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Select wheat lines 1) on stomatal conductance, then 2) for WUE.

introgressed into elite material genomic regions that confer high water--use efficiency but maintained photosynthesis.

PosiBve effect in very dry environments only (avoidance)

No yield advantage at rainfalls such as in wheat growing regions ..but some success to increase RUE

… increased in wheat = a posi?ve trait in driest environments

Rebetzke et al., 2002

• Without BP + low TR/VPD = dry condi?ons … But restricted A, slow growing, low yielding under well--watered condiBons!

• With a high iniBal slope and a low BP: good strategy for terminal drought condi?ons.

… maximize A at low VPD, water conservaBon at high VPD,

• A low BP : greatest water conserva?on when soil water is sBll available

SelecBon of BP matching the likelihood of water--deficit condiBons.

• A high BP imposes less--restric?ve water conserva?on.

Improving water--use efficiency Maintain transpiraBon..

Improve soil Bllage or select genotypes with increased root growth/branching

Useful when a soil water reserve is root free Take care of opBmal carbon investment in roots in case of HI increase 

Phenotypic traits, examples
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Introduction

The scientific community has a large responsibility when it announces spectacular results on the drought tolerance of plants, a topic with direct consequences on the food security of millions of people. Agriculture is facing a declining water availability, a reduction in arable land, and strongly increasing demand for harvested products. Predictions of climate change indicate an increased variability of rainfall in the next 40 years and an increased risk of high temperature (IPCC, 2007;Battisti and Naylor, 2009), that will cause appreciable limitations of yield (Tebaldi and Lobell, 2008;Brisson et al., 2010). Food security requires investments in this domain, in particular with new genotypes that can at least maintain an acceptable productivity under reduced water availability. During recent decades, an appreciable part of the academic effort and the most spectacular results have been associated with the identification of single genes that would confer drought tolerance, mostly in controlled conditions. Surprisingly, these results have been obtained via a large variety of processes and mechanisms, for example, cell protection mechanisms (Garg et al., 2002;Castiglioni et al., 2008), detoxification of reactive oxygen species (Sunkar et al., 2003;Yang et al., 2007), hormone balance (Iuchi et al., 2001;Rivero et al., 2007) or the manipulation of a transcription factor (Nelson et al., 2007;Oh et al., 2009).

Taken together, these results may either suggest that individual mechanisms acting on very different pathways can bring a spectacular increase in drought tolerance, or that drought tolerance is such a vague concept that very different results can fit into it. It is clear that plant survival and plant performance under water deficit depend on different mechanisms, quantitative trait loci (QTL), and sets of genes (Tardieu, 1996;Skirycz et al., 2011), although they are often grouped under the same concept. Furthermore, an allele associated with a given gene or QTL have different effects depending on environmental scenarios (Chenu et al. 2009). A given gene polymorphism may therefore bring spectacular results in a given drought scenario but not in others. In a provocative way, one can argue that any traitrelated gene polymorphism can bring drought tolerance, provided that the appropriate scenario to demonstrate this tolerance is identified by model-based reverse engineering.

The most striking example of a contradictory effect is the duration of the plant cycle, largely determined by genes affecting flowering time. Simple computer simulations and agronomic experience show that a long cycle duration tends to improve yield under favourable conditions because it increases the amount of intercepted light (Monteith, 1977), but that it

  within a given species. Large part of geneBc progress of several species εa = f(leaves orientaBon) εb = f(species).

)

  When limited amount of water (e.g., shallow soil) of lifle interest or even counter--producBve! Root surface area to weight raBo Root surface area to weight raBo Descrip?on »level2" : Main root length Longest lateral root length Number of lateral roots Number of nodules on each root Nodule posiBons (individual and by class) on all of the roots and distances Apical diameter of roots « Conven?on » : Number: total and by segment--segment length Projected area : individual and by class PosiBon: : individual and by class Nodule effciency : individual and by class EsBmated biovolume : a root = cylinder Biomass esBmaBon by calibraBon Which root traits ? Magne?c Resonance Imaging • Non--invasive • Soil--pofed plants • High contrast between roots/ nodules and soil • Monitoring root and nodule development in 3D • Measuring water and solid content development in pods • Combines well with Positron Emission Tomography visualize (harvest) the whole root system --At high resoluBon --To perform dynamic and non destrucBve analyses, --For a large number of biological units, --EsBmate structural (and funcBonal?) traits --Avoid oxygen, pH, nutrient unregulated condiBons Pre requisites to access root architecture? èStudy plant--plant and plant--microorganism interac?ons On plants of various species (not only model plants) Ruffel et al. (2008), Plant Physiol. 146: 2020--2035. Salon et al. (2009), CRAS, 332 :1022--1033. Jeudy et al. (2010), New Phytol, New Phytol., 185:817--828.
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• Measure exhaus?vely and accurately environmental factors, soil water (water sensors)

• Inves?gate possible causes of maintained trnaspira?on under high VPD (ABA regula?on, leaf and root/restricted root hydraulic conductance, root soil water capture ..)

• Think about plant rela?on with soil mircoroganisms (mycorrhyza, PGPR…)

• An integrated view of whole plant (take care of op?mal carbon investment in roots as regards to HI, metabolic costs associated)

• Phenotyping in GH/CC => genotypic parameters of models, to be evaluated in field experiments.

• Working on drought tolerance implies considering soil, environmental condi?ons and crop management (Tardieu JEB, 2012) 

Image analysis

Thank you for your attention!