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There is an increase in the interest among researchers to explore the potential benefit of increasing genetic diversity within crop mixtures in order to circumvent the risks posed by biotic and abiotic environmental hazards and reduce the inputs of pesticides and fertilizers. However, although current knowledge is increasing, the details on the mechanisms involved within specific crops when exposed to such environments still remain unclear. The aim of this study is to analyze the various responses to intraspecific competition along the domestication gradient of durum wheat (Triticum turgidum). This gradient is represented forty accessions that are further divided into four phases of domestication: wild emmer (T. turgidum dicoccoides), domesticated emmer (T. turgidum dicoccum), and traditional and contemporary durum wheat (T. turgidum durum). Through an experiment comprising of two treatments -plants grown in pots without competition (control) and plants grown in pots with four neighbors of the same genotype (competition) -differences in plant performance are evaluated through the measurement of aboveground and belowground traits associated with other plant functions. Findings show that following exposure to competition, plants generally adapted a more acquisitional strategy aboveground and a more conservative strategy belowground, essentially changing the prior coordination between these two areas of the plant. However, although some phases in the domestication gradient did show some variation in levels of trait plastic, all resulted in the same final outcome of a decrease in plant performance traits.

Résumé

Titre : Évolution de la réponse à la compétition intraspécifique au cours des différentes phases de la domestication du blé dur Les connaissances actuelles concernant les avantages potentiels de l'augmentation de la diversité génétique dans les mélanges de cultures, afin de contourner les risques posés par les dangers environnementaux biotiques et abiotiques et de réduire les apports de pesticides et d'engrais, sont grandissantes. Cependant, les détails sur les mécanismes impliqués dans les cultures spécifiques lorsqu'elles sont exposées à de tels environnements restent encore peu clairs. L'objectif de cette étude est d'analyser les différentes réponses à la compétition intraspécifique le long du gradient de domestication du blé dur (Triticum turgidum). Ce gradient est représenté par quarante accessions qui sont ensuite divisées en quatre phases de domestication : l'amidonnier sauvage (T. turgidum dicoccoides), l l'amidonnier domestiqué (T. turgidum dicoccum), et le blé dur traditionnel et contemporain (T. turgidum durum). Grâce à une expérience constituée de deux traitements -des plantes cultivées dans des pots sans compétition (contrôle) et des plantes cultivées dans des pots avec quatre voisins du même génotype (compétition) -les différences de performance des plantes sont évaluées par la mesure de traits aériens et racinaires associés à d'autres fonctions des plantes. Les résultats montrent que suite à l'exposition à la compétition, les plantes ont généralement adapté une stratégie plus acquisitrice en surface et une stratégie plus conservatrice en profondeur, modifiant essentiellement la coordination antérieure entre ces deux zones de la plante. Cependant, bien que certaines phases du gradient de domestication aient montré une certaine variation dans les niveaux de plasticité de leurs traits, toutes ont eu le même résultat final, celui d'une diminution des traits de performance des plantes.
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Introduction

Due to the recent interest within the field of agronomy to explore the implications of agroecology's emphasis on the implementation of biodiversity in order to increase resilience of crops to escalating pest and climatic severity [START_REF] Lin | Resilience in Agriculture through Crop Diversification: Adaptive Management for Environmental Change[END_REF][START_REF] Loreau | Biodiversity and ecosystem functioning: A mechanistic model[END_REF][START_REF] Tooker | Genotypically diverse cultivar mixtures for insect pest management and increased crop yields[END_REF][START_REF] Zhu | Genetic diversity and disease control in rice[END_REF], additional research is needed to better understand the effect of competition within genetically diverse crop mixtures [START_REF] Barot | Designing mixtures of varieties for multifunctional agriculture with the help of ecology. A review[END_REF]Litrico & Violle 2015;[START_REF] Lopes | Optimizing Winter Wheat Resilience to Climate Change in Rain Fed Crop Systems of Turkey and Iran[END_REF]. Therefore, further study into the responses to competition on resource allocation and plant performance may aide in the predictability of such mixtures [START_REF] Roucou | Shifts in plant functional strategies over the course of wheat domestication[END_REF]. This study aims to analyze the responses to intraspecific competition on the various subspecies of durum wheat (Triticum turgidum) derived from multiple phases of domestication. Through this experiment, exploration on the plasticity of certain functional traits may provide insight into the responses of certain subspecies to the competitive environment.

Context of Research Project

The Center for Presented by the CEFE, this research project aims to understand the dynamics involved in plantplant interactions so as to better explain the nature of competition and cooperation within agricultural settings. This question may aid in recognizing cooperative plants that do not invest their resources for high density competition, and instead favor more cooperative strategy that may ultimately be more resource efficient and sustainable. Using durum wheat as the model species, the overarching research project aims to answer three questions: (1) what phenotypes and alleles are cooperative at high densities, (2) has plant cooperation been favored during domestication, and (3) which selection schemes favor cooperation? For this master's research project only the second question will be addressed under the direction of PhD student, Taïna Lemoine. Further supervision of the project is provided by Dr. Cyrille Violle (research director, CEFE) and Dr. Florian Fort (Research Professor, l'Insitut Agro).

Current State of the Field of Research

Currently, agriculture is facing three major challenges: the need to increase yields to feed a growing population, the reduction of inputs in order to conform to environmental standards, and the improvement of sustainability within cultivated systems [START_REF] Dale | A landscape perspective on sustainability of agricultural systems[END_REF][START_REF] Schulte | Functional land management: A framework for managing soil-based ecosystem services for the sustainable intensification of agriculture[END_REF]. Furthermore, there is a growing consensus in the necessity to substitute the simplified model of the green revolution in favor of using genetic and phenotypical crop diversity in order to address these challenges [START_REF] Garnier | A trait-based approach to comparative functional plant ecology: Concepts, methods and applications for agroecology. A review[END_REF]Maléziuex et al. 2009). Some studies do illustrate the benefits of interspecific diversity on yield stability and sustainability [START_REF] Prieto | Complementary effects of species and genetic diversity on productivity and stability of sown grasslands[END_REF][START_REF] Brooker | Improving intercropping: A synthesis of research in agronomy, plant physiology and ecology[END_REF][START_REF] Pretty | Sustainable intensification in agricultural systems[END_REF], and ongoing research into the benefits of intraspecific diversity is also being conducted [START_REF] Barot | Designing mixtures of varieties for multifunctional agriculture with the help of ecology. A review[END_REF]Litrico & Violle 2015). More precisely, the design of successful crop mixtures depends on resource use complementarity and the choice of species and varieties featuring contrasting functional strategies [START_REF] Bedoussac | A comparison of commonly used indices for evaluating species interactions and intercrop efficiency: Application to durum wheat-winter pea intercrops[END_REF]), yet this may be challenging to accomplish due to the complexity of such systems [START_REF] Chateil | Crop genetic diversity benefits farmland biodiversity in cultivated fields[END_REF][START_REF] Gaba | Multiple cropping systems as drivers for providing multiple ecosystem services: From concepts to design[END_REF][START_REF] Thomas | Diversifying mechanisms in the on-farm evolution of crop mixtures[END_REF].

Domestication

A phenomenon known as crop domestication syndrome describes the tendency for plants to generate multiple phenotypical convergences with other domesticated species as a result of coevolution with humans within an agricultural setting [START_REF] Fuller | Convergent evolution and parallelism in plant domestication revealed by an expanding archaeological record[END_REF]. However, studies concerning changes over the course of the domestication of durum wheat mostly describe the modification of reproductive organs [START_REF] Charmet | Wheat domestication: Lessons for the future[END_REF][START_REF] Fuller | Convergent evolution and parallelism in plant domestication revealed by an expanding archaeological record[END_REF]. Therefore, the understanding of domestication syndrome remains incomplete as changes in economic strategies are not yet fully explored [START_REF] Milla | Plant domestication through an ecological lens[END_REF].

Although the theme is still nascent, some research exists on the evolution of non-reproductive organs. Within functional ecology, functional traits serve as a proxy for the ability of a species or an individual to utilize resources (McGill, Enquist, Weiher, & Westboy 2006;[START_REF] Violle | Towards a trait-based quantification of species niche[END_REF][START_REF] Violle | Let the concept of trait be functional![END_REF]). As a result of the domestication syndrome, some traits may have been exaggerated or lost over time. Thus, it may be useful to understand how these changes impacted crops such as durum wheat, as this could allow the identification of lost traits and trait combinations that permit ancestral forms to be better adapted to low-input environments [START_REF] Roucou | Shifts in plant functional strategies over the course of wheat domestication[END_REF]. Furthermore, the analysis of functional traits may explain how cultivated plants adapt to new environments [START_REF] Denison | Darwinian Agriculture: How Understanding Evolution Can Improve Agriculture[END_REF][START_REF] Denison | Darwinian Agriculture: When Can Humans Find Solutions Beyond The Reach of Natural Selection?[END_REF][START_REF] Guarda | Grain yield, nitrogen-use efficiency and baking quality of old and modern Italian bread-wheat cultivars grown at different nitrogen levels[END_REF][START_REF] Martin | REVIEW: Plant functional traits in agroecosystems: a blueprint for research[END_REF]Milla, Morente-Lopez, Alonso-Rodrigo, Martin-Robles, & Stuart Chapin 2014;[START_REF] Milla | Plant domestication through an ecological lens[END_REF].

Considering the symptoms of domestication syndrome as experienced by durum wheat, some previous studies do illustrate changes in functional traits when comparing ancestral and modern varieties. One study posits that modern forms maintain shallower root systems with a higher proportion of fine roots; preferring to sacrifice a prior coordination between belowground and aboveground biomass allocation within ancestral varieties for a new type of trait covariation network which invests more heavily in aboveground biomass [START_REF] Roucou | Shifts in plant functional strategies over the course of wheat domestication[END_REF]). As a result, modern cultivars are better adapted to quickly capture shallow nutrients such as is common in artificially nutrient-rich and mesic environments, while ancestral forms are better suited for the acquisition of deeply stored water in dry conditions [START_REF] Garnett | Root based approaches to improving nitrogen use efficiency in plants[END_REF][START_REF] Wasson | Traits and selection strategies to improve root systems and water uptake in water-limited wheat crops[END_REF]. [START_REF] Roucou | Shifts in plant functional strategies over the course of wheat domestication[END_REF] additionally found that in modern cultivars, compared to ancestral forms, leaf longevity was shorter, while net photosynthetic rate, leaf production rate and nitrogen content were higher. Their conclusion ultimately asserted that durum wheat displayed a strong shift in functional strategies over the course of domestication, suggesting a more complete domestication syndrome.

Competition

In order to understand the concepts relevant to this study, some terms are specified as they pertain to the field of research. Competition is here defined as an interaction between individuals, brought by a common requirement for a finite resource, which leads to a reduction in the performance (i.e. survival, growth, reproduction) of at least some individuals (Begon et al. 1996). Different attributes of competition to consider include importance, intensity, effect, response, and outcome [START_REF] Gibson | Designs for greenhouse studies of interactions between plants[END_REF][START_REF] Connolly | Interspecific Competition in Plants: How Well Do Current Methods Answer Fundamental Questions? 19[END_REF][START_REF] Sackville Hamilton | Measurements of competition and competition effects in pastures[END_REF].

The intensity of competition represents the amount by which the optimal condition for an individual is reduced by a neighboring individual, and importance of competition is the degree of contribution to the decrease in fitness resulting in decreases in other plant processes [START_REF] Welden | The Intensity of Competition Versus its Importance: An Overlooked Distinction and Some Implications[END_REF]. The effect of competition describes the influence of neighbors onto the target plant, while the response to competition describes the ability of the target plant to avoid being suppressed by said neighbors which in turn would lead to a favorable resistance or outcome of competition [START_REF] Goldberg | Equivalence of Competitors in Plant Communities: A Null Hypothesis and a Field Experimental Approach[END_REF][START_REF] Goldberg | Competitive Effect and Response in Four Annual Plants[END_REF].

According to [START_REF] Grace | A Clarification of the Debate Between Grime and Tilman[END_REF], there are various theories about the forces leading to differing plant community structures [START_REF] Pickett | Succession: An Evolutionary Interpretation[END_REF][START_REF] Connell | Diversity in Tropical Rain Forests and Coral Reefs: High diversity of trees and corals is maintained only in a nonequilibrium state[END_REF][START_REF] Grime | Primary strategies in plants[END_REF][START_REF] Huston | A General Hypothesis of Species Diversity[END_REF][START_REF] Inouye | Convergence and Divergence of Old-Field Plant Communities Along Experimental Nitrogen Gradients[END_REF][START_REF] Tilman | The Resource-Ratio Hypothesis of Plant Succession[END_REF]1988;Keddy 1990). Much of the debate consists of reconciling the differences in the theories proposed by Grime and Tilman [START_REF] Thompson | The Resource Ratio Hypothesis and the Meaning of Competition[END_REF][START_REF] Tilman | On the Meaning of Competition and the Mechanisms of Competitive Superiority[END_REF][START_REF] Tilman | Competition, nutrient reduction and the competitive neighbourhood of a bunchgrass[END_REF][START_REF] Grime | The C-S-R model of primary plant strategies-Origins, implications and tests[END_REF][START_REF] Thompson | Competition Reconsidered-A Reply to Tilman[END_REF]). Grime's theory proposes that one of three evolutionary strategies (ruderal, stress-tolerator, and competitor) tend to dominate following certain environmental conditions, each with varying rates of reproduction and growth dependent on habitat disturbance, resource availability, and biotic competition [START_REF] Grime | Evidence for the Existence of Three Primary Strategies in Plants and Its Relevance to Ecological and Evolutionary Theory[END_REF]. Tilman proposes a more mechanical theory, basing response and outcome of competition on density and resource scarcity but does not focus on individual behavior [START_REF] Tilman | Phytoplankton Community Ecology: The Role of Limiting Nutrients[END_REF].

In relation to agroecology, diversity has been established as a promising mechanism by which yield stability may be achieved [START_REF] Malézieux | Mixing plant species in cropping systems: Concepts, tools and models. A review[END_REF][START_REF] Zhu | Genetic diversity and disease control in rice[END_REF]. Further exemplified by the mechanisms explained by [START_REF] Tilman | The Influence of Functional Diversity and Composition on Ecosystem Processes[END_REF], an increase in functional diversity increases plant biomass production as an asymptotic function (Figure 2) -meaning that most of the increase in biomass production occurs during the addition of the first few functional groups. The pattern of increase in plant biomass is similar when substituting functional diversity with species diversity, and by extent the same relationship may apply to subspecies diversity.

This increase in biomass productivity in relation to functional diversity points towards several concepts in ecology and potential applications in agroecology. As per [START_REF] Tilman | The Influence of Functional Diversity and Composition on Ecosystem Processes[END_REF] and [START_REF] Gross | Functional trait diversity maximizes ecosystem multifunctionality[END_REF], diversity enables a complementarity between contrasting functional traits, enabling the coexistence of several functions that later coordinate to maximize resulting biomass production. This being said, improving intraspecific phenotypic variability by increasing functional diversity may produce the same outcome (Litrico & Violle 2015). If this is the case, yield can be maintained in spite of the presence of competition through niche partitioning -a partitioning of available nonconflicting ecological niches [START_REF] Ashton | Niche complementarity due to plasticity in resource use: Plant partitioning of chemical N forms[END_REF]. As a result, the argument provides that through the use of diversity some of the drawbacks of genetic homogeneity as seen in monocultures, such as the application of pesticides and fertilizers, may be reduced; improving conditions favorable to the functioning of ecosystem services [START_REF] Barot | Designing mixtures of varieties for multifunctional agriculture with the help of ecology. A review[END_REF].

Considering durum wheat, varying aspects of competition may be asymmetrical in degrees of importance. For example, belowground competition can be more important and involve more neighboring plants compared to competition aboveground [START_REF] Wilson | Shoot Competition and Root Competition[END_REF]. Belowground competition involves root density, surface area, and plasticity in root growth or enzymes for nutrient uptake whereas aboveground competition usually only involves light as opposed to the broad range of soil resources [START_REF] Casper | Plant Competition Underground[END_REF]. Identifying traits that are beneficially adaptive in their plastic response may allow better niche partitioning to occur.

Plasticity

As per [START_REF] West-Eberhard | Phenotypic Plasticity[END_REF], phenotypic plasticity is defined as the ability of an organism to change in response to stimuli or inputs from the environment. The response may be adaptive or passive, and changes are possible at the morphological and behavioral level but may not involve changes in the genome. Many phenotypic responses to environmental stress may result from passive reductions in growth due to limited resources [START_REF] Dorn | Plasticity to Light Cues and Resources in Arabidopsis Thaliana: Testing for Adaptive Value and Costs[END_REF][START_REF] Van Kleunen | Clonal integration in Ranunculus reptans: By-product or adaptation[END_REF]. Also, plasticity may not evolve as an adaptation but may emerge due to correlations with other traits undergoing selection, or due to genetic drift [START_REF] Van Kleunen | Constraints on the evolution of adaptive phenotypic plasticity in plants[END_REF]; therefore, trait plasticity may not necessarily be adaptive [START_REF] Sultan | Evolutionary Implications of Phenotypic Plasticity in Plants[END_REF][START_REF] Schmid | Phenotypic variation in plants[END_REF]. 

Plant biomass production and diversity

There is already a general consensus on the adaptive significance of a few traits. For example, the elongation of internodes and leaves in response to shade is a well-documented and understood phenomenon, to the point of being named the shade avoidance response [START_REF] Ruberti | Plant adaptation to dynamically changing environment: The shade avoidance response[END_REF][START_REF] Smith | Light quality, photoperception, and plant strategy[END_REF][START_REF] Schmitt | Light spectral quality, phytochrome and plant competition[END_REF][START_REF] Dudley | Genetic Differentiation in Morphological Responses to Simulated Foliage Shade between Populations of Impatiens capensis from Open and Woodland Sites[END_REF], 1996;[START_REF] Schmitt | A Test of the Adaptive Plasticity Hypothesis Using Transgenic and Mutant Plants Disabled in Phytochrome-Mediated Elongation Responses to Neighbors[END_REF]. Other adaptive responses involve the heightening of resistance against herbivores or pathogens [START_REF] Bibliography Agrawal | Induced Responses to Herbivory and Increased Plant Performance[END_REF][START_REF] Agrawal | COSTS OF INDUCED RESPONSES AND TOLERANCE TO HERBIVORY IN MALE AND FEMALE FITNESS COMPONENTS OF WILD RADISH[END_REF][START_REF] Karban | Induced plant responses and information content about risk of herbivory[END_REF][START_REF] Tollrian | The Ecology and Evolution of Inducible Defenses[END_REF]. For many other traits where plasticity is assumed to be adaptive, such as changes in root morphology in response to changes in soil nutrient levels [START_REF] Hodge | The plastic plant: Root responses to heterogeneous supplies of nutrients[END_REF], it still has to be shown that they benefit plant performance [START_REF] Van Kleunen | Constraints on the evolution of adaptive phenotypic plasticity in plants[END_REF].

To interpret an observed plastic response, it may be important to consider the multitude of active and passive responses that may influence the final response. In contrast to the plastic response, active plastic responses may require a signal from the perception-transduction system which allows for adaptation [START_REF] Van Kleunen | Constraints on the evolution of adaptive phenotypic plasticity in plants[END_REF]. Figure 3 provides an example of how an observed plastic response may be the result of both passive plasticity as a consequence of resource limitation, and active plasticity as a consequence of changes in allocation [START_REF] Van Kleunen | Constraints on the evolution of adaptive phenotypic plasticity in plants[END_REF]. This means that identifying a response as adaptive or passive may be difficult and undefined in the end due to the complexity of the interactions that may also be involved.

Concerning plant trait plasticity in the context of competition, research is provided although many studies do not account for this variable. One study finds that intraspecific competition was reduced following lower levels of biomass allocation to roots [START_REF] Bennett | The reciprocal relationship between competition and intraspecific trait variation[END_REF]. Other studies find that the diminished availability of soil resources or light can change biomass allocation by decreasing root and leaf tissue density in order to increase uptake of remaining resources [START_REF] Poorter | Causes and consequences of variation in leaf mass per area (LMA): A meta-analysis[END_REF][START_REF] Poorter | Biomass allocation to leaves, stems and roots: Meta-analyses of interspecific variation and environmental control[END_REF][START_REF] Fort | Root functional trait syndromes and plasticity drive the ability of grassland Fabaceae to tolerate water and phosphorus shortage[END_REF][START_REF] Freschet | Integrated plant phenotypic responses to contrasting above-and below-ground resources: Key roles of specific leaf area and root mass fraction[END_REF]. If a decrease occurs in both, this can reduce overall phenotypical plasticity [START_REF] Freschet | Integrated plant phenotypic responses to contrasting above-and below-ground resources: Key roles of specific leaf area and root mass fraction[END_REF]. Additionally, as the environment becomes more competitive, traits may become more diverse [START_REF] Burns | Effects of competition on phylogenetic signal and phenotypic plasticity in plant functional traits[END_REF][START_REF] Carmona | More for less: Sampling strategies of plant functional traits across local environmental gradients[END_REF], which in turn may imply an orientation towards niche partitioning [START_REF] Ashton | Niche complementarity due to plasticity in resource use: Plant partitioning of chemical N forms[END_REF]. Within the example of the 'three sisters' guild, root niche complementarity is effective when acquiring mobile nutrients, yet showed negligible increases for efficiency in the acquisition of immobile nutrients [START_REF] Postma | Complementarity in root architecture for nutrient uptake in ancient maize/bean and maize/bean/squash polycultures[END_REF]. It is important to consider however, the potential for overyielding to occur as a result of niche complementarity [START_REF] Tilman | Diversity and Productivity in a Long-Term Grassland Experiment[END_REF].

Overall, identifying the usefulness of a plastic response may need to be done by comparison with the outcome of performance traits. If a plastic response correlates with a relative increase in a performance trait, conjectures may be made as to the benefit of the plastic response. 

Interaction of plastic responses

If a plastic response increases when there is an observed decrease in performance traits, the inverse may be assumed.

Evaluation and Application

Within the context of studies on plant competition there is still debate regarding the appropriate definitions, experimental designs, and methods for analyzing and interpreting results. Mathematical models exist, allowing for the evaluation of competitive interactions through the use of fifty indices and aides to distinguish the subtleties within a hypothesis [START_REF] Weigelt | Indices of plant competition[END_REF]. However, the merging of several primary variables into an index inevitably results in the loss of detail compared to the original data [START_REF] Hunt | Plant growth curves: The functional approach to plant growth analysis[END_REF][START_REF] Gilliver | A graphical assessment of data from intercropping factorial experiments[END_REF][START_REF] Jolliffe | The replacement series[END_REF]. Combinations of several variables into an index tends to expand confidence limits and make statistical qualities of and index difficult to comprehend [START_REF] Firbank | On the effects of competition: From monocultures to mixtures[END_REF]Jasienski & Bazzaz 1999). For the purpose of this study, it may be necessary to segment the conclusions drawn from the varying responses of competition rather than infer a conclusion from an overall response.

On the subject of identifying useful traits not universally present along the domestication gradient, potential benefits to modern varieties may exists. Although it may be impractical to grow ancestral forms alongside modern varieties it may be useful to acquire traits from ancestral varieties to add them to modern cultivars [START_REF] Allaby | Using archaeogenomic and computational approaches to unravel the history of local adaptation in crops[END_REF][START_REF] Dawson | Phenotypic diversity and evolution of farmer varieties of bread wheat on organic farms in Europe[END_REF]. Furthermore, having a diversity of traits present on the field may in the end prove beneficial to the resiliency or yield stability of a crop (Malezieux et al. 2009;[START_REF] Zhu | Genetic diversity and disease control in rice[END_REF], as is a major premise undergoing research in agroecology.

Approach and Objectives

The findings of the aforementioned studies bring to light several pertinent observations. As mentioned by [START_REF] Isaac | Crop Domestication, Root Trait Syndromes, and Soil Nutrient Acquisition in Organic Agroecosystems: A Systematic Review[END_REF], over the course of domestication plants display pronounced changes in trait expression. However, the evolution of the plastic response over the course of domestication is still not fully understood. Furthermore, it is mentioned that modern races of durum wheat have a more acquisitional root uptake strategy as opposed to the conservative strategy of ancient varieties, possibly as a result of selection in artificially nutrient-rich environments that facilitate higher uptake rates [START_REF] Garnett | Root based approaches to improving nitrogen use efficiency in plants[END_REF][START_REF] Roucou | Shifts in plant functional strategies over the course of wheat domestication[END_REF][START_REF] Wasson | Traits and selection strategies to improve root systems and water uptake in water-limited wheat crops[END_REF]. In order to supplement prior research, an experiment is designed to observe the plastic response exhibited by ancient and modern durum wheat varieties following the exposure to a competitive environment. The objectives and hypotheses of this scientific study are as follows:

I.

Are there pronounced differences in the expression of functional and performance traits across the domestication gradient? As an example, this may confirm if an acquisitional root uptake strategy is more prevalent among modern varieties, and also if biomass production is more significant. Overall, it is expected that there will be differences in the trait values observed between different subspecies. II.

Does exposure to competition induce a response in functional and performance traits? This allows a relationship to be established between competition and trait plasticity. It is supposed that competition will induce significant plastic responses across the domestication gradient of durum wheat. III.

Is trait plasticity homogeneous or heterogeneous in response to competition along the domestication gradient, and if so then for which traits? This serves to verify if modern varieties of durum wheat display increased amounts of trait plasticity compared to ancient varieties. Through the course of domestication, it can be speculated that selection favors phenotypical uniformity as a result of successive cultivation in artificially nutrient-rich environments and in order to ensure the regularity of reproductive traits for agricultural interests. This study expects a more pronounced plastic response among ancient varieties compared to those observed in modern forms.

These objectives are addressed following the evaluation of seven functional traits and two performance traits that ultimately allow the determination of overall plant performance. After the measurement of trait values resulting from competitive and non-competitive (control) treatments, comparisons between treatments and subspecies across the domestication gradient will serve as basis to confirm or reject the previous hypotheses. Findings will later be evaluated against to the previous literate in order to draw conclusions.

Materials and Methods

Plant Material

We selected forty accessions of tetraploid wheat (T. turgidum) derived from various phases of domestication as displayed in Table 1: wild emmer (T. turgidum dicoccoides), domesticated emmer (T. turgidum dicoccum), and durum wheat (T. turgidum durum). The latter group was further divided into two subgroups, according to presence in agriculture before or after the Green Revolution. Ten accessions pertained to wild emmer, ten to domesticated emmer, and twenty to durum wheat. The twenty accessions of durum wheat were then split between their subgroups; ten accessions to landrace varieties predating the Green Revolution, and ten to elite varieties that emerged following the Green Revolution. All seeds result from successive selffertilizations in order to limit residual heterozygosis and to ensure the material is genetically fixed. Seeds were provided by INRAE UMR AGAP in Montpellier, France.

Experimental Design

The design consists of 4 blocks of 80 (4 L) pots each, producing a total of 320 pots. Contained within each block every genotype is subjected to one of two treatments: either competition through the presence of four neighboring plants from the elite genotype, or grown alone. The pots maintained a width of 21.5 cm, and were evenly spaced with a 20 cm gap between each pot. With eight rows of ten pots each, the dimensions of a block would be equivalent to 395 cm by 312 cm. The arrangement of accessions and treatments within a given block were designed to be balanced, complete, and randomized. 

First appearance

Growing Conditions

The study was conducted outdoors on the grounds of the Centre d'Ecologie Fonctionnelle et Evolutive (43.6387° N, 3.8626° E) in Montpellier, France. The growing period lasted 110 days, with a sowing date of January 12, 2022 and a harvest period beginning on May 1, 2022 and lasting five days. Temperatures ranged between the extremes of -3.3°C and 28.6°C with a seven-day rolling average indicated in Figure 4. The soil used in the experiment is derived locally, composed of a sandy clay-limestone.

Pots received 1.5L of irrigation twice per week from the beginning of the experiment until mid-April, when the irrigation schedule increased to three times per week in order to compensate for the increase in temperatures. Precipitation was considered when scheduling irrigation. Verification of soil moisture levels were monitored with the aid of the HHCC Flower Care Sensor, with two sensors placed randomly within the experiment in order to ensure consistency of mesic conditions. Application was achieved through the use of a hose with a nozzle fixed on the end to soften the stream. Well water was used through the course of the experiment.

Mineral fertilizers were applied in order provide plants with non-limiting growing conditions. The following water-soluble granular fertilizers were used: ammonium nitrate (34-0-0), and a binary phosphorus anhydride and potassium oxide mixture (0-20-20). Requirements were established through the aid of documents provided by Arvalis, enabling calculations based on the crop being cultivated. The pots were fertilized on two separate dates; with 45U of nitrogen and 30U of phosphorus and potassium being applied on February 21, and 30U of nitrogen and 30U of phosphorus and potassium being applied on March 31. Further details on the fertilization schedule are provided in Table 2. No application was provided during the heading period as the crop was harvested prior to reaching maturity.

Methods of disease and pest management were also applied throughout the duration of the experiment in order to provide homogenous and non-limiting growing conditions. The crops were treated twice for Septoria through the spraying of a fungicide composed of copper sulfate and lime known as Bordeaux mixture. For the treatment of black bean aphid (Aphis fabae), rapeseed oil was applied once shortly after first appearance. No significant problems arose due

N P K U ha -1 g pot -1 U ha -1 g pot -1 U ha -1 g pot -1
February 21 45 0.41 30 0.17 30 0.17 March 31 30 0.27 30 0.17 30 0.17 Table 2. Fertilization schedule with associated doses to the presence of Septoria or black bean aphids and did not compromise the realization of the experiment at any point.

Plant Traits

The measurement of functional traits -defined as any phenological plant characteristics affecting overall plant fitness through their influence on survival, growth, and reproduction [START_REF] Violle | Let the concept of trait be functional![END_REF]) -are considered appropriate as a means to evaluate the outcome of competition. To further explain the importance of functional traits, a trait may differ in value for a given species depending on environmental conditions and are often evaluated at the population level by taking the average values from a collection of individuals [START_REF] Garnier | Plant Functional Diversity: Organism Traits, Community Structure, and Ecosystem Properties[END_REF][START_REF] Violle | Let the concept of trait be functional![END_REF]). This being said, the functional traits being considered for this study correspond to certain functional markers (see Figure 5), which ultimately allows for a better understanding of differences in plant performance when competition is present or absent to the individual.

Functional Traits

Vegetative Height (Hmax) Interchangeably referred to as plant height or vegetative height, this trait is the shortest distance between the upper boundary of the main photosynthetic tissues (excluding inflorescence) on a plant and ground level, measured in centimeters. As specified by Perez-Harguindeguy et al. ( 2013), maximum height (Hmax) denotes the maximum stature the plant achieves during its growth period. This measure is associated with growth form, position of the individual in the vertical light gradient when among vegetation, competitive vigor, reproductive size, fecundity, potential lifespan, and if the plant is able to attain reproductive size between disturbance events.

For the gathering of data, plant heights were measured weekly between March 3 and April 29. The maximum height for an individual during this period was determined following the completion of these measurements.

Specific Leaf Area (SLA)

Specific leaf area is the area of a single side of a fresh leaf divided by its dry mass. According to Perez-Harguindeguy et al. (2013), SLA is frequently used in growth analysis due to often maintaining a positive relationship to potential RGR (relative growth rate) across species. SLA generally scales positively with photosynthetic rate and leaf nitrogen concentration, and negatively with leaf longevity and carbon investment in important secondary compounds such as tannins or lignin. Species in permanent or occasional nutrient-rich environments usually tend to have higher SLA values compared to those in nutrient-poor environments.

For the collection and measurement of the leaf samples needed to establish SLA, as per the method described by Perez-Harguindeguy et al. ( 2013), young but fully expanded and hardened leaves are required. For this study, the second youngest leaf on a tiller preceding the flag leaf is used. Any leaves showing symptoms of a pathogen or herbivory are avoided. In order to avoid shrinkage due to dehydration of the leaf following removal, leaves are immediately placed in test tubes of deionized water with the cut ends submerged. Prior to the measurement of leaf area (LA), the test tubes with the sample are placed in a refrigerator in the dark to await processing. Within 24 hours, the leaves are removed from the test tubes and gently blotted dry of excess water, to then be scanned flattened under a glass plate and have their LA evaluated in square meters by use of WinFolia (Régent Instruments, Quebec, Canada) software. Following the measurement of LA, leaves are placed in the oven at 60°C for 72 hours for drying. To attain leaf dry weight (LDW), leaves are incrementally removed from the oven to avoid rehydration from ambient moisture and weighed in grams on a Precisa LS 220A 10 -4 (Precisa Gravimetrics AG, Dietikon Switzerland). After the collection of LA and LDW, the following ratio is used to determine an individual's SLA value.

SLA =

fresh leaf area (m ! ) leaf dry weight (g)

Leaf Dry Matter Content (LDMC)

Leaf dry matter content is defined as the oven dry mass (mg) of a leaf divided by its watersaturated fresh weight (g). According to Perez-Harguindeguy et al. ( 2013), leaf water content (LWC) may be derived simply by 1000-LDMC. This trait is also related to average density (fresh mass per fresh volume) of leaf tissues. In laminar leaves, LDMC tends to be inversely correlated to SLA and leaf thickness (Lth). LDMC also tends to correlate negatively with potential RGR and positively with leaf lifespan; however, the relationship of these traits usually tends to be weaker to those involving SLA. Leaves with a high LDMC also tend to be relatively tough, decomposing more slowly compared to leaves with a low LDMC, and are assumed to be more resilient to physical hazards.

The exact same procedures for the collection and storage of leaves are used for LDMC as for SLA, as the same leaves are used. After a young and full expanded leaf is cut from the plant, it is stored in test tubes of deionized water with the cut ends submerged. This is done quickly to avoid dehydration and shortly thereafter, stored in a refrigerator to be weighed no more than 24 hours later. Like for SLA, the leaves are gently blotted dry of excess water after being removed from the test tubes but are however weighed on a Precisa LS 220A 10 -4 (Precisa Gravimetrics AG, Dietikon Switzerland) scale directly following this preparation so as to measure leaf fresh weight (LFW) in grams. Following this, leaves are then stored in an oven at 60°C for 72 hours so that its leaf dry weight (LDW) in milligrams can be subsequently determined on the same scale. The following ratio is used after a leaf's LDW and LFW are measured.

LDMC =

leaf dry weight (mg) leaf fresh weight (g)

Specific Root Length (SRL)

Defined as the ratio of root length to dry mass of fine roots, this trait provides a standard unit of acquisition to (root length) to resource investment (mass). Following Perez-Harguindeguy et al. ( 2013), plants with high SRL values develop longer roots for a given dry mass investment and are mostly considered to have higher acquisition rates for water and nutrients per unit of dry mass, shorter root lifespans, and higher RGRs compared to plants with low SRL values. However, plants with low measures of root diameter or tissue densities, each their own independent traits, can result in plants attaining high SRL values. For instance, thin roots exert less penetrative force on the soil and transport less water, whereas roots with low tissue densities have shorter lifespans but maintain greater rates of uptake in nutrient-rich environments. As an incomplete grasp of circumstances may result from the sole measurement of SRL, or either of the two previously mentioned traits, it is recommended by Perez-Harguindeguy et al. to compliment SRL with these two additional metrics when assessing the functional traits of roots.

As per the method described by Perez-Harguindeguy et al. ( 2013), the cleaning of root material requires a combination of running water to remove the majority of excess soil and rocks, followed by plucking the remaining debris with forceps while the roots are suspended in water.

The roots are gently finger-massaged and individual roots separated so as to loosen any particles that may still be attached. Once the roots are sufficiently cleaned, they are stored submerged in plastic bags and frozen to avoid further decomposition. In preparation for the scanner, three to five roots are separated from the total root system, selecting for intact and healthy adventitious roots, while seminal roots or young adventitious roots are avoided. Once the roots are obtained and prepared, they are placed on a scanner bed within a transparent tray and slightly submerged in water. This improves the image quality by facilitating the teasing apart of roots. The scanner used in this case is an EPSON Expression 10000 XL (Seiko Epson Corporation), with a transparency adapter. After scanning, the roots are dried in an oven at 60°C for 72 hours and subsequently weighed to assess their dry mass on a Precisa LS 220A 10 -4 (Precisa Gravimetrics AG, Dietikon, Switzerland) scale. The images of the scanned roots are then analyzed through the use of WinRhizo (Régent Instruments, Quebec, Canada) image processing software, which permits the assessment of root length in addition to the assessment of mean root diameter and root branching intensity. The equation below is used after root length and root dry mass for a given individual are collected, permitting a plant's SRL to be determined.

SRL =

root length (m) root dry mass (g)

Root Diameter (RD)

This trait is considered to be the average diameter of a given root system, and is complimentary to assessment of SRL and RTD in understanding the performance of a root system (Perez-Harguindeguy et al. 2013). Economically speaking, RD directly relates to the investment of biomass into a plant's roots [START_REF] Eissenstat | Costs and benefits of constructing roots of small diameter[END_REF]. RD is also positively related to root longevity [START_REF] Garnier | Plant Functional Diversity: Organism Traits, Community Structure, and Ecosystem Properties[END_REF]; storage potential, favoring a conservative uptake strategy rather than the acquisitional uptake strategy observed in plants adapted to nutrient rich environments [START_REF] Isaac | Crop Domestication, Root Trait Syndromes, and Soil Nutrient Acquisition in Organic Agroecosystems: A Systematic Review[END_REF]; water and nutrient transportation, as roots must develop dedicated internal structures [START_REF] Jordan | Prospects for Weed Control Through Crop Interference[END_REF][START_REF] Jaramillo | Root cortical burden influences drought tolerance in maize[END_REF]; penetrative force into the soil [START_REF] Materechera | Influence of root diameter on the penetration of seminal roots into a compacted subsoil[END_REF][START_REF] Clark | Evidence from near-isogenic lines that root penetration increases with root diameter and bending stiffness in rice[END_REF]; and negatively related to rate of nutrient acquisition [START_REF] Garnier | Plant Functional Diversity: Organism Traits, Community Structure, and Ecosystem Properties[END_REF]. Additionally, plants with a high RD can result in low SRL values, thus being negatively correlated.

The procedures for the processing and storage of root samples required for the assessment of RD are essentially identical to those of SRL. Following the cleaning and selection of roots, the sample is then scanned within a transparent tray slightly submerged in water. In this case an EPSON Expression 10000 XL (Seiko Epson Corporation, Suwa, Japan) is used, with a transparency adapter allowing for higher quality images. The image is analyzed through the use of WinRhizo (Régent Instruments, Quebec, Canada) image processing software, which is also used to ascertain the root length and RD of the root sample, in order to provide the RD value.

Root Tissue Density (RTD)

The root tissue density of a plant is defined as the root dry mass divided by root volume, with g cm -3 as its common unit of measurement. Similar to RD, this trait is positively correlated to root longevity and negatively correlated to nutrient uptake (Perez-Harguindeguy et al. 2013). Interestingly, RTD is also positively related to resistance to pathogens, drought, and herbivory; as well as being negatively correlated to root decomposition rates, making this trait a useful indicator for resistance to disruptive environments [START_REF] Garnier | Plant Functional Diversity: Organism Traits, Community Structure, and Ecosystem Properties[END_REF]Perez-Harguindeguy et al. 2013).

For processing and storage see the above section on SRL. Following the provision of a scanned image of the plant roots, WinRhizo (Régent Instruments, Quebec, Canada) is used to ascertain the RD (from which mean root radius is determined) and root length. After scanning, the roots are dried in an oven at 60°C for 72 hours and weighed to assess their dry mass on a Precisa LS 220A 10 -4 (Precisa Gravimetrics AG, Dietikon Switzerland) scale. The following equation is used to calculate a plant's RTD.

RTD =

root dry mass (g) root volume (cm " )

Root Branching Intensity (RBI)

This trait quantifies the increase of lower order roots that branch off of the primary or main root and is measured in root tips per centimeter of root. As per [START_REF] Mccormack | Redefining fine roots improves understanding of below-ground contributions to terrestrial biosphere processes[END_REF], higher order roots exhibit different functional tendencies as compared to those of lower order rootsthis in turn, influences the general behavior of the root system following changes in RBI. As an example, roots of a higher branching order tend to increase in lifespan, diameter, and secondary development; whereas roots of a lower order increase in turnover rate, respiration, nitrogen and metal content, and mycorrhizal colonization.

In order to evaluate and individual's RBI, many of the same steps and procedures identically aligned with those used for SRL, RD, and RTD; as the same root samples were used for the measurement of this trait as for the others. Methods diverged at the moment of the analysis of the scanned image. WinRhizo (Régent Instruments, Quebec, Canada) image processing software was again used to automatically determine the number of root tips per centimeter of root.

RBI =

root tips # root length (cm)

Performance Traits Biomass

According to [START_REF] Violle | Let the concept of trait be functional![END_REF], biomass is one of three recognized performance traits alongside reproductive output and plant survival. Ultimately, these traits allow for the assessment of plant performance. However, due to the plants being harvested before reproductive maturity and that no significant portion of plants died during the study, this leaves biomass as one of the best indicators of individual performance. Biomass, as well as biovolume, are be considered the final traits for evaluating a plant's resistance to competition as a result of the plasticity of other functional traits.

For total plant biomass, the dry weights of several anatomical components are combined: the dry weights evaluated for the measurement of certain traits (leaves for SLA and LDMC, roots for SLA and RTD), and the dry weights from remaining aboveground and belowground components. Following harvest, in which plants had excess sediment and debris removed, all plant materials were placed in an oven at 60°C for a minimum of 72 hours to be subsequently weighed. Plant material used in the assessment of SLA and LDMC, as well as all belowground material were weighed using a Precisa LS 220A 10 -4 (Precisa Gravimetrics AG, Dietikon Switzerland), with the remaining aboveground biomass weighed using a Sartorius Entris 10 -3 (Sartorius AG, Goettingen, Germany). The dry weights were combined on a CSV spreadsheet to determine total plant biomass.

Biovolume

For the purpose of this study, biovolume -defined as the cylindrical space occupied by the plant (de Casas et al. 2011) -will serve as a compliment to biomass in the determination plant performance. As the plants in this study are harvested prior to reproductive maturity, the remaining performance traits of reproductive output and plant survival are unsuitable for the evaluation of plant performance. Biovolume permits an additional performance metric to be used in this case, permitting a more complete understanding of the final outcome of exposure to a competitive environment.

In order to measure this trait, three separate axes are necessary: vegetative height, width, and length. Typically, only height and width are required to measure this trait; however, due to the asymmetry of the plants used, length is also measured in order to calculate the basal area of the plant. All three axes must be measured on the same day, and for this study, the measurement occurred during the early heading period. The following equation is used to calculate a plants biovolume.

Biovolume = π × length (cm) 2 × width (cm) 2 × height (cm)

Statistical Analysis

All aspects of data processing were realized using R version 4.1.3 (R development Core Team, 2008) statistical software. Microsoft Excel 2019 was used for the creation of csv data tables prior to processing. In order to analyze the results of the experiment, quantitative variables (trait values) were evaluated by comparing the means between the qualitative variables (competitive and non-competitive treatment) within each subspecies. Models were generated using a twoway ANOVA for each trait, with treatment and subspecies as factors. To verify the hypothesis of normality of residual distribution within the model, first a visual analysis was conducted using the plot function, followed by the Shapiro-Wilk normality test to confirm normality. If a model was not verified by the Shapiro-Wilk normality test, anomalous data points were removed and if necessary the trait values were transformed in order to minimize variance heterogeneity. After the identification of outliers; vegetative height, SLA, and SRL saw the removal of one pot per sample size; biomass and LDMC through the removal of three pots; and RD through the removal of four pots. Trait values for SRL, RD, and RTD were normalized using a logarithmic transformation; whereas biovolume was normalized using a square root transformation. Following the verification of the model, a two-way ANOVA (using the lmer function from the lmerTest package which employs Satterthwaite's method) was conducted for every trait with treatment and subspecies set as fixed effects, and block as a random effectproviding f-statistic and p-values for the fixed effects as well as the variance derived from random effects. Marginal and conditional r-squared values appropriate for the analysis of mixed models are derived using the performance function from the package of the same name, with the maximum likelihood algorithm applied to all trait models. To elaborate on the differences between subspecies, tukey tests are conducted for mean RDPI values as well as for mean trait values for a given treatment.

For the assessment of trait plasticity, the use the relative distance plasticity index (RDPI) permits the statistical comparison between populations as it is sensitive and highly correlated with most other plasticity indices (Valladares et al. 2006). A revised version of the index [START_REF] Navas | Plasticity of whole plant and leaf traits in Rubia peregrina in response to light, nutrient and water availability[END_REF]Weijschedé et al. 2006) was used in which the plasticity of a given trait was calculated as

RDPI = (G -I) I ⁄

where X and Y represent mean trait values for each population, explaining the plastic response to competition against the treatment without competition (control), respectively. For example, when calculating the plastic response when subject to competition, X would represent the mean trait value of all individuals undergoing the competitive treatment and Y would represent the mean trait values of all individuals undergoing the non-competitive control treatment. In the case of this analysis, unadjusted means are used to calculate RDPI. For a given trait within a subspecies, its plastic response was regarded as significant when mean trait values of two treatments differed significantly with an alpha risk level of less than 5% in a one-way ANOVA (Wang and Callaway 2021).

Results

As can be seen in Tables 3 and4, all traits exhibit significant differences in response to competition (with the exception of vegetative height and root branching intensity), while maintaining significant differences in trait values between subspecies. Biomass and root diameter display a heterogeneous plastic response when exposed to competition across the four subspecies, showing varying degrees of significance along the domestication gradient (Table 3; Table 4; Figure 9). The most pronounced responses to competition are seen in biomass and biovolume, with decreases in mean RDPI consistently beyond 40%, significant across all subspecies (Figure 9). An insignificant response to competition is observed for vegetative height, although this may be do the maximum vegetative height being used instead of vegetative heights gathered on a single day, effectively homogenizing the data. Two functional traits that show a consistent significant response across all subspecies are SLA and SRL (Figure 9), the former showing an increase in trait values and the latter showing a decrease, with the plastic response to competition with respect to SRL being nearly significant (P = 0.051) for durum (landrace). The functional traits of LDMC, RD, and RTD all show varying levels of significance following a one-way ANOVA per function of subspecies (Figure 9). Within these traits, dicoccoides and dicoccum show significant increases in RD, durum (landrace) shows a near significant decrease in LDMC, and durum (elite) shows a significant increase in RTD.

Functional Traits

Vegetative Height (Hmax) As seen in Table 3, analyses show significant differences in maximum vegetative height between subspecies. For example, the average maximum height for durum (landrace) is approximately double that of dicoccoides respectively for either treatment (Appendix 1). A visual example of this is provided by the initial comparison displayed in Figure 6, in which a tukey test demonstrates how this trait shows distinct differences in Hmax in relation to the varying subspecies, consistent between treatments. No subspecies following this test shows similarity to another, with a clear hierarchy showing that modern varieties are on average taller than the ancient varieties.

Overall, maximum vegetative height does not show significant differences in trait value between the two treatments. As can be seen in Table 3, it is one of the few traits in which the treatment provides no effect. This can be further illustrated by referencing Figure 9, as mean RDPI values fail to surpass a threshold of significance (P < 0.05). Additionally, this trait exhibits a near zero variance resulting random effects. Fixed effects maintain an r-squared of 0.526.

The plastic response when exposed to a competitive environment is homogeneous for this trait across subspecies as show by the interaction of fixed effects in Table 3. Regarding RDPI, as a function of subspecies the differences remain insignificant with an overall p-value of 0.069 (Figure 9). Moreover, no subspecies exhibits a significant response to competition after a oneway ANOVA (Figure 9). In summary, the domestication gradient displays homogeneity and is consistently insignificant regarding the plastic response of maximum vegetative height. Table 3. Results of two-way ANOVAs on biomass, biovolume, square root transformed vegetative height (Hmax), specific leaf area (SLA), and leaf dry matter content (LDMC); with treatment (TR), subspecies (SSP), and their interactions as fixed effects, supplemented with block as a random effect.

Table 4. Results of two-way ANOVAs on log-transformed specific root length (SRL), log-transformed root diameter (RD), log-transformed root tissue density (RTD), and root branching intensity (RBI); with treatment (TR), subspecies (SSP), and their interactions as fixed effects, supplemented with block as a random effect.

Specific Leaf Area (SLA)

A significant difference in mean trait values between subspecies is exhibited for SLA (Table 3). Further detail provides that the p-value is less than 0.001 for this fixed effect. For example, the two most extreme subspecies for each treatment display SLA trait values that differ approximately 11% within the control treatment, and 8% under competition. A visual representation of these confirmed dissimilarities is provided in Figure 6. A tukey test further details that the most dissimilar of the subspecies is dicoccum, with an SLA value significantly higher than the rest.

SLA values in response to competition are significant however, maintaining a net increase. As shown (Table 3; Figure 7), overall and per subspecies responses universally retain a significant p-value following two-way and oneway ANOVAs, confirming the preliminary implications of Figure 6. The conditional rsquared for this trait derived from fixed and random effects is 0.420, while a marginal rsquared of 0.411 is derived from fixed traits.

The interaction of the two fixed effects remains insignificant for SLA (Table 3), as throughout the domestication gradient a homogenous level of plasticity in response to competition is maintained. Furthermore, the differences in average RDPI values remain insignificant, with a p-value of 0.165 as a function of subspecies (Figure 9). Some variation between mean RDPI values between subspecies may be seen however, with increases in trait values ranging from 12.0% for durum (landrace) to 17.6% for durum (elite). Overall, there is confirmed homogeneity in trait plasticity throughout the domestication gradient when responding to competition.

Leaf Dry Matter Content (LDMC)

LDMC shows a significant degree of variation in mean trait values as a function of subspecies (Table 3). Interestingly, ancient varieties maintain trait values that are approximately 7% to 11% lower on average compared to those of durum varieties, respectively for single and competitive treatments (Appendix 1). This difference is further exemplified by the preliminary examinations given in Figure 6, including the results of a tukey test that show modern varieties having significantly higher LDMC trait values compared to the ancient varieties.

As a result of exposure to a competitive environment, the plastic response for this trait varies but is generally considered significant with a net decrease (Table 3). However, within Figure 9 it is evident that only one subspecies retains a significant response with durum (elite) possessing a p-value of 0.002, while that of durum (landrace) exhibits near significance with a p-value of 0.0502 with respect to the treatment. Additionally, the conditional r-squared for fixed and random effects is 0.306, and 0.247 marginal for the fixed effects.

Generally, the level of plasticity in response to competition remains homogeneous across the domestication gradient (Table 3). Relative to other traits however, the degree of insignificance as a result of interaction between fixed traits is not as strong in comparison (P = 0.076). As can be seen in Figure 9, durum (elite) maintains a significant negative response in trait values, followed by near significance in durum (landrace), and no response for ancient varieties. For overall RDPI, a p-value of 0.076 as a function of subspecies does not confirm a significant level of difference in between varieties. Ultimately, LDMC expresses general significance in its net negative plastic response when exposed to the competitive environment.

Specific Root Length (SRL)

This trait has confirmed significant differences between subspecies as explained in Table 4. The largest differences are observed between the mean trait values of dicoccoides and dicoccum with the latter being approximately 17% and 32% higher than the former for each treatment, respectively (Appendix 1). A tukey test confirms these differences in specific instances (Figure 7), as under the control treatment dicoccoides and durum (landrace) show similarity to each other, and durum (elite) shows similarity to each of the three other subspecies. Under the competition treatment, a tukey test shows changes in similarities, in which all subspecies with exception to dicoccoides are alike in mean trait values, being significantly higher than the latter (Figure 7).

In response to competition, the level of trait plasticity in response to competition is significant as can be seen in Table 4, resulting in a net decrease. Through Figure 9, it can be observed that the treatment induced a mostly significant response overall, with a nearly significant p-value of 0.051 for durum (landrace). The conditional r-squared accounting for fixed and random effects is 0.233, whereas a marginal r-squared of 0.216 is retained by the fixed effects.

As per the interaction between treatment and subspecies (Table 4), there is no heterogeneity in trait plasticity in response to competition across the domestication gradient. Considering RDPI, a p-value of 0.086 does not confirm significant differences as a function of subspecies. Apart from a near significant response from durum (landrace), average trait plasticity per subspecies does not differentiate in response to competition (Figure 9).

Root Diameter (RD)

Significant differences in average trait values are observed for root diameter as a function of subspecies as per Table 4. This can be further observed through the initial comparisons, in which trait values show a high level of divergence when compared to those of other subspecies (Figure 7). More precisely, the trait values for dicoccoides are 9.6% higher compared to those of the next subspecies under the competition treatment, confirmed significant following the results of a tukey test.

Considering trait plasticity in response to competition, RD observed an overall significant increase (Table 4). It is important to note however, that in Figure 9, dicoccoides experienced the largest significant net increase in mean RD (14%), followed by dicoccum (5.6%). The conditional r-squared for the combined fixed and random effects is 0.316, while marginal rsquared is 0.198 accounting only for fixed effects.

Trait plasticity in response to competition shows a significant degree of variation across the domestication gradient. The interaction between treatment and subspecies remains considerable with a p-value of 0.002 as can be seen in Table 4. For RDPI, the p-value of 0.001 shows significant differences as a function of subspecies. Figure 9 further exemplifies this through examining mean RDPI coefficients, as well as observing the results of the tukey test, in which durum varieties show similarity to each other and dicoccum shows some similarity to both dicoccoides and durum races. In contrast to the ancient varieties, durum accessions show insignificant responses, although dicoccum shares some similarity to durum. As a result, the plasticity of this trait's response to the treatment is heterogenous across the domestication gradient.

Root Tissue Density (RTD)

RTD maintains significant differences in trait values as a function of subspecies (Table 4).

Similarly, as pronounced as for other traits, the p-value still shows noteworthy variety across the domestication gradient. To exemplify the range of values, the mean RTD of durum (landrace) is 17.2% higher than that of dicoccum within the control treatment, and 12% higher under competition. Differences in trait values are further illustrated within Figure 7, in which dicoccum is significantly lower compared to dicoccoides and durum (landrace) within the control treatment, and significantly lower compared to all other subspecies while under competition.

With respect to trait plasticity, overall the treatment did induce a significant response (Table 4).

A notable exception is shown in Figure 9, in which durum (elite) is the only subspecies to exhibit a confirmed plastic response as a result of the treatment. Interestingly, dicoccoides and dicoccum share a similar increase in mean RTD in response to competition (4%), whereas durum (landrace) possesses a minor increase (0.05%). The conditional r-squared including fixed and random effects is 0.280, and the marginal r-squared is 0.116 accounting for fixed effects.

The interaction between fixed effects is insignificant as per Table 4, showing there is no difference in trait plasticity when exposed to competition along the domestication gradient. This is supported by analysis of RDPI, as an insignificant p-value of 0.314 confirms that trait plasticity does not vary as a function of subspecies. Although durum (elite) does exhibit a significant response to the treatment, there is no evidence to support a generally significant response. In all, the domestication gradient is homogenous in its response to competition.

Root Branching Intensity (RBI)

Along the domestication gradient, RBI maintains significant differences in trait values as seen in Table 4. For example, mean RBI values range from 1.121 root tips cm -1 for dicoccoides to 1.231 root tips cm -1 for durum (landrace) within the control treatment, and from 1.181 to 1.235 root tips cm -1 under competition (Appendix 1); equating to an approximate 9.5% difference for the former and 4.5% difference for the latter, respectively. A visual example of these disparities is observed in Figure 7, in which there a tukey test shows a significant difference in trait values between dicoccoides and durum (landrace) within the control treatment, the remaining subspecies sharing similarities with both.

This trait however does not show a significant plastic response when exposed to competition. As shown in Table 4, a p-value of 0.091 confirms lack of overall reaction to the treatment, confirming initial observations made during preliminary comparisons (Figure 7). The conditional r-squared is 0.316 for fixed and random effects, whereas 0.054 is the marginal rsquared for fixed effects.

As per Table 4, the interaction of treatment and subspecies remains insignificant across the domestication gradient, thus confirming a homogeneous response among subspecies. Although dicoccoides does have an observed increase of 5.3% as a result of the competitive treatment, a one-way ANOVA reveals this as insignificant and non-indicative (Figure 9). Lastly, an overall comparison of RDPI values reveals no significant (P = 0.513) change in trait plasticity in response to competition along the domestication gradient.

Performance Traits

Biomass This trait exhibits a significant degree of variation in mean trait values along the domestication gradient (Table 3). Further exemplified by initial comparisons shown in Figure 8, mean trait values display high levels of dissimilarity with durum (landrace) exhibiting a mean dry mass that is 62.6% higher compared to that of dicoccoides when grown in the control treatment. This is more pronounced when observed under competition, where the durum (landrace) maintains an average dry mass that is 155% larger than that of dicoccoides. Further exemplified following the results of a tukey test (Figure 8), durum (landrace) is shown to have the most biomass out of the four subspecies, followed by durum (elite), dicoccum and dicoccoides within the control treatment. Under competition however, durum (elite) maintains the largest biomass, followed by dicoccum and durum (elite), then with dicoccoides having the smallest biomass while under competition (Figure 8).

The treatment also induced a significant response, decreasing total plant biomass overall (Table 3). As shown in Figure 8 and Appendix 1, mean biomass diverges largely between the two treatments. For example, the most extreme response maintained by dicoccoides is a decrease of 71.5%, whereas the least extreme example still decreases in total biomass by 51.5%. Furthermore, the conditional r-squared for this trait is 0.689, whereas 0.686 is marginal rsquared accounting only for fixed effects. Definitively, the response that competition induces is substantial considering the observed plasticity of total plant biomass.

Regarding the interaction between the fixed effects of treatment and subspecies, there is significant heterogeneity for the plastic response of this trait across the domestication gradient (Table 3). This is confirmed through analyzing Figure 9, in which a one-way ANOVA provides a p-value of 0.021 when considered as a function of subspecies. Results of a tukey test also illustrate these differences, in which dicoccoides shares no similarity in average trait value with dicoccum, and where durum races share similarities with each of the ancient varieties (Figure 9). Although there are differences in trait response between subspecies, each subspecies still maintains a significant response (P < 0.05) following a one-way ANOVA as a function of treatment (Figure 9). Despite all subspecies observing a significant negative response in total biomass when exposed to competition, this trait is heterogenous in its level of plasticity across the domestication gradient.

Biovolume

Significant differences in trait values along the subspecies gradient are observed for biovolume (Table 3). This is further shown through the dissimilarities apparent in Figure 8. For example, the mean biovolume for durum (landrace) being 44.3% larger than that of dicoccoides under the control treatment and 77.6% larger while under competition. The results of a tukey test exemplify the dissimilarities along the domestication gradient (Figure 8). Within the control treatment, dicoccoides and dicoccum show significantly less biovolume in comparison to durum (landrace), with durum (elite) showing similarities to both. Under competition however, there is a significant difference between dicoccoides and durum (landrace), with dicoccum showing similarity to both dicoccoides and durum (elite), and durum (elite) showing similarity to both dicoccum and durum (landrace). Evidently, along the domestication gradient it is confirmed that there is an inherent heterogeneity for this trait regardless of treatment.

Furthermore, the treatment does induce a significant decrease in biovolume overall as per Table 3. As seen in Appendix 1, the mean biovolumes for all subspecies decrease drastically after exposure to a competitive environment. This is shown by the differences seen in dicoccoides, in which average biovolume under competition is 43% that of the control. The conditional rsquared pertaining to the fixed and random effects is 0.355, whereas the marginal r-squared is 0.352 when considering only fixed effects.

The interaction between subspecies and the treatment does not maintain a significant difference, indicating a homogeneous response to the treatment across the domestication gradient (Table 3). This is also consistent with the result of a one-way ANOVA for RDPI as a function of subspecies, in which 0.738 is the resulting p-value. In addition, all subspecies display a similar level of decrease in biovolume when exposed to competition, decreasing by approximately 47% for durum subspecies to approximately 57% among the ancient varieties. In all, there is no significant difference in the level of trait plasticity in response to competition along the domestication gradient.

Discussion

Resulting from exposure to a competitive environment, most functional traits and all performance traits observed significant changes in their trait values. Functional traits experience an increase in trait values are SLA, RD, and RTD in response to competition; whereas those that observed a decrease include LDMC, and SRL. No significant changes in the trait values of Hmax or RBI were observed following an exposure to competition. The performance traits of biomass and biovolume also observed significant decreases in trait values in comparison to those of the control, indicating an overall reduction in plant performance following exposure to competition.

As mentioned earlier (section 2.3), the functional traits assessed for this experiment are correlated with specific plant functions that will later influence overall plant health and performance. Resulting from said changes in functional traits, both aboveground and belowground plant functions observed a multitude of changes. Changes in aboveground traits indicate an increase in photosynthetic rate, leaf nitrogen content, decomposability, and relative growth rate; yet also indicate a decrease in leaf carbon content, longevity, and durability.

Belowground traits indicate a change in functions such as an increase in storage potential, resource transportation, biomass allocation, root longevity, and penetrative ability; whereas root acquisition rates, decomposability, and relative growth rates are indicated to decrease.

Ultimately, the sum of these changes in plant functions are coincided by decreases in overall plant performance across the domestication gradient. A summary of significant changes in trait values and functional relevancy can be seen in Figure 10.

Domestication

Aboveground Traits As per maximum vegetative height, multiple differences were observed along the domestication gradient. Ancient varieties tended to be significantly shorter than the durum races, and within the durum races the more recent durum (elite) remained substantially shorter compared to durum (landrace) -for both treatments. This is by design as Hmax is also a constraint to the yield stability of cereal, as lodging remains one of the major factors leading to failing crops. Taller stems leave the plants susceptible to inadequate standing power during conditions such as hail, rain, wind, topography, soil, previous crop, and others [START_REF] Berry | Lodging Resistancecereallodgingresistancein Cerealscereal[END_REF]. Following the green revolution, dwarf genes were introduced into new cultivars of durum wheat [START_REF] Russell | Progress in plant breeding -1[END_REF]. Additionally, a taller plant height is positively correlated to competitive vigor which would suggest that durum (landrace) would have the best potential outcome to competition [START_REF] Pérez-Harguindeguy | New handbook for standardised measurement of plant functional traits worldwide[END_REF].

As for SLA, only dicoccum appears to have an exaggeration of this trait in comparison to others across the domestication gradient. Although this finding is not particularly expected or surprising, it is interesting to observe the implications highlighted by [START_REF] Pérez-Harguindeguy | New handbook for standardised measurement of plant functional traits worldwide[END_REF]. Relative to the other phases of domestication dicoccum maintains a relatively higher photosynthetic rate, leaf nitrogen content, decomposability, and relative growth rate; and lower carbon content, leaf lifespan, and durability. When accounting for LDMC however, it is the durum races that are most associated to these plant functions, yet dicoccoides has an apparent lower association and is seemingly conservative in its aboveground biomass and nutrient allocation in concordance to the domestication syndrome.

Belowground Traits

For the observed differences in trait values for SRL, there is an interesting development across the domestication gradient in which this trait seemingly expresses both extremes within the ancestral varieties. For example, dicoccoides consistently remains (one of) the lowest subspecies with regard for this trait, and dicoccum remains (one of) the highest. The implications of which suggest that dicoccoides maintains lower rates of nutrient acquisition, higher root longevity, and lower growth rates in comparison to dicoccum [START_REF] Pérez-Harguindeguy | New handbook for standardised measurement of plant functional traits worldwide[END_REF]. Within the control treatment, the same assertion can be made for durum (landrace) and partially said for durum (elite), although when under competition dicoccoides is the only subspecies to retain these attributes. This is partially consistent with the notions provided by the domestication syndrome as the wild form (dicoccoides) expresses the qualities of a more conservative strategy [START_REF] Isaac | Crop Domestication, Root Trait Syndromes, and Soil Nutrient Acquisition in Organic Agroecosystems: A Systematic Review[END_REF]. This is although conflictual with descriptions provided by the syndrome when considering that the primitive form (dicoccum) maintains a more acquisitional strategy in comparison to the durum races in absence of competition.

Some results confirm the findings provided by [START_REF] Roucou | Shifts in plant functional strategies over the course of wheat domestication[END_REF], in which more domesticated varieties appear to maintain finer root systems. As seen for RD as a function of subspecies, significant levels of difference were observed, most drastically for dicoccoides whose root system was substantially thicker. This is consistent with the notions expressed by the domestication syndrome, in which domestication (intentionally or unintentionally) selects for plants that have a more acquisitional strategy [START_REF] Isaac | Crop Domestication, Root Trait Syndromes, and Soil Nutrient Acquisition in Organic Agroecosystems: A Systematic Review[END_REF]) -a strategy better adapted to the artificially nutrient-rich environments prevalent in agricultural settings. The domestication syndrome conversely describes ancestral forms such as dicoccoides as having a more conservative strategy when it comes to belowground nutrient acquisition strategies, opting to focus on nutrient storage and transportation rather than higher rates of uptake. As a consequence of having a thicker root diameter in comparison to other subspecies, the functions associated to this trait suggest that dicoccoides sacrifices higher uptake rates for an increased water and nutrient storage potential, an increased allocation of biomass to the root system [START_REF] Eissenstat | Costs and benefits of constructing roots of small diameter[END_REF], an increased capacity for the transportation of water and nutrients [START_REF] Jordan | Prospects for Weed Control Through Crop Interference[END_REF][START_REF] Jaramillo | Root cortical burden influences drought tolerance in maize[END_REF], higher root longevity [START_REF] Garnier | Plant Functional Diversity: Organism Traits, Community Structure, and Ecosystem Properties[END_REF], and higher penetrative force into the soil [START_REF] Materechera | Influence of root diameter on the penetration of seminal roots into a compacted subsoil[END_REF][START_REF] Clark | Evidence from near-isogenic lines that root penetration increases with root diameter and bending stiffness in rice[END_REF].

Interestingly for RTD, dicoccum shows the lowest trait values, suggesting a non-linear relationship to the domestication gradient as it is the primitive domesticated form.

Economically, this demonstrates a lower carbon investment to the roots and a difference in biomass allocation for dicoccum. Considering the functions accorded to this trait [START_REF] Garnier | Plant Functional Diversity: Organism Traits, Community Structure, and Ecosystem Properties[END_REF][START_REF] Pérez-Harguindeguy | New handbook for standardised measurement of plant functional traits worldwide[END_REF], relative to the other subspecies dicoccum maintains a lower root lifespan, increased rates of nutrient uptake, and increased root decomposition rates. However, it is worth to note that relative to dicoccum the other subspecies maintain a greater resistance to pathogens, drought, and herbivory. Following the domestication syndrome [START_REF] Isaac | Crop Domestication, Root Trait Syndromes, and Soil Nutrient Acquisition in Organic Agroecosystems: A Systematic Review[END_REF], it is interesting to note that it is the primitive form and not the modern races that maintain a higher nutrient uptake rate along the domestication gradient.

Lastly, RBI maintains an apparent heterogeneity along the domestication gradient when in the control treatment yet is homogeneous under competition. With the only significant differences being between dicoccoides and durum (landrace), with the remaining subspecies being similar to both. The functions associated to RBI may be comparable to describing the ratio between high and low order roots [START_REF] Mccormack | Redefining fine roots improves understanding of below-ground contributions to terrestrial biosphere processes[END_REF], if so then when grown alone the dicoccoides exhibits increased root longevity, secondary growth, and diameter; whereas the increase in observed in durum (landrace) is indicative of an increase in turnover rate and mycorrhizal colonization. This is consistent with the domestication syndrome [START_REF] Isaac | Crop Domestication, Root Trait Syndromes, and Soil Nutrient Acquisition in Organic Agroecosystems: A Systematic Review[END_REF], in which more acquisitive strategies are present in modern varieties and more conservative strategies are present in ancestral forms.

Performance Traits

As for traits such as biomass and biovolume, a steady increase in trait values is observed across the domestication gradient, until the subspecies durum (elite) where trait values decrease slightly. Although this trend is similar between the two traits, it is more pronounced for biomass. This is expected considering the domestication history of durum wheat, in which plants are bread for size and productivity followed by a recent interest to introgressively introduce dwarf genes to reduce the vegetative height of durum (elite) in order to prevent lodging [START_REF] Roucou | Shifts in plant functional strategies over the course of wheat domestication[END_REF][START_REF] Russell | Progress in plant breeding -1[END_REF]. As vegetative height follows a similar pattern of increase and decrease along the domestication gradient it makes sense that it would be reflected in biovolume, as it is one of the spatial axes used in its calculation.

Competition

Overall, the outcome of competition was generally negative across the domestication gradient, implying that the totality of plastic responses in functional traits did not encourage a resistance to competition and that the susceptibility of plant performance remained highly consequential. This scenario clearly conforms to the conditions required in order for an environment to be defined as competitive (Begon et al. 1996). As can be seen in Figure 10, the traits tested provided certain responses that ultimately led or contributed to the decreases in plant biomass and biovolume.

Concerning the aboveground traits, an increase in SLA and decrease in LDMC indicate a few responses in the phenotypic expression of durum wheat. The parallel increase in photosynthetic rate, nitrogen content, and relative growth rate, coupled with a decrease in carbon allocation indicate that the shift in strategy when responding to a competitive environment tends to become more rapid and acquisitional. Seemingly prioritizing a rapid establishment in order to outcompete neighboring plants, rather than favoring a slower and more stable development as seen within the control. Another possibility is a limitation of resources necessary for investment in such tissues. The changes in these traits also indicate a decrease in leaf lifespan and durability -durability meaning, resistance to physical hazards -which reinforces the notion of durum wheat investing more resources in the short-term rapid growth and expansion rather than a longterm hardy development. It is possible that this phenotypic response is for the purpose of counteracting the negative effects of competition and is therefore adaptive in nature [START_REF] Van Kleunen | Constraints on the evolution of adaptive phenotypic plasticity in plants[END_REF], but it would be impossible to properly assert this hypothesis without modification of the experimental design.

However for belowground functional traits, the decrease in SRL and increases in RD and RTD imply shifts towards a more conservative strategy of growth and nutrient acquisition. As an example, the responses of these traits imply an increase in storage potential, resource transportation, biomass allocation, root longevity, and penetrative ability (Pérez-Harguindeguy et al 2013). Meanwhile a decrease in nutrient uptake rates, decomposability and relative growth rates also suggests a shift towards a more conservative strategy. Overall, this may imply that the nature of belowground competition is not proactive so as to access resources before neighboring plants but instead reactive, attempting to conserve the resources already acquired.

Interestingly, there is a difference in the observed shifts in acquisitional strategies when comparing the aboveground and belowground responses to competition. Aboveground, competition induces responses that are more associated with a proactive strategy, such as attempting to gain an initial advantage over the neighboring plant. This is exemplified by the increase in photosynthetic rate, in which a plant adapts their photosynthesis to function optimally under low-light conditions as defined by the shade avoidance response [START_REF] Ruberti | Plant adaptation to dynamically changing environment: The shade avoidance response[END_REF]). An increase in growth rates also suggests that aboveground, plants attempt to gain an early advantage over neighboring plants through increasing access to available light, while at the same time reducing available light to slower growing plants. Belowground, overall the response to competition differs in that a more conservative strategy is induced. One example is the reduction in SRL trait values following exposure to competition, which suggests an increase in root lifespans and a reduction in relative growth rates and nutrient uptake rates. Similar to the finding by [START_REF] Roucou | Shifts in plant functional strategies over the course of wheat domestication[END_REF] in which domestication produced a new type of trait coordination between belowground and aboveground biomass allocation, competition also produces a new method of coordination between aboveground and belowground acquisitional strategies; seeming to favor rapid growth and higher acquisition rates aboveground while attempting to conserve an established presence belowground.

Plasticity

Some traits did observe heterogenous responses to competition along the domestication gradient, notably the performance trait of biomass and the functional trait of root diameter. Although some variation was observed in mean RDPI values among the different subspecies for more than just these two traits, tukey tests did not explain these differences as being substantial. However, one-way ANOVAs do occasionally highlight significant responses to competition for individual subspecies depending on the trait.

A functional trait considered as having a significant degree of heterogeneity along the domestication gradient in its plastic response is RD. Specifically, dicoccoides managed to exhibit the highest level of plasticity for this trait value. This seems to agree with the notions of the domestication syndrome in the sense that ancestral forms exhibit more conservative strategies, as when responding to competition dicoccoides increased its belowground storage potential and decreased its nutrient uptake rates. In another sense, it is the ancestral form that exhibited an extreme expression of this trait value which is contrary to the notions provided by the domestication syndrome [START_REF] Isaac | Crop Domestication, Root Trait Syndromes, and Soil Nutrient Acquisition in Organic Agroecosystems: A Systematic Review[END_REF]). This may be understandable when considering the environment in which later subspecies are cultivated, as an artificial nutrient-rich setting reduces the limitation of resources which in turn make the effects of competition less pronounced [START_REF] Grime | Evidence for the Existence of Three Primary Strategies in Plants and Its Relevance to Ecological and Evolutionary Theory[END_REF][START_REF] Tilman | Competition, nutrient reduction and the competitive neighbourhood of a bunchgrass[END_REF], again encouraging a proactive exploration of nutrients over a strategy of a slow and steady growth.

Most importantly the final measure, allowing for the assessment of the outcome of competition, does show a variation in net results across the domestication gradient. Biomass overall maintains a significant loss in trait values, ranging from a decrease of 51.5% to 71.5% depending on subspecies. The former (dicoccum) observed the most success relative to other subspecies following exposure to competition, yet still observed a significant loss biomass. The latter (dicoccoides) observed the most extreme loss in biomass following exposure to competition, implying a much lower level of resistance to intraspecific competition. The other subspecies comprising of the durum races share similar levels of plasticity to the two formerly mentioned subspecies. This result provides insight into the potential contribution to yield stability that may be provided by the more successful subspecies, although further study may serve to better understand which functional traits prevented or facilitated an increase in biomass.

Shortcomings of This Study

Strengths provided by the method used in this experiment permit for a good understanding of the trends exhibited by each of the four phases of domestication (wild, primitive, traditional, and recent). However, each of these four phases are comprised of forty accessions. This may allow for a representative sample size for the purpose of understanding the general behavior of a subspecies, although understanding the behavior of an individual accession is difficult to test considering that there are only four repetitions per accession per treatment. Some accessions may be distinct in that the exhibited plastic response may be atypical from the others within a given subspecies and may be potentially favorable. It could be advantageous to further study the trends of individual accessions by increasing the overall sample size of the experiment.

Furthermore, as it may be interesting to explore the complementarity between the traits of certain subspecies and accessions of durum wheat. As some functions may better coexist and be more conducive to niche partitioning [START_REF] Tilman | The Influence of Functional Diversity and Composition on Ecosystem Processes[END_REF], running the same experiment while using a variety of other accessions as neighbors could shed insight into the potential to avoid the effects of competition. Such an experiment may aid in defining the objectives in the selection of cultivars used in intraspecifically diverse crop mixtures.

Lastly, a potential limit of the hypotheses given by this study would be the discounting of the correlations between certain functional traits with following performance traits. This could aid in identifying which traits pose the greatest hinderance or contribution to a plant's final biomass. As proposed by [START_REF] Allaby | Using archaeogenomic and computational approaches to unravel the history of local adaptation in crops[END_REF] and [START_REF] Dawson | Phenotypic diversity and evolution of farmer varieties of bread wheat on organic farms in Europe[END_REF], the incorporation of traits from ancestral varieties into modern cultivars may prove beneficial to innate plant performance. However, the identification and defining of a trait's contribution would be a necessary first step.

Potential Applications

In furthering the understanding of plant trait expression along the domestication gradient of durum wheat, targeting certain subspecies for the incorporation of a given trait may become more feasible. Efforts in plant breeding may benefit from a better understanding of durum wheat's response to intraspecific competition and the potential risks posed in such environments. Additionally, the evolution of nonreproductive traits brought upon by domestication efforts may not have been accounted for by breeders and is a point in which this study may serve useful. Lastly, this exploration of plant trait plasticity may serve useful for the designing of improved experiments and more refined hypotheses, to the end of assuring higher yield potential and stability while benefiting from the advantages of low input agricultural systems.

Conclusion

This study aims to detail the evolution of the response to intraspecific competition along the domestication gradient of durum wheat (Triticum turgidum) through the assessment of seven functional traits and two performance traits. The domestication gradient being tested is comprised of four phases: wild emmer (T. turgidum dicoccoides), domesticated emmer (T. turgidum dicoccum), and durum wheat (T. turgidum durum). The latter group is further divided into two subgroups, according to presence in agriculture before (landrace) or after (elite) the Green Revolution. The questions posed within this study are summarized as follows: ( 1) are there pronounced differences in trait expression throughout the domestication gradient, (2) does an exposure to intraspecific competition induced a marked response in the traits being evaluated, and (3) is the plastic response to intraspecific competition consistent across the domestication gradient? To address these questions an experiment containing two treatments is designed, in which ten individuals of each phase of domestication are grown in pots with no neighboring plants (control) and ten individuals of each phase are grown in pots accompanied four neighboring plants of an elite cultivar (competition). This setup is repeated four times in a design that is balanced, complete, and randomized; amounting to a total of 320 pots.

Following the measurement of functional and performance traits, analyses of variance and the use of the relative density plasticity index (RDPI) permit the previously mentioned questions to be addressed. Across the domestication gradient, there are significant differences observed in all functional and performance traits, revealing an innate heterogeneity in plant phenological characteristics developed over the course of selection. In response to intraspecific competition, all traits observed a significant difference in general values with the exception of maximum vegetative height and root branching intensity. The heterogeneity of the plastic response to intraspecific competition across the domestication gradient was only observed for two of the measured traits: biomass and root diameter.

The functional traits measured are correlated to certain plant functions, allowing insight into other plant functions [START_REF] Violle | Let the concept of trait be functional![END_REF]). As a result of the significant changes observed in the values in functional traits, competition induced specified responses. For aboveground sections of the plant photosynthetic rate, nitrogen content, decomposability, and relative growth rate increased; while carbon content, longevity, and durability decreased. Whereas belowground the changes in trait values correlated to an increase in storage potential, resource transportation capacity, allocation of biomass, longevity, and penetrative ability; while reducing root uptake rates, decomposability, and relative growth rates. Interestingly these findings imply an increase in acquisitive strategies aboveground and the development of a more conservative strategy belowground when responding to competition.

These findings provide an improved understanding of the response to competition as observed through the various phases of domestication of durum wheat. As the benefits of increased genetic diversity within agricultural settings becomes increasingly popular, such as through practices exemplified in agroecology, grasping the mechanisms involved in such heterogenous mixtures becomes of paramount importance for the development of this field. It is the wish of this study to provide a solid steppingstone on which further explorations into the preservation of biological and ethnobotanical diversity may be conducted.
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 1 Figure 1. The site of the CEFE (Centre d'Ecologie Fonctionnelle et Evolutive) located on the CNRS campus within Montpellier, France. Experimental terrain (a) with the adjacent three-winged building containing the offices and laboratories (b). Left image taken from Wikipedia Commons (2016), and right image taken from Apple Inc. (2022).
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 2 Figure 2. (A) Aboveground plant biomass (mean and SE) on the number of plant species seeded into each plot. (B) Aboveground plant biomass on the number of functional groups seeded into each plot. Curves shown are simple asymptotic functions fitted to treatment means. Taken from Tilman et al. (1997).
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 3 Figure 3. Example of the potential interaction between active and passive responses that potentially influence a given trait, culminating in the observed trait value. Taken from Van Kleunen & Fischer (2005).
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 4 Figure 4. Seven-day rolling average temperature and weekly total precipitation over the course of the experiment. Obtained from the onsite weather station.
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 5 Figure 5. Summary of functional trait markers corresponding to the functional traits measured. Traits are grouped according to similarity and anatomical proximity. Adapted from Garnier and Navas (2012) and Violle et al. (2007).
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 6 Figure 6. Preliminary comparisons between the aboveground trait values resulting from competition and control treatments for maximum vegetative height (H !"# ), specific leaf area (SLA), and leaf dry matter content (LDMC). Tukey tests results are also displayed in order to compare differences between subspecies within the same treatment, with the single treatment being represented by capital letters and competition being represented by lowercase letters.
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 7 Figure 7. Preliminary comparisons between the belowground trait values resulting from competition and control treatments for specific root length (SRL), root diameter (RD), root tissue density (RTD), and root branching intensity (RBI). Tukey tests results are also displayed in order to compare differences between subspecies within the same treatment, with the single treatment being represented by capitol letters and competition being represented by lowercase letters. Trait values for SRL, RD, and RTD are log-transformed prior to tukey test.
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 8 Figure 8. Preliminary comparisons between the performance trait values resulting from competition and control treatments for specific biomass and biovolume. Tukey tests results are also displayed in order to compare differences between subspecies within the same treatment, with the single treatment being represented by capital letters and competition being represented by lowercase letters. Trait values for biovolume are squareroot transformed prior to tukey test.
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 9 Figure 9. Relative density plasticity index (RDPI) in response to intraspecific plant competition among different subspecies corresponding to the aforementioned traits. Positive RDPI values denote an increase in trait associated values when subject to competition, whereas negative values denote a decrease in trait values when compared to the non-competitive (control) treatment. P-values indicating significant differences in trait values between treatments are shown above or below the bars (one-way ANOVA). Significant differences in plastic response between subspecies are denoted letters derived following a tukey test; a shared letter denoting no significant difference.
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 10 Figure 10. Conceptual model illustrating the influence of functional traits on aboveground and belowground plant functions. Traits observing significant increases in trait values compared to the control are indicated by a (+) while traits observing significant decreases in trait values are indicated by a (-). Traits observing no significant change are indicated by a (ns). Connecting lines indicate positive (+) or negative (-) effects following the changes in trait values after exposure to competition. Trait indications on plant-environment interactions are also provided.
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