 Materials and methods

2.1 Study area

The study was conducted at the Centro Nacional de Pes-
quisa de Milho e Sorgo/CNPMS-Empresa Brasileira de
Pesquisa Agropecuaria/EMBRAPA, in Sete Lagoas, State of
Minas Gerais, Brazil (19° 28" 00" S and 44° 15' 00" W) at an
altitude of 820 m.

2.2 Experimental design and treatments

A randomized block experimental design with four T. pre-
tiosum release treatments and five replicates (twenty plots)
was employed in the study. The parasitoid treatments were
applied (0, 1, 2, and 3 releases) when S. frugiperda phero-
mone trap catches reached the action threshold (see sec-
tion 2.4 below). Each plot (cultivar “"BR 106") had 30 rows
of maize 20 m long and 0.70 m equidistant (420 m?). Maize
was planted in a no-tillage system. Each experimental unit
was separated by buffer plots of equal size to reduce the
probability of parasitoids going to neighboring plots.

2.3 Parasitoid

The parasitoids were obtained from a climate-controlled
laboratory room maintained at 27+3 °C, 80+10 % RH, and
12:12 h (L:D) photoperiod according to the methodology
of Cruz et al. (2013). The colony of T. pretiosum was initi-
ated by obtaining adults originated from eggs of S. frugi-
perda and subsequently maintained in the laboratory on
eggs of the factitious host Anagasta kuehniella (Cruz et al.
2013). The parasitoid was identified by taxonomist Roberto
Antonio Zucchi, and individuals are held in the entomol-
ogy museum at the Escola Superior de Agricultura Luiz de
Queiroz (ESALQ/USP) and the Empresa Brasileira de Pes-
quisa Agropecuaria).

The experimental goal was to release five T. pretiosum
females per square meter maize plot, equivalent to 4200
females and males per plot or 100,000 ha™' based on the
assumption of a 1:1 sex ratio. Prior to each release, five
random samples of 100 adult parasitoids each (n = 500)
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were taken from the laboratory colony to determine the
sex ratio and estimate the number of females released
in the field. The results indicated that an overall mean of
4329 T. pretiosum adults/plot (55,706 females ha™') were
released on each date.

2.4 Monitoring of S. frugiperda adults and T. pretiosum
release

The initial moth appearance and frequency throughout the
experiment was determined using a delta-type trap con-
taining a plastic sachet with BIO SPODOPTERA® (Chem
Tica International, SA), a synthetic sex pheromone of S.
frugiperda. Only one trap was set in the middle of the ex-
perimental area beginning at maize shoot emergence ac-
cording to the manufacturer’s instructions. The trap ini-
tially was suspended from a stake 0.91 m above ground
level. As the maize grew, the trap was raised to remain
above the plant canopy, based on the manufacturer’s rec-
ommendations. Male S. frugiperda captured in the traps
were counted daily for 25 days. The pheromone lure and
the sticky trap base were replaced twice each seven-day
period. The trap was used to monitor male moth arrival in
the study area and to estimate the pest's temporal prox-
imity to oviposition.

The timing of the first parasitoid release was based on
reaching an action limit of three or more moths (cumu-
latively) per pheromone trap (Cruz et al. 2012). The sec-
ond and third releases of T. pretiosum were performed at
a minimum of seven-day intervals, based on continued
male adult captures in the trap (i.e., 23 males cumulative
per trap) after each parasitoid release. The seven-day in-
terval between releases was based on the longevity of the
T. pretiosum and a mean interval of 10 days between par-
asitoid generations.

Twenty-four hours after emergence, parasitoids were
transported in glass containers in the morning to the tar-
get area. The release was conducted in the center of each
plot, by opening the containers for adult dispersal. Sam-
plings to detect egg masses of S. frugiperda parasitized in
100 plants per plot were initiated 5 days after the first re-
lease of T. pretiosum. Each plant identified with S. frugi-
perda egg masses was given a numbered and dated la-
bel. Plants with egg masses were identified bearing a label
stuck on a wooden stake, nailed in the ground (next to
the plant), with red pvc tape for easy viewing in the field.
Four evaluations were performed to identify egg masses
in the area. The first one (Jan. 17), 5 days after the first re-
lease of T. pretiosum; second (Jan. 19), the first 2 days af-
ter. The third (Jan. 24), 5 days after the second, and fourth
(Jan. 26), 2 days after the third. The eggs masses found
were evaluated within 5 days after the release of T. pretio-
sum, verifying the presence of dark egg (blackened) char-
acteristic of parasitism. In the last release of parasitoid, the

presence of egg masses in plants and the occurrence of
parasitism were not evaluated. Egg masses were not re-
moved from plants in the experimental area to maintain
natural infestation of S. frugiperda and to measure the cu-
mulative effects of T pretiosum releases on insect damage
and grain yield.

2.5 Assessment of insect damage and grain yield

Efficiency of field releases of T. pretiosum are evaluated by
measuring egg parasitism, larval densities, crop damage,
and economic return relative to similar fields treated with
insecticides or not treated (Knutson 1998).

The crop damage was evaluated 25 days after the first
parasitoid release. One hundred plants in each experimen-
tal plot were randomly assessed for larval damage to six
leaves in the central part of the plant using the visual scale
reported by Figueiredo et al. (2006): 0, no visible dam-
age; 1, pinhole-type damage; 2, shot hole-type damage; 3,
leaf portions eaten away, with some damage in the whorl;
4, plant with the whorl destroyed; and 5, dead plant. The
grain yield was obtained by sampling an area containing
four rows of 5 m through harvesting, threshing, and man-
ual weighing of grain of corncobs of all plants for all treat-
ments. The grain weight was corrected to 14.5% moisture
(Brazilian standard).

2.6 Naturally occurring biological control agents of S.
frugiperda

The presence of natural biological control agents was veri-
fied by sampling carried out in a contiguous area of maize
with the same agronomic conditions of the experimental
area. Four subareas of 420 square meters were demarcated
in this contiguous area. In each subarea, for four consecu-
tive weeks, 20 plants were sampled and all insects present
were counted. The plants were cut at ground level, bagged,
and brought to the laboratory. The larvae of S. frugiperda
were individually placed in 50-ml plastic cups containing
artificial diet until the emergence of egg-larval, larva, and
larval-pupal parasitoids. The predatory insects collected on
plants and the parasitoids after emergence in the laboratory
were identified and incorporated into the entomological
museum of Centro Nacional de Pesquisa de Milho e Sorgo.

2.7 Statistical analyses

The data were subjected to analysis of variance using the
program SISVAR, and the means were compared using the
Scott-Knott range test at 5% probability for statistical sig-
nificance. Regression analyses were performed using Ori-
gin 8.1 statistical software.
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3 Results and discussion

3.7 Monitoring of S. frugiperda in the trap, egg masses on
plants, and parasitoid releases

The presence of S. frugiperda male moths in the target
area was detected 3 days after plant emergence, initiating
the first release of T. pretiosum in the experimental plots
(Fig. 2a). Moth capture decreased during the remaining
15 days of the trapping period with only 16 of the total
60 moths captured in this period. Furthermore, the pres-
ence of egg masses in the experimental area coincided
with the increase in the number of males caught in the
traps. The following evaluations were performed on Jan-
uary 19, 24, and 26. Incidentally, in the plots without re-
lease of the parasitoid, the total number of egg masses (6)
was smaller than the total number of egg masses found

in plots with parasitoid (13-14) (Table 1). No parasitized
egg mass was observed in the plots without release, in-
dicating the absence or low natural population of the T.
pretiosum in the experimental area. Of the 41 egg masses
observed in the plots with T pretiosum releases, 23 were
parasitized, i.e.,, more than 50% had at least one para-
sitized egg (Table 1). Of the 13 egg masses observed in
the treatment with two releases, 10 were parasitized. In
plots with three releases, 14 egg masses were observed,
8 of which contained parasitized eggs. The average egg
masses parasitized with one or two releases of T. pretio-
sum was 72.58%. Lower larval density in the target area
can be further reduced by the presence of other natural
enemies such as parasitoids and predators that working
together will result less damage to the crop and conse-
quently lower loss in income.
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10 70
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Table 1. Eggs mass of S. frugiperda on corn with different numbers of T. pretiosum releases

Evaluation (day) Releases
Without One Two Three
(Jan.12) (Jan. 12 and 19) (Jan. 12, 19, and 29)
Parasitism (egg mass parasitized/total egg masses)
Jan. 17 0/2 1/8 2/4 2/6
Jan. 19 0/1 1/1 3/3 1/1
Jan. 24 0/1 2/3 3/3 3/4
Jan. 26 0/2 1/2 2/3 2/3
Total 0/6 5/14 10/13 8/14
Percentage of egg masses parasitized
Jan. 17 0 12.5 50 333
Jan. 19 0 100 100 100
Jan. 24 0 66.7 100 75
Jan. 26 0 50 66.7 66.7
Average 0 69.8 79.2 68.75

Egg mass numbers on maize plants increased signifi-
cantly over the next 16 days with increasing cumulative S.
frugiperda captured in the pheromone trap following a qua-
dratic relationship (R2=0.99, P<0.05) (Fig. 2b). In plots with
release, parasitism was on average 69.8, 79.2, and 68.75%
in treatments with one, two, and three releases, respectively
(Table 1). It should be noted that the monitoring of egg
masses, and the presence of at least one parasitized egg,
was only performed until after the second release. The sam-
pling was not performed to determine the occurrence and
parasitism in egg masses after the third release. This pre-
cludes the conclusion here that three releases would pro-
vide more masses of parasitized eggs. Based on the results,
the occurrence of a peak of the moth pest in the field re-
quired the third release. Therefore, an upward trend in the
number of egg masses in the target area can be assumed.
It can be expected that with three egg parasitoid releases,
larval density on plants tend to be lower than in other lar-
val density plots (0, 1, or 2 releases). Due to the proximity
in time between an increase in the number of moth caught
in the trap and the third release time of the parasitoid, the
plots with three releases could have a greater number of
parasitized egg masses.

Three days following trap installation, four males were
captured, indicating time for the first parasitoid release.
Therefore, the following day (Jan. 12), parasitoids were
released into the target area. At this time, the cumulative
number of captured males was 13, indicating a high and
increasing incidence of moth in the target area (Fig. 2a).
Seven days following the first parasitoid release, the sec-
ond release was performed (19 Jan. 2006). The number of
moths captured in the trap between 13 Jan. 2006 (1 day
following first release) and 18 Jan. 2006 was 29, far above
the cutoff of three moths per trap. This result showed a

large adult moth population in the target area. The sec-
ond and third release of T. pretiosum was performed, re-
spectively, 7 days after the first release and 10 days after
the second release (29 Jan. 2006). The third and last re-
lease was conducted after a second major peak occurrence
of moth, similar to that observed at the first release of the
parasitoid (Fig. 2a).

It is also worth noting that, after the second release of
the parasitoid, the flow of moths in the area was relatively
low for about 8 days (Fig. 2a). However, on the ninth day
after this second release and 1 day after the third one, the
second peak of moth occurred. The relatively high number
of captured moths indicated re-infestation and real need
for a new release of the parasitoid. The third release of the
parasitoid T. pretiosum was essential to control the new re-
infestation of S. frugiperda. This re-infestation was detected
only by the efficiency of the pheromone trap. For the ex-
perimental premise, the plots without release or with one
or two releases of T. pretiosum would be subject to damage
by the pest, whose intensity would depend on the action
of agents of natural occurrence in the experimental area.

It is vital to determine the most appropriate time to re-
lease the egg parasitoid T. pretiosum. The synchronization
of host and T. pretiosum is the most essential criterion for
efficacious pest control. Pheromone trap might be a tool
optimize to biological control. The efficiency of this natural
enemy is closely linked to their ability to seek and parasit-
ize the eggs of the moth, to prevent the population growth
of larvae in the target plant. Only releases carried out at the
right time can bring the expected benefits. Errors in the re-
lease will result in failure of control, and this leads to loss
of credibility of this pest control tactic that tends to reduce
the pest population density in the initial stage of develop-
ment of the host plant.
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3.2 Pest damage

The damage caused by larvae of S. frugiperda was low, even
in the control, where T. pretiosum was not released. Con-
sidering the onset of oviposition soon after the arrival of S.
frugiperda, the average incubation period of the eggs was 3
days, and the flow of moths relatively constant for at least 1
week was expected relatively higher leaf damage than ob-
served, especially in plots without release (Table 2).

The lowest average leaf damage was observed in the
plots with three releases. The average leaf damage score
was intermediate in the plots with one and two releases of
T. pretiosum with no significant difference between these
two treatments (Table 2). The interaction of natural ene-
mies already present in the area, along with the augmen-
tative releases of T. pretiosum, adds an effective control
in organic maize cultivation, since the absence of chemi-
cal insecticides in the target area benefits both the native
and introduced biological control. The low occurrence of
leaf damage makes it clear that the release of T. pretio-
sum caused a reduction in the population of larvae. This
reduction of larvae in the early stages of plant develop-
ment (Table 1) probably resulted in a gain in final yields
in plots where parasitoids were released. In organic farm-
ing, there are added environmental gains from the con-
servative and augmentative biological control that bene-
fit the crop, as well as providing additional income, which
is not always obtained in areas where it employs non-se-
lective chemical insecticides. Even in conventional agri-
culture, where the use of this chemical are permitted by
law, the selectivity of insecticides should be considered in
areas treated with releases of natural enemies, as well as
conservative biological control.

3.3 Naturally occurring biological control agents of S.
frugiperda

The predatory insects observed in samples taken in the
subareas of maize adjacent to the experimental area were
Doru luteipes (21.57%), Orius sp. (1.22%), and coccinellids
(0.5%) that feed on eggs and small larvae of S. frugiperda.

The incidence of parasitoids on larvae of S. frugiperda
was 53.1, 31.3, 29.2, and 33.9% in the first, second, third,
and fourth sampling, respectively. In the first sampling, the
main parasitoids found were Hymenoptera, Eiphossoma

laphygmae (23.96%), Chelonus insularis (20.8%), Campo-
letis flavicincta (3.1%), Exasticolus fuscicornis (2.08%), and
Diptera (3.13%). The same species were found in the subse-
quent sampling. C. insularis (12.5%), E. laphygmae (8.33%),
E. fuscicornis (1.04%), and Diptera (9.38%) were the spe-
cies found in the second sampled period. In the third sam-
pling, the incidence of Diptera (14.58%) outperformed the
E. laphygmae (7.29%), C. insularis (5.25%), and C. flavicincta
(2.1%). In the fourth and final sampling, Diptera also pre-
dominated (14.79%), followed by E. fuscicornis (1.04%) and
C. insularis (1 %). By physical proximity between the two ar-
eas of maize, it is possible to consider that the presence of
these biological control agents was important in suppress-
ing the pest in addition to the T. pretiosum released. The
egg-larval parasitoid C. insularis competes with T. pretiosum,
as both parasitize eggs (Cabello et al. 2011) and its perfor-
mance in the target area was relevant (20.8% parasitism) in
the first sampling. In addition to the egg parasitism, some
species of predators feed on both healthy and parasitized
eggs, and their occurrence in the production system could
result in intraguild competition. Of course, the beneficial
effects of parasitoids were observed in egg masses where
their presence was noted.

The role of natural control, particularly when maize is
produced under different production systems, must be con-
sidered for any biological control program. The importance
of species complexes of natural enemies that suppress S.
frugiperda populations was reported by Molina-Ochoa et
al. (2001), Hoballah et al. (2004) (parasitoids), and Gross and
Pair (1986) (predators). Figueiredo et al. (2006), using the
technique of exclusion of natural enemies with cages, con-
firmed the importance of these organisms in suppressing S.
frugiperda. When protected for 16 days from the egg stage,
the insect infringed severe damage to the plant compared
to the damage caused to plants when the insect pest was
not protected against their natural control agents.

The experimental area used in this study has been un-
der organic cultivation for more than 15 years without any
agrochemicals. This would support increased biodiversity,
including natural enemies of insect pests. In fact, both S.
frugiperda and natural enemies are present in different de-
velopmental stages in the area, as observed in other ex-
periments conducted by Figueiredo et al. (2006). This fact
can be corroborated with the presence of several biological

Table 2. Injury caused by S. frugiperda larvae on corn leaves and grain yield after release of T pretiosum. Means followed by differ-
ent letters in the same column are significantly different between treatments (Scott-Knott; p<0.05)

Number of releases of egg
parasitoid T. pretiosum

Assessment of injury caused by
the larvae of S. frugiperda* (score 0-5)

Grain yield* (Kg ha™)

0 1.61+0.013 A
1 1.53+0.010 B
2 1.51+0.008 B
3 1.35+0.006 C

3618.85£36.49 A
3887.50+£17.58 B
3915.00+£32.11 B
4319.97+31.44 C

*VValues are meanz*standard error
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control agents observed in larvae that were collected in the
nearby area. Caterpillars parasitized by C. insularis and C.
flavicincta (Cruz 2002) substantially reduce their food intake
before they were killed. This assumption may be correct, es-
pecially considering the results obtained in terms of yield in
plots where they held up to three releases of T. pretiosum.

The synergistic effects that natural enemies exert over
the pest population in an agroecosystem should not be un-
derestimated, mainly when releasing a biological control
agent such as T. pretiosum. Therefore, at the time of assess-
ment of leaf damage, the larvae originating from eggs of
S. frugiperda were still in their early instars, and thus, their
damage was not yet significant in the evaluation. This as-
sumption can be correct, especially considering the results
obtained in terms of grain yield in plots where there were
three releases of T. pretiosum.

3.4 Yield

Grain yield varied according to the number of releases of T.
pretiosum. In plots with three releases, grain yield was sig-
nificantly greater than yield obtained from other treatments
(Table 1), averaging >4300 kg ha™'. On the other end of the
scale, the smallest yield was obtained in plots where T. pre-
tiosum were not released, with an average of 3650 kg ha™".
In plots with one or two releases, the grain yield was inter-
mediate, averaging between 3800 and 3950 kg ha, with
no significant difference between these averages. The maize
yield was significantly and positively correlated with T pre-
tiosum releases (R2=0.84, P<0.05) (Fig. 3). The grain yields
obtained in the plots with three releases of parasitoid was
701.25 kg ha™" higher than the yield obtained in plots with

Maize yield (kg/ha)
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Figure 3. Maize yield after release of T. pretiosum to control S.
frugiperda (Kg ha"). Regression equation is y=3615.7 + 213.0X;
R2=0.84; P<0.05

out release. Grain yield in plots with one or two releases was
respectively 268.65 and 296.15 kg ha™" higher than yield ob-
served in witness plots.

According to Smith (1996), the effectiveness of Tricho-
gramma releases has been often inconsistent due to the
model adopted for assessment and suggests that the crop
yield is one of the parameters to be used to validate the ef-
fect of this biological control agent. The action limit, based
on the capture of moths in traps, was calculated from data
on the biology and ecology of S. frugiperda, considering pe-
riods of life including incubation, larval development, and
ability to cause economic damage. The action limit set at
three moths caught in pheromone traps corresponds to a
level of infestation of 10% of damaged plants (Cruz et al.
2012). Obviously, when the target to be reached is the egg
stage by the use of T pretiosum, the release must be im-
mediate as in the study. One cannot deny the accuracy of
the method for monitoring the pest through the phero-
mone trap, considering the specificity of the product and
the difficulty of monitoring the pest using other methods.
In a conventional system, where chemical control is regu-
larly adopted, usually the only source of the pest popula-
tion reduction is the insecticide, whose efficiency depends
on several factors including type, dose, method of applica-
tion, etc., where usually the natural enemies are also elim-
inated. In organic farming, the environmental conditions
without chemical insecticide favor the increased population
of natural enemies to the point of reducing the population
of phytophagous insects to an acceptable level. It should be
noted that Spinosad was lethal for all Trichogramma species
evaluated (Ksentini et al. 2010) and that the application of
this and other insecticides should be avoided in agroeco-
systems where Trichogramma are dominant or will be re-
leased (Liu and Zhang 2012).

It is possible that natural control would not be able to
reduce the density of S. frugiperda. Thus, the release of the
T. pretiosum would be needed to elicit an immediate impact,
reducing the S. frugiperda population. This fact was evident
in the plots with three releases of T. pretiosum, because
the release was made after a peak population of moths.
In fact, 84% of grain yield was explained by the release of
the parasitoid. The presence of T pretiosum parasitism in
egg masses shows that the natural enemy was able to seek
and parasitize their eggs in the experimental area (Table 1).
The reduction of pest damage on plant leaves in the ini-
tial stage of crop development (although low in all treat-
ments) was significant in the plots with release of parasit-
oids. The major effect of parasitoid can be seen in the plots
with three releases. Although an assessment of damage to
leaves was not performed after the third release, the most
indicative of the beneficial effect of parasitoids can be seen
by the significant increase in grain yield in these plots in
relation to grain yields obtained in the other plots, includ-
ing those where there were no parasitoids released or in
fewer releases.
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Kuhar et al. (2002) considered Trichogramma ostriniae
the primary factor in the mortality and subsequent sup-
pression of Ostrinia nubilalis, proving that in areas where
the parasitoid was released, the control level of the pest
in sweet maize was 92%. Hoffmann et al. (2002) also re-
ported similar results after inoculative releases of T. os-
triniae to control O. nubilalis. Figueiredo et al. (2002) re-
ported positive interactions after releasing the Telenomus
remus in maize. An increase of 21% in the control of S.
frugiperda resulted from the natural occurrence of Tricho-
gramma spp., and together, the two parasitoids responded
for 97.5% mortality of pest eggs.

In this study, the cost of the wasp and its commercial
release for the standard measure adopted in the country,
which is the hectare, is US $15.76 for single release para-
sitoids. In addition to commercial plants, there are in Brazil
Trichogramma production laboratories under the farmers'’
association control for use in corn, cotton, soybeans, and
tomatoes in each production region. In this scheme, be-
sides reducing control costs, it facilitates the distribution
for the various properties. Easy access to parasitoids at the
right time and their efficiency has shown that the trend of
its use in Brazil is expanding, especially now with the recent
occurrence of Helicoverpa armigera in the country in corn
and other crops of commercial interest.

Ultimately, both the action of natural biological con-
trol agents in the target area and the release can provide a
positive impact on pest suppression. This management ap-
proach is recommended for control of S. frugiperda in or-
ganic agriculture. This system experiences less interference
than conventional farming, and T. pretiosum is commercially
available in Brazil. Multiple T. pretiosum releases are more
cost-effective and exhibit increased efficacy against S. fru-
giperda relative to a single release, and the initial pest dis-
tribution and parasitoid functional response are key fac-
tors in the biological control effectiveness and decreased
environmental impact. Based on comparable efficacy be-
tween chemical and biological methods applied to control
S. frugiperda in agricultural maize fields, Gitz (2008) dem-
onstrated notable advantages to T. pretiosum release, in-
cluding an approximately 78% lower cost of the biological
control approach.

The commercial availability of natural enemies of phy-
tophagous insects is a limiting factor to the use of biolog-
ical control in agricultural areas. However, in many coun-
tries, there has been a significant increase in the installation
of factories dedicated to the production and sale of differ-
ent species of beneficial insects for agricultural use. Among
the most common species, there is emphasis on the egg
parasitoids.

According to Parra (2010), in general, the labor is
cheaper in Brazil than in many other countries. One re-
lease of T. galloi to control Diatraea saccharalis in sugarcane
costs around $14, including labor for release into the field.
This cost is lower than in Europe and USA. Over 300,000

ha of sugarcane have been treated with this parasitoid to
control D. saccharalis. The species T. pretiosum and Tricho-
gramma atopovirilia were released in tomatoes and maize
in over 50,000 ha in 2007-2008 (Parra 2010). Therefore, bi-
ological control is a solid strategy for use in organic farm-
ing and integrated pest management programs.

The international scientific literature includes Tricho-
gramma species as an excellent alternative to control pests,
particularly Lepidoptera (Hassan 1993; Van Lenteren 2000).
However, extensive knowledge about different species ef-
ficacy to control pests and commercially available natural
enemies has been the major restriction in adoption, par-
ticularly for organic maize agro ecosystems. The adoption
of the pheromone trap along the corn plots is a key to ad-
just the release of Trichogramma in the presence of S. fru-
giperda eggs and avoid the failure of parasitoid releases.
Improving the quality of biological agents as well as the
correct adoption of biological control with other pest con-
trol tactics tend to rise by pressure from consumers con-
cerned with environmental quality and food safety. Despite
conflicting results, the adoption of augmentative releases
with Trichogramma has presented mostly satisfactory re-
sults, and with larger studies and techniques may provide
better results than before.

Organic farming practices must expand to meet con-
sumer demands for organically grown foods as well as the
deployment of new commercial insectaries due to the ef-
fectiveness of biological control agents.

4 Conclusion

Monitoring of S. frugiperda by capturing males in the trap
with synthetic sex pheromone can be used to set the time
of parasitoid release, facilitating the management in maize,
especially in the area of organic farming, providing gains
in grain yield. The release of the parasitoid is due to the
presence of independent egg masses of plant development
stage.

Three releases of T. pretiosum on corn under organic cul-
tivation produced higher grain yields and profitability of the
production system.

In this study, the T. pretiosum release strategy provided
substantial economic benefits to the producer, as up to
three releases contributed US $96.476 ha™ gains.

Economic returns and environmental benefits indicate
that biological control with egg parasitoids is a viable al-
ternative in organic maize.

Acknowledgments — The authors are grateful to Dr. Gregg Ste-
phen Nuessly (University of Florida, USA) for reviewing the man-
uscript and for suggestions and to “Conselho Nacional de De-
senvolvimento Cientifico e Tecnolégico (CNPg)” for the financial
support to the postdoc of the first author.



TRICHOGRAMMA PRETIOSUM INCREASES ORGANIC MAIZE PRODUCTIVITY 1183

References

Ables JR, Jones SL, Morrison RK, House VS, Bull BL, Bouse LF, Carlton
JB (1979) New developments in the use of Trichogramma to control
lepidopteran pests of cotton. Proc. 1979 Cotton Prod. Res. Conf. Na-
tional Cotton Council, Memphis, pp 125-127

Ameline A, Frérot B (2001) Pheromone blends and trap designs can
affect catches of Sesamia nonagrioides (Lepidoptera: Noctuidae)
males in maize fields. J Appl Ent 125:15-18. doi:10.1111/j.1439-
0418.2001.00492.x, Biocontrole. http://www.biocontrole.com. br/.
Accessed 20 May 2013

Andow DA (1997) Integrating biological control in IPM systems. In An-
dow DA, Ragsdale DW, Nyvall RF (eds) Ecological Interactions and
Biological Control, Westview Press, Boulder, pp 71-86.

Cabello T, Gdmez M, Torres A, Garay J (2011) Possible effects of inter-
specific competition on the coexistence of two parasitoid species:
Trichogramma brassicae Bezdenko and Chelonus oculator (F.) (Hyme-
noptera: Trichogrammatidae, Braconidae). Community Ecol 12:78-88

Cruz | (2002) Controle biol6gico em manejo de pragas. In: Parra JRP,
Botelho PSM, Corréa-Ferreira BS, Bento JMS (eds) Controle biolégico
no Brasil: parasitoides e predadores. Manole, Sdo Paulo, pp 543-579

Cruz |, Figueiredo MLC, Silva RB, Foster JE (2010) Efficiency of chem-
ical pesticides to control Spodoptera frugiperda and validation of
pheromone trap as a pest management tool in maize crop. RBMS
10:107-122

Cruz |, Figueiredo MLC, Silva RB, Silva IF, Paula CS, Foster JE (2012) Us-
ing sex pheromone traps in the decision-making process for pesti-
cide application against armyworm (Spodoptera frugiperda [Smith]
[Lepidoptera: Noctuidae]) larvae in maize. Int J Pest Manag 58:83—
90. doi:10.1080/ 09670874.2012.655702

Cruz |, Figueiredo MLC, Matoso MJ (2013) Production de Trichogramma
avec la pyrale de la farine (Anagasta kuehniella). In: de Almeida RP,
Ivan C (eds) Technologie de production de Trichogramma spp. pour
la lutte biologique contre les |épidoptéres-ravageurs. Embrapa, Bra-
silia, pp 13-75

Figueiredo MLC, Della Lucia TMC, Cruz | (2002) Effect of Telenomus re-
mus Nixon (Hymenoptera: Scelionidae) density on control of Spodop-
tera frugiperda (Smith) (Lepidoptera: Noctuidae) egg masses upon
release in a maize field. RBMS 2:12-19

Figueiredo MLC, Martins-Dias AMP, Cruz | (2006) Relacdo entre a
lagarta do cartucho e seus agentes de controle biolégico natural na
producdo de milho. Pesq Agrop Brasileria 41: 1693-1698

Gitz A (2008) La industria de biocontrol em Brasil. New Ag Int 16-21.

http://www.biocontrole.com.br/downloads/artigos/Artigo%2008%
20Bio%20Controle.pdf. Accessed 21 May 2013

Gross HR, Pair SD (1986) The fall armyworm: status and expectations of
biological control with parasitoids and predators. Fla Entomol 69:
502-515

Hassan SA (1993) The mass rearing and utilization of Trichogramma to
control lepidopterous pests: achievements and outlook. Pestic Sci
37:387-391

Hoballah ME, Degen T, BergvinsonD, Savidan A, Tamo C, Turlings TCJ
(2004) Occurrence and direct control potential of parasitoids and
predators of the fall armyworm (Lepidoptera: Noctuidae) on maize
in the subtropical lowlands ofMexico. Agric For Entomol 6:83-88.
doi:10.1111/j.1461-9555.2004.00207 x

Hoffmann MP, Wright MG, Pitcher SA, Gardner J (2002) Inocu-
lative releases of Trichogramma ostriniae for suppression of

Ostrinia nubilalis (European corn borer) in sweet corn: field biol-
ogy and population dynamics. Biol Control 25:249-258. doi:10.1016/
$1049-9644(02)00105-6

King EG, Coleman RJ, Phillips JR, Dickerson WA (1985) Heliothis spp. and
selected natural enemy populations in cotton: a comparison of three
insect control programs in Arkansas (1981-82) and North Carolina
(1983). Southwestern Entomol 8:71-98

Knutson A (1998) The Trichogramma manual: a guide to the use of
Trichogramma for biological control with special reference to aug-
mentative releases for control of bollworm and budworm in cotton.
Texas Agriculture Extension Service, Texas A&M University System,
College Station, Texas

Ksentini |, Jardak T, Zeghal N (2010) Bacillus thuringiensis, deltamethrin
and spinosad side-effects on three Trichogramma species. Bull Insec-
tol 63:31-37, ISSN 1721-8861

Kuhar TP, Wright MG, Hoffmann MP, Chenus SA (2002) Life table stud-
ies of European corn borer (Lepidoptera: Crambidae) with and with-
out inoculative releases of Trichogramma ostriniae (Hymenoptera:
Trichogrammatidae). Environ Entomol 31:482-489

Liu TX, Zhang Y (2012) Side effects of two reduced-risk insecticides, in-
doxacarb and spinosad, on two species of Trichogramma (Hymenop-
tera: Trichogrammatidae) on cabbage. Ecotoxicology 21:2254-2263.
doi:10.1007/510646-012-0981-5

Mills NJ (2010) Egg parasitoids in biological control and integrated pest
management. In: Consoli FL, Parra JPR, Zucchi RA (eds) Egg parasit-
oids in agroecosystems with emphasis on Trichogramma. Springer,
London, pp 389-411

Mills NJ, Pickel C, Masfield S, McDougall S, Buchner R, Caprile J, Edstron
J, Elkins R, Hasey J, Kelley K, Krueger B, Olson B, Stocker R (2000)Mass
releases of Trichogramma wasps can reduce damage from codling
moth. Calif Agric 56:22-25

Molina-Ochoa J, Hamm JJ, Lezama-Guttierez R, Lopez-Edwards M, Gon-
zalez-Ramirez M, Pescador-Rubio A (2001) A survey of fall armyworm
(Lepidoptera: Noctuidae) parasitoids in the Mexican states of Micho-
acan, Colima, Jalisco and Tamaulipas. Fla Entomol 84:31-36

Parra JRP (2010) Egg parasitoids commercialization in the new world. In:
Consoli FL, Parra JPR, Zucchi RA (eds) Egg parasitoids. Agroecosys-
tems with emphasis on Trichogramma. Springer, London, pp 373-388

Parra JRP, Zucchi RA (2004) Trichogramma in Brazil: feasibility of use after
twenty years of research. Neotrop Entomol 33:271-281. doi: 10.1590/
S$1519-566X2004000300001

Popp J, Petd K, Nagy J (2013) Pesticide productivity and food se-
curity. A review. Agron Sustain Dev 33:243-255. doi:10.1007/
s13593-012- 0105-x

Smith SM (1996) Biological control with Trichogramma: advances, suc-
cesses, and potential of their use. Annu Rev Entomol 41:375-406.
doi:10.1146/annurev.en.41.010196.002111

Van Lenteren JC (2000) Success in biological control of arthropods by
augmentation of natural enemies. In: Gurr G, Wratten S (eds) Biolog-
ical control: measures of success. Kluwer Academic Publishers, The
Netherlands, pp 77-103

Wackers FL, Romeis J, Van Rijn PCJ (2007) Nectar and pollen-feeding by
insect herbivores and implications for tri-trophic interactions. Annu
Rev Entomol 52:301-323

Wyckhuys KAG, O'Neil RJ (2006) Population dynamics of Spodoptera
frugiperda Smith (Lepidoptera: Noctuidae) and associated arthro-
pod natural enemies in Honduran subsistence maize. Crop Prot 25:
1180-1190. doi:10.1016/j.cropro.2006.03.003


http://www.biocontrole.com.br/downloads/artigos/Artigo 08%25

	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	2015

	Biological control with Trichogramma pretiosum increases organic maize productivity by 19.4%
	Maria de Lourdes Corrêa Figueiredo
	Ivan Cruz
	Rafael Braga da Silva
	John E. Foster

	tmp.1502402249.pdf.y2YD2

