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Executive Summary  

 
 
The objectives of 4PMI are to offer access to partners wishing visualizing Root System 
Architecture of plants grown in innovative containers (RhizoTubes) and capturing images with 
RhizoCabs. A variety of environmental conditions are available, specialy abiotic stresses. 
Images are then processed using home designed softwares to extract root (or nodules for 
legume plants) traits automatically. 

Three TNA access were initially planned in 4PMI, but due to covid crisis, only one long TNA 
(WINLEG) could be offered.  WINLEG-TNA examined the intraspecific diversity of shoot and 
root morphogenetic traits in two major forage legumes (alfalfa and red clover) using the 4PMI 
phenotyping platform. The experiment was carried out from January to March 2021. A panel 
of five contrasting varieties per species was analysed under two nitrogen conditions (N+: high 
N level preventing nodulation of legumes; 0N: zero nitrogen with inoculation of Rhizobium for 
nodulation) during the establishment phase of these perennial species. Phenotyping 
addressed traits above- (shoot development, leaf and stem growth, shoot biomass) and 
belowground (root biomass, branching density, nodule formation).  

We had before the experiment numerous discussions and we hired non-permanent workers to 
help 4PMI during the experiment. The first results show that the experiment ran very well in 
spite of the COVID-19 situation. They confirm that significant impacts of the two studied 
treatments (i.e. genetic effect of cultivars; response to N limitation) were achieved in the two 
species. Furthermore, significant genetic variability was shown for root morphological traits 
and for shoot-root allocation as assessed at the end of the experiment. Most of the analytical 
work remains to be done for the dynamic computations relying on image analyses. Several 
steps have been designed in order to complete these analyses in the next few months. 

During this TNA, around 4 colleagues were trained for a duration of 4 days and concerning 
plant harvest and root harvests. 
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1. Overview of TNA users projects realized in TNA INRAE 4PMI 

1.1.1.  Installations (short description of each installation in the local infra)  

 
The Plant Phenotyping Platform for Plant and Microorganism Interaction (4PMI) is an experimental facility comprising building (2469 m²) and 
greenhouses structures (2470 m²), linked to the Agroecology Mixed Research Unit (MRU) of INRA Dijon. 4PMI enables researchers from the 
MRU and more broadly the national and international scientific community to have this facilities and equipment for: The production of plant material 
under controlled conditions; The realization of conventional or automatized experimentations under controlled conditions,  associated or not to 
high throughput phenotyping; The technological and methodological research and development related to root and aerial phenotyping.  
More precisely, the platform enables researchers to lead their plant experimentation in the best conditions with : 1260 m² of functional culture 
area in various spaces (conventional greenhouses, automated greenhouses, climatic chambers and an outside area for culture in pots with a 
vine-type fixed staking frame) ; A significant chain of room / equipment allowing high throughput phenotyping and its upstream and downstream 
activities (from substrate preparation to the post-harvest treatment) ; 1200 RhizoTubes©, two RhizoCabs© and the associated custom made 
cultivation accessories. 
4PMI developed i) innovative plant culture containers (RhizoTube) for automated dynamic and non-destructive in situ visualization of root systems 
and designed ii) a first RhizoTubes dedicated imaging cabin (RhizoCab High Resolution) having high definition (7 microns) and medium throughput 
(phenotyping of 100 rhizotrons daily) and iii) a second cabin (RhizoCab High Throughput) in which large numbers of RhizoTubes (1200) are 
conveyed automatically which allows to obtain images of root systems with high resolution (42 microns). These devices and this flow allow to 
characterize at "high speed" the morphometric (ie architecture) traits of large numbers of plants, a range of species.  
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Fig. 1 : View of one the 4PMI’s automated greenhouse filled with RhizoTubes, a RhizoTube being imaged in the RhizoCab and an example of 
pea nodulated root image acquired with this set up. 

1.1.2. User projects  

Min. quantity of access units to be provided according to the DoA: 270       

Total number of access units (sum of access units in the table): 180       

          

Installation Project title 
Project 
acronym 

Description about the 
experiment  

Coordinator 
Already used 
installation 

Nature of 
the 
access 
unit* 

Number 
of used 
access 
units 
during 
the 
project 

(Potential) 
paper 

How many 
people was 
trained by 
this 
procedure 
? 

4PMI 

Within- and 
among variety 
variability of root 
trait responses 
to N availability Winleg 

Assessment of 
intraspecific diversity of 
shoot and root 
morphogenetic traits in 
alfalfa and red clover 
using the 4PMI ILVO Yes Day 180 2 4 
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* Access units describe how accesses are calculated, typically 1 day x 1 pot, 1 season x 1 microplot, etc …

in two forage 
legumes  

phenotyping platform. 
The experiment was 
carried out from 
January to March 
2021. A panel of five 
contrasting varieties 
per species was 
analysed under two 
nitrogen conditions  
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2. TNA projects   

2.1.1. TNA projects description 

 
WINLEG, Within- and among variety variability of root trait responses to N availability in two 
forage legumes. See summary above. Publication of the result will address i) the analysis of 
the phenotypic variability of root and shoot traits (genetic diversity, genetic correlations, N 
responses in the two crops) and ii) methodological developments potentially related to 
automatic image analysis.  

2.1.2. Selection of One exemplary project 

Recent reports suggest that increased genetic variability might favour stability of grassland 
botanical composition and the resilience of production in multi-species grasslands. The aim of 
the WINLEG-TNA was to examine the intraspecific diversity of shoot and root morphogenetic 
traits in alfalfa and red clover. In this (long) experiment five contrasting varieties per species 
were analysed under two nitrogen conditions. Phenotyping addressed traits above- and 
belowground. Significant impacts of the two studied treatments (i.e. genetic effect of cultivars; 
response to N limitation) were achieved in the two species. Furthermore, significant genetic 
variability was shown for root morphological traits and for shoot-root allocation as assessed at 
the end of the experiment.  Semi-automatic methods were developed at INRAE to determine 
several root morphogenetical traits. The development of an algorithms to extract the targeted 
root traits automatically from the whole set of images and genotypes is planed between ILVO 
and INRAE.  Figure 2 and Figure 3 illustrate this root data at a single date for alfalfa under 
the N+ treatment and show that: 1) A significant varietal effect was also found for root growth 
parameters and for shoot root allocation, 2) A large within-variety phenotypic variability was 
also found in root traits, 3) Most root morphogenetic parameters were poorly correlated 
between each other, indicating a relative independence of their values, 4) the shoot-root ratio 
measured at the end of the experiment was shown to be associated with both shoot and root 
morphological parameters. In alfalfa under non-limiting N, the role of maximal internode length 
was apparent for shoot parameters and those of VarD and Dldm were significant for root 
parameters. They might be directly connected to the C trophic demand of non-photosynthetic 
organs above- and belowground. 

Most of the analytical work remains to be done for the dynamic computations relying on image 
analyses. In the next few months in order to complete these analyses we will calculate the 
temporal dynamics of growth and development using an automatic pipeline already available 
for segmentation (e.g. Figure 4), now to be applied to determine root biomass and total root 
length along the experiment. Manual annotation of root traits will be completed on a subsample 
of images in the two species to target functional parameters from the Archisimple framework 
of root morphogenesis. A fine characterisation of the environmental growing conditions in the 
greenhouse will allow to better isolate the genetic component responsible for within- and 
among-variety phenotypic variability [November-December 2021].  
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Figure 2: Impact of cultivar (1 to 5) on the shoot-root ratio and on five root morphological 
parameters used in the Archisimple root model (Pagès et al, 2014): IBD (mean inter-branch 
distance), Dmax (maximal root tip diameter), Dlat (mean root tip diameter of the first order 
laterals), Dldm (ratio between the diameter of laterals and parent roots) and varD (tip diameter 
variability of lateral roots). Data are for alfalfa under N+ treatment 5 weeks after the beginning 
of the experiment. 

 
Figure 3: Relationship between the shoot-root ratio, five root morphological parameters (IBD 
: mean inter-branch distance; Dmax: maximal root tip diameter; Dlat: mean root tip diameter 
of the first order laterals; Dldm: ratio between the diameter of laterals and parent roots; varD: 
tip diameter variability of lateral roots) and four shoot morphogenetic parameters (Lfmax: 
maximal leaf length; LenMax: maximal internode length; NBsh: number of primary shoots; 
RatioRamifs: average number of secondary leaves per phytomer). Data are for alfalfa under 
N+ treatment. 
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Figure 4: Example of a segmented image isolating roots from background with the new 
automatic algorithm. 

3. Reflection on results of the TNA programme 

 
During this TNA, we learned how to realize long term experiment, as usually, we do not go 
beyond three weeks within the automated platform for root analysis. This represented a 
challenge but went successfully as we were able to extract phenotypic traits for both shoots 
and roots for such a long trial. 

From a methodological point of view, this project will indeed seek to improve automatic image-
analysis pipelines for root traits (already achieved regarding root segmentation). A first output 
will concern a test of robustness for the algorithm routinely used to measured root traits by 
means of image analysis (image segmentation; relationships to derive root biomass, taproot 
length, root volume) and to extend it to functional characterisation of the root system (branching 
density, branching delay, number of nodules…) on forage legumes.  
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