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Trap cropping involves the use of plant species or genotypes to attract pest insects

away from the main crop to avoid pest damage. In this study, we evaluated the potential

of using winter triticale (x Triticosecale) as a trap crop for the wheat stem sawfly (Cephus

cinctus Norton), an economically devastating pest of wheat (Triticum aestivum L.). The

wheat stem sawfly larvae consume parenchyma tissue within the wheat stem and cut

the stem at the base causing it to lodge. Triticale is, on average taller and has a larger

stem diameter than winter wheat. These traits are considered attractive to adult females

when choosing hosts for oviposition. We conducted a two-year field study of one winter

wheat and one winter triticale genotype combination for its potential as a trap crop. To

complement the field study, we grew three genotypes of winter triticale and one winter

wheat genotype in cone-tainers and infested them in the field. The cone-tainer and field

studies revealed that the chosen winter triticale genotypes were not more attractive than

the winter wheat genotypes for adult wheat stem sawflies. The field study also evaluated

the average larval position in the stem and found the average position was variable

between sampling dates in both crops. Thus, determining the precise timing of field

swathing could destroy significant portions of larval populations. Future research should

focus on genotype selection to establish triticale-wheat cultivar combinations to create

a push-pull system.

Keywords: wheat, wheat stem sawfly, triticale, trap crop, integrated pest management (IPM), host preference

INTRODUCTION

Trap crops are used to attract insect pests away from the crop of interest. Typically, plants are
planted in a small stand near the crop of interest and are destroyed or treated with pesticides once
pest densities are high (Hokkanen and Jokioinen, 1991). Some common methods of trap cropping
include: perimeter planting where the trap crop is planted around the border of the main crop;
sequential planting where the trap crop is planted earlier than the main crop; multiple planting
where several other trap crops are used; and push-pull, where the trap crop is more attractive than
the main crop (Hokkanen and Jokioinen, 1991; Shelton and Badenes-Perez, 2006). Using a trap
crop can increase yield and an overall reduction in pesticide use (Hokkanen and Jokioinen, 1991).
Some examples of effective trap crops include using sunflowers as a trap crop for Lygus pratensis
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in Chinese cotton fields (Zhang et al., 2020). Cotton fields
bordered by sunflower had 45% less damage to bolls and 28%
less damage to leaves than fields not bordered by sunflower.
Blue Hubbard squash as a trap crop for striped cucumber beetle,
Acalymma vittatum F., in butternut squash reduced insecticide
use by 94% inNorth American butternut squash fields (Cavanagh
et al., 2009). Also, trap crops can increase insect diversity and
promote natural enemies (Tiwari et al., 2020). For example, sweet
alyssum, Lobularia maritima, improved predator abundance for
green peach aphid, Myzus persicae, in radish in Nepal (Tiwari
et al., 2020). Some trap crops may enhance pest control by
producing semiochemicals (Shelton and Badenes-Perez, 2006),
making the trap crop more attractive to pests (Khan et al., 2016).
Trap cropping can be improved through various manipulations,
mainly using sex and aggregation pheromones (Hokkanen and
Jokioinen, 1991). Yet, very few trap crop schemes have been
widely adopted (Shelton and Badenes-Perez, 2006). Successful
implementation often depends on the retention of the pest on
the trap crop, the suitability of the system, and a minimal
increase in supplemental management strategies (Holden et al.,
2012; Sharma et al., 2019). A major pest of wheat (Triticum
aestivum L.) known as the wheat stem sawfly (Hymenoptera:
Cephidae: Cephus cinctus Norton), is considered to have life
history attributes, such as low fecundity and a short adult lifespan,
that make it suitable to be managed using trap crops (Morrill
et al., 2001).

Grain-yield loss from the wheat stem sawfly exceeds $350
million annually in the northern Great Plains of North America
(Beres et al., 2011b). Its life cycle makes it particularly difficult
to control using conventional methods. The adult wheat stem
sawfly lay their eggs within the stem of their host, and as the
larvae develop, they consume parenchyma tissue (Ainslie, 1920).
Toward the end of the season, the last instar larva creates a
hibernaculum (stub) by cutting at the base of the stem, causing
the seed head to fall to the ground. Cut stems are difficult
to harvest and are easily blown over (Ainslie, 1920). Current
management methods include biological control and solid stem
genotypes (Delaney et al., 2010; Beres et al., 2011b; Rand et al.,
2012; Peairs et al., 2014). A comprehensive review of wheat
stem sawfly biology and management practices is reported by
Beres et al. (2011b). Previous work dating back to 1922 suggests
trap crops can control wheat stem sawflies (Criddle, 1922). In
particular, winter wheat in Montana is potentially used as a trap
crop for wheat stem sawflies in spring wheat cropping systems
(Morrill et al., 2001; Beres et al., 2009; Buteler et al., 2010). The
early planting of winter wheat attracted wheat stem sawfly adults
from neighboring fallow wheat stubble and served as a sink for
eggs. Later, the trap crop could be harvested or swathed to destroy
larva developing within the stems (Morrill et al., 2001). Studies
suggest stem height, stem solidness, and semiochemicals play a
role in attractiveness and retention rates of winter wheat to wheat
stem sawfly (Morrill et al., 2001; Beres et al., 2009; Buteler et al.,
2010; Buteler and Weaver, 2012). A pheromone found to attract
adult females of wheat stem sawfly could be introduced into trap
strips to improve the attractiveness of trap crops. However, the
two pheromones currently described are not sex discriminant
(Bartelt et al., 2002; Cossé et al., 2002).

Since most wheat grown in Colorado is winter wheat, we
focused on assessing the retention, attractiveness, and host
suitability of winter triticale (x Triticosecale Wittmack), a cross
between wheat and rye (Secale cereale, Will.), as a trap crop
for the wheat stem sawfly in a winter wheat cropping system.
Winter triticale was chosen for this study as it has tall stems, good
grain and forage yield potential, early maturity, and desirable
forage quality (Oettler, 2005; Estrada-Campuzano et al., 2012;
Randhawa et al., 2015), making this plant attractive to wheat
farmers who also feed cattle (Harper et al., 2017; Coblentz et al.,
2018). Previous studies found rye to be a poor host (Criddle,
1922) which may play a part in the effectiveness of triticale as a
trap crop.

In the current study, we evaluated the attractiveness and
retention of wheat and triticale over two years using both cone-
tainer and field experiments. The cone-tainer experiment was
designed to assess three triticale genotypes as suitable hosts for
the wheat stem sawfly compared to a highly attractive winter
wheat genotype. The field experiments included one genotype of
triticale compared to wheat and pheromone traps (Cossé et al.,
2002) to assess if the pheromones could increase attraction and
retention in either wheat or triticale plots.

METHODS

Cone-Tainer Experiment to Test Host
Preference and Performance on Triticale
vs. Wheat
In 2019 and 2020, we compared three winter triticale genotypes;
“NT 05421,” “NT 07403,” and “NE 426GT” to “Avery,” a
winter wheat genotype known to be highly attractive to wheat
stem sawfly [Colorado State University Extension (CSU), 2020]
(Table 1) and was the secondmost popular variety to be grown in
Colorado in 2020 (Pachl et al., 2020). All three triticale genotypes
are grown predominantly for forage. We germinated seeds on
5 x 10mm germination blotter paper (Anchor Paper Co. St.
Paul, MN) with 5ml of tap water. Seeds were kept at an average
temperature of 24◦C for three days. Germinated seeds were then
vernalized by placing them in a cold room and held at 4◦C for
seven weeks. After vernalization, a single seedling was planted in
a cone-tainer (Stuewe & Sons SC10UUV-stabilized cones: 3.8 cm
diameter x 20.9 cm depth, 164ml volume) with a soil mixture of 7
parts soil 2 parts perlite, and a cotton ball at the bottom to prevent
soil loss. Due to changes in our soil distributor, we used Metro
Mix (Sungro, Agawam, MA) in 2019 and 20B/30V (Lambert,
Québec, Canada) in 2020. Both brands used had comparable
compositions of sphagnum peat moss and bark.

Plants were grown in a greenhouse at Colorado State
University with supplemental light [430W HPS (High-Pressure
Sodium) fixtures—P.L. Light Systems, bulbs—GE Lucalox lu400
series, 400W]. The greenhouse had a 16L: 8D photoperiod and
the day: night temperature of 23:18◦C. Plastic trays were placed
under 42 cone-tainers, and all trays were bottom watered as
needed. Germination and planting dates were staggered over
two weeks in 2019 and three weeks in 2020. We did this as
peak sawfly flight is highly variable across years and wanted to
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TABLE 1 | Winter triticale and wheat genotypes used in this study.

Genotype Cone-tainer stem diameters (mm) Pedigree References

NT 05421 3.43 ± 1.30 Complex cross involving NE422T Baenziger et al., 2017

NT 07403 2.98 ± 0.56 NE98T424/FLOOD//NT00418 Baenziger et al., 2017

NE 426GT 2.97 ± 0.46 WB-UW24/TxTd#50//Fain

Triticale/Centurk

78/NE69150/Jenkins X Unknown

Baenziger et al., 2005

Avery 2.66 ± 0.94 TAM 112/Byrd Haley et al., 2018

Snowmass Not in cone-tainer study KS96HW94//“Trego”/CO960293 Haley et al., 2011

ensure uniform maturity of plants. In each tray, cone-tainers of
triticale were planted in alternating rows to Avery, and trays were
placed randomly in the greenhouse. One genotype of triticale was
planted per tray. Plants were fertilized once a week, beginning
one week after initial planting, with 300ml 15-16-17 Peters
General Purpose Fertilizer (J. R. Peters, Allentown, PA) at 296
ppm in an aqueous solution. To promote primary stem growth,
we cut and removed secondary tillers leaving only the primary
tiller. This was conducted 10 days before infestation so plants
could recover from injury. In 2019, once plants started to tiller,
tillers were cut twice two weeks apart. In 2020, we cut tillers once,
three weeks after planting.

Wheat Stem Sawfly Infestation and Data
Collection
We transported wheat plants to the field for infestation once
plants reached Zadoks growth stage 32–75 (Zadoks et al., 1974).
The wheat stem sawfly requires a stem for larval development;
hence we considered Zadoks 32 (when two to three nodes were
visible) to Zadoks 75 (ripening of kernels) as the appropriate
stages for oviposition (Criddle, 1923). This range was chosen
due to large varietal differences in maturity. We only brought
plants out on calm sunny days, conditions favorable for adult
sawfly activity. We measured infestation pressure by sweeping
100 times using 180-degree pendulum sweeps with a standard
38 cm diameter sweep net. All infestations occurred on a field
of infested wheat stubble bordering growing wheat at Wickstrom
Farms, near Orchard, CO. Trays were placed 10meters apart, and
trays were set 5 meters apart within rows.

In 2019, cone-tainer trays of a single planting date were placed
in the field for 24 h on May 24 and for 1 h 30min on May 30.
In 2020, trays were placed in the field for 2 h on May 22 and
June 5 and for 4 h on May 29. Exposure times were variable
based on variable adult infestation pressures and accounted for
during statistical analysis. Plants in each round of exposure were
from the same planting date. All exposures started at 9 a.m.
Before plants were brought back to the greenhouse, sawfly adults
were removed, and plants left outside for 2–3 h and checked
again to ensure no foraging females were brought inside. Once
we brought the trays back to the lab, half of the plants were
dissected to examine stems for eggs, while the other half remained
in the greenhouse to allow larvae to mature. While examining
stems for eggs, we recorded stem diameter using a digital caliper
(Pittsburgh, Model 47257) by measuring the first visible node’s

width, the stem’s maturity on the Zadoks scale, and the number
of eggs present.

Thirty days after infestation, the remaining stems were
dissected to assess wheat stem sawfly presence. All stems were
examined on the same day. We considered a stem infested if
there were frass and/or larvae present in the stem. If larvae were
present, they were weighed, and pictures of the head capsule were
taken. Using ImageJ (Rueden et al., 2017), the length of the head
capsule was measured. Body measurements were recorded as a
proxy to compare growth and development among genotypes, as
suggested by Kumar and Venkatesan (2019). We noted if stems
had been cut to form hibernaculum chambers. Assessing whether
a stem was cut or not enables us to determine the development
time of the larvae when compared to other genotypes since the
creation of a hibernaculum occurs during the last larval instar
(Ainslie, 1920). In 2019, we only dissected plants with more than
one visible node. To collect more precise measurements on stem
development in 2020, we recorded the Zadoks growth stage of
the stem during dissections.We only considered plants at Zadoks
growth stages higher than 32 (plants with more than two nodes)
for further analysis. If there were multiple stems in a cone-tainer
we dissected the oldest stem based on the Zadoks growth stage.

Statistical Analysis for Cone-Tainer Plants
Analysis of data was conducted using R (R Core Team, 2019,
Version 3.6.2) and R packages lme4 (Bates et al., 2015), ggplot2
(Wickham, 2016), and emmeans (Lenth, 2022). We used a linear
mixed model with the infestation date as a random effect and
year, Zadoks growth stage, genotype, and stem diameter as fixed
effects to analyze the number of eggs within a stem. We included
year, Zadoks growth stage, and stem diameter in the model,
all known confounding variables for oviposition rates. Analysis
of stem diameters was conducted using a linear model with
genotype and year as independent variables.

We classified stem infestation data as binomial. To do so we
categorized stems as being infested or not infested when frass
was present or not. This is based on the life history of the wheat
stem sawfly where often only one larva can survive to maturity
per stem (Ainslie, 1920) and was also the case in the collected
data. The proportion of stems infested was calculated as the
number of infested stems divided by the total number of stems
sampled. Using a generalized linear mixed model (GLMM), these
data were evaluated with a binomial error distribution and a
logit link function. In the GLMM model, infestation date was a
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random effect, and genotype was a fixed effect. We also analyzed
the number of stems where a hibernaculum (stub) was formed.
The number of stubs per genotype was also analyzed using a
generalized linear model with a binomial error distribution and
a logit link function with genotype and year as independent
variables. Larval head length and weight were analyzed using a
linear mixed model with infestation date as a random effect and
genotype as a fixed effect.

Field Experiment to Test Effects of Planting
a Triticale Trap Crop on Wheat Infestation
A winter wheat field bordering a heavily infested wheat stubble
field near Orchard, CO was chosen for this experiment in 2019
and 2020. Fields in 2019 and 2020, were different but <2 km
apart. Plots were planted at 67.25 kilograms/hectare of seed with
a 25 cm row spacing along one edge border of the focal crop next
to a wheat fallow field (Figure 1). No insecticides were applied
to the field in both years. The treatments were winter wheat
“Snowmass,” or winter triticale NT 05421. Snowmass was also the
cultivar planted in the main field. Two treatments were planted
in a Randomized Complete Block Design, replicated 12 times,
so each block contained two plots of each treatment. Plots were
1/26 the length of the field edge (31m each) to allow for a buffer
plot to be planted on either end (24 plots + 2 buffer plots). In
2019, only we placed pheromone traps in half of the winter wheat
and triticale plots. We used a single pheromone lure consisting
of 9-acetyloxynonanal (Chemtica, San Jose, Costa Rica). This
pheromone is considered attractive to wheat stem sawfly (Cossé
et al., 2002).

Plots were visited weekly to accomplish the following in 2019
and 2020: (1) 10 sweeps using 180-degree pendulum sweeps
with a standard 38 cm diameter sweep net were taken from
the center of each plot to determine in-plot wheat stem sawfly
abundance and (2) 10 tillers were taken from the middle of each
plot and dissected to determine larval position over time. In
2019, pheromones were placed at the height of 1m on a Rebell R©
sticky trap (Andermatt Biocontrol Suisse AG, Grossdietwil,
Switzerland) in the center of the plots with pheromone treatment.
Pheromones and sticky traps were replaced weekly. The sticky
trap and pheromone portion of the study were not continued in
2020, since adult sawfly captured in traps, despite being present
for a week, was often only a fraction caught in the sweep samples
in a single day. Processing of the sticky traps was also more
time consuming than sweep trap samples. Additionally, there
were no statistical differences between plots with pheromones
present and not present. The larval position was calculated by
measuring the larval distance from root crown. On sample date
5/22/2020, 100 sweeps were conducted per plot so sweep totals
were divided by 10. The collaborating farmer swathed plots on
(6/26/2019, 6/15/2020) at the height of 15–20 cm. Then 100wheat
stems were collected from the remaining stubble in each plot
approximately onemonth later (7/20/2019, 7/20/2020) from each
plot. To determine the final infestation levels, we dissected stems
to look for signs of infestation, as described above. To determine
infestation of the main crop we collected and dissected 100

FIGURE 1 | Field plot design in 2019, showing blocks 1 and 2 as examples.

We had a total of 12 replications and two buffer plots. Plots were 31m each.

In 2020 pheromone was not added to plots but field design was otherwise

unchanged.

stems of stubble from the main field wheat adjacent to the plots
(9/11/2019, 9/21/2020).

Statistical Analysis for Field Experiment
We conducted separate analyses for 2019 and 2020, as the
experimental design included a pheromone in 2019 but not
in 2020. We used a linear model with crop type (wheat or
triticale) and date sampled as independent variables for sweep net
data and larval position. To examine the effects of pheromone
presence on sweep samples, we used a linear model with
treatment and date sampled as independent variables and the
number of adults caught in sweeps as dependent variables. To
analyze infestation of the plots and main field wheat adjacent
plots we used a linear model with crop type and with or
without pheromone treatment in 2019 and crop type in 2020 as
independent variables.

RESULTS

Cone-Tainer Experiment
Triticale varieties NT 07403, NE 426GT, and NT 05421 had larger
stem diameters than Avery. The average stem diameter in 2019
and 2020 for the genotypes tested are presented in Table 1. There
were differences in stem diameters between genotypes [F(3,425) =
20.867, P = < 0.0001]. NT 05421 had the largest stem diameter
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FIGURE 2 | Effects of triticale genotypes and wheat on the number of wheat

stem sawfly eggs found stems. Sample size is represented by the numbers

beneath each boxplot (total stems cut). The boxes represent the 25th and

75th percentiles; the horizontal line in each box indicates the median. The

whiskers signify maximum and minimum values and circles indicate outliers.

Letters indicate significant pairwise differences (P < 0.05, Tukey HSD

corrected post hoc test). Pairwise comparisons and estimated marginal

means, provided in Supplementary Figure 1.

when compared to the other genotypes tested (NT 07403: P =

0.001, NE 426GT: P = <0.047, Avery: P = <0.0001). Avery stem
diameters were smaller than all triticale genotypes (NT 07403,
NE 426GT, NT 05421: P = < 0.0001). NT 07403 and NE 426GT
stem diameters were similar (P = 0.699). NE 426GT had more
eggs inside stems than NT 07403 (P = 0.0126) (Figure 2). NT
07403, NE 426GT,NT 05421, andAvery did not have different egg
counts (Figure 2). Pairwise comparisons and estimated marginal
means, provided in Supplementary Figure 1.

The number of adult sawflies found in sweep nets for each
infestation date varied across dates. In 2019, 767 sawflies were
captured on May 24 and 1,148 on May 30. In 2020, we collected
145 sawflies on May 22, 54 sawflies on May 29, and 4 sawflies on
June 5.

Avery stems had the highest probability of infestation, higher
than NT 0521 (P = < 0.0001) and NE 42GT (P = < 0.0001).
Avery had a similar probability of infestation when compared to
NT 07403 (P = 0.933) (Figure 3A). Avery stems had the highest
probability of being cut when compared with NT 7403 (P =

0.010). No other genotypes differed in the number of stems cut
(Figure 3B).

Larvae in NT 05421 had larger head capsule lengths and
body weights than Avery (head: P = < 0.0001, weight P =

0.019) and NT 07403 (P = 0.026, P = 0.047) (Figures 3C,D).
Pairwise comparisons and estimated marginal means, provided
in Supplementary Figure 2.

Field Experiment
In 2019, adult abundance in plots with and without pheromones
was similar [F(125) = 0.018, P = 0.892]. More wheat stem sawfly
adults were caught in sweeps in wheat plots than triticale plots on

all dates in 2019 (P = 0.003) and 2020 (P = < 0.001) (Figure 4).
In 2019 and 2020, larval positions were similar in triticale and
wheat stems. However, in 2019, larvae were higher in position
in triticale and wheat when sampled on July 16th compared
to July 10th (P = 0.039) (Figure 5). In 2020, larvae were in a
higher position in the stem on May 29th than on July 5th (P
= 0.003) or July 11th (P = 0.003) for both triticale and wheat
(Figure 5).

Stubble infestations in wheat and triticale plots were similar in
both years [2019: F(1,21) = 0.334, P= 0.569, 2020: F(1,22) = 0.744,
P = 0.397]. In 2019, the presence of pheromone traps did not
affect infestation rates [F(1,21) = 2.079, P= 0.164]. The infestation
rates of the wheat adjacent to either crop was similar in both
years [2019: F(1,21) = 1.403, P = 0.249, 2020: F(1,22) = 4.013, P
= 0.0576] (Figure 6).

DISCUSSION

The winter triticale genotypes were as attractive as the winter
wheat based on cone-tainer and field studies. Over the two
years of this experiment, the field and greenhouse-reared plants
were exposed to differing pest abundance. Still, infestation in
triticale was consistently similar to that observed in Avery in
the cone-tainer study and Snowmass in the field. There were
slight differences in wheat stem sawfly attraction when looking
at eggs laid to the three triticale genotypes in the cone-tainer
study, which suggest usingmore attractive triticale varieties could
improve the effectiveness of trap cropping, particularly when
combinedwith less attractive wheat cultivars. Further exploration
into using attractive triticale genotypes paired with less attractive
wheat genotypes could potentially find triticale useful in a push-
pull system.

Early studies in wheat stem sawfly trap crops found smooth
brome, Bromus inermis, and fall rye, Secale cereale, could be
effective for management (Criddle, 1922). Smooth brome was
found to mature earlier than spring and winter wheat and have
low larval survival and higher parasitism rates. Similarly, fall rye
was harvested early in the summer, killing larvae before stubs
could be formed (Criddle, 1922).

More recent studies suggest using certain winter wheat
cultivars can be effective trap crops to spring wheat due to
earlier maturities and taller stems (Morrill et al., 2001; Buteler
et al., 2009; Weaver et al., 2009; Buteler and Weaver, 2012).
For example, the spring wheat variety Reeder was preferred for
oviposition over Conan during choice tests which may be due to
greater amounts of attractive chemicals being emitted (Weaver
et al., 2009). Our study found more adult sawflies in sweeps on
wheat plots compared to triticale, whichmight suggest Snowmass
is more attractive to sawflies than NT 05421 in the field. The
addition of the sawfly pheromone did not have any effect on the
number of adults captured. Attractiveness may have differed, but
infestations of stubble collected in plots and adjacent wheat did
not differ between wheat and triticale. Previous work examining
winter wheat trap strip widths of 3, 6, 10m and 0.6 km in length
found no relation between wheat stem sawfly infestation and
width of trap strip (Morrill et al., 2001).
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FIGURE 3 | (A) Effects of triticale genotypes and wheat on the proportion of stems infested with wheat stem sawfly, (B) on the proportion of stems that contained

frass and were cut by the wheat stem sawfly, (C) on wheat stem sawfly larval weight, (D) on wheat stem sawfly larval head capsule length. N is represented by the

numbers beneath each boxplot (total stems cut). Letters indicate significant pairwise differences (P < 0.05, Tukey HSD corrected post hoc test). Pairwise comparisons

and estimated marginal means, provided in Supplementary Figure 1.

In the cone-tainer experiment, we found sawfly larvae were
much larger when developing in triticale stems when compared
to wheat. Using the cone-tainer method, we could directly
compare larvae on each planting date as we knew the exact date
of infestation. Since we measured all stems for infestation on the
same day, we couldmeasure which larva in each genotype created
stubs or not. We found more stubs in Avery than in NT 0743,
suggesting differences in larval maturity. This is unlikely due to
stem maturity as all uncut stems of both Avery and NT 0743 had
an average Zadok’s growth stage of 75. Slower larval maturity
could be helpful when considering the timing of swathing to
destroy larval populations, possibly due to larger stem diameters.

Swathing has long been proposed as a method of control
for wheat stem sawfly (Holmes and Peterson, 1965; Wallace
and McNeal, 1966; Holmes, 1978). However, swathing is more
expensive, labor-intensive and should only be used when a crop
is heavily infested (Nansen et al., 2005; Beres et al., 2011a). Thus,
it is often suggested to swath only field perimeters since the

highest infestations occur at field edges (Weaver et al., 2005).
We observed the average larval position moving up and down
throughout the growing season in the field experiment. Often
sawfly larvae are thought to only move toward the base of the
stem during development (Ainslie, 1920). The average position
in the stem varied between years in both wheat and triticale
plots. We also saw much lower infestation rates in the adjacent
wheat plots in 2020 than in 2019. In 2020, the experimental
field was swathed earlier in the season than in 2019, which may
have removed larvae higher up in stems. Timing of swathing
has been shown to affect sawfly survival, and the yield trade-off
is the loss to wheat stem sawfly or early swathing (Holmes and
Peterson, 1965). However, since triticale is often used for forage
early swathing may be less deterring for farmers.

A recent review on using trap crops for cereal crop
management suggests lack of adoption may be due to increased
management inputs, cost efficiency, and lack of trap crops that
can meet broad-acre cereal crop production (Sharma et al.,
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FIGURE 4 | Number of adult wheat stem sawfly caught in 10 sweeps in triticale and wheat plots during the 2019 and 2020 trap crop field trial. Points represent adults

caught in plots.

FIGURE 5 | Changes in wheat stem sawfly larval position from the roots across dates and type of crop (wheat or triticale). Boxplots showing average larval position in

the stem during collection dates in 2019 and 2020.

2019). While triticale is a suitable host for the wheat stem sawfly,
the combinations of genotypes chosen for this study would not
comprise an effective trap crop system for wheat stem sawfly.
Triticale’s desirable forage yield and quality could still be helpful
for farms also growing forage when field edges are swathed
(Oettler, 2005; Estrada-Campuzano et al., 2012; Randhawa et al.,

2015). Genotype selection will play an essential role in creating an
effective wheat-triticale push-pull trap cropping system. Based on
our results, an effective triticale trap crop used for forage would
have a large stem diameter, similar maturity to the main crop at
adult sawfly flight, high infestation, slow larval development, and
reducing cutting. The main crop should be planted with a solid
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FIGURE 6 | Differences in the number of infested stems between trial plots and adjacent wheat for 2019 and 2020.

stem genotype or a genotype known to be less attractive than the
triticale variety. Future research should examine combinations
of triticale and wheat genotypes for their effectiveness
as trap crops.
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