Potential of the Near Infrared Spectroscopy to Study Plant-Plant
Interactions and Mycorrhizal Symbiosis in Wheat

Context
Bread wheat (Triticum aestivum) is a major crop in Europe, but its productivity is threatened
by biotic stresses (e.g., septoria, rust) and climate change. Varietal mixtures (e.g., Venezio x
Soissons) and arbuscular mycorrhizal symbiosis (AMF) are promising agroecological levers to
reduce disease susceptibility and to improve resource use efficiency (water, phosphorus,
nitrogen).
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(Alaux et al., 2020). However, the temporal dynamics of these responses remain unknown, as
they have never been dynamically monitored due to the complexity of experimentsA major
step forward would be to develop a non-destructive method for continuously tracking plant
physiological responses over time. This internship is part of a larger project (OPTIBIO, TERRA-
MED PhD program) aimed at developing optical tools based on Near InfraRed Spectroscopy
(NIRS) to predict and optimize these interactions.

NIRS measurements have the capacity to detect spectral signatures associated with structural
changes (e.g., lignin and chlorophyll content) and biochemical changes (e.g., the production
of defence-related metabolites). In this study, we hypothesise that NIRS signatures will enable
the early detection of plant responses to the presence of a neighbouring plant (Soissons) and
to mycorrhizal symbiosis, as well as their potential interaction, which could result in additive
or synergistic effects



The intern will contribute to set up an innovative experiment to collect spectral, molecular
and phenotypic data. This experiment will be replicated during the internship.

1. Implement a NIRS phenotyping protocol. NIRS measurements every 2 days between 2
and 6 weeks after sowing on Venezio plants grown in pure stands (control), with
Soisson neighbor, and under two environmental conditions: +AMF (mycorrhizae) vs -
AMF.

2. Use NIRS data to identify an optimal time (e.g., peak spectral divergence between
conditions) for leaf sampling. And analyze gene expression related to defense, primary
metabolism and specialized metabolism.

3. Characterize phenotypic traits such as resistance to Septoria, mycorrhization, biomass

4. The student will receive supportin learning how to process data (preprocessing of NIRS
spectra, dynamic multivariate analysis, correlation between spectral molecular and

phenotypic data (software: R, Python, Matlab).
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£ From spectra to roots: understanding plant responses to mycorrhizae

el® Physiological and spectral characterization — Data analysis — Insights on plant-microbe interactions

Required Skills

Education: M2 in Plant Biology, Agroecology

Technical skills: Greenhouse experimentation, molecular biology, data analysis in R

Personal qualities: Autonomy and rigor, Scientific curiosity for the biology/technology
interface, Ability to work in a team (collaboration with 3 units/disciplines).

Practical Information
- Duration: 5 to 6 months (starting February/March 2027).
- Location: UMR PHIM (Plant Health Institute, Montpellier)
- Supervision: Elsa Ballini (UME PHIM), Elisa Taschen (UMR Eco&Sols), Daphne Heran
(UMR ITAP), Silvia Mas (UMR ITAP).
- Allowance: According to INRAE/Institut Agro standards (~600-700 €/month).



Application

Send before October 15, 2026: CV (1 page max) specify: experience in plant biology, data
analysis, and interest in agroecology; Academic transcripts (M1).
Contact:elsa.ballini@institut-agro.fr
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