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Abstract
Given the multiple possible mechanisms for interspecific chemical interaction between adjacent
heterospecific plants, phytochemical defenses of pest-susceptible crop species could potentially be
enhanced or altered by intercropping with phytochemically diverse neighbors. We assessed the influence
of intercropping between phytochemically diverse plants on aerial volatile organic compound (VOC)
emission profiles by intercropping Melilotus alba and Triticum aestivum with Silphium integrifolium in
AMF-inoculated soil. We also assessed the impact of intercropping on induced plant defenses by
conducting an in-situ, no-choice bioassay with Spodoptera frugiperda. Of eight compound classes we
identified across the three plant species, prenol lipids (terpenoids) were upregulated in silflower plants
when monocropped with wheat and when herbivory was induced. Carboxylic acids and organooxygen
compounds were reduced in sweetclover when intercropped with silflower, but increased under
herbivory. Uninfested wheat plants emitted more organooxygen compounds and fatty acyls than infested
plants when intercropped with silflower, but not when monocropped. This study showed that VOC
emissions of plants from three diverse taxa are altered by both intercropping and herbivory in ways that
may impact their resistance to insect herbivory. Further research into the role of intercropping on pest
resistance in agroecological systems could help farmers to design intercropping systems that optimize
natural plant herbivory defenses, thus improving agricultural sustainability.

Introduction
Plants produce an incredibly diverse array of secondary metabolites (phytochemicals) that influence
insect communities (repelling herbivores, alerting predators, attracting pollinators, and other roles)
(Salazar et al. 2018; Kessler and Kalske 2018; Wetzel and Whitehead 2020; Paul et al. 2021). Since insect
herbivore success is affected by both alpha (within plant) and beta (between plant) diversity, the
chemical composition within individual plants and between neighbors should impact pest dynamics in
the field (Wetzel and Whitehead 2020; Glassmire et al. 2020). Plant-plant communication can happen
above- and belowground but chemical diversity and plant-plant interactions are complex and difficult to
predict (Glinwood et al. 2011; Babikova et al. 2013; Ninkovic et al. 2013; Jing et al. 2021). Deciphering
the chemical mechanisms behind plant-plant and plant-insect interactions can help develop
intercropping arrangements that maintain crop productivity while minimizing inputs (e.g., pesticides) in
modern agroecological systems (Silva et al. 2018).

The complexity of phytochemical expression in diverse agricultural landscapes is likely a key mechanism
driving reduced pest pressure, and thus less insecticide application, compared to simplified monoculture
landscapes (Bianchi et al. 2006; Haddad et al. 2009; Meehan et al. 2011; Silva et al. 2018; He et al. 2019;
Paredes et al. 2021). Within-species communication is well-described in multiple contexts, with direct
routes of access to physiological effects on neighbors (Kost and Heil 2008, Babikova et al. 2013, Moreira
and Abdala-Roberts 2019). For example, when exposed to the odors released by beetle-damaged lima
bean shoots, undamaged conspecifics expressed more defensive molecules to reduce herbivory, while
also increasing extrafloral nectar production to attract natural enemies (Heil 2004; Kost and Heil 2008).
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While much is known about defensive priming by conspecifics, less is understood about heterospecific
communication and consequent impacts on herbivore defense (but see Karban et al. 2000; Himanen et
al. 2010). This is likely due to the complex and context-specific nature of these interactions.

Neighborhood dynamics are important to consider when developing agroecological systems that are
optimized for defensive phytochemical production (Jing et al. 2021). Focusing on the commonalities
and/or distinctions between diverse plant chemistries could provide new directions for assessing
functional potential of different species, facilitating the selection of beneficial plant pairings. While every
plant species produces a unique phytochemical array, the molecules are composed of common subunits
that emerge from related biosynthetic pathways (Dudareva et al. 2004; Pichersky et al. 2006; Noushahi
et al. 2022). The molecules that volatilize from plant tissue link them to external elements of their
ecology and can be potent in their effect (Dicke 2000; Meiners 2015; Dyer et al. 2018; Hartmann 2004).
For instance, push-pull systems use a chemically repellant intercrop (such as Desmodium spp.) to “push”
pest insects away from the cash crop, while a more chemically attractive host species is planted nearby
to “pull” in the pests for mechanical elimination (Cook et al. 2007; Pickett et al. 2014; Ben-Issa et al.
2017). Another tactic is intercropping cash crops with plants that chemically attract natural enemies
(Ben-Issa et al. 2017).

Although phytochemically-mediated interactions tend to be species-specific and vary according to many
diverse conditions, different functional categories may have predictive value for the quality of interaction
(DeHaan et al. 2010; Stratton et al. 2019; Whitehead et al. 2021; Zhang et al. 2021). As these shared
chemistries are understood, they can be used to regulate external factors that may influence plant
success (e.g. increasing the concentration/diversity of semiochemicals to modify pest insect behavior).
Adding layers of biological and chemical information to polyculture compatibility trials paves a new
direction for a generalizable understanding of functions that plants may contribute in an agroecological
context. Furthermore, this type of comparative framing provides a broader synthesis of the basic
ecological relationships that emerged across the evolutionary history of land plants.

In this study, we tested phytochemical responses to intercropping and herbivory of three major
herbaceous crop families: asters (Asteraceae), legumes (Fabaceae), and grasses (Poaceae). Silphium
integrifolium (silflower; Asteraceae) is a North American grassland plant that is being bred as a novel
perennial oilseed, cattle forage, and honey crop (Vilela et al. 2020; Schiffner et al. 2021). Compared to
annual sunflower (Helianthus annuus), silflower has high resistance to generalist insect herbivores, likely
due to its complex suite of defensive phytochemical compounds (Fiedler and Landis 2007; Kowalska et
al. 2020). As a perennial prairie plant (Cassetta et al. 2023), it is also adapted to growing alongside
multiple grass and legume species. White sweetclover (Melilotus albus, Fabaceae) and wheat (Triticum
aestivum, Poeaceae), are forage and grain crops, respectively, that commonly grow in the same regions
(Tilley et al. 2008, Zabala et al. 2018, Singh et al. 2023). We predicted that the volatile profiles of
individual species would differ based on the species of their companion plant, and these differences
would be more pronounced when each species was challenged by an herbivore. Specifically, we
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expected qualitative and quantitative increases in defense compounds with diverse plantings
experiencing herbivory.

Methods And Materials

Experimental design
A greenhouse biculture experiment was designed to test the effect of intercropping on phytochemistries
of the three species. In preliminary studies (unpublished data), neither wheat nor sweetclover
demonstrated competitive growth interactions when planted in biculture with silflower. The inclusion of
an aster (silflower), a legume (sweetclover), and a grain-producing grass (wheat) covers key
agriculturally relevant taxa.

Silflower seeds were selected from an open-pollinated breeding population at The Land Institute, Salina,
KS. White sweetclover seed was purchased from Outsidepride Seed Source, LLC (Independence, OR).
Wheat seed (spring hard red variety) was purchased from True Leaf Market Seed Company (Salt Lake
City, Utah). Each plant was grown from seed in individual peat moss pots. On 7 April 2021, silflower was
treated with 10% bleach and 2-week cold (5°C) stratification prior to planting (Reinert et al. 2018). On 4
May 2021, white sweetclover was treated with 5-days in a dry oven at 60°C prior to planting (Gucker
2009). On 12 May 2021, spring wheat was directly seeded without additional treatment.

On 24 May 2021, seedlings with 1–2 true leaves were transplanted into oval polypropylene plastic pots
(20 cm × 40 cm × 15 cm) (HC Wholesale Plant Containers, Twinsburg, OH). The pots were filled with Pro-
Mix® BX Biofungicide + Mycorrhizae™ potting soil mix (Premier Tech Horticulture, Quakertown, PA). Each
plant was placed approximately 20 cm apart within the pot. 15 mL of MycoBloom® mycorrhizae
inoculum was added to each transplanting hole to ensure AMF establishment (Mycobloom, Lawrence,
KS). Two Osmocote Plus® fertilizer pellets (11-8-15 NPK) were added to the pots—one for each plant—
on the side farthest from the companion plant. Plants were then grown in greenhouse conditions
(23.8°C, 16:8 light:dark cycle) and watered daily for seven weeks. In total, there were 25 pots of each
biculture treatment (silflower-wheat, and silflower-sweetclover) and 15 pots of each of the three
monoculture treatments (silflower-silflower, wheat-wheat, and sweetclover-sweetclover). Pots from each
treatment were equally divided and arranged in a randomized block design with 5 blocks. Plants were
treated following basic greenhouse pest control procedures using soil nematodes for fungus gnats and
Aria® (flonicamid) for thrips (FMC Corporation, Philadelphia, PA), but otherwise were not exposed to
chemical treatments.

Data collection
After 6 weeks, volatile chemical emissions (VOCs) were collected from two randomly selected plants of
each species by treatment combination. One week later, an in-situ bioassay was performed with
Spodoptera frugiperda larvae (fall armyworm) to test constitutive defense of individual plants by
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cropping treatment. At the time of the bioassay, all sweetclover plants were flowering, but no wheat or
silflower plants were.

Fall armyworm was chosen for the herbivory treatment because it is a major generalist pest of multiple
field crops, including both grasses and legumes (Overton et al. 2021), and it will also feed on Silphium
integrifolium (Peterson et al. 2022). Second instar S. frugiperda were purchased from Frontier Scientific
Service Agriculture (Newark, DE). Larvae of approximately the same size were paired and weighed prior
to placement on randomly selected plants.

For the bioassay, pots were randomly selected (15 of each biculture treatment and 7 of each
monoculture treatment) and both plants in each selected pot were infested. On 13 July 2021, two S.
frugiperda larvae were placed on 15 plants of each species in biculture and 14 plants of each species in
monoculture. Larvae were contained using plastic mesh bags (37.5 cm × 23 cm) tied at the base of each
plant. Mesh bags were also placed on the remaining uninfested plants as a control. After four days, fall
armyworm larvae were removed. On 18 July 2021, one day after the larvae were removed, VOCs were
collected from two infested and two uninfested plants of each species and treatment combination.

For each plant, VOCs were collected from the headspace using custom field aeration kits for 2-hour
intervals. Plants were sealed in non-reactive polyethylene terephthalate (PET) bags (24 cm × 33 cm)
attached to glass-plastic tubes filled with polydivinylbenzene adsorbent. Tubes were stored in aluminum
foil at -80°C until they were eluted with 500 µL of dichloromethane and purged with inert helium gas.
Eluted samples were stored at -80°C in 2 mL glass vials with 250-µL glass inserts with polymer feet. A
total of 2 µL (381 ng) of tetradecane internal standard was added to 200 µL subsamples of each sample
prior to gas chromatography coupled with mass spectrometry (GC-MS) analysis.

To test for the presence of any growth-defense tradeoffs (Monson et al. 2022) due to interspecific
competition, all plants were destructively harvested on 19 July 2021 for aboveground biomass. Biomass
was dried at 6.7°C and 9% relative humidity for 2 weeks and then weighed.

Chemical identification and classification
GC-MS analysis was performed on an Agilent 7890B gas chromatograph (GC) (Agilent Technologies,
Inc., Santa Clara, CA, USA) equipped with an Agilent Durabond HP-5 column (30 m length, 0.250 mm
diameter and 0.25 µm film thickness) with helium as carrier gas at a constant 1.2 mL/min flow and 40
cm/s velocity, which was coupled with a single-quadrupole Agilent 5977B mass spectrometer (MS)
(after Van Winkle et al. 2022). Samples were injected with an autosampler in splitless mode. The
compounds were separated by auto-injecting 1 µl of each sample in the inlet at 250°C, with a clean cycle
of 1 µL dichloromethane, methanol, and sample in between. The oven temperature was programmed at
40°C for 1 min followed by 10°C/min increase to 300°C and then held for 26.5 min. After a solvent delay
of 4 min, mass ranges between 50 and 550 atomic mass units were scanned. Top hits for all peaks were
identified using Agilent’s Unknowns Analysis software matching with the NIST2020 mass spec library
through deconvolution.
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Top hits from NIST library matches (at 70% match factor or higher) were extracted from samples using
the R package “uafR” (Stratton et al. 2024). Relevant compounds were selected by running all tentatively
identified molecules through categorate() with a custom library that structurally matched for common
plant chemistries (e.g. terpenes, phenylpropanoids, benzenoids, flavonoids, and green leafy volatiles,
Supplemental Table 1). Known contaminants were also removed using output from this function.
Chemical component areas for optimal compound identifications were then extracted from the samples
using exactoThese() and mzExacto() then standardized relative to the internal standard (tetradecane)
using standardifyIt() with default settings.

From the raw GC-MS data, we removed any chemicals that were found in fewer than 20% of all samples,
or fewer than 30% of samples from at least one plant species. Since the number of chemicals after this
reduction – 50 compounds – exceeded the number of VOC samples collected (n = 43), The abundances
of the remaining 50 chemicals were then summed by structural chemical class using the web-based
application ClassyFire (http://classyfire.wishartlab.com/). Forty-six of the compounds were assigned to
seven chemical classes, while the remaining four compounds were combined into an eighth group
(“Other”).

Statistical analyses
All statistical analyses were done using SAS Statistical Software. The abundances of each of eight
chemical classes were ln + 1 transformed to meet the assumption of normality, then analyzed using
Principal Component Analysis (PROC FACTOR). The first two chemical PCs were then analyzed for each
plant species using MANOVAs (PROC GLM), with the two chemical PCs as the dependent factors, and
treatment, infestation, and the treatment × infestation interaction as fixed, independent factors. We also
conducted ANOVAs on every chemical class for each plant species (PROC GLM), testing the fixed
effects of treatment, infestation, and the treatment × infestation interaction on ln + 1 compound class
abundance. Significant main effects or interactions were then further tested by calculating pairwise
comparisons of least square means with a Tukey-Kramer adjustment (LSMEANS statement).

Aboveground dry biomass was analyzed for each species using two-way ANOVAs (PROC GLM), with
plant species, herbivory treatment (presence vs. absence) and cropping treatment (monocrop vs.
intercrop(s)) as fixed, categorical independent variables. Assumptions were tested using Shapiro-Wilks
test for normality and visual plots for homoscedasticity of residuals. Post-hoc pairwise comparisons
with a Tukey adjustment were conducted on significant effects/interactions.

Results
The uafR workflow identified 50 unique compounds from the VOC samples of each species (Table 1).
The first two principal components (PCs) of the PCA of these 50 compounds, summed by chemical
class, captured a cumulative 49.12% of the variance in the data (PC1 = 27.55%, PC2 = 21.57%). All
compound classes except benzenes loaded significantly and positively on PC1.  On PC2, benzenes and
unsaturated hydrocarbons were positively loaded while fatty acyls were negatively loaded (Figure 1). 
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            The MANOVA on PCs 1 and 2 found no significant main effects or interaction effect on silflower
(Table 2, Supplementary Table 1A). Sweetclover showed significant main effects of cropping and
herbivory treatments, with greater PC1 values (but not PC2) in plants that were monocropped vs.
intercropped, and plants exposed to herbivory vs. pre-herbivory or control plants (Table 2, Supplementary
Table 1B).    Wheat had a significant cropping by herbivory interaction, in that intercropped control plants
had higher PC1 (but not PC2) values than monocropped control plants or intercropped plants prior to
herbivory (Table 2, Supplementary Table 1B).  

These ANOVAs of individual compound classes in silflower showed an increase in only

the prenol lipids (terpenoids) in response to intercropping with wheat (Figure 2A) and herbivory (Figure
2B), but no interaction between these main effects (Table 3E). In sweetclover, multiple chemical classes
shifted in response to both cropping and collection time. These include carboxylics, organooxygens,
saturated hydrocarbons, and the 4 compounds grouped into “other” (Table 3B, D, F, H). When
intercropped with silflower, sweetclover experienced a dampening in these compound classes (Figure
3A), but the same compound classes increased when challenged by fall armyworm (Figure 3B). Wheat
experienced a more complicated alteration in chemical profiles with significant interaction effects in
fatty acyls and organooxygens (Table 3 C, D). Fatty acyls were significantly higher in monocropped
wheat plants before compared with after herbivory, but in intercropped plants fatty acyl levels were low
both prior to and after herbivory (Figure 4).  Organooxygens did not differ among monocropped
treatments, but in intercropped plants they were more abundant in the control plants than in the plants
exposed to herbivory, both before and after those plants were exposed (Figure 4).

            Silflower biomass was not affected by any cropping or herbivory treatment, nor the interaction
thereof (Table 4, Figure 5A). In sweetclover, herbivory only reduced biomass when it was intercropped
with silflower (Table 4, Figure 5B).  Wheat had increased biomass when intercropped with silflower and
decreased biomass when exposed to herbivory, but there was no interaction between these two factors
(Table 4, Figure 5C).

Discussion
Phytochemistry is a complex and diverse trait, with unique quantitative and/or qualitative attributes for
every plant species. Though the total profile is unique for each plant, similar classes/functional
groupings have emerged that generalize phytochemical constituents. Using these functional groups
allows comparisons of high-dimensional chemical data to occur in an ecologically relevant context. Our
chemical data were described by 7 functional groups: benzene (and derivatives), carboxylic acids (and
derivatives), fatty acyls, organooxygen compounds, prenol lipids (terpenoids), saturated hydrocarbons,
unsaturated hydrocarbons, and “other” for 4 unclassified compounds. These groups broadly describe
common patterns in phytochemical expression, allowing their shifts in different species to be compared.
Our results showed that different chemical classes (and hence different biosynthetic pathways) can be
altered by neighboring heterospecifics, but which compound classes are altered is species-dependent.
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All the identified compound classes assessed in this study are both common in plants and relevant to
plant defense. Benzene derivatives are often upregulated when plants are under stress (Misztal et al.
2015). Carboxylic acid derivatives can have major physicochemical and biological properties, acting as
potent antioxidant, antimicrobial, and/or cytotoxic compounds (Godlewska-Żyłkiewicz et al. 2020). Fatty
acyls are used for many cellular, physiological, and defensive roles, including membrane storage and
surface lipids or the production of metabolites involved in signaling or defense (Kalinger et al. 2020).
Organooxygen compounds include carbohydrates and can have antioxidant, anti-tumor, and anti-
inflammatory effects (Zhou et al. 2022). Prenol lipids (terpenoids) are exceptionally diverse with varied
biological activities including those for direct plant defense and attracting beneficial insects (e.g.
pollinators and natural enemies) (Singh, 2015). Hydrocarbons (saturated and unsaturated) are
commonly found as a protective barrier on leaves (Teoh, 2015).

Since both the biomass and phytochemical responses to intercropping and herbivory treatments were
species-dependent, we will examine each species’ responses separately.

Silphium integrifolium
In silflower, the quantity of prenol lipids (terpenoids) emitted from the leaves changed in response to
both intercrop treatment and herbivore challenge. Silflower growing in biculture with wheat expressed a
greater volume of terpenoids than silflower grown in monoculture and silflower grown in biculture with
sweetclover expressed an intermediate amount of terpenoids. The lack of an interaction effect between
the intercropping and herbivory treatments suggests that intercropping increases only silflower
constitutive defenses. Notably, this increase in constitutive defenses did not appear to compromise the
induced defenses of the intercropped plants.

The exact agroecological impact of these differences likely depends on the species of herbivores and
natural predators in the local community because of the diverse interactions terpenes mediate. Other
studies show some of the terpenes identified in this analysis have biological effects on S. frugiperda or
other Spodoptera spp. Eucalyptol and α-pinene are feeding deterrents for 2nd larval instar Spodoptera
littoralis on artificial diet (Abdelgaleil et al. 2020). Abdelgaleil et al. also showed eucalyptol suppresses
larval growth and increases larval mortality of S. littoralis. Similarly, γ-terpinene was shown to reduce the
growth of 3rd instar S. littoralis in a study of Origanum vulgare essential oil terpenes (Agliassa and
Maffei 2018). Because prenol lipids have defensive properties, our data suggest that silflower growing in
the presence of wheat, but not sweetclover, may be better phytochemically defended from potential
pests.

Aboveground biomass results did not indicate any tradeoff between growth and chemical defense in
silflower. Interestingly, there was also no measurable effect of herbivory on silflower biomass. While fall
armyworm can be induced to feed on silflower in laboratory studies, in the field only its close relative
Spodoptera ornithogalli has been recorded on this species (Prasifka et al. 2017). Feeding by fall
armyworm may therefore have been reduced on this plant, only sufficing to induce a phytochemical
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defense response. Future studies should consider using an alternative pest species or increase the
number S. frugiperda or how long they feed, to better test whether silflower exhibits any tradeoff
between growth and phytochemical defense.

Melilotus alba
Sweetclover also expressed different volumes of VOCs in response to both intercrop treatment and
herbivore challenge, but in a different and more diverse set of compounds. Compared to when
monocropped, sweetclover grown in biculture with silflower expressed lower volumes of VOCs in four
classes: carboxylic acids, organooxygens, saturated hydrocarbons, and our set of four “other”
compounds (see Table 1 for tentative identifications). However, after the herbivore challenge,
sweetclover increased emission of these same four classes of compounds, indicating that M. alba uses
these compounds in its defense response. Additionally, sweetclover biomass diverged when it was
intercropped with silflower and then challenged with an herbivore. The combined biomass and
phytochemistry data suggest a tradeoff between phytochemical defense production and growth in
sweetclover when paired with silflower.

While on the surface this tradeoff may appear deleterious, sweetclover alternatively could be taking
advantage of the greater semiochemical diversity of the silflower-sweetclover intercropped system to
reduce the threat of herbivory to itself, as increased phytochemical diversity has been shown to reduce
herbivory in plant communities (Salazar et al. 2016). Under this “phytochemical masking” hypothesis,
sweetclover may respond to cues from its phytochemically divergent neighbors by reducing expression
of its own signaling compounds, hiding its presence from potential herbivores within the odor plume of a
well-defended neighbor. If this hypothesis is supported, one would predict that sweetclover would more
likely employ this method when intercropped with chemically divergent species than with
phytochemically similar heterospecifics. Field studies or behavioral assays with pests would be needed
to demonstrate whether this phenomenon occurs, and if it is an effective plant defense strategy.

Triticum aestivum
Wheat phytochemical response to intercropping and herbivory was limited to organooxygen compounds
and fatty acyls. While wheat had a significant intercropping*herbivory interaction effect for these two
compound classes, in neither case were these compound classes upregulated in response to either
treatment. Constitutive fatty acyls were suppressed in intercropped wheat prior to infestation, but
intercropped control plants (which were uninfested, but whose VOCs were collected at the same time as
infested plants) had elevated fatty acyls compared to infested plants. Control plants also emitted more
organooxygen compounds than infested plants when intercropped, but not when monocropped.

Wheat aboveground biomass significantly increased when intercropped with silflower, and decreased
when herbivores fed on the plants, but there was no interaction effect that mimicked the pattern
observed in the VOCs. Collectively, these data suggest that increased VOCs in wheat plants were linked
to the greater biomass of intercropped control plants. When plants were fed upon by herbivores, the VOC
emission increase that should have occurred in the infested plants (had they not been fed upon) was
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suppressed. Why fatty acyl content was significantly higher in uninfested vs. infested monocropped
plants is unknown. However, the results from this experiment support that intercropping with silflower
primarily benefits wheat growth and may only indirectly benefit (through increased growth) wheat
phytochemical defense.

Conclusion
This study shows that intercropping plants across different families can change both plant growth and
VOC production in ways that may impact pest defense. The data also show that the response can be
species-specific, and it provides some evidence for different growth and defense strategies that plants
may employ when growing in more biodiverse assemblages. Our research demonstrates the need for
further research into the role of heterospecific plant-plant interactions on pest dynamics in
agroecological systems. These mechanisms could be useful in developing novel intercrop combinations
that can improve plant defenses against pests and help to reduce the need for commercial pesticides.
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Figures

Figure 1

PCA analysis of compound classes (“Other” not shown) and the location of the 3 plant species in VOC
ordinal trait-space. Points represent individual VOC samples, while lines show relative strength and
orientation of the compound classes along both PC axes.
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Figure 2

Mean + SE of ln-transformed VOC emissions (ng/hr) of compound classes in silflower, by (a) cropping
treatments, (b) herbivory treatments. Bars with letters indicate compound classes that had a significant
treatment effect, and bars within those classes that share letters do not significantly differ.
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Figure 3

Mean + SE of ln-transformed VOC emissions (ng/hr) of compound classes in sweetclover, by (a)
cropping treatments, (b) herbivory treatments. Bars with letters indicate compound classes that had a
significant treatment effect, and bars within those classes that share letters do not significantly differ.
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Figure 4

Mean + SE of ln-transformed VOC emissions (ng/hr) in wheat, significant compounds only, across all
intercropping and herbivory treatments. Bars with letters indicate compound classes that had a
significant treatment effect, and bars within those classes that share letters do not significantly differ.
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Figure 5

Mean + SE aboveground biomass by species in response to intercropping and herbivory. (A) silflower, (B)
sweet clover, (C) wheat.
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