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Welcome  

On behalf of the international organizing committee, I 

have the great honour and pleasure, to welcome you 

here at the 7
th

 International Symposium on Root 

Development in Weimar with its beauty and 

plentifulness of cultural sites.  

Highly motivated by several recent Symposia on Root 

Development we have personally experienced, my 

group at the Leibniz Institute of Vegetable and 

Ornamental Crops (IGZ) feels extremely happy to host 

you as local organizer here in Germany.  

In the spirit of previous symposia, the 7
th

 International 

Symposium on Root Development aims to exchange 

recent knowledge and ideas on fundamental and applied 

aspects of root induction and further development, including primary, lateral and 

adventitious roots. We are happy that the challenging motto “- at the crossroads of genome, 

environment and technology” attracted more than 90 “root scientist” from 26 countries to 

exchange their cutting-edge knowledge, tools and concepts. More than 40 oral 

presentations and almost 40 posters will cover fundamental questions such as the 

regulation of cell fate and root meristem development but also include practical aspects 

such as the environmental control of root development and the benefit of root architecture 

to plant survival. 

We greatly invite you to enjoy all the interesting presentations and the nice environment as 

stimulants for fruitful discussions also “in the corridors” during the breaks and at all other 

occasions! 

I thank the local organizing team for their enthusiastic work and the International Scientific 

Committee for their great cooperation in preparation of this conference! 

We thank our financial partners for their substantial support! 

Finally, we wish you a pleasant and both, scientifically and culturally exciting and fruitful 

time here in Weimar! 

 

 

Uwe Druege 

Chair of the Organizing Committee 

Rooting 2014 
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Practical Information 

Venue 

Seminar building, Congress Centrum Neue Weimarhalle, UNESCO Platz 1, 99423 

Weimar, Germany 

Oral lectures 

Oral lectures will be held in seminar room II. There, please contact Martin Bauerfeind for 

uploading the file on the laptop just in time (if possible, 24 h before the presentation 

starts). Please contact the session moderator before the beginning of your session. Please 

note, that the total time of presentations include the technical starting and the discussion.  

Poster sessions 

Posters will be displayed in seminar room I. Please find the display number of your poster 

and the relevant poster session (I or II) in your conference bag and fix your poster on the 

numbered display before Tuesday 16 September, 08:30 a.m.  Posters should be on display 

for the entire symposium. Authors are expected to be present at their poster during the 

respective poster session. Please, take your poster down at the end of the symposium.      

Coffee breaks and lunches 

All coffee breaks will be served in the foyer of the seminar building. 

All lunches will be served in the basement part of the seminar building. 

Excursion and social program 

The Welcome Buffet will be served in the basement part of the seminar building. The 

Excursion “UNESCO World Heritage in Weimar & Duchess Anna Amalia Library” 

will be organized in four groups: group I - 13:45 – 17:00, group II – 14:15 – 17:30, group 

III – 14:45 – 18:00, group IV – 15:15 – 18:30. The relevant group is indicated in the 

conference bag. Meeting point: Southern Entrance – Congress Centrum Neue 

Weimarhalle. End point: Duchess Anna Amalia Library. 

The Conference Dinner will be held from 20:00 to 24:00 at Villa Haar, Dichterweg 2a, 

99425 Weimar, which is in walking distance to most of the hotels and to the venue. Please 

contact Klaus-Thomas Haensch for the case, you have troubles with walking. Transport 

back to the hotels will be provided by a taxi service, which will be indicated. 

Contact 

In case of any problems or questions, please speak to: 

Registration, excursion, transport: Klaus-Thomas Haensch 

Presentations: Martin Bauerfeind, Siegfried Zerche 

General affairs: Uwe Druege 
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Program 

 

Monday, 15 September 2014 

 

17:30 Registration & poster set up 

  

19:00 Welcome Buffet 

 

 

Tuesday, 16 September 2014 

  

07:30 Registration & poster set up 

  

08:30  Opening with welcome address of: 
 

o Prof. Dr. Eckhard George, Scientific Director,  

Leibniz Institute of Vegetable- and Ornamental Crops (IGZ)   

 

09:00  Opening lecture: Karin Ljung (Umeå Plant Science Centre, Sweden) 

Auxin metabolism and interactions during Arabidopsis root development - 

how to regulate the concentration of the regulator 

 

Session I: Auxin homeostasis and response in root development  

Moderator: Catherine Bellini (Umeå Plant Science Centre, Sweden) 

 

09:40 Mehdi Massoumi (Wageningen University and Research Centre, The 

Netherlands)  

Analysis of the role of polar auxin transport during adventitious root 

formation from Arabidopsis hypocotyls using mutants 

  

10:00 Elena Varas (Inst. de Investigaciones Agrobiológicas de Galicia, Spain)  

Effect of NPA on adventitious root induction and root development in 

leaves of chestnut microshoots 

  

10:20  Coffee break 

  

10:50 Siamsa M. Doyle (Umeå Plant Science Centre, Sweden)  

A chemical genomics approach to identify endogenous compounds 

regulating auxin transport in root cells 

  

11:10 Victoria Mironova (Novosibirsk State University, Russia)  

How the plant root deals with missing of a PIN auxin transporter 

  

11:30 Peter Schopfer (University of Freiburg, Germany)  

Lateral root formation in Arabidopsis I: New insights into pattern 

formation 
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11:50 Stefan Kircher (University of Freiburg, Germany)  

Lateral root formation in Arabidopsis II: Endogenous clock or auxin-

modulated oscillator? 

  

12:10 Keynote: Malcolm Bennett (The University of Nottingham, UK)  

Uncovering the hidden half of plant biology 

 

12:40 Lunch 

 

14:00 Plenary lecture: Sabrina Sabatini (Sapienza University of Rome, Italy) 

Molecular mechanisms involved in coherent root growth 

 

Session II: Fine control of cell cycle and cell differentiation in root developmen 

Moderator: Manuel Acosta (University of Murcia, Spain) 

 

14:40 Maria Maddalena Altamura (Sapienza University of Rome, Italy)  

The switch in cell-identity acquisition leading to either adventitious rooting 

or xylogenesis is controlled by SHR and SCR, and involves AUX1, in 

Arabidopsis thaliana hypocotyls and stem thin cell layers 

  

15:00 Einat Sadot (Volcani Center, Israel)  

Subtle perturbations to microtubules uncouple cell division from 

differentiation during adventitious root formation in Arabidopsis 

  

15:20 Coffee break 

  

15:50 Elison B. Blancaflor (The Samuel Roberts Noble Foundation, USA)  

A Trans-Golgi Network (TGN)-localized Tetratricopeptide Repeat-Like 

Superfamily Protein functions in actin-mediated root developmental 

processes 

  

16:10 Victor Ivanov (Russian Academy of Sciences, Russia)  

Temporal relations between cell divisions, life-span of cells in meristem 

and root cell transition to elongation 

 

16:30 – 19:00   Poster Session I  

 

 

Wednesday, 17 September 2014 

 

08:30 Plenary lecture: Gloria Muday (Wake Forest University, USA)  

Auxin and ethylene cross talk controlling lateral and adventitious root 

formation 

 

Session III: Other hormones, signals and related crosstalk in root development 

Moderator: Malcolm Bennett (The University of Nottingham, UK) 

  

09:10 Angela Veloccia (Sapienza University of Rome, Italy)  

Ethylene role in adventitious root formation in Arabidopsis thaliana thin 

cell layers 
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09:30 Junli Liu (Durham University, UK)  

Elucidating hormonal crosstalk in root development: experiments, network 

construction and spatiotemporal modelling for the interaction of PLS and 

PIN 

  

09:50 Keynote: Catherine Bellini (Umeå Plant Science Centre, Sweden) 

Adventitious rooting is controlled by a complex interaction between auxin 

and jasmonate signaling pathways 

  

10:20 Coffee Break 

  

10:50 Yuko Maki (Snow Brand Seed Co, Japan)  

Phenyllactic acid isolated from "bokashi" fertilizer promotes rooting 

through auxin response 

  

11:10 Francisco Pérez-Alfocea (CEBAS-CSIC, Spain)  

Hormonal changes in the roots of ABA overproducing tomato plants 

  

11:30 Aditi Gupta (National Institute of Plant Genome Research, India) 

Interaction between glucose and brassinosteroid signalling pathways 

during early seedling root growth and development in Arabidopsis 

  

11:50 Manjul Singh (National Institute of Plant Genome Research, India) 

Glucose-phytohormone interaction in modulation of root directional 

growth of Arabidopsis seedling 

  

12:10 Keynote: Michael A. Djordjevic (Australian National University, 

Australia)  

Regulatory CEP Peptides negatively control lateral root formation in 

Medicago truncatula and enhance competency for root nodulation 

 

12:40 Lunch 

 

13:45 Guided Weimar tour:  

UNESCO World Heritage in Weimar & Duchess Anna Amalia Library: 

group I - 13:45 – 17:00              group II – 14:15 – 17:30  

group III – 14:45 – 18:00           group IV – 15:15 – 18:30,   

The relevant group is indicated in the conference bag. 

  

20:00 Conference dinner: 
 

 Location: Villa Haar, Dichterweg 2 a, 99425 Weimar  

 

with welcome addresses of: 

 

o Stefan Wolf, Lord Major of the city of Weimar 

 

o Dr. Patricia Schmitz-Möller, Program Director “Life Science I” 

German Research Foundation (DFG)   
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Thursday, 18 September 2014 

 

09:00 Plenary lecture: Lorenzo Lamattina (Universidad Nacional de Mar del 

Plata, Argentina)  

NO secrets: Unravelling the hidden story of root growth and developmental 

processes 

 

Session IV: Environmental control and practical aspects of root development 

Moderator: Carmen Díaz-Sala (University of Alcala, Spain) 

 

09:40 Margareta Welander (Swedish University of Agricultural Sciences, 

Sweden)  

Environmental factors influencing rooting of Aristolochia manschuriensis 

in semi-solid agar medium and the new Plantform bioreactor 

  

10:00 Uwe Druege (Leibniz Institute of Vegetable and Ornamental Crops, 

Germany)  

Enhanced adventitious rooting of Petunia cuttings after dark storage 

involves rooting zone-specific expression of invertases during the dark 

phase 

  

10:20 Laszlo Kocsis (University of Pannonia, Hungary)  

Seasonal changes of root development of Cabernet sauvignon grafted on 

different rootstocks 

  

10:40 Coffee break 

  

11:10 Yi Zhou (University of Adelaide, Australia)  

Root distortion and development of wheat under different cropping systems 

  

11:30 Frédéric Danjon (INRA, France)  

In-depth phenotyping of root architecture and root deformations in planted 

Pinus pinaster saplings 

  

11:50 Audrey Lemay (Université du Québec à Chicoutimi, Canada)  

How does the root system inhibit windthrow in thinned black spruce sites in 

the boreal forest? 

  

12:10 Annie DesRochers (University of Quebec in Abitibi-Temiscamingue, 

Canada)  

Root clonal networks preserve genetic diversity in trembling aspen stands 

of eastern Canada 

 

12:30 Lunch 

 

14:00 Plenary lecture: Nicolaus von Wirén (Leibniz Institute of Plant Genetics 

and Crop Plant Research, Germany)  

Impact of nutrient availability on root system architecture 
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Session Va: Competence for root development: genetics and donor plant effects 

Moderator: Arthur Fett-Neto (Federal University of Rio Grande do Sul, Brazil) 

 

14:40 Anja Paschold (University of Bonn, Germany)  

Dynamic single parent expression patterns in primary root tissues of maize 

hybrids and their parents are driven by non-syntenic genes 

  

15:00 Coffee break 

  

15:30 José Manuel Pérez-Pérez (Universidad Miguel Hernández, Spain) 

Genetical genomics of adventitious root formation in carnation cuttings 

  

15:50 Keynote: Carmen Díaz-Sala (University of Alcalá, Spain)  

Maturation-related decline of adventitious root formation in pine: 

Searching for cell reprogramming genes by transcriptome analysis 

  

16:20 Gregor Osterc (University of Ljubljana, Slovenia)  

Physiological maturation and rooting: what is really happening on the 

biochemical level? 

 

16:40 – 19:00   Poster Session II  

 

 

Friday, 19 September 2014 

 

Session VI: New tools to analyze and control root development   
Moderator: Annie DesRochers (Université d. Québec en Abitibi-Témiscamingue, Canada)  

 

08:30 Jerzy Nakielski (University of Silesia, Poland)  

Computer simulation of the root cap regeneration 

  

08:50 Joanna Szymanowska-Pułka (University of Silesia, Poland) 

A lateral root development – catching up the form 

  

09:10 Adriano Sofo (Università degli Studi della Basilicata, Italy)  

Root architecture and morphometric analysis of Arabidopsis thaliana 

grown in metal-gradient agar dishes 

  

09:30 Dieter Lohr (Weihenstephan-Triesdorf University of Applied Sciences, 

Germany)  

Near infrared spectroscopy as a rapid tool to predict rooting capacity 

depending on nitrogen and carbohydrate status of cuttings 

  

09:50 Coffee break 

 

10:20 Plenary lecture: Guido Grossmann (Ruprecht-Karls-University 

Heidelberg, Germany)  

Tracking molecular flux in roots 
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Session Vb: Competence for root development: genetics and donor plant effects 

Moderator: Uwe Druege (Leibniz Institute of Vegetable and Ornamental Crops, Germany) 

 

11:00 Keynote: Amanda Rasmussen (The University of Nottingham, UK),  

Plant puberty: do hormonal changes during floral switch cause decline in 

pea cutting adventitious root formation? 

  

11:30 Millicent A. Otiende (Maseno University, Kenya)  

Effect of cutting position on adventitious rooting of rose and relations to 

endogenous auxin and cytokinins 

  

11:50 Arthur G. Fett-Neto (Universidade Federal do Rio Grande do Sul, Brazil)  

Gene expression during adventitious rooting in Eucalyptus globulus micro-

cuttings derived from donor plants exposed to far-red light 

 

12:10   Closing Session  

 

12:40 Lunch 
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Karin Ljung 

Department of Forest Genetics and Plant 

Physiology, Umeå Plant Science Centre, Sweden 

Karin.Ljung@slu.se 

 

The group of Dr. Karin Ljung is studying the 

regulation of auxin and cytokinin metabolism in 

Arabidopsis and other plant species. Karin and her co-

workers have shown that auxins and cytokinins have 

the capacity to regulate each other’s biosynthesis, and 

are investigating the mechanisms behind these 

interactions, and their importance for different 

developmental processes in plants. The group recently 

discovered a link between carbohydrate 

levels/signaling and auxin metabolism that clearly has implications for the understanding 

of the mechanisms by which plants modify their growth in accordance with environmental 

conditions. The group has developed methods for auxin and cytokinin metabolite profiling 

in very small amounts of plant tissues and isolated cells, and is currently using these 

methods to study auxin and cytokinin metabolism during root development. 

 

Notes:
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Auxin metabolism and interactions during Arabidopsis root development 

- how to regulate the concentration of the regulator 

Karin Ljung
1
 

1
Umeå Plant Science Centre, Swedish University of Agricultural Sciences (SLU), Umeå, 

Sweden 

contact: Karin.Ljung@slu.se 

Auxin (indole-3-acetic acid, IAA) is a major regulator of plant growth and development, 

and its non-uniform distribution between cells and tissues underlies spatiotemporal 

coordination of many developmental events and responses to environmental stimuli. 

Control of auxin gradients and the formation of auxin maxima/minima most likely involve 

regulation of both metabolic and transport processes. 

We have previously showed that there are distinct sources of IAA biosynthesis in the 

Arabidopsis thaliana root system, and that these sources contribute to the formation of the 

IAA gradient in the root tip. We have indications that local IAA biosynthesis is important 

also during lateral root initiation and development. Regulation of IAA biosynthesis is still 

not well understood, but recent data show that light intensity and the circadian clock, as 

well as sugars and different plant hormones (e.g. ethylene and cytokinins) can influence 

IAA biosynthesis via regulation of the TAA1/TAR and YUCCA gene families. 

We have recently showed that 2-oxindole-3-acetic acid (oxIAA) is a major primary IAA 

catabolite formed in Arabidopsis root and shoot tissues. The compound was highly 

abundant in IAA overproducing mutant lines, such as sur1-3 and sur2-1, and was rapidly 

formed after feeding Arabidopsis wild type seedlings with exogenous IAA. OxIAA had 

very little biological activity, as shown in root and hypocotyl elongation studies, although 

interesting differences were observed in the binding affinity of oxIAA to different TIR1-

IAA co-receptor complexes in pull-down assays. We recently identified two genes in 

Arabidopsis that are likely candidates for the enzymes catalysing the oxidation of IAA to 

oxIAA. 

IAA metabolite profiling of mutant and overexpressing lines for genes involved in IAA 

biosynthesis, conjugation and degradation show that there are strong homeostatic 

mechanisms operating to regulate the IAA levels, and we are now trying to get a better 

understanding of these mechanisms, and how important they are for developmental 

processes in the root. 

Keywords: auxin, biosynthesis, catabolism, root development, Arabidopsis 



22 

 

Plenary 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Sabrina Sabatini 

Department of Biology and Biotechnology, 

University of Rome Sapienza, Italy 

sabrina.sabatini@uniroma1.it 

Dr. Sabrina Sabatini is currently an Associate 

Professor of Molecular Biology at the University of 

Roma, Sapienza, Italy. Using the Arabidopsis 

thaliana root meristem as a model system, her 

laboratory aims to shed light on the molecular 

mechanisms that are involved in maintaining 

meristem activities and necessary to support 

continuous plant organ growth. In the root meristem 

of Arabidopsis thaliana, stem cells in the apical 

region self-renew and produce daughter cells that differentiate in the distal meristem 

transition zone. To ensure root growth, the rate of cell differentiation at the transition zone 

must equal the rate of generation of new cells. By means of Wet Biology and 

Computational Modelling approaches the group is interested in understanding how this 

balanced is achieved. 

Notes:
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Molecular mechanisms involved in coherent root growth 

Sabrina Sabatini
1
 

1
Department of Biology and Biotechnology, University of Rome “Sapienza”, via dei Sardi, 

70 - 00185  Rome, Italy 

contact: sabrina.sabatini@uniroma1.it 

The establishment of a dynamic equilibrium between cell division and cell differentiation 

guarantees Arabidopsis root meristem growth and maintenance. This equilibrium depends 

on the antagonistic interaction of two plant hormones cytokinin and auxin. We have 

previously shown that from the vascular tissue of the root meristem transition zone, 

cytokinins prompt cell differentiation, while auxin promotes cell division of all the other 

root tissues. We now have evidence that cytokinins control root meristem size from 

another root tissue type, the lateral root cap (LRC). We have observed that plants with low 

level of cytokinins in the LRC have an enlarged meristem and enhanced root growth. In 

contrast, when cytokinin signaling is enhanced in the LRC, plants display short meristems 

and short roots. Genetic and molecular analysis and root modelling simulations suggest a 

novel mechanism in which cytokinins, in order to fine tune auxin availability, regulate the 

level of biological active forms of auxin in specific root tissues thus controlling auxin 

gradient distribution. 

Keywords: cell division, cell differentiation, auxin, cytokinin, computational modelling 
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Gloria Muday 

Department of Biology, Wake Forest University, USA 

muday@wfu.edu 

Prof. Gloria Muday is a Professor in the Biology 

Department at Wake Forest University in North Carolina, 

USA, where she also serves as Director of the Center for 

Molecular Communication and Signaling.  Her 

laboratory studies lateral and adventitious root growth in 

Arabidopsis thaliana and Solanum lycopersicum 

(tomato).  The Muday lab is exploring how the hormones 

auxin and ethylene modulate root development.  Her lab 

uses genetic approaches to understand the cross-talk 

between auxin and ethylene signaling pathways 

including genome-wide transcriptional changes to identify gene products that may 

function in controlling root hormone responses and examination of the role of auxin 

transport in this cross-talk. They also study the role of flavonoids, plant secondary 

metabolites, in controlling root architecture and other aspects of plant growth and 

development. 

 

Regulation of lateral and adventitious root formation through crosstalk 

between auxin and ethylene  

Gloria Muday
1
, Daniel Lewis

1
, Poornima Sukumar

1
, Stacey Lundy

1
, Gregory Maloney

1
, 

Justin Watkins
1
, Jessica Martin

1
, Alexandria Harkey

1
, Jacquelyn Fetrow

2
, Amy Olex

2
, 

David John
2
, James Norris

3
 

1
Department of Biology, 

2
Department of Computer Science, 

3
Department of Mathematics, 

Wake Forest University, Winston-Salem, NC, USA 27109 

contact: muday@wfu.edu 

The hormones auxin and ethylene regulate formation of adventitious and lateral roots. We 

examined the hormonal controls of initiation of adventitious roots induced to form on an 

Arabidopsis hypocotyl by removal of the root and hypocotyl base. Localized auxin induced 

gene expression and enhanced auxin transport that drive this process are lost in abcb19 

mutants, which are defective in an auxin efflux carrier expressed in hypocotyls and roots. 

Increased levels of ABCB19 synthesis by overexpression constructs or by root excision 

increases adventitious root formation. Ethylene negatively regulates fluorescence of 

ABCB19:GFP fusions in root excised hypocotyls and reduces excision induced-

adventitious root formation, as examined by treatment with the ethylene precursor, ACC, 

or by examination of mutants that overproduce ethylene or are ethylene insensitive due to 

etr1-6 or ein2-5 mutations.  
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Ethylene also negatively regulates lateral root formation in intact roots and genetic 

evidence indicates a role of EIN2 and ethylene receptors in this process. We have used null 

mutants in all 5 ethylene receptors to demonstrate that ETR1 is the primary receptor that 

drives this process. Ethylene also modulates auxin transport to affect lateral root formation, 

but this action occurs through regulation of auxin transporters including PIN3 and PIN7, 

and not ABCB19. Ethylene increases rootward IAA transport and PIN3 and PIN7 

transcript abundance in an EIN2 and ETR1-dependent fashion, while reducing localized 

auxin reporter increases that normally precede lateral root initiation. These results are 

consistent with a model where ethylene-enhanced long distance auxin transport may limit 

local auxin accumulation. To identify a complete set of transcriptional targets of ethylene 

and auxin that are temporally linked to the timing of the effect of these hormones on root 

development, we completed a time course microarray analysis of transcript abundance 

changes in Arabidopsis roots. We identified transcripts that passed a rigorous filtering 

analysis for expression over background, at least 1.4-fold induction and that change with 

consistent pattern and magnitude across three biological replicates. We find over 1200 and 

450 transcripts altered by IAA and ACC, respectively, with 149 transcripts that are in both 

data sets.  We identified potential networks of transcription factors that are sequentially 

activated in response to these two hormones using a Bayesian modeling approach, and 

more slowly induced target proteins that may mediate the developmental effects of these 

hormones. We have begun to test the function of these networks by examination of 

transcriptional and developmental changes in mutants in potential primary transcriptional 

regulators and downstream targets. This approach has identified known transcriptional 

pathways, but also a diversity of new gene products that may function in networks that 

have not been previously reported to provide new insight into hormonal controls of root 

development.  

Keywords: auxin, ethylene, adventitious roots, lateral roots, auxin transport, 

transcriptional networks 

Notes:
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Lorenzo Lamattina 

Instituto de Investigaciones Biológicas, Universidad 

Nacional de Mar del Plata, Argentina 

lolama@mdp.edu.ar 

Prof. Lorenzo Lamattina received his PhD in 

Biológical Sciences at Mar del Plata University 

(UNMdP) where he is now Professor of Molecular and 

Cellular Biology. He is Superior Investigator at the 

National Scientific and Technical Research Council 

(CONICET). During his post-doc in IBMP-CNRS, 

Strasbourg, France he was co-discoverer of the ‘RNA 

Editing’ in plant mitochondria that finished with 

controversy of the universal code use in plant 

mitochondria. During the last 15 years in Argentina, Prof. Lamattina performed 

pioneering studies on the role of the signal molecule nitric oxide (NO) in many 

physiological processes in plants. Exciting findings about the NO biology in plants and its 

interaction with plant hormones have been extensively referenced in the field. He is author 

of more than 100 articles, one book and many chapters of books in Physiology, 

Biochemistry and Molecular Biology of plants. Prof. Lamattina received the Awards 

‘Konex’ 2013: Biochemistry and Molecular Biology, ‘Bunge y Born’ 2006: Plant Biology, 

‘John Simon Guggenheim Foundation’ 2005: Nítric Oxide-Mediated Processes in Plants, 

and was president of the Jury of Award ‘Bunge y Born’ 2013. 

Notes:
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NO secrets: Unravelling the hidden story of root growth and 

developmental processes 

Lorenzo Lamattina
1
 

1
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In the last decade, solid evidences have positioned nitric oxide (NO) as a central 

component in root growth and development processes orchestrated by auxins. NO is able 

to induce adventitious root (AR) formation, lateral root (LR) development and root hair 

(RH) growth and differentiation.  A number of second messengers involved in signalling 

cascades regulated by NO were described in AR formation, among them guanylate cyclase 

and cGMP; Mitogen-Activated Protein Kinases (MAPKs), Calcium-Dependent Protein 

Kinases (CDPKs) and phospholipid signalling molecules. For LR development, NO acts at 

first stages of the primordial constitution by up-regulating the expression of cell cycle 

regulatory proteins like cyclins. Studies also revealed the requirement of NO for the 

inducer activity of LR development found in Brassinosteroid. Regarding the RH growth, 

NO is a critical component of endocytosis, it regulates vesicle trafficking, membrane 

formation and cytoskeleton function for fully-grown RHs. When searching for molecular 

targets of NO, we found that the TIR1 auxin receptor is S-nitrosylated and resulting in an 

enhanced downstream signalling cascade in response to the hormone. More recently, we 

also identified the S-nitrosylation and activation of the cytosolic ascorbate peroxidase 1 

(APX1) as a post-translational modification leading to LR growth occurring during the 

auxin-NO crosstalk. The results allowed postulating a model in which auxin-NO drives the 

counterbalance of nitrosylation/denitrosylation of APX1 required for a fine-tuned control 

of H2O2 production directed to modulate the root architecture. 

Supported by UNMdP-CONICET and ANPCyT. 

 

Keywords: Nitric oxide, adventitious roots, lateral roots, root hairs, auxins 
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Since 2009 Prof. Dr. Nicolaus von Wirén is heading 

the Department “Physiology and Cell Biology” at the 

publicly funded Leibniz-Institute for Plant Genetics and 

Crop Plant Research in Gatersleben, Germany. After 

studying agro-biology at Hohenheim University, he 

was trained in molecular biological techniques at the 

Universities of Tokyo and Tuebingen and in 

biochemistry at the ENSAM-INRA in Montpellier and 

London before he took over the chair for Plant Nutrition at the University of Hohenheim, 

Stuttgart in 2001. His current research is focused on the plant nutrition of model and crop 

plant species in particular nutrient sensing, nutrient transport mechanisms and their impact 

on yield formation and quality traits. 
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Root growth and development are of outstanding importance for the adaptation of plants to 

the environment. The shape and extension of the root system affect the plant’s ability to 

acquire water and nutrients, especially when plants grow under adverse soil conditions. In 

order to cope with nutrient limitations, plants have evolved mechanisms to monitor the 

availability of nutrients and to integrate this information into developmental pathways that 

regulate the spatial arrangement of roots as described by the root system architecture 

(RSA). The dynamic modulation of RSA under varying environmental conditions 

determines the degree of root plasticity, which is based on variations in the number, 

extension, placement and growth direction of individual components of the root system. 

We have recently shown that roots can sense the deficiency or heterogeneous availability 

of some nutrients, thereby leading to modifications in RSA. This systemic and local 

regulation of root system architecture is nutrient-specific, suggesting that nutrients 

interfere with the root developmental program at specific steps. The current challenge is to 

identify the molecular players underlying the sensing and transduction of nutrient signals 

that mediate changes in the development and architecture of root systems.  

 

Keywords: root growth, root development, systemic regulation, localized nutrient supply 
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Dr. Guido Grossmann studied biology in Regensburg 

and did his PhD with Widmar Tanner where he studied 

microdomain formation in the yeast plasma membrane 

and identified a novel role of the membrane potential in 

lateral protein sorting. Developing a keen interest in 

membrane dynamics and polar transport, he joined as an 

EMBO fellow the labs of David Ehrhardt and Wolf 

Frommer (Carnegie Institution, Stanford, US). Here, he 

applied advanced imaging techniques to identify 

mechanisms of lateral membrane protein sorting in plants, employed fluorescent 

biosensors to monitor molecular dynamics in vivo, and developed the RootChip, the first 

fully integrated imaging and perfusion device for roots. Since 2013, Guido is an 

independent CellNetworks group leader at the Centre for Organismal Studies, at 

Heidelberg University, where his group focuses on membrane organization, polar 

transport and environmental sensing in plants. 
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To understand how roots sense their environment, how they efficiently transport nutrients 

and how they interact with other organisms in the rhizosphere we need techniques that 

allow visualization of molecular dynamics in vivo and tools that provide precise control 

over the root microenvironment. The development of genetically encoded fluorescent 

biosensors, which are already available for numerous substrates, has not only given us 

access to the analysis of concentration and flux dynamics. Biosensors even allow the study 

of enzymatic activities in living cells and have thereby opened up a new field termed “in 

vivo biochemistry”. As sensor studies require minimally invasive conditions for root 

cultivation and imaging, a number of microfluidic platforms have been developed 

that significantly improve access to roots and allow long-term observation and controlled 

treatments. 

In this talk, I will review recent advances and present our latest approaches in the fields of 

biosensors and microfluidics that may ultimately lead to a better understanding of the 

dynamics of molecular transport in roots, their development and interactions with the 

environment. I will further discuss the potential of these technologies for studies on 

crop plants. 

 

Keywords: roots, nutrient flux, developmental plasticity, biosensors, microfluidics 
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Adventitious root (AR) formation is an essential step in vegetative propagation and thus 

crucial for horticultural industry. Physiological studies have led to a substantial progress in 

understanding AR formation. Rooting is a developmental process consisting of distinct 

phases each with its own hormonal requirements. Molecular and genetic aspects of AR 

formation, though, are still largely unexplored. In recent decennia, the understanding of 

developmental processes in plants has benefited much of research in Arabidopsis mutants. 

The role of polar auxin transport and other details of lateral root formation have been 

examined using Arabidopsis mutants. In the current study, using single pin mutants and 

transformants containing and expressing the Green Fluorescent Protein, we have 

researched the role of auxin efflux carriers (PIN proteins) during AR formation in 

Arabidopsis hypocotyls. The results show that PIN1 and PIN2 play a major role during AR 

formation from hypocotyls of Arabidopsis. For PIN1 and PIN2 we propose a role during 

the early and late stage of AR formation respectively.  

 

Keywords: efflux carriers, PIN proteins, GFP constructs, adventitious root formation. 
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The successful formation of adventitious roots (highly dependent of both the age and the 

physiological stage of the plant material) is a crucial step for the clonal propagation of elite 

genotypes of woody species. Adventitious rooting is a complex process, and basic 

mechanisms controlling the development of new roots are still poorly understood. It is well 

known that auxins are the compounds most frequently used to modulate adventitious root 

formation. Auxin biosynthesis, metabolism, transport and signaling pathways play an 

essential role during the induction phase of adventitious rooting. We are interested in 

understanding the molecular mechanisms involved in the reprogramming of differentiated 

cells towards a new cell fate to initiate a root meristem.   

The first objective of this work was to evaluate the effect of the auxin efflux inhibitor NPA 

(N-1-naphthyl-phthalamic acid) during the induction and development of adventitious 

roots in leaf explants excised from rooting-competent microshoots.  Four different 

treatments were evaluated in this study. Explants were treated with: 1) IBA (indole-3-

butiric acid) for 5 days (induction phase); 2) NPA and IBA simultaneously during the 

induction phase period (5 days); 3) IBA for 5 days, and subsequently transferred to NPA-

containing medium for another 5 days and 4) IBA for 5 days and then transferred to NPA-

containing medium for another 25 days.  

A second objective was to compare the dynamics of CsSCL1expression in leaves from 

rooting-competent and –incompetent shoots in response to auxin. The effect of NPA on the 

CsSCL1 expression was also tested in IBA-treated leaves excised from rooting-competent 

shoots. CsSCL1 was previously found to be induced by auxin in a phase-dependent manner 

during the induction of adventitious roots in microshoots. 

Our results showed that NPA negatively affected the induction and development of 

adventitious roots as well as the expression of CsSCL1. When NPA was included in the 

medium for 25 d, the rooting percentage was reduced from 90 to 14%. CsSCL1 expression 

was highly induced by auxin only on rooting-competent leaves. NPA treatment reduced the 

24h peak of CsSCL1 expression of IBA-treated leaves and also changed the spatial 

distribution of mRNA transcripts. 

This work was funded by the Xunta de Galicia (10MRU400033PR). 

Keywords: adventitious roots, auxin, chestnut, CsSCL1, NPA 
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The plant developmental regulator indole-3-acetic acid (IAA), or auxin, and the 

establishment of auxin gradients, are essential for plant growth and development. Auxin 

transporters, including polar plasma membrane-localized PIN-FORMED (PIN) proteins, 

are important for auxin gradient establishment. We have used a chemical genomics 

approach to investigate the endomembrane trafficking pathways regulating PIN polarity in 

root cells. This rapid and highly effective approach involves the application of chemicals 

that perturb the functions of specific proteins. By screening a library of small molecules 

that have been identified as targeting the endomembrane system, we isolated endosidin 8 

(ES8), which selectively disrupts polarity of basal PIN1 but not apical PIN2 in root cells, 

leading to severe root growth inhibition. Through detailed confocal microscopy studies of 

trafficking pathways and identification of trafficking mutants with altered root growth 

sensitivity to ES8, we have revealed that GNOM-LIKE 1 (GNL1) and GNOM mediate an 

early secretory trafficking pathway involved in regulating PIN1 basal polarity 

establishment in root cells. Additionally, ES8 inhibits auxin transport in tobacco BY-2 

cells but does not affect the total auxin levels in Arabidopis seedlings. ES8 is a structural 

analogue of anthranilic acid (AA), a precursor of aromatic amino acids including 

tryptophan, which is a precursor of IAA. We have identified other AA analogues that also 

modify PIN1 trafficking and auxin transport similarly to ES8. While AA fully rescues the 

root gravitropic and growth defects of the anthranilate synthase-deficient double mutant 

wei2-1 wei7-1, our synthetic AA analogues selectively recover the root gravitropic defect, 

without modifying root growth. Moreover, in contrast to AA itself, the AA analogues do 

not influence tryptophan levels, suggesting that they do not modulate tryptophan-

dependent auxin biosynthesis. We have thereby uncovered, using a chemical genomics 

approach, a novel role of AA in the regulation of auxin transport via control of PIN 

trafficking, independent of its function in auxin biosynthesis.  

 

Keywords: chemical genomics, endomembrane trafficking, PIN proteins, auxin transport, 

anthranilic acid 
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Auxin is the main regulator of the root apical meristem (RAM) patterning. It provides the 

positional information for primary or lateral RAMs initiation and the stem cell niches 

maintenance. Auxin distribution in the RAM is formed due to active transportation by PIN 

family carriers. Despite the key role of PINs in the auxin gradient establishment, the RAM 

is able to compensate knockout of one of them. We investigated this effect in the in vivo/in 

silico experiments. 

In vivo. We studied PINs expression patterns in pin mutants using the specific PIN 

antibodies. This analysis supported previously shown data that PIN paralogs adjust their 

expression domains so that to compensate an absence of one of them. All the changes were 

documented for PIN1, PIN2, PIN4 and PIN7 in pin1, pin2, pin3 and pin4 mutants. 

In silico. As PIN expression levels depend on auxin concentration itself, we studied the 

feedbacks between auxin distribution pattern and PINs expression domain in a 

mathematical model. For this purpose we modified the auxin transport model [1]. We 

simulated auxin distribution in the rectangular cell layout MxN by means of auxin active 

transport and diffusion. Auxin flow from the shoot was the only source of auxin in the cell 

layout. PIN1-PIN4 auxin transporters were considered in the model. The PIN levels were 

calculated as the functions dependent on auxin itself, calibrated using the experimental 

data on treated by auxin PIN::PIN-GFP roots. 

First, we adjusted the model parameters to get auxin response maximum in the 5
th

 cell 

from the root end from zero initial conditions. Second, expression of one of the auxin 

transporter was switched off and the model was recalculated with the basic set of 

parameters and zero initial conditions. For each of pin mutants, we were able to get the 

new stationary solutions with the auxin maximum in the 5
th

 cell by attenuating only one 

parameter – auxin flow from the shoot. Notable, we observed in silico the changes in PIN 

expression patterns similar to those obtained in vivo.  

Our results shows that auxin-dependent PIN expression provide for both: (1) tissue-

specific PINs localization in the RAM; (2) compensation of an absence of one of PINs in 

pin mutants.  

The work was supported by RFBR (12-04-33112-mol-a-ved) and Dynasty Grant 

Foundations.  

1. Mironova et al. (2012). Annals of Botany, 110(2), 349-360. 

Keywords: polar auxin transport, PIN, development, mutant, mathematical model 
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De-novo formation of lateral roots (LRs) along the main root of Arabidopsis seedlings 

demonstrates peculiar radial and longitudinal patterns directed by positional information. 

The origin of this information and its conversion into root architecture, as well as the 

involvement of auxin and/or environmental factors such as light or mechanical cues is 

presently under controversial debate. The observation that LRs emerge always at the 

convex side of bends and follow a regular longitudinal pattern in “waving” roots has led to 

the view that LR initiation is triggered by root bending via auxin accumulation at the 

convex side of bends (1,2). On the other hand, it has been found that LR initiation is 

preceded by the activation of an auxin-dependent reporter gene (pDR5:GUS or 

pDR5:LUC) in an “oscillation zone” next to the meristem (3,4).This led to the proposition 

that the periodic longitudinal spacing of LRs is determined by a priming reaction mediated 

by recurrent auxin (response) maxima (3) or gene activation pulses from an endogenous 

clock (4)  producing oscillating priming signals. Evidently, the “bending hypothesis” 

cannot explain the correlation between recurrent DR5 activity pulses in the oscillation zone 

and subsequent LR initiation occurring in the distal maturation zone. Conversely, the 

“oscillation hypothesis” cannot explain the correlation between bending and LR 

positioning at the sites of bending. In this contribution we will present experiments 

designed to resolve this discrepancy and show how these apparently conflicting hypotheses 

can be integrated in a unifying concept. 

1) Ditengou,FA et al. (2008): PNAS 105, 18818-18823 

2) Laskowski,M et al. (2008): PLoS Biol 6(12):e307 

3) De Smet,I et al. (2007): Development 134, 681-690 

4) Moreno-Risueno,MA et al. (2010) Science 329,1306-1311 

 

Key words: Arabidopsis, lateral roots, oscillation zone, pattern formation, root waving  
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The induction of lateral roots (LRs) along the main root axis of Arabidopsis seedlings 

follows a regular rhythmic time schedule (about 1 LR/4 h under our standard conditions). 

It has recently been shown that this LR induction rhythm can be related to periodic pulses 

of auxin-inducible reporter gene expression (pDR5:LUC) in an “oscillation zone” next to 

the root meristem (1,2). Unexpectedly, however, the application of auxin to the oscillation 

zone did not promote the induction of additional LRs, and other auxin-inducible promoters 

did not oscillate in a fashion similar to pDR5. In consequence, fluctuations in auxin levels 

are unlikely to be sufficient to cause fluctuations in pDR5 activity (2). Rather, it was 

proposed that the periodic pulses of pDR5 activity and the related LR initiation events are 

produced by rhythmic gene activation driven by an endogenous clock mechanism (2). 

However, a large body of evidence indicates that auxin controls the frequency of LR 

generation, for example that the exposure to exogenous auxin increases LR density while 

mutants with defects in auxin transport (e.g. aux1) or perception (e.g. tir1) show 

substantial reductions in LR density. This poses the question how the well established role 

of auxin in LR formation can be reconciled with the time-keeping of LR initiation by an 

endogenously oscillation mechanism. The results reported (2) do not exclude the 

possibility that auxin affects the periodicity of pDR5 activity through a mechanism 

producing fluctuations of auxin response at steady auxin concentrations. In this 

contribution we will present experiments designed to test this possibility. 

1) de Smet, I et al. (2007): Development 134, 681-690 

2) Moreno-Risueno, MA etal. (2010): Science 329, 1306-1311 
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Our understanding of root biology has advanced over the last decade in large part to 

genetic and genomic approaches in model organisms like Arabidopsis (reviewed in 

Atkinson et al, 2014). Nevertheless, roots have remained the hidden half of plant biology 

due to researchers inability to non-invasively visualize roots in their natural environment. 

We have recently employed X-ray based CT techniques and developed innovative software 

to image roots directly in soil (reviewed in Mooney et al, 2012). This has enabled us to 

discover new, as well as study existing, adaptive mechanisms in roots such as lateral root 

hydropatterning (Bao et al, 2014) and hydrotropism (Dietrich et al, in prep). I will 

conclude by describing a newly completed CT-based imaging centre at Nottingham termed 

the Hounsfield Facility that is designed to study root developmental and rhizosphere 

related processes. 

Atkinson et al (2014) Branching Out in Roots: uncovering form, function and regulation. 

Plant Physiology (special Root Issue), in press. 

Bao et al (2014) Plant roots use a patterning mechanism to position lateral root branches 

toward available water. PNAS 111, 9319-9324 

Mooney et al (2012) Developing X-ray Computed Tomography to non-invasively image 3-

D root systems architecture in soil. Plant and Soil 352, 1-22 (Marschner Review) 

 

Keywords: root systems architecture, root adaptive responses 



50 

 

S-I 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Notes:



51 

 

S-II 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

 

 

 

 

 

 

Session II: 

 

Fine control of cell cycle and cell 

differentiation in root development 



52 

 

S-II 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 



53 

 

S-II 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

The switch in cell-identity acquisition leading to either adventitious 

rooting or xylogenesis is controlled by SHR and SCR, and involves 
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Insert Adventitious roots (ARs) contribute to propagation of crops/forest species. SHORT 

ROOT (SHR) and SCARECROW (SCR) transcription factors affect primary (PR)/lateral 

(LR) root formation and radial patterning. In Arabidopsis PR, SHR is expressed in the 

stele, its protein moves into the adjacent layer to control SCR transcription and endodermis 

specification, and SHR and SCR jointly regulate microRNAs involved in vascular 

differentiation. There is also evidence of SHR- and SCR-like genes involvement in AR 

formation in cultured woody cuttings. Arabidopsis stem thin cell layers (TCLs) are without 

vasculature and need auxin and cytokinin for AR formation. AR-induction occurs in TCL 

endodermis and seedling hypocotyl pericycle, however AtSHR and AtSCR involvement in 

adventitious-rooting-identity acquisition is unknown in both cases. AUX1 and LAX3 are 

auxin-influx carriers. LAX3 contributes to AR-tip auxin-maximum in planta and TCLs, 

and AUX1 is involved in organ identification in vitro. The interaction of the carriers with 

SHR and/or SCR in AR-identity acquisition is unknown. Xylogenesis in vitro and in planta 

is auxin-induced. Arabidopsis shows xylogenesis in addition to AR-formation under the 

same exogenous hormones in planta and TCLs, but how xylogenic identity is acquired is 

unknown. The research was aimed to determine SHR, SCR, AUX1 and LAX3 

involvement in Arabidopsis AR- and xylogenic-identity-acquisition, and the relationship 

between the morphogenic programmes. To the aim gene expression and auxin localization 

were monitored, and seedlings/TCLs of single/double mutants of all the genes, grown with 

the same auxin and cytokinin concentrations, were analyzed. Results show that AR 

formation is inhibited from the first divisions in all null mutants, except lax3, showing AR-

primordia in both seedlings and TCLs. All mutants also exhibited enhanced xylogenesis in 

planta and TCLs, however lax3 response was lower than in the other mutants. In 

conclusion, the same genes, under the same hormonal input, affect AR-induction and 

xylogenesis at the same time but in an opposite way, highlighting that the programmes are 

subjected to a reciprocal fine-tuning involving SHR, SCR, and AUX1 in planta and in vitro. 

The results open the way to understand the genetic basis of AR-recalcitrance in woody 

species in which the AR-formation-block is associated to enhanced xylogenesis. 

 

Keywords: adventitious rooting, auxin-influx carriers, cell-identity, SHR and SCR, 

xylogenesis 



54 

 

S-II 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Notes:



55 

 

S-II 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Subtle perturbations to microtubules uncouple cell division from 
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Induction of adventitious roots (ARs) culminates sometimes in cell division and callus 

formation rather than root differentiation. Here it is shown that microtubules (MTs) play a 

role in the shift from cell division to cell differentiation during ARs formation. First, it was 

found that fewer ARs form in the temperature-sensitive mutant mor1-1, in which MT 

dynamics and MT polymer levels are reduced, and in bot1-1 in which the MT severing 

protein katanin is mutated. In contrast, AR production increased in RIC1-OX3 plants, in 

which MT bundling is enhanced and katanin is activated. MOR1pro:GFP  and MOR1 

mRNA accumulated in roots and AR primordia after auxin application indicating on 

relevance for root development. MT perturbations during AR induction in mor1-1 or in 

wild-type hypocotyls treated with oryzalin, led to the formation of amorphous clusters of 

cells in which a specific pattern of polarized light retardance by the cell walls was lost, 

showing the importance of cell walls’ form for differentiation. PIN1 polarization and auxin 

maxima were hampered in these clusters and differentiation of the epidermis was inhibited. 

The auxin-dependent expression of several MT associated protein-encoding genes differed 

between wild-type and bot1-1 plants during AR induction. It is concluded that MT-

dependent auxin- mediated MT remodelling that controls the properties of cell walls and 

coherent auxin transport are required for AR organogenesis. 

 

Keywords: Adventitious roots, microtubules, auxin, cell wall, Arabidopsis 
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A Trans-Golgi Network (TGN)-Localized Tetratricopeptide Repeat-Like 

Superfamily Protein Functions in Actin-Mediated Root  
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Latrunculin B (Lat B), a compound from the red sea sponge Latrunculia magnifica binds 

to actin monomers preventing actin filament (F-actin) formation.  In plants, Lat B inhibits 

root development and enhances primary root gravitropism. To gain insight into the role of 

F-actin in gravitropism and root development, we conducted a forward genetic screen to 

isolate Arabidopsis mutants showing differential root growth responses to Lat B.  One 

recessive mutant, called hypersensitive to Lat B 1 (hlb1), was chosen for analysis because 

it exhibited a stronger reduction in primary root growth in response to Lat B compared to 

wild-type.  Primary roots of hlb1 were also hypersensitive to other known actin disrupting 

drugs such as cytochalasin and jaspaklinolide. To determine if hlb1 response was specific 

to actin inhibitors, hlb1 was grown on drugs known to disrupt microtubules, such as taxol 

and oryzalin. While no significant differences in hlb1 primary root length were observed in 

response to microtubule inhibitors, we found that the skewing response normally seen in 

wild-type primary roots with disrupted microtubules was diminished in the hlb1 mutant. 

This suggests that HLB1 might be involved in microtubule- actin cross-talk in the control 

of directional root growth.  The response of hlb1 to Lat B was also stronger compared to 

other mutants to genes encoding proteins that function directly in actin organization.  

Illumina Genome Analyzer IIx paired end sequencing was performed and following a 

stringent comparative analysis to the most recent Arabidopsis reference sequence, we 

found a 2 base deletion in a Tetratricopeptide repeat (TPR)-like superfamily gene.  This 

gene encodes a 565 amino acid protein, but the resulting frameshift leads to a truncated 

protein of 66 amino acids. The protein also contains a Pleckstrin Homology (PH) domain 

that could potentially interact with phosphoinositide lipids. A functional HLB1-GFP fusion 

localized to punctate bodies in the root that colocalized with a trans-Golgi network (TGN) 

marker. Live cell imaging revealed that HLB1-GFP puncta trafficked along F-actin in root 

cells. Taken together, our results indicate that HLB1 is a novel regulator of root 

development and could facilitate cross-talk between the actin cytoskeleton and the 

endomembrane system, and help to stabilize F-actin in plant cells (Supported by NASA 

grant NNX12AM94G). 

 

Keywords: Arabidopsis, cytoskeleton, latrunculin B, primary roots, trans-Golgi network 
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Root growth depends on root apical meristem (RAM) activity, cell transition to elongation, 

and the elongation itself. To understand how RAM length and transition to elongation are 

controlled and coordinated, we introduced a new concept of life-span of cells in meristem 

(Tsp). This concept implies that the rate of the cell transition to elongation is regulated  by 

two independent processes: first determines when cells reach the shootward boundary of 

RAM and second determines the number of cycles before a cell leaves the RAM. Various 

experiments have shown that Tsp does not depend on the number of cell divisions before 

the cell leaves the meristem. Even after the complete arrest of cell divisions by X-ray 

irradiation, almost all meristematic cells elongate to normal length except the small group 

of most apical cells near the quiescent center (QC). Although no cell divisions occur in 

irradiated roots, cells located at various distances from the QC begin to elongate at the 

same time (but not space) in both control and irradiated roots. The rate of cell proliferation 

is very sensitive to various factors, but Tsp is very stable resembling the processes 

determining the duration of periods in various periodical processes in plants and animals 

(Bunning, 1964). Tsp values differ in root meristems of various species and in lateral roots 

of various orders in the same plant species. In this work we compare the effects of various 

factors on the Tsp and the cell proliferation rate. Our analyses have shown that the 

reduction of the meristem length in most cases results from the inhibition of cell divisions. 

Therefore, to clarify the causes of changes in the rate of cell transition to elongation, the 

analysis of both Tsp and cell proliferation is required. When cell proliferation is affected, 

the dual control of the cell transition to elongation automatically causes decelerated exit of 

cells from the meristem, and vice versa. Examples of the analysis of transition to 

elongation and implementation of the concept of Tsp will be presented. 

This work is supported by Grant RFBI 12-04-00745a. 

 

Keywords: cell proliferation, meristem, transition to differentiation, cell elongation, root  
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Adventitious roots (ARs) are post-embryonic roots arising from non-pericycle tissues in 

primary root (PR) and various tissues in aerial organs. ARs are essential for successful 

vegetative propagation. Several protocols for AR induction were developed in Arabidopsis 

thaliana, in planta and in in vitro systems, e.g. stem thin cell layer (TCL) culture, which 

allow to study AR formation in a limited cell context. ARs are controlled by multiple 

factors, and auxin is a central player. Exogenous auxin is essential for ARs in TCLs. 

Ethylene could be another hormone involved, but presently there are many unresolved 

questions concerning its role, and in A. thaliana available data are in contrast. There is 

information about lateral roots (LRs), because an inhibitory effect of ACC (1-

aminocyclopropane-1-carboxylic acid), direct ethylene precursor, on their formation was 

reported, but low concentrations stimulate the process (Negi et al, 2008; Ivanchenko et al, 

2008). The Research studied ethylene effects, and the relationship with auxin, on AR 

formation in TCLs. Wild type TCLs were treated with various ACC concentrations.  

Significant reduction in AR number per TCL only occurred with 0.1µM, showing that 

specific ethylene levels might regulate AR formation. Because a relationship between 

auxin biosynthesis and ethylene was reported for the PR (Stepanova et al, 2005), TCLs of 

the double mutant wei2wei7, blocked in auxin biosynthesis, were grown with/without 

0.1µM ACC. The number of ARs/TCL in this mutant was further reduced without ACC in 

comparison with the wt, demonstrating that endogenous auxin biosynthesis cooperates 

with exogenous auxin input on the AR formation. In this mutant no significant change in 

AR number was caused by ACC addition, showing that the effect of ethylene biosynthesis 

on AR response depends on auxin biosynthesis. TCLs were also excised from the ethylene 

insensitive mutants ein2-1 and ein3eil1 and cultured with/without 0.1μM ACC to verify 

whether ethylene signalling was also involved. In both mutants, no change in AR 

number/TCL occurred with/without ACC addition, and in both treatments ARs strongly 

elongated and showed a lot of LRs. All together results suggest that specific ethylene 

levels are involved in AR formation from TCLs possibly through a regulation of auxin 

biosynthesis, and ethylene perception also affects AR development and branching. 

 

Keywords: adventitious rooting, Arabidopsis thaliana, auxin, ethylene, thin cell layers  
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experiments, network construction and spatiotemporal modelling for the 
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In primary root development, the activities of auxin, ethylene and cytokinin depend on 

cellular context and exhibit either synergistic or antagonistic interactions. Here we use 

experimentation, network construction and spatiotemporal modelling to elucidate the role 

of the interaction between the POLARIS peptide (PLS) and the auxin efflux carrier PIN 

proteins in the crosstalk between three hormones (auxin, ethylene and cytokinin) in 

Arabidopsis primary root development. In ethylene hypersignalling mutants such as 

polaris (pls), we show experimentally that expression of both PIN1 and PIN2 significantly 

increases. This relationship is analysed in the context of the crosstalk between auxin, 

ethylene and cytokinin: in pls, endogenous auxin, ethylene and cytokinin concentration 

decreases, approximately remains unchanged and increases, respectively.  Experimental 

data are integrated into a hormonal crosstalk network through combination with 

information in the literature. Network construction reveals that the regulation of both PIN1 

and PIN2 is predominantly via ethylene signalling. Furthermore, it is deduced that the 

relationship between cytokinin and PIN1 and PIN2 levels implies a regulatory role of 

cytokinin in addition to its regulation of auxin, ethylene and PLS levels.  

In addition, spatiotemporal dynamics of hormonal crosstalk network in primary root 

development is studied using mathematical modelling. In each cell, the levels of PLS, 

PIN1, PIN2 and other relevant proteins as well as the biosynthesis and decay of hormones 

are regulated by hormonal crosstalk. In the root, many cells interact with each other during 

primary root development. Spatiotemporal modelling reveals that hormonal crosstalk 

explains different mutant phenotypes and allows us to develop novel insights into the 

mechanisms that regulate the fluxes of plant hormones and levels of the proteins encoded 

by the regulatory and target genes. Finally, we discuss how hormones and genes coordinate 

primary root development by simultaneously regulating the activities of auxin, ethylene 

and cytokinin signalling pathways. 

 

Keywords: hormonal crosstalk, spatiotemporal dynamics, auxin flux, PIN proteins, PLS 

protein.  
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Adventitious roots (AR), also called shoot-born roots, are crucial for vegetative 

propagation of elite genotypes in horticulture and forestry. AR formation is a plastic 

polygenic trait controlled by multiple environmental and endogenous factors. The fine-

tuning of AR initiation in the Arabidopsis hypocotyl is regulated by a complex crosstalk 

between auxin and jasmonic acid (JA). This signaling pathway includes three AUXIN 

RESPONSE FACTOR genes (ARF6, ARF8 and ARF17) acting upstream of JA signaling. 

We will report a genetic analysis which shows that several null allele mutants in the 

Aux/IAA genes developed more AR than the wild type, suggesting that these genes are 

likely repressing AR initiation through the interaction with ARF6 and ARF8. The analysis 

by qPCR of the expression profile of these Aux/IAA genes revealed that they are up-

regulated in the hypocotyl compared to shoot and roots. In addition co-

immunoprecipitation technique confirmed that at least three of the identified Aux/IAA 

proteins physically interact with ARF6 and/or ARF8. Our findings highlight novel 

molecular players in the control of AR initiation in Arabidopsis hypocotyl.  

 

Keywords: adventitious roots, auxin, jasmonate, Arabidopsis 
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Phenyllactic acid isolated from “Bokashi” fertilizer promotes rooting 

through auxin response 
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“Bokashi”, a type of organic fertilizer traditionally used in Japanese agriculture, is 

fermented by soil microorganisms, including lactic acid bacteria. Bokashi has been shown 

to function not only as a fertilizer but also as a plant growth regulator. To date, however, 

the mode of action of Bokashi has not been described.  

A substance promoting the formation of adventitious roots of adzuki beans (Vinga 

angularis) was detected in and isolated from the fermented broth of Lactobacillus 

paracasei. This substance synergized with L-tryptophan (L-Trp), and its chemical structure 

was determined to be phenyllactic acid (PLA, Fig.1). Although PLA has been reported to 

act as a root-promoting substance, it had not been shown to synergize with L-Trp. Unlike 

jasmonate-isoleucine conjugates, synthesized PLA-Trp amide conjugates did not enhance  

their activity. Since L-Trp is a precursor of indole-3-acetic acid (IAA), we hypothesized 

that PLA may affect IAA biosynthesis. However, application of PLA did not increase the 

amount of endogenous IAA, as measured by GC/MS with internal standards. 

Similar to auxin, application of PLA to Arabidopsis thaliana seedlings inhibited primary 

root elongation and increased lateral root density. Furthermore, PLA treatment enhanced 

the expression of IAA19 promoter: GUS gene, suggesting that PLA promotes auxin 

responses.  

Reduction of endogenous IAA by mutation of taa1tar2 or by L-kynurenine treatment of 

wild-type plants resulted in defects in root growth, which were rescued by the application 

of PLA. These findings suggest that PLA may have auxin-like activity per se or that PLA 

may be converted to another substance (e.g. phenylacetic acid) with auxin-like activity.  

                                 

  

 

Fig. 1 Chemical structure of PLA     

Keywords: root promoting substance, phenyllactic acid, adzuki bean 
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Saline irrigation water can limit plant growth and development of greenhouse tomato crops 

grown in Mediterranean environments with the plant hormone abscisic acid (ABA) playing 

a key role in adaptation to abiotic stress. In order to better understand the influence of this 

hormone in development and productivity of tomato (Solanum lycopersicum L.) plants, 

two independent transgenic lines, sp5 and sp12, overexpressing the NCED1 (9-cis-

epoxycarotenoid dioxygenase, the enzyme that catalyzes a key rate-limiting step in ABA 

biosynthesis) gene under the control of the constitutive “Gelvin Superpromoter”, and the 

wild type (WT) cv Ailsa Craig, have been studied in different experiments either as whole 

plants or as  rootstocks. Here, we present the results obtained with whole plants (sp12) 

cultivated hydroponically in half-strength Hoagland nutrient solution and two salt 

concentrations (0 and 100 mM NaCl) in controlled growth chambers for 3 weeks. Root 

biomass was reduced in the transgenic plants under control conditions but it was not 

additionally affected by salinity, compared to the WT. The analysis of the root xylem sap 

revealed 2-fold ABA-overproduction in the sp12 plants in control conditions compared to 

the WT, while the increase in ABA under salinity minimised those differences. The 

NCED1 overexpression provoked an increase in the ethylene precursor ACC and some 

cytokinins, while reduced the concentration of jasmonic acid under salinity. A group of 

hormone and stress associated genes was highly induced (analysed by real time PCR) in 

sp12 roots, especially in response to salinity: TAS14 (salt, mannitol and ABA-responsive 

dehydrin), ACS1a (1-aminocyclopropane-1-carboxylate synthase), LPTG2 (lipid transfer 

protein) JA2 (protein associated with jasmonate metabolism), GA2ox3 (protein related to 

gibberellin deactivation pathway) and IAAsGH3 (auxin responsive protein). Results 

suggest that NCED overexpression in tomato plants seems to alter several plant hormone 

metabolism pathways. Irrespective of the negative impact on growth in absence of any 

imposed stress, the physiological basis of the putative positive effects of rootstock-targeted 

gene over-expression under saline conditions is being investigated in terms of root-to-shoot 

hormonal communication and changes in root architecture. 

 

Keywords: 9-cis-epoxycarotenoid dioxygenase, root architecture, root-shoot 

communication, salinity, Solanum lycopersicum 
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Brassinosteroids (BRs) and sugars/glucose (Glc) are fundamental to plants and regulate 

similar processes. There is little evidence for BR and Glc signaling interactions in plants 

but their molecular basis is not well explored. We hypothesize that there may be an 

extensive overlap between BR- and Glc- signaling pathways. Whole genome transcriptome 

analysis was performed to find out the interdependence/overlap between BR and Glc signal 

transduction pathways in light grown Arabidopsis seedlings. Glc alone was able to regulate 

55% of BR-regulated genes transcriptionally. Interestingly, presence of Glc significantly 

affected the extent of BR-induction or BR-suppression in 63% BR regulated genes. 72% of 

such genes were regulated antagonistically whereas only 28% genes were regulated 

agonistically. BR and Glc could also regulate a large number of genes involved in root 

growth and development. Physiologically, both Glc and BR could regulate many aspects of 

root growth and development such as primary root elongation, lateral root production and 

root hair development in light grown Arabidopsis seedling. BR interacts with Glc via 

HXK1 dependent pathway for regulation of root growth and development. Wild-type roots 

cannot elongate or produce lateral roots  in Glc free medium while BR signaling mutant 

bzr1-1D roots could show root elongation and lateral root production even in the absence 

of Glc, however, the Glc induced root hair initiation was found defective in bzr1-1D 

mutant. The BR biosynthesis mutant cpd and perception mutant bri1-6 showed 

constitutively higher root hair production at all the Glc concentrations tested as compared 

to the WT. Auxin signaling through control of the steady-state level of transcriptional 

repressors AUX/IAAs as well as differential auxin distribution facilitated by PIN2, 

AUX1/LAX, MDR1 and RCN1 lies further downstream of BR-Glc to regulate root growth 

and development. Both Glc and BR may involve auxin-signaling component as a nodal 

point. Intact BR biosynthesis and signaling is also required for Glc regulation of two 

important root behaviors namely root coiling and waving responses which are known to be 

important for seedling fitness. 

 

Keywords: Arabidopsis, auxin, brassinosteroid, glucose, root 
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Arabidopsis thaliana serves as a model plant system to conduct basic research and its 

outcome may be employed to improve the economically important crops. Since root 

architecture and directional responses are important for proper anchorage of plants in soil 

and resource utilization, understanding the control of root directional growth would be 

important for manipulating root architecture for optimal utilization of available resources. 

Directional growth of roots is a complex process that is modulated by various 

environmental signals. Here, we try to understand the role of glucose and its interaction 

with phytohormones in controlling root directional responses. Presence of glucose (Glc) in 

the medium could also extensively modulate seedling root growth direction. Whole 

genome transcription profiling revealed that Glc could affect a number of gravistimulation 

specific genes even under unstimulated condition, suggesting existence of a tightly 

regulated genetic network of Glc induced gravitropic response in roots. Glc modulation of 

root growth direction is dramatically enhanced by simultaneous brassinosteroid (BR) 

application. Glc could enhance BR receptor BRASSINOSTEROID INSENSITIVE1 

(BRI1) endocytosis from plasma membrane to early endosomes. Transcriptional regulation 

of phosphatases by Glc further suggests the involvement of numerous posttranslational 

modifications might also be involved in this process.  Glc induced root deviation is highly 

enhanced in PP2A defective mutant, roots curl in naphthyl phthalamic acid 1-1 (rcn1-1) 

suggesting the role of phosphatase in Glc induced root-growth deviation. We have also 

identified several phytohormone related genes which Glc could regulate even in 

unstimulated condition indicating Glc and hormone interplay in gravity regulated changes. 

Auxin signaling and polar transport components are also involved in Glc induced changes 

in root directional growth. We also provide evidence for involvement of cytokinin and 

ethylene signaling components in regulation of root directional growth downstream to Glc 

and BR. Altogether, Glc mediated change in root direction is an adaptive feature which is a 

result of a collaborative effort integrating phytohormonal signaling cues. 

 

Keywords: Arabidopsis, glucose, phytohormone, gravitropism  
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Small (~5-50 amino acid) peptide signals encoded by 13 plant gene families regulate cell-

to-cell communication and collectively control developmental processes thought 

previously to be predominantly phytohormone regulated. Amongst them CEP (C-

terminally encoded peptide) genes have a unique phylogenetic distribution occurring only 

in more recently emerged plant lineages and root knot nematodes 
1-3

. Discrete CEP genes 

expression patterns suggest tissue specific functions. Several CEPs regulate root growth 

and development 
2,4-5

. MEDICAGO TRUNCATULA CEP1 (MtCEP1), one of eleven 

Medicago CEPs, encodes two 15 amino acid domains and is up-regulated in roots by N-

limitation or -starvation 
4
.  Under N-limitation, MtCEP1:GUS expresses strongly in main 

root and lateral root tips and in pericycle and procambium cells and 5-7 day old, but not 

mature, nodules 
4
. Lateral root development is strongly inhibited in hairy roots over-

expressing MtCEP1 (MtCEP1ox) and in wild-type roots treated with CEP1 peptides at nM-

M but main root tip growth is unaffected. MtCEP1 peptide-treated and MtCEP1ox plants 

show a widened competency zone for root nodulation and N-fixation in enhanced. The 

MtCEP1-dependent enhancement of nodulation in Medicago is partially tolerant to nitrate 

levels that suppress nodulation. Proline hydroxylation of the 15 amino acid MtCEP1 

peptides is required for biological activity the root phenotypes were abolished or attenuated 

by altering a conserved CEP amino acid residue or deleting the terminal residues from its 

predicted domain suggesting 15 amino acid peptides occur in vivo. Silencing MtCEP genes 

led to significant increases in lateral root formation and suggested a role for CEPs in 

negatively regulating lateral root formation. RNA-Seq analysis of MtCEP1ox plants 

revealed significant up- and down-regulation of 89 and 116 genes respectively including 

transcription factors WRKY, bZIP, ERF, and MYB and homologues of LOB29, 

SUPERROOT2 and BABY BOOM. The results show that MtCEP1 peptides modulate 

lateral root and affect nodule formation in M. truncatula. 

1 Bobay, B. G. et al. FEBS letters, 3979–3985 (2013). 

2 Delay, C., et al. Journal of Experimental Botany 64, 5383-5394 (2013). 

3 Roberts, I. et al. Journal of Experimental Botany (2013). 

4 Imin, N., et al. Journal of Experimental Botany 64, 5395-5409 (2013). 

5 Ohyama, K., et al. The Plant Journal 55, 152-160 (2008). 
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One of the most difficult species to root is Aristolochia manschuriensis a species highly 

demanded by growers. Until now not more than 20% rooting has been achieved, thus the 

demand from growers could not be met. In the rooting experiments six light environments 

were established consisting of light emitting diodes including 100% white, 70% red plus 

30% blue, 100% blue 100% red and fluorescent lamps at high and low light intensity. The 

percentage of rooted shoots, callus growth and viable green shoots were recorded after one 

month. Pigment analyses on shoots grown under different light treatments were also 

performed. Based on chemical analyses on healthy green vigorous leaves from mature 

plants a new rooting medium was develop. In vitro rooting was performed on semi- solid 

agar medium, by dipping technique and in liquid medium using TIS (temporary immersion 

system) in Plantform bioreactor. Ex vitro rooting was executed in sterile boxes with peat or 

in none sterile pots with a mixture of planting soil and perlite.  

 

Keywords: Aristolochia manschuriensis, chemical analyses, light treatments,  

in vitro/ex vitro  rooting, semisolid agar medium, TIS 



82 

 

S-IV 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Notes:



83 

 

S-IV 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Enhanced adventitious rooting of Petunia cuttings after dark storage 

involves rooting zone-specific expression of invertases 

 during the dark phase  
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Adventitious root (AR) formation in Petunia hybrida ‘Mitchell’ and dry matter partitioning 

towards the roots are strongly enhanced when cuttings are dark stored before planting. 

Considering the important role of invertases for sink establishment in the rooting zone, we 

investigated whether invertases are involved in dark storage stimulated AR formation. 

Focusing on the shoot apex and the stem base as two competing growth sinks, the activity 

of invertases and accumulation of transcripts of six genes, coding for two cytosolic 

invertases (CytINV), two vacuolic invertases (VacINV) and two cell wall invertases 

(CwINV) were analysed by Real Time PCR during seven days of cold dark storage and 

compared to immediate planting for rooting under light conditions. 

When cuttings were immediately planted, activities of CytINV and VacINV declined in 

both tissues during the first five days after excision. Higher activities of both enzymes 

were, however, maintained during the same period in both tissues when cuttings were 

exposed to cold dark conditions. An increase of CwINV activity was found during the first 

three days only in the stem base. This increase was observed in the light and also, though 

to a lesser extent, under dark conditions. Gene expression studies showed stimulation of 

expression of specific invertases at certain time points after severance. One particular gene 

coding for a CwINV showed the most pronounced induction in the stem base during the 

first day after cutting excision under both light and dark conditions. During the period of 

five days, the ratio of transcript levels between the two competing sinks showed in cases of 

four genes coding for particular invertases preferential expression in the stem base 

compared to the shoot apex under both light and dark conditions. More important, dark 

exposure of cuttings shifted the balance of expression of one CytINV and of two VacINV 

genes towards the stem base when compared with immediately planted cuttings.  

The results indicate that rooting zone-specific induction of particular invertases during the 

dark phase is involved in dark storage stimulation of AR formation in Petunia. The 

possible contribution of auxin homeostasis
(1)

 and signalling
(2)

 to this process is discussed. 

(1)
Ahkami et al. (2013) Planta 238:499-517. 

(2)
Druege et al. (2014) Transcriptomic analysis 

reveals ethylene as stimulator and auxin as regulator of adventitious root formation in 

petunia cuttings. Frontiers in Plant Science, in press. 

Keywords: adventitious root formation, carbohydrates, sink, invertase, dark 
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Seasonal changes of root development of Cabernet sauvignon grafted on 

different rootstocks 
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Phylloxera resistant grape rootstocks have been used widely since the end of the nineteenth 

century (Galet, 1988). Cultivars bred and selected to grape rootstocks originated from 

different Vitis species covering wide range of environmental conditions. Soil is one of the 

most important factors among environmental factors in viticulture (Seguin 1986, Sotes and 

Gomez-Miguel, 2003, Ubalde et al., 2011). Therefore grape rootstock selection is one of 

the key of successful vineyard management all around the world. In spite of this fact the 

root development dynamics is not a frequently examined subject in viticulture. In our study 

we included five rootstocks grafted on ‘Cabernet sauvignon’ and examined the seasonal 

development of their roots with a minirhizotron root monitoring system. The vineyard was 

established in 2004 and a minirhizotron camera system (CID Bio-science CI-600) was set 

it up in 2013. Two observation tubes were placed to one stock in each combination 

according to Taryn et al. (2008). Root system development was monitored in biweekly 

intervals. Number of root tips, total length and mass of the roots were measured. Soil 

analysis is discussed in detail. 

The minirhizotron system gives opportunity to study the root development without 

disturbing the soil and root. We have found certified differences in root development 

during the year 2013 among the rootstocks grafted on ‘Cabernet sauvignon’. The number 

of roots varied according to the rootstocks in different depth of soil layers and also varied 

the development of ripeness of the root system. We conclude that root system development 

is affected by soil physical and chemical properties, but differences according to the 

rootstock genotype on the similar type of soil exist. 

Acknowledgement 

Our research  was supported in the frame of the project  „Regional effects of weather 

extremes resulting from climate change and potential mitigation measures in the coming 

decades” - TÁMOP-4.2.2.A-11/1/KONV-2012-0064. The project is realized with the 

support of the European Union, with the co-funding of the European Social Fund.” 
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Root distortion and development of wheat under different cropping 
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Root distortion, defined as a change in root direction from the original trajectory due to 

physical impediment, is an important trait of roots in unploughed soil. Root distortion can 

considerably limit root expansion, especially in the early growth period when a root 

channel has not been formed. However, this trait has not been quantitatively described 

before. In addition, previous studies focussed on root development in pots that contained 

sieved soil, while the effects of field crop management on root growth were ignored. The 

objective of this research was to evaluate the responses of wheat root distortion and growth 

including seminal and nodal roots to cropping management e.g. tillage, mulch and nitrogen 

fertilizer application. 

Two field experiments were conducted in South Australia in two contrasting soil types of a 

structured loam and unstructured sandy soil. Two tillage treatments, conventional tillage 

(CT) and no-tillage (NT), four mulch levels, 0, 0.5, 2.5 and 5 t ha
-1

 and three N rates: 0, 25 

and 100 kg N ha
-1

 were applied to each plot before or after sowing. At the 3-leaf stage, an 

intact soil core (5 cm diameter × 20 cm long) of a single plant was collected from each 

replicate plot for analysis. Total, seminal and nodal roots were separated to calculate root 

length. The distortion points on seminal roots were identified, and their distorted angle was 

analysed using image analysis. 

In the loam soil experiment, the distortion angle of roots under NT was significantly higher 

than CT, 32.8 degree cm
-1

 vs 21.8 degree cm
-1

, while roots from the unstructured sandy 

soil experiment had lower root distortion of 10.1 degree cm
-1

; tillage had no effect on root 

distortion. Higher N application increased root distortion from 23.7 degree cm
-1

 to 32.9 

degree cm
-1

. There was no significant difference of root distortion among mulch levels. 

Tillage significantly influenced total root length (TRL) in the structured soil condition but 

not in unstructured soil. TRL of CT was 127.8 cm, more than 34% higher than NT. Higher 

N application resulted in more TRL (138.4 cm vs 89.7 cm). There was no mulch effect on 

TRL. The seminal root length was correlated to TRL (r = 0.87**). Plants from heavy 

mulch treatment had smaller nodal root length compared with other mulch treatments. 

These results indicate that tillage on the structured soil could produce more roots with less 

distortion, possibly because it decreased soil compaction by destroying soil structure. 

Similarly, the unstructured sandy soil had higher root length and less distortion. More N 

applied at sowing could have higher root length but also more severe root distortion, which 

may not benefit root expansion later in the growing season compared with split N 

application. Heavy mulch could limit the nodal root growth possibly due to the delayed 

emergence of green leaves.  

Keywords: root distortion, tillage, cropping system, nitrogen, mulch 
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Windthrow is a major risk in forest production. In large trees, which overturns while lifting 

a root-soil plate out of the soil, root system architecture can play a key role in resistance to 

windthrow. Young trees windthrow by toppling, i.e. a > 15° leaning of stem. 

Located in South-West France, the Landes Forest produces 20% of french wood from 

intensively managed even-aged stands of Pinus pinaster on sandy spodosols. This forest  

was heavily damaged by two major storms in 1999 and 2009. 

Toppling was occasionally related to silvicultural practices through an alteration of root 

architecture of the species, but the description of root architecture was imprecise. 

Additionally, in species like P. pinaster which do not develop adventitious roots nor grow 

new roots on the original framework of roots, the root architecture of an older tree is 

largely determined by the architecture he developed as a young trees. In the Landes Forest, 

almost all the stands are now regenerated after clear cut by ploughing and manual planting 

of genetically improved 1-year-old seedlings. To try to relate silvicultural practices and 

potential stability through root architecture, we uprooted and 3D digitized the root system 

of 15 two- to three-years-old trees in 17 non-experimental stands with various type of soil 

preparation and edaphic conditions. Data was analyzed using “architectural analysis”. 

Deformations of what are normally shallow roots branching from the root bole were for 

example examined by computing 3 variables: radial directional deformation, tortuosity 

between its origin and 5 cm radial distance and root inclination from origin to end. 

Most of the trees developed a fairly straight and vertical taproot, however, in 60% of them 

the taproot was weak, scoring less than 4% of the stem volume. In shallow roots, 50% 

were tortuous and 37% showed a radial directional deviation larger than 90°. Additionally, 

27% of the roots which branch from the root bole as shallow roots in seedling grew in our 

sample as oblique roots or sinkers. As a result, in most of the trees, the largest angular 

sector between shallow roots was larger than 90°. Variability within each stand and 

between stands for the examined variables was high. However root system characteristics 

could not be related to the type of ploughing, to plantation date, to understory vegetation 

nor to edaphic conditions. 

Keywords: root architecture, forest tree, windthrow, root deformation, planting 



90 

 

S-IV 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Notes:



91 

 

S-IV 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

How does the root system inhibit windthrow in thinned black spruce 

sites in the boreal forest?  
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Partial cutting is frequently applied to increase the volume growth of residual stems. 

However, the opening of the forest increases the wind speed within the stand, and 

consequently, the risk of windthrow. In the case of black spruce (Picea mariana), uprooted 

trees are normally characterized by a lifting of the root plate. This research was conducted 

to compare the root systems of standing and uprooted black spruces, after commercial 

thinning, by looking at root architecture, volume and radial growth. For this purpose, data 

from a pool of 18 standing and 18 uprooted trees from three study areas was analyzed. The 

distribution of roots around the stump was compared between both types of trees, standing 

and uprooted. The radial growth was measured at 30 cm in the stem, and at 10 cm and 60 

cm in the roots. The shape (I and T-beam) and volume were recorded for each root system. 

The structure of the roots was also mapped to obtain a spatial overview of the angle 

between roots. The number of roots, the angle between roots and the root shape (at 10 and 

60 cm) differentiate the standing and uprooted trees. Uprooted trees developed fewer roots, 

with a large sector around the stump without lateral roots, which suggests its major 

implication in the resistance to windthrow. 

 

Keywords: root system, windthrow, commercial thinning, radial growth, root morphology 
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Models of variation in plant clonal diversity predict a decline with time when seedling 

recruitment is infrequent, while repeated seedling recruitment is expected to maintain high 

clonal diversity. However, in spite of a positive balance toward vegetative propagation, 

aspen (Populus tremuloides) maintains high levels of clonal diversity, even at small spatial 

scales. We hypothesized that the clonal diversity maintenance in this species can be 

facilitated by integration of different clones through natural root grafting into aspen’s 

communal root system. In order to verify this hypothesis, we induced root suckering in 

mature aspen stands by harvesting the stems, where clones had been delineated with 

molecular markers. After a full growing season, clonal identity of the vegetative 

regeneration (suckers) was assessed prior to excavating the entire root systems. Excavation 

revealed many living roots on trees that had been dead for several years, some of them 

with no other root connections but root grafts to living ramets of different clones. 

Moreover, these roots from dead stumps all had newly formed suckers growing on them, 

thus carrying over their genotype to the next cohort of trees. 

Acquiring roots of dead trees helped to maintain extensive root systems, which increases 

the chances of clone survival, beyond the death of individual trees. Substantial 

interconnectivity both within clones as well as between clones due to inter-clonal grafts 

results in formation of genetically diverse units. Such a clonal structure can significantly 

affect interpretations of diverse ecophysiological processes taking place in forests of 

trembling aspen. 

 

Keywords: Populus tremuloides, root graft, genotypic diversity, physiological integration 
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Heterosis describes the superiority of hybrids compared to their parental inbred lines. It is 

of paramount economic importance as commercial maize production in the western 

hemisphere is exclusively hybrid-based. The present study applied large-scale gene 

expression analyses in order to uncover unexpected transcriptional patterns associated with 

the increased vigor of hybrid maize plants. We surveyed global transcriptional patterns of 

four different primary root tissues in two reciprocal hybrids and their parental inbred lines. 

The primary root is the first emerging organ during germination and has been reported to 

show heterosis already at early developmental stages. In the four primary root tissues we 

identified >2,300 genes displaying single parent expression (SPE). These genes are 

expressed in only one parent but in both reciprocal hybrids. Most of the SPE genes showed 

tissue specificity indicating tightly controlled transcriptomic plasticity in primary root 

tissues. As a consequence of SPE, the number of expressed genes in hybrids in each of the 

four tissues exceeds either parental inbred line by >400. This indicates complementation of 

transcriptional deficiencies of the parents in the hybrid offspring. We demonstrate that 

most SPE genes are non-syntenic and emerged after the most recent whole genome 

duplication. The detection of numerous genes with SPE in different root tissues suggests 

this pattern to be of general importance for hybrid development. Tissue-dependent 

dynamics and resulting increase of the number of expressed genes in each surveyed tissue 

suggest a role of SPE in the manifestation of heterosis. 

 

Keywords: RNA-Seq, primary root, root tissues, single parent expression (SPE), Zea mays 
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Carnation is, after rose, the most important species on the worldwide market of cut 

flowers. The production of young plantlets is frequently hampered by minimal adventitious 

root (AR) formation from stem cuttings, which has a strong genetic dependency and which 

leads to production losses in certain carnation varieties (Agulló-Antón et al. 2011). 

Over the past decade, modern technologies, such as genomics, high-throughput sequencing 

and phenotyping, expression profiling and bioinformatics have revolutionized breeding for 

elite varieties in vegetable and agricultural crops. Among cut flowers, carnation is 

especially amenable to these approaches as its genome size is rather small (Yagi et al. 

2013). We started to characterize the phenotypic and genotypic variation present on a core 

collection of commercial carnation varieties. Genetic variation discovery among carnation 

cultivars with contrasting rooting phenotypes can then be used for the identification of 

trait-linked markers through genome-wide association studies (GWAS). In this way the 

genetic determinants responsible for the induction of AR formation in carnation stem 

cuttings will be identified, and linked molecular markers will be allocated. 

Agulló-Antón MA, et al. (2011). Auxins or sugars: what makes the difference in the 

adventitious rooting of stored carnation cuttings? J. Plant Growth Regul. 30, 100-113. 

Yagi M, et al. (2013). Sequence analysis of the genome of carnation (Dianthus 

caryophyllus L.). DNA Res. doi: 10.1093/dnares/dst053. 

Work funded by Eurostars-EUREKA (CARNOMICS E!6834) and MINECO/FEDER 

(AGL2012-33610). 
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Adventitious root formation is a postembryonic organogenic process in which roots are 

induced from determined or differentiated cells that have not been specified to develop a 

root at positions where they do not normally occur during development. In forest tree 

species, a decline in the capacity to form adventitious roots from similar cell types is 

associated with tree age and maturation. This decline limits the success of vegetative 

propagation of adult selected trees. The mechanisms that enable a somatic differentiated 

cell to directly reactivate meristem programs switching its fate towards the development of 

an adventitious root meristem are unknown. We have made use of embryogenic cultures 

maintained under proliferating undifferentiated conditions and subjected to differentiation, 

as well as of adult tissues of different age, showing different adventitious rooting capacity 

in response to auxin, to identify genes, changes in gene expression and regulatory 

mechanisms associated with the direct reprogramming of adult tissues to form adventitious 

roots in pine. RNA-seq, microarrays and qRT-PCR were used to analyse gene expression 

in the different tissues at the different developmental transitions and during the 

adventitious root formation in response to auxin. Genes related to cell wall remodelling, 

hormone and cell signalling, and transcriptional regulators, such as chromatin remodelling 

factors, or transcription factors with a known function in the control of meristem activity 

and meristem cell-fate, were among the genes differentially expressed in relation to the 

rooting capacity of adult tissues in response to auxin. Characterization and expression 

analysis of the GRAS family of transcription factors in pine indicate that several members 

could be involved in a core of a transcript regulatory network associated with the 

competence, and with the auxin-dependent or the auxin-independent pathways determining 

cells to become a root in competent tissues. The differential responses of GRAS genes to 

exogenous auxin could be related to the involvement of specific GRAS transcription 

factors as local factors involved in rooting capacity. The temporal and spatial co-

localization of auxin and the auxin-independent PrSHR gene expression in competent and 

non-competent cells during the earliest stages of adventitious root formation indicates a 

possible interplay between both signaling pathways before the onset of cell divisions 

leading to the formation of an adventitious root meristem. Epigenetic mechanisms and the 

components of the epigenetic machinery resulting in a specific nuclear architecture could 

also be related to the control of the maturation-related decline of rooting capacity. 

Acknowledgements: Funded by the Spanish Ministry of Economy and Competitiveness 

(AGL2011-30462 RootPine to C.D.-S.) and by the Regional Government of Madrid 

(S2009AMB-1668 REGENFOR-CM to C.D.-S).
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It has been known for a nearly 100 years that the process of adventitious rooting strongly 

depends on the physiological status of the plant part which is being rooted. During this 

time the knowledge of the maturation process has been developed but we still do not really 

know the biochemical backgrounds of this process. 

Different experiments with leafy cuttings of Prunus subhirtella ‘Autumnalis’ were 

conducted during last years to reveal some of these questions. The experiments dealt with 

the endogenous auxin level in cuttings at the time of severance and immediately after 

inserting in the substrate and with the effect of the exogenously applied auxin before 

setting in the substrate. The studies were focused on auxin metabolism during root 

induction and initiation phase. Based on these results some important biochemical patterns 

can be assumed. The increase of the IAA concentration till the 1 day after severance took 

place independent on the physiological status of the cutting. The mature material 

accumulated significantly higher IAA values as the cuttings of the semi-mature and 

juvenile source during the induction and the initiation phase. The mature cuttings 

metabolised significantly more auxin in auxin-inactive forms, such as IAA-Asp as semi-

mature and juvenile cuttings. Juvenile cuttings tended to retain more IAA in the base 

regions of cuttings compared with semi-mature and mature cuttings, thus the transport 

system of IAA from cell to cell should possess an important role at these cuttings. 

Exogenously application of IBA did not alter the metabolisation of auxin considerable. The 

IAA-profile in juvenile cuttings showed a significant increase 4h after severance in both 

cases (IBA application and absence of IBA application), whereby IAA profiles in semi-

mature and mature cuttings stayed without this peak. As already shown, there are some 

important differences between juvenile and mature cutting material regarding auxin 

metabolism during adventitious rooting. Surely, these differences can not fully explain the 

significant differences in rooting success between juvenile and mature cutting material but 

some answers can be given. The behaviour of the semi-mature material is very interesting. 

It showed sometimes the character more similar to mature cuttings but sometimes more to 

juvenile material. 

 

Keywords: leafy cuttings, endogenous auxin, juvenility, adventitious root formation, 

exogenously auxin application 
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The root apices, like other plant organs, grow symplastically, i.e. via coordinated growth of 

cells during which mutual contacts between neighboring cells are preserved. Such the 

growth is described by the field of growth rates of a tensor type /1/ in which principal 

growth directions (PDGs) can be recognized. At every point, unless growth is isotropic, 

there are three mutually orthogonal PDGs, distinguished by the property that the linear 

growth rate along them attains extreme values (maximal, minimal and of a saddle type). 

These directions were postulated to affect the orientation of cell division /2/, the division 

wall is typically perpendicular to one of PDGs. 

The computer simulation of the root cap regeneration obtained by means of the 2D tensor-

based model for growth in which cells divide with respect to PDGs, is presented. The 

model, earlier verified for steady growth on the example of the root apex of radish /3/, 

provided satisfactory results. The virtual apex grew realistically and its cell pattern was 

roughly self-perpetuating. It was interesting to see the cell pattern development in the case 

when the steady growth is disturbed. As before, the radish root apex was modelled. The 

root cap was cut off perpendicular to the root axis at the level of the root/cap junction, 

remaining the quiescent centre. By simulations, successive steps of the cell pattern 

rebuilding are shown until the moment when whole new root cap is formed. The 

conclusions are the following: (1) the computer-made sequence of the root cap 

regeneration resembles the one observed in anatomical studies, (2) in an apex which has 

lost its root cap, a new root cap is formed as a result of the reorganization of the existing 

cell pattern, for such reorganization a redefinition of the growth field that changes PDGs is 

needed;  (3) the redefinition resulted from basipetal displacement of the existing growth 

field into the within of the apex is postulated; the displacement appears sufficient to induce 

the cellular reorganization; (4) changes in the cell pattern are influenced by cell divisions 

oriented with respect to PDGs, (5) the opening of normally closed meristem observed 

when the root cap is reformed is not permanent; in simulations the previous organization of 

a closed type was recovered. 

/1/ Hejnowicz Z, Karczewski J (1993) Am J Bot 80:309-315 

/2/ Hejnowicz Z (1989) Environ Exp Bot 29:85-93 

/3/ Nakielski J (2008) Planta 228:179-184 

 

Keywords: root apex, cap regeneration, tensor growth field, computer simulation 
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A lateral root development – catching up the form  
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The subject of the current study is a lateral root of Arabidopsis thaliana, whose shape 

changes during development [1]. The initiation takes place in the pericycle cells of the 

parental root so at the very beginning the initial cells for the lateral root primordium form a 

thin layer elongated along and curved around the root axis. The first periclinal divisions of 

a few central cells and oblique anticlinal divisions at the primordium sides [2] result in a 

small protrusion formation. The peripheral cells do not divide or stop dividing soon so the 

protrusion becomes more and more pronounced. At this time the primordium base is 

ellipse-like in shape, while its apical part becomes circular in cross section due to oblique 

latitudinal divisions in the central part of the protrusion, which leads to radialization of the 

primordium [3]. During further development the central part elongates giving rise to 

mature lateral root, whose eventual shape from the basal to the apical region is the 

following: an ellipse-like base elongated along the parental root axis, a long cylindrical 

part of the lateral root body and a dome-shaped apex.  

The main objective of this research is to describe and visualize dynamics of changes of the 

lateral root form with the use of the mathematical tools. For this purpose we adopted the 

3D reconstruction of the lateral root primordium coming from literature [3]. Taking into 

consideration the geometrical features of the reconstructed primordium we adjusted a 

mathematical functions to visualize the lateral root shape at various stages of development. 

The obtained model not only mirrors the actual shape of the lateral root, but also allows for 

prediction of the further changes in shape of the forming organ.  

References 

[1] Szymanowska-Pułka J. Ann Bot. 2013;112:1643-1654 

[2] Szymanowska-Pułka J. et al., Ann Bot. 2012;110:491501 

[3] Lucas M. et al. P Natl Acad Sci. 2013;110(13): 5229–5234 

 

Keywords: lateral root formation, plant organ morphology, mathematical description of 

plant organ form, Arabidopsis thaliana  
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This study aims at elucidating root reactions to the toxic heavy metals cadmium, copper 

and zinc at sub-toxic concentrations (10 µM CdSO4, 5 µM CuSO4, and 150 µM ZnSO4). 

For this purpose, we devised a new screening strategy using Petri dishes (12 x 12 cm) with 

a gradient of distances between germinating seeds and a metal-contaminated medium 

concentrations in order to study alterations in root architecture and morphology of 

Arabidopsis thaliana (L.) Heinh. (Columbia ecotype; Col-0) when treated with each metal 

alone (Cd, Cu, Zn) or in triple combination (Cd/Cu/Zn). Each dish was filled with 100 mL 

melted agarized medium (bacteriological agar supplemented with 0.5% sucrose and 1/4 

strength Murashige and Skoog liquid medium without micronutrient and vitamins) + metal 

. After the medium solidified, the gel was cut diagonally under sterile conditions and the 

upper half discharged. Then, a metal-free melted medium was poured into the dish in order 

to fill the empty space. After the second solidification step, top agar (1.5 cm from the 

upper border) was removed to allow shoot development. Control dishes without metals 

were kept as controls. Agar final thickness was 0.4 cm. Seeds were sterilized in sodium 

hypochlorite and let to germinate (eight seeds per plate) at the top of the dishes. To 

simulate the dark conditions of the soil, the top agar surface (0.3 mm) was covered with 

activated carbon and the rest of the dish surface covered with a dark foil. Dishes were kept 

in a growth chamber under controlled conditions. After two weeks, all agar dishes were 

scanned at high resolution by an image analysis system and the whole root systems 

analysed. For each plant, the following morphological measurements were carried out: 

total length of the root system, length of primary root and lateral roots, number of root tips, 

average root diameter, root density, root growth angle and slope. Metal concentration in 

the dishes was determined by inductively coupled plasma-atomic emission spectrometry 

(ICP-AES) on digested agar samples collected along the gradient, and a diffusion 

coefficient for each metal was calculated. In the presence of all metals, and of Cd in 

particular, primary root length significantly decreased compared to controls whereas root 

system total length increased due to the higher root branching. This was confirmed by the 

significantly higher number of root tips in metal-treated seedlings. The seedlings nearer to 

the areas with agar + metals showed a marked curvature and a higher root branching. This 

behavior, together with an observed increase in root diameter in metal-treated seedlings 

may be interpreted as compensatory growth, and a thicker roots could act as a barrier to 

protect root from the metals. We therefore propose that the remodelling of the root 
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architecture in response to metals could be a pollution “escaping” strategy aimed at 

seeking metal-free patches. 

 

Keywords: Arabidopsis thaliana L., cadmium, copper, heavy metals, root morphology, 

zinc 
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Both nitrogen (N) and carbohydrate (CH) limitation can considerably reduce adventitious 

root (AR) formation in ornamental cuttings. Due to a lack of quick, easy and cheap 

analytical techniques for measuring N and CH status, these parameters are not used in 

quality assessment of ornamental cuttings yet. Near infrared spectroscopy (NIRS) can 

potentially bridge this methodological gap. The scope of the present study was to develop 

NIRS calibrations for non-destructive measurement of N and CH status of Pelargonium 

(Pel) and Chrysanthemum (Chr) cuttings and to investigate if rooting capacity of cuttings 

can be deduced from the NIRS predicted values. 

Quite good calibration models were achieved for N fractions as insoluble protein N, 

organically bound N and total N as well as for starch and total non-structural carbohydrates 

in leaves. The ratio of standard error of prediction to the range of values in the validation 

set (RER) was above 10 for the named parameters. For amino N and specific sums of 

soluble N (with or without nitrate N) the prediction performance was lower (RER = 8) but 

at least suitable for a rough screening to identify N deficient cuttings. Because of low 

levels and/or low NIR absorption calibration models were insufficient for amide N, nitrate 

N and leaf sugars. 

NIRS calibrations were applied to cuttings yielded from stock plants cultivated under 

graduated N supply as well as high and low light conditions in summer and winter at 

Freising (Germany). Simultaneously cuttings were rooted in a greenhouse under similar 

light conditions as applied to the stock plants and in a climate chamber under low light 

conditions (DLI = 2.5 mol m
-2

 d
-1

). Rooting of cuttings was rated and correlated to the N 

and CH status predicted by NIRS. Using NIRS allowed prediction of reduced AR 

formation of both Pel and Chr in response to even slight N deficiency. Furthermore, NIRS 

disclosed limited CH reserves of cuttings leading to poor rooting of Pel cuttings harvested 

from high light adapted stock plants but rooted under low light conditions. These results 

coincide with those of comparable experiments using established wet chemistry methods
 

[1,2]
. 

Possibilities and limitations of NIRS as a promising tool for quality assessment in global 

young plant production chains of ornamentals are discussed. 

[1]
Druege et al. (2000), Ann. Bot. 85; 

[2]
Druege et al. (2004), Ann. Bot. 94 

Keywords: NIRS, quality assessment, ornamental cuttings 



114 

 

S-Vb 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Notes: 



115 

 

S-Vb 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

 

 

 

 

 

 

Session Vb: 

 

Competence for root development: 

genetics and donor plant effects 



116 

 

S-Vb 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 



117 

 

S-Vb 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Plant puberty: do hormonal changes during floral switch cause decline 

in pea cutting adventitious root formation? 
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As plants age the ability to form adventitious roots from stem cuttings declines which 

causes the forestry and horticulture industries significant economic losses. Traditionally it 

has been difficult to differentiate between ontogenetic aging (switch between vegetative 

and reproductive stages of development), physiological aging (related to the number of 

divisions which have occurred within the apical meristem), the chronological age (time 

since the tissue of interest was differentiated), and positional effects. To address this 

problem we have developed a model system using Pisum sativum in which cuttings can be 

taken at the same or different positions, within a given ontogeny at different physiological 

ages, or across the floral switch, and size can be controlled by decapitation. Using this 

assay we show the decline is linked to the ontogenetic switch from vegetative to floral. In 

addition the early flowering pea mutants (dne and lf) have reduced adventitious root 

formation. Since strigolactones are inhibitors of adventitious root formation we wanted to 

know if this group of newly identified hormones are responsible for the decline in 

adventitious root formation across the floral ontogenetic switch. We used the rms mutants 

as part of our assay and found that the decline in adventitious root formation also occurs in 

strigolactone deficient or insensitive mutants suggesting that the inhibition is due to a 

different signal. To investigate what other hormonal changes correlate with the ontogenetic 

switch we measured JA, IAA, and a range of cytokinins and found that the peak in JA is 

delayed in cuttings from floral plants. In addition in cuttings from vegetative plants there is 

an early peak in IAA levels 6 hrs post excision which is absent in cuttings from floral 

plants. This pattern of auxin accumulation was supported by DR5:GUS expression in the 

bases of pea cuttings of both ages. Considering also the response of adventitious root 

formation to JA and auxin application, the role of both hormones in the decline in rooting 

competence of pea across the vegetative-floral ontogenetic switch will be discussed. 

 

Keywords: adventitious roots, auxin, floral induction, maturation, jasmonic acid 
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endogenous auxin and cytokinins 
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Cuttings excised from different parts of the plant can differ in subsequent root formation 

and development, however, the physiological basis for such effects is unclear. A study was 

conducted with Rosa rootstocks ‘Natal Briar’ and ‘Rosa Progress’ to elucidate the effects 

of cutting position on subsequent adventitious root formation and shoot growth and to 

explore the relationship with changes in concentrations of auxins and cytokinins in the 

cuttings. 

Single-node stem cuttings with on five-leaflet leaves were excised from bottom and top 

position within the donor shoot and compared. Different parameters of root development 

and shoot growth resulting from the outgrowth of the axillary bud were recorded. On days 

0, 1, 2, 4 and 8 after planting, samples of 1cm in length were collected from the basal stem 

and the bud region of cuttings and concentrations of indole-3-acetic acid (IAA) and 

cytokinins were analysed by GC-MS/MS and UPLC-ESI-MS/MS.  

Significantly higher root fresh and dry weights, higher shoot height and higher root to 

shoot ratio of fresh and dry weight were obtained from the top cuttings compared to the 

bottom cuttings. The average concentration of IAA in the stem base during the 8 days after 

planting was significantly higher for top cuttings than for bottom cuttings with both 

cultivars, while the dynamic and maximum levels of IAA further depended on the cultivar. 

Five types of cytokinins were detected in the stem base and the bud region: trans-zeatin, 

trans-zeatin riboside, cis-zeatin riboside, dihydrozeatin riboside and isopentenyl adenine 

riboside. Considering the time course of individual cytokinins and the ratio of IAA to 

cytokinins in the bud and stem base, the findings suggest that higher rooting and growth 

rates obtained from top position cuttings is attributed to higher concentrations of 

endogenous IAA and to higher ratios of endogenous auxins to cytokinins during certain 

time points after planting. This is further supported by the response of adventitious root 

formation of the cuttings of the two cultivars and from the two positions to auxin 

application. 

 

Keywords: topophysis, age, IAA, cytokinins, adventitious root formation 
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Cuttings of some economically important plant species, such as Eucalyptus globulus, are 

often rooting recalcitrant. We previously showed that far-red light enrichment applied to E. 

globulus donor-plants improved micro-cuttings rooting competence and root/shoot ratio of 

carbohydrates without exogenous auxin requirement. To better understand this response, 

we investigated the relative expression profile of 7 genes related to auxin homeostasis and 

6 genes related to carbohydrate metabolism during adventitious rooting of E. globulus 

micro-cuttings derived from donor plants exposed to far-red light enrichment or white light 

only. The chosen genes were as follows:  auxin-signaling (ARF6, ARF8, AGO1), 

biosynthesis (YUC3) and transport (AUX1, PIN1, PIN2); carbohydrates-sucrose cleavage 

(SUS1, CWINV1), sucrose transport (SUC5), hexose phosphorylation (HXK1, FLN1) and 

starch biosynthesis (SS3). Based on gene expression data, auxin biosynthesis and transport 

were increased in the first days of root induction. Also, far-red enrichment of donor plants 

induced ARF6, ARF8 and AGO1 expression in micro-cuttings. The first two gene products 

probably mediate the activation of GH3 and other adventitious rooting related genes, 

whereas AGO1 action on its target repressor ARF17 may contribute to higher rooting 

competence. The gene expression profiles also indicate increased sink strength at the basal 

stem, with sucrose unloading in root forming tissue mediated by SUC and subsequent 

hydrolysis by SUS1. Fructose phosphorylation and starch biosynthesis may also contribute 

to proper carbon allocation at the site of rooting, as evidenced by increased expression of 

genes related to enzymes involved in these reactions. These data are consistent with the 

increased contents of hexoses and starch at the stem base previously observed in cuttings 

derived from far-red exposed donor plants. Taken together, gene expression results 

indicate that pathways integrating auxin and carbohydrate metabolism were activated in 

micro-cuttings derived from donor plants exposed to far red light enrichment, thereby 

improving rooting response in E. globulus. (Support: Brazilian science funding agencies 

CNPq, CAPES and Fapergs). 

 

Keywords: adventitious rooting, auxin, carbohydrates, Eucalyptus, far-red light 
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The rooting of stem cuttings is a common vegetative propagation practice in many 

ornamental species. In carnation (Dianthus caryophyllus L.), adventitious root formation in 

the base of the cuttings depends on the auxin transport from the shoot (Garrido et al. 2002). 

Auxin transport occurs either via a long-distance transport through the phloem or via a 

polar cell-to-cell transport mediated by auxin carriers at the plasma membrane. The latter is 

mediated by three gene families, with the AUXIN RESISTANT1/AUX1-LIKE (AUX1/LAX) 

family coding for influx proteins and some PIN-FORMED (PIN) and P-GLYCOPROTEIN 

(PGP) family members coding for efflux proteins (Peer et al. 2011). We have taken 

advantage of the recently published whole-genome sequence of carnation (Yagi et al. 

2013) to identify orthologous genes coding for putative auxin transporters in carnation. 

The AUX1/LAX and PIN gene families in carnation comprise 5 and 7 members respectively 

and were found to display heterogeneous expression patterns. This work should lay the 

foundation for studies targeting specific auxin carriers for functional characterization and 

suggests which proteins are likely to be important regulators of adventitious rooting. 

Garrido G, et al. (2002). Origin and basipetal transport of the IAA responsible for rooting 

of carnation cuttings. Physiol. Plant. 114, 303-312. 

Peer WA, Blakeslee JJ, Yang H, Murphy AS (2011). Seven things we think we know 

about auxin transport. Mol. Plant 4, 487-504. 

Yagi M, et al. (2013). Sequence analysis of the genome of carnation (Dianthus 

caryophyllus L.). DNA Res. doi: 10.1093/dnares/dst053. 

Work funded by Eurostars-EUREKA (CARNOMICS E!6834) and MINECO/FEDER 

(AGL2012-33610). 
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Adventitious rooting in the base of stem cuttings is a common vegetative propagation 

practice in many ornamental plants. The formation of adventitious roots is a complex 

genetic process regulated by both environmental and endogenous factors, among which the 

plant hormone auxin plays a central role (Pacurar et al. 2014). 

Commercial carnation cultivars are propagated from terminal stem cuttings. After 

detachment from the donor plant, basipetal transport of auxin from mature leaves of the 

cutting contributes to auxin accumulation in the cutting base (Garrido et al. 2002). We 

recently reported that endogenous auxin levels in the stem base showed a transient peak 

during the first hours after excision, which is correlated with formative divisions in some 

cells along the cambial ring leading to the new root primordia (Agulló-Antón et al. 2014).  

These and other results indicate that tight regulation of auxin homeostasis in the site of 

adventitious root formation is a critical factor to signal de-differentiation and proliferation 

of cambial cells. To shed some light into the mechanistic insight of the auxin peak 

regulation observed during the early stages of adventitious rooting in carnation stem 

cuttings, a metabolomic approach has been carried out using HPLC-MS equipment. Some 

of the compounds we identified indicate that amino acid conjugation (IAA-Asp), oxidation 

(oxindole-3-acetic acid) and peroxidase-induced oxidative decarboxylation (indole-3-

methanol, indole-3-aldehyde and indole-3-carboxylic acid) might contribute to the active 

auxin pool in the cutting base during adventitious rooting. 

Agulló-Antón MA, et al. (2014). Early steps of adventitious rooting: morphology, 

hormonal profiling and carbohydrate turnover in carnation stem cuttings. Physiol. Plant. 

150, 446-462. 

Garrido G, et al. (2002). Origin and basipetal transport of the IAA responsible for rooting 

of carnation cuttings. Physiol. Plant. 114, 303-312. 

Pacurar DI, Perrone I, Bellini C (2014). Auxin is a central player in the hormone cross-

talks that control adventitious rooting. Physiol. Plant 151, 83-96. 

Work funded by Eurostars-EUREKA (CARNOMICS E!6834) and MINECO/FEDER 

(AGL2012-33610). 

Keywords: adventitious rooting, auxin homeostasis, carnation cuttings, metabolomics 
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European chestnut is difficult to propagate vegetatively from mature tissues. Cuttings from 

mature chestnut trees, as well as mature-shoot derived cultures, are difficult to root. The 

identification of molecular players that control the rooting process will help to improve 

root formation in difficult-to-root genotypes. In our laboratory we engaged in a search for 

molecular regulators of adventitious root initiation. 

Based on the different rooting response of two lines of chestnut microshoots (juvenile-like 

and mature) to auxin treatment, we also developed a simple and highly reproducible 

system to induce adventitious roots on leaves excised from these shoots.  

The aim of this study was to determine the suitability of the leaf rooting system in response 

to auxin and NPA (N-1-naphthyl-phthalamic acid) treatments, compared to the system of 

microshoots (Vielba et al. 2011). Besides, we analyzed the expression of two different 

genes, the CsGH3-2 (auxin-inducible GH3-like) and CsLRR-RLK (leucin-rich repeat 

receptor-like kinase) in different organs of chestnut shoots as well as during the induction 

of roots in leaves excised from juvenile-like and mature microshoots. The expression 

pattern of both genes was also evaluated in rooting-competent leaves (juvenile-like) treated 

with auxin and NPA. It has been described that GH3 genes can play a crucial role in auxin 

homeostasis in the rooting area, as they participate in the control of free auxin levels. The 

LRR-RLK genes are involved in signaling pathways and meristem maintenance. 

Our results indicate that the proposed system of leaves can be used at physiological and 

molecular levels to study the rooting process, as the physiological response to auxin is 

similar to that shown by microshoots, and it also exhibits a stronger inhibition of root 

formation by NPA. CsGH3-2 expression revealed that the gene is upregulated by auxin. Its 

expression significantly decreased after NPA treatment in auxin-treated juvenile leaves, 

suggesting its involvement in the induction of roots. On the other hand, CsLRR-RLK 

transcripts were localized in the root tip, although the gene was not regulated by auxin or 

NPA during the first 24 hours of root induction. 

Vielba et al. 2011. Tree Physiology, 31(10), 1152–60. doi:10.1093 

This work was funded by the Xunta de Galicia (10MRU400033PR). 

Keywords: adventitious root, chestnut, CsGH3-2, CsLRR-RLK, NPA 
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S-adenosylmethionine synthetase (SAMS) catalyzes the synthesis of S-adenosylmethionine 

(SAM), a precursor for ethylene and polyamine biosynthesis. To investigate whether SAMS 

gene from tetraploid black locust is related to adventitious root development, as well as the 

participation of related downstream genes during this process, rooting of locust softwood 

cuttings was used as experimental material. The aim of this study was to further explore 

the biological functions of SAMS at physiological and molecular levels to provide a better 

understanding of the mechanisms underlying indole-3-butyric acid (IBA)-induced 

adventitious root development of locust softwood cuttings.  Here, we isolated the 1498 bp 

full-length cDNA sequence of tetraploid black locust SAMS (TrbSAMS), which contains 

an open reading frame of 1179 bp encoding 392 amino acids. The amino acid sequence of 

TrbSAMS has more than 94% sequence identity to the SAMS in other plants. TrbSAMS 

has a closer phylogenetic relationship to SAMS from legumes than to SAMS of other 

plants. The TrbSAMS monomer consists of N-terminal, central, and C-terminal domains. 

Subcellular localization transient expression analysis revealed that TrbSAMS protein 

localizes mainly in the cell membrane and cytoplasm of onion epidermal cells. IBA-treated 

cuttings showed higher TrbSAMS transcript levels than the untreated control cuttings 

during root primordium and adventitious root formation. In addition, we found that 

TrbSAMS and its downstream genes showed differential expression in shoots, leaves, stem, 

and roots, with the highest expression in the stem. IBA-treated cuttings also showed higher 

SAMS activity than control cuttings during root primordium and adventitious root 

formation. These results indicate that TrbSAMS might play an important role in regulation 

of IBA-induced adventitious root development in tetraploid black locust cuttings.  

 

Keywords: SAMS gene, adventitious root, indole-3-butyric acid, tetraploid black locust, 

softwood cuttings 
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We recently showed that the decreased PME activity in Arabidopsis pme3 mutant, in 

which the PECTIN METHYLESTERASE 3 gene was knocked-out, led to increase the 

degree of methylesterification (DM) of pectins as well as the adventitious root formation in 

hypocotyl [1]. In order to gain insights into the relationship between DM of pectins and 

adventitious rooting, we analyzed the Arabidopsis pme36 knock-out line. In wild-type, 

PME36 is expressed during seed maturation and in seedling hypocotyl up to 72-hours after 

germination. As expected, pme36 displayed a decrease in PME activity during seed 

maturation and a resulting increase in the DM of pectins in the mature seed. Unexpectedly, 

48-hours after germination, PME activity in dark-grown hypocotyl of pme36 was higher 

than in the wild-type. This led to a decrease in the DM of pectins and in the number of 

adventitious roots in the mutant. While confirming the positive correlation between DM of 

pectins and adventitious rooting, these results highlight the existence of a mechanism 

overcompensating the absence of PME36 in pme36 hypocotyl. We found that this 

compensatory mechanism involved transcriptional regulations in pme36 hypocotyl. In 

addition, looking at hormone contents and assessing the expression of genes involved in 

the hormone signaling pathways shown to control adventitious rooting [2], we found a 

strong alteration of hormone homeostasis in pme36 hypocotyl. Altogether these results 

suggest that adventitious rooting is controlled by a regulatory network involving crosstalk 

between hormone signaling and PME activity, which is modulated through a compensatory 

mechanism triggered by variations in DM of pectins. 

[1] S. Guénin et al. (2011) New Phytol., 192, 114-126.  

[2] L. Gutierrez et al. (2012) Plant Cell, 24, 2515-2527. 

Keywords: pectin methylesterification, hormone homeostasis, adventitious root 
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The capacity to induce de novo root formation is an important agronomic trait as it is a 

determinant for yield in cereals and because it is implemented in vegetative propagation of 

certain vegetables, trees and ornamental species. A screen of small molecules that 

significantly increase adventitious rooting in Arabidopsis was recently performed and led 

to the identification of a novel compound we called hysparin for hypocotyl specific 

adventitious root inducer. This compound does not significantly alter the primary root or 

lateral root patterning and therefore represents an opportunity to study adventitious rooting 

in the absence of other morphological changes in the root or the shoot. Moreover, as 

hysparin was shown to induce AR primordia in the hypocotyl of Brassica napus, its bio-

activity seems to impinge on a conserved adventitious rooting signalling pathway and 

hence studying its mode of action may be of a general relevance for unravelling 

adventitious root induction signalling. 

Keywords: adventitious roots, hypocotyl, chemical screen, root induction signaling 
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Adventitious roots are ectopic roots that arise either naturally or in response to stressful 

environmental conditions from various plant tissues, such as stems and leaves; they may 

also be induced by mechanical damage or following in vitro tissue culture regeneration. 

The formation of adventitious roots is a complex genetic process regulated by both 

environmental and endogenous factors, among which the plant hormone auxin plays a 

central role (Bellini et al. 2014). 

By a combination of physiological, genetic, and histological techniques, we aim to identify 

the molecular networks that participate in the formation of adventitious roots. In the basic 

side, our results will contribute to determine whether the genetic circuitries of de novo root 

formation are conserved among species, as well as to shed some light on the molecular 

basis of the hormonal crosstalk observed during plant regeneration. In the applied side, the 

molecular tools and the protocols developed in our group will help either to the 

optimization or to the design of new strategies aimed to increase the success rate in the 

vegetative propagation of tissue-culture recalcitrant plant species and cultivars. 

To identify additional gene functions required for adventitious root development we are 

screening the Arabidopsis thaliana unimutant collection (O'Malley and Ecker 2010). We 

have so far studied loss-of-function mutations in 119 genes causing a visible leaf 

phenotype and whose expression was found missregulated during hormone-induced 

regeneration (Sugimoto et al. 2010). We will present our preliminary results on a series of 

novel adventitious root formation mutants that suggest a prominent role for protein 

biosynthesis in the regulation of pre-meristematic cell formation during de novo 

organogenesis. 

Bellini C, Pacurar DI, Perrone I (2014). Adventitious roots and lateral roots: similarities 

and differences. Annu. Rev. Plant Biol. 65, 639-666. 

O'Malley RC, Ecker JR (2010). Linking genotype to phenotype using the Arabidopsis 

unimutant collection. Plant J. 61, 928-940. 

Sugimoto K, Jiao Y, Meyerowitz EM. (2010). Arabidopsis regeneration from multiple 

tissues occurs via a root development pathway. Dev Cell. 16, 463-471. 

Work funded by a MINECO/FEDER grant (AGL2012-33610). 

Keywords: adventitious rooting, reverse genetics, auxin and cytokinin crosstalk, protein 

biosynthesis.  
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Adventitious root (AR) formation is a key step in the vegetative propagation of many 

horticultural crops. Understanding the physiological and molecular mechanisms of AR 

formation is essential for the development of novel approaches to improve the existing 

propagation protocols. Petunia hybrida is a highly important plant in the world-wide 

horticulture with established biochemical and molecular platform that makes it a 

convenient model for the characterization of AR formation. Preliminary studies revealed 

significant up-regulation of genes for acquisition and assimilation of various macro- and 

microelements in the stem base of the cutting during later stages of AR formation. These 

findings suggest the high demand for nutrient supply in the rooting zone of the cuttings. In 

the current study we evaluate whether AR formation in leafy cuttings of Petunia hybrida 

can be improved by nutrient application at critical developmental stages. In order to 

determine the range of nutrients required during AR formation, individual components 

were omitted from the standard hydroponic rooting medium. Obtained results 

demonstrated that withdrawal of nitrogen and iron negatively affected the rooting 

performance. Quantitative assessment of rooting parameters indicated that single 

application of iron and ammonium, but not nitrate, significantly increased the number of 

adventitious roots and percentage of rooted cuttings. Additionally, combined treatment 

with iron and ammonium accelerated the appearance of adventitious roots up to two days. 

Transcriptional activity of IRT1 and FRO2 genes, responsible for acquisition of iron, was 

significantly lower in the stem base of iron treated cuttings compared to the control 

(water). Similar effect was observed for the expression of transporter genes for both 

nitrogen forms: ammonium (AMT1) and nitrate (NRT1). These results demonstrate that 

nutrients play a crucial role in the establishment and formation of adventitious roots in 

petunia cuttings. 

Keywords: adventitious root formation, Petunia hybrida, Ammonium, Iron 
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Carob tree (Ceratonia siliqua L.) is a typical evergreen species of the Mediterranean 

region, commonly cultivated since historic times. Nowadays, its importance belongs to the 

great ornamental value for gardens, landscape and urban architecture and to the use of 

locust bean gum in the food industry. As the vegetative propagation of valuable genotypes 

by traditional grafting and/or cuttings gave poor results, in vitro micropropagation 

programmes have been established to fulfil the increased market request. In this scenario, 

many efforts have been made to improve the adventitious rooting performance in carob 

difficult-to-root micropropagated cuttings. With the aim of discovering the most effective 

compound to induce adventitious rooting, we report preliminary data about the 

enhancement of adventitious root formation of in vitro micropropagated carob tree cuttings 

by the exogenous supplementation of either indole-3-butyric acid (IBA) alone or a mixture 

made by the 1,3-di(benzo[d]oxazol-5-yl)urea (5-BDPU), a synthetic urea derivative 

lacking of auxin- or cytokinin-like activity, and IBA. The percentage of rooted cuttings 

was enhanced by the latter treatment, the concentration of auxin was lower than usual, and 

organized root system arose from the cutting base without callus formation. Owing to these 

positive results, a histological time course of the adventitious rooting process was carried 

out to evaluate the cellular events leading to the formation of roots in the presence of IBA 

alone or 5-BDPU and IBA. Comparative analyses were also made by the supplementation 

of kinetin (Kin), a synthetic adenine derivative showing cytokinin-like activity, and IBA in 

the effort to evaluate differences and/or similarities in the activity of the synthetic 

compounds. The results show that IBA was necessary for adventitious root induction.  

Kin+IBA enhanced the formation of early stages of root primordia. By contrast, 5-

BDPU+IBA enhanced primordia development up to protrusion from the cutting, 

highlighting its importance to enhance the process in comparison with Kin. 

 

Keywords: adenine derivative; adventitious rooting; histological analyses; urea derivative  
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The effect of the water and air fraction in the propagation medium on adventitious root 

formation was quantified for two species of vegetatively-propagated floriculture crops. 

Unrooted cuttings of poinsettia (Euphorbia pulcherrima ‘Freedom Red’) and 

osteospermum (Osteospermum x hybrida ‘Side Show White’) were inserted into small 

containers filled with a peat-based propagation medium. The container were positioned on 

a capillary mat which rested on an incline. The base of the mat dropped in a water reservoir 

maintained at a constant level with a float valve. The small propagation containers were 

located at 0, 2, 4, 6, 8, 10 and 12 cm above the water table. The container water fraction 

ranged from 88.5 to 66.4% from the lowest to the highest height above water table, while 

air fraction in the medium ranged from <0.1 to 22.1% respectively. The solid fraction of 

the medium occupied 11.4% of the container volume. After 14 days, root number for 

poinsettia averaged 1.4, 5.1, 7.9, 8.3, 7.5, 5.5 and 4.4 per plant from the lowest to the 

highest height, while osteospermum root number averaged 1.0, 1.7, 2.6, 1.8, 1.7, 1.1 and 

1.2, respectively. Poinsettia rooting was greatest at 75% water and 13% air, while 

Osteospermum rooting was greatest at 79% water and 10% air. The 88.5% water and 

<0.1% air treatment resulted in poorest root initiation for both species while excess callus 

formation was observed. Implications for commercial propagation media design and use 

will be discussed.  

Keywords: Osteospermum, poinsettia, propagation medium, water fraction 
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This study was carried out to determine if raised leaf temperature had a positive effect on 

rooting and subsequent growth of two rose cultivars, a hard-to-root 'Love Letter’ and an 

easy-to-root ‘Sherbet’. Single node cuttings, each with a five leaflet and an axillary bud, 

were directly stuck to a depth of about 2 cm into prewet rockwool cube (5 cm х 5 cm х 5 

cm, Grodan, Denmark) laid out on fogged propagation benches. Throughout the 

experiments the photoperiod was set at 14 h and relative humidity was maintained 

approximately at 95%. The experiment had infrared heating treatments at different weeks 

for different number of weeks from the top of the cuttings in an attempt to raise leaf 

temperature. During the night time, the heating system was operated to achieve leaf 

temperature at 21°C in the 14 heated treatments for one to four or five consecutive weeks, 

while the control treatment had 15°C throughout the period. In both cultivars, rooting 

percentage checked after four or five weeks was unaffected by either leaf temperature or 

by number of weeks of heating, since all treatments had 100% rooting. However, heating 

treatment for five or four weeks most significantly increased the growth of cuttings as 

compared to the other treatments, followed by three or two weeks heating. No significant 

difference on growth was observed when cuttings were subjected to heating for only one 

week at any week. Though the longer periods of heating promoted growth of cuttings 

more, it will be most cost effective for both ‘Love Letter’ and ‘Sherbet’, when the heating 

were provided for two weeks in the second and third weeks. The experiment was repeated 

twice, first time for four weeks from 8 March to 5 April 2013 and the second time for five 

weeks from 23 January to 3 March 2014. 

This study was carried out with the support of “Cooperative Research Program for 

Agriculture Science & Technology Development (Project No. 906980)”, Rural 

Development Administration, Republic of Korea. Chung Ho Ko was supported by a 

scholarship from the BK21 Plus Program, the Ministry of Education, Korea. 

Keywords: rose, leaf temperature, infrared heating, rooting speed 
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Light source is one of the important factors in controlling the plant growth and its 

morphogenesis. Light emitting diodes (LED) are considered as an alternative light source 

for plant tissue culture because of their wavelength specificity and narrow bandwidth. 

Schrophulariaceae is a plant family that includes a huge number of medicinal plants with 

more pharmacological values. Especially the roots of these plants have been used to treat 

various disorders. In this study the effect of blue LED and red LED over conventional 

white cool fluorescence light (FL) was studied on the in vitro rooting of Rehmannia 

glutinosa, Scrophularia kakudensis, and S. takesimensis. Shoot tips of the in vitro grown 

plants were cultured on Murashige and Skoog (MS) medium supplemented with 3% (w/v) 

sucrose and 0.8% (w/v) agar and maintained under different light sources. All cultures 

were maintained at 25±1°C with 80% relative humidity and 16h photoperiod. After 15 

days, root growth traits as well as the antioxidant capacities were measured. Interestingly 

the explant cultured under red or blue LED showed different morphologies as compared to 

the white FL. Particularly, red LED enhanced number of roots and root length followed by 

blue LED in both S. kakudensis and R. glutinosa. On the other hand, blue LED profoundly 

improved the rooting response in S. takesimensis. Especially, root activity of R. glutinosa 

and S. takesimensis was lower under white FL, and no root induction was observed in S. 

kakudensis until 15 days under control FL. Furthermore, LED treatments enhanced the 

antioxidant properties such as total polyphenol, total flavonoid contents, and higher free 

radical scavenging activities of the root extracts. It is concluded that LED can be applied to 

improve the rooting in medicinal plants as well as to enhance antioxidant property of their 

roots. 

This study was carried out with the support of “Development of basic technologies for the 

domestic cultivation of herbal medicine resources (Project No. K14417)”, Korea Institute 

of Oriental Medicine, Republic of Korea. Manivannan Abinaya and Prabhakaran 

Soundararajan were supported by a scholarship from the BK21 Plus Program, the Ministry 

of Education, Korea. 

Keywords: light emitting diodes, light quality, micropropagation, rooting, antioxidant 

activity 
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Black walnut (Juglans nigra) is an integral hardwood species in the United States. 

Economically, quality black walnut logs are of high market value and are used for veneer, 

cabinetry, furniture, gunstocks, and flooring. The value of black walnut has merited its 

commercial cultivation and genetic improvement to develop elite genotypes with superior 

timber qualities. Current vegetative propagation of elite black walnut selections is a 

difficult, time-consuming, and labor-intensive process with variable success. Adventitious 

root formation recalcitrance inhibits an optimized propagation system for black walnut. 

Previous attempts to increase adventitious rootability in J. nigra have had limited success. 

The objective of our research was to improve adventitious rootability in black walnut 

softwood cuttings and investigate changes in anatomical patterning during root formation. 

To optimize adventitious rooting, cuttings (15-20 cm) from seedlings of elite timber 

genotypes and mature grafts of the same genotype were dipped for 60 s in 31.1, 62.2, or 

93.2 mM indole-3-butyric acid-potassium salt (K-IBA), or 36.9, 73.8, or 110.7 mM indole-

3-butyric acid (IBA), and then inserted into a moist medium of 3 perlite: 1 course 

vermiculite (v/v). For root expression, cuttings were placed in benchtop fog chambers or a 

mist bench for 5-6 wk and evaluated for root number, length (cm), and number of laterals. 

To visualize spatial and temporal patterns of adventitious root formation, shoots were 

preserved in fixative, embedded in paraffin wax, serially sectioned, and stained on 

sequential days during root development. Rooting frequencies as high as 40 % were 

achieved with cuttings induced to root with K-IBA and placed in the fog chamber, while 

cuttings induced with IBA rooted at lower frequencies. Cuttings placed in the mist bench 

often deteriorated and failed to root independent of the auxin type used for root induction. 

Anatomical analysis revealed cell divisions apparent by day 15 and root primordia 

formation by day 18. Location of root primordia formation suggested an indirect pattern of 

root formation in black walnut cuttings. These results will benefit private landowners and 

forest products industries wanting to improve propagation production of elite black walnut 

genotypes, and will lead to an increase in the understanding of adventitious root formation 

in black walnut. 

 

Keywords: adventitious rooting, fog chamber, Juglans nigra, softwood cuttings 
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Eucalyptus globulus is one of the most economically important trees for the pulp and paper 

industry and is the main eucalypt species cultivated in Portugal. Its fast growth, relatively 

short harvesting cycle and interesting set of technological properties make this species very 

desirable for the production of high quality writing and printing paper. The preservation 

and multiplication of elite genotypes through clonal propagation (macropropagation) is a 

useful tool, however E. globulus is difficult to propagate vegetatively, with a reduced and 

irregular adventitious rooting success. The ability to induce adventitious roots is an 

essential step in this process, and the evaluation of improved propagation methods requires 

attention not only to the rooting percentage, but also to parameters such as the quality and 

length of the roots. These factors affect field establishment success. 

Although there are some factors that can be manipulated to improve the success of plant 

production (e.g. nutrition, substrates) there is a strong influence of the genotype. We will 

present rooting success data from two elite E. globulus clones throughout different seasons, 

and present some questions that we have in order to understand the dynamics of 

adventitious rooting in this species. 

 

Keywords: Eucalyptus globulus, adventitious rooting ability, clonal propagation 



152 

 

PI-14 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Notes:



153 

 

PI-15 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

ProCoGen: Promoting a functional and comparative understanding of 

the conifer genome - implementing applied aspects for more productive 

and adapted forests  

Carmen Díaz-Sala
1
, María Teresa Cervera

2,3 

1
Department of Life Sciences. University of Alcalá. Ctra. de Barcelona Km 33.600, 28871 

Alcalá de Henares, Madrid, Spain 

contact: carmen.diazsala@uah.es 
2
Department of Forest Ecology and Genetics, Forest Research Centre, National Research 

Institute for Agricultural and Food Technology (INIA-CIFOR). Ctra. de La Coruña Km7.5, 

Madrid 28040, Spain  
3
Unidad Mixta de Genómica y Ecofisiología Forestal, INIA/UPM, Madrid, Spain 

contact: cervera@inia.es 

Conifers are one of the oldest, largest and most long-lived species in the plant Kingdom. 

They have a great economic value, primarily for timber and paper, and a high ecological 

importance, representing the largest terrestrial carbon sink. They are also recognized as an 

important feedstock in current and future green energy production. In the midst of a 

climatic change scenario, the study of genetic control of productive and adaptive responses 

in conifers becomes essential to ensure a sustainable management of genetic resources and 

an effective breeding. Conifers diverged from angiosperms 300 million years ago, and the 

study of their genome, seven times larger than the human genome, is revealing unique 

information which cannot be inferred from currently sequenced angiosperm genomes. 

Application of genomics plays an important role in understanding genome evolution, 

epigenetic/genetic variation and the molecular basis of productive and adaptive traits. The 

main objective of the ProCoGen project (http://www.procogen.eu) is to develop an 

integrative and multidisciplinary genomic research in conifers, using high-throughput 

platforms for sequencing, genotyping and conducting functional analysis. We aim to 

unravel genome organization and identify genes and gene networks controlling important 

ecological and economic traits, such as those related to the control and the reduction of 

climate change impact in relation to growth, propagation, drought and cold stress with the 

final goal to provide tree breeders with tools for precise selection. ProCoGen has brought 

together European and North American experts working at the cutting edge of Forest 

Genomics from a wide and complementary range of disciplines to encourage multi- and 

interdisciplinary co-operation. ProCoGen structure is organized in five research and 

technological work packages (WPs) with the aim to conduct an integrative genomic 

research program in conifer model species. These WPs involve the sequencing of two 

complete conifer genomes and the analysis of their genetic diversity, functional genomics 

and epigenetics as well as comparative, computational and translational genomics. Another 

work package is devoted to integration with other worldwide conifer genomics initiatives, 

dissemination and training. ProCoGen partners involve institutions from eleven EU 

countries and Canada. USA and Brazil also collaborate in the project.  

Acknowledgements: The research leading to these results has received funding from the 
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To contribute to a large-scale organ and tissue-specific protein atlas of maize, we analyzed 

different root tissues of the inbred line B73. Primary roots (2-4 cm) were divided into four 

sections including (1) the meristematic zone (1.5-2 mm) and (2) the elongation zone (2-4 

mm).  Moreover, the differentiation zone was dissected into (3) cortical parenchyma 

including root hair bearing epidermis cells and (4) the stele. Multidimensional LC coupled 

with MS/MS identified almost 74.000 peptides across all 4 tissues representing more than 

11.500 non-modified proteins. In addition, nearly 10.000 phosphopeptides, representing 

more than 2.900 phosphorylated proteins were identified. The analyses of these two 

proteomes in parallel allowed for the identification of tissue-specific protein expression 

and phosphorylation changes in distinct tissues. Six pairwise tissue comparisons revealed 

that among the non-modified dataset up to 3,471 and 917 proteins of the phosphorylated 

dataset were differentially accumulated. An mRNA-protein correlation analysis (Pearson 

and Spearman rank correlation) showed positive but low relationship of 7,918 genes that 

were reliably measured in the four tissues of transcript and non-modified protein dataset. 

The highest Spearman rank correlation coefficient 0.62 was calculated for the meristematic 

zone, whereas elongation zone, cortex, and stele showed correlation coefficients of 0.48 - 

0.52. Motif analyses of phosphorylated proteins revealed the abundance of Ser (83%), Thr 

(16%), and Tyr (1%) phosphorylation. Functional analyses using Mapman revealed that 

about 30% of the identified proteins and phosphorylated proteins were related to the 

categories protein metabolism and RNA. Further identification of proteins and protein 

phosphorylations which are enriched in distinct root tissues will help to better understand 

maize root development and differentiation. 
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Root system architecture (RSA) is highly responsive to changes in nutrient availability. In 

fact, different nutrient deficiencies evoke distinct changes in the RSA of Arabidopsis 

thaliana by, for example, modulating lateral root development or the elongation of primary 

and/or lateral roots. However, in most cases it is not yet clear whether nutrient deficiency-

induced changes of a plant’s RSA are a consequence of the lack of a nutrient’s biochemical 

and physiological function or of a nutrient-responsive signaling cascade that targets 

specific developmental steps. Many root developmental processes, such as root hair 

formation and lateral root initiation, are induced in specific cell types. Thus, alterations in 

nutrient concentrations in these cell types could result in rearrangements of the root 

developmental program. However, up to date there are no reports on nutrient 

concentrations in specific cell types of the root. Therefore, we are currently developing a 

method that combines fluorescence-activated sorting of specific cell types with high 

resolution inductively-coupled plasma mass spectrometry (HR-ICP-MS). Our main goals 

are (1) to determine the distribution of macro- and micronutrients in different root cell 

types and (2) to assess to which extent this distribution is perturbed under nutrient 

deficiencies. Methodological details and results obtained by this novel approach will be 

presented at the conference. 
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Roots are typically difficult to measure in their natural environment in the field as they are, 

by their very nature, hidden from view. Roots of field grown plants have traditionally often 

been measured with relatively labor-intensive techniques such as using minirhizotrons or 

soil coring with subsequent washing of roots from the core. These techniques, while 

providing a measure of root length and density of field grown plants, are difficult to extend 

to the point where they can be used for the high numbers of plants that must be measured 

in mapping approaches or ultimately by plant breeders. We are developing a system 

whereby root depth can be screened in a large number of plants in the field. The system 

relies upon placing a fertiliser mixture at known depth in the soil. When plant roots reach 

the depth of the fertiliser they take up the nutrients that then result in a change in shoot 

properties due to an alteration in the nutritional status. The nutrition-induced changes in the 

shoot reflectance properties are recorded using hyperspectral analysis techniques, thereby 

providing an indirect indication of root depth. Initial results from the development of the 

system for screening roots up to 50 cm deep will be shown.  

 

Keywords: hyperspectral analysis, phenotyping, field trial 
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ULTRAPETALA1 (ULT1) is a trithorax group factor that is involved in epigenetic control 

of gene expression. In the shoot ULT1 controls stem cell accumulation in the apical 

meristem and floral meristem by altering the methylation status of e.g. MADS box genes. 

A function of ULT1 in root growth and morphogenesis has not been described to date. The 

analysis of ULT1:GUS lines revealed localized expression of ULT1 in the root tip. Knock 

out of ULT1 in seedlings of the T-DNA insertion line ult1-3 resulted in longer roots 

suggesting that ULT1 acts as a negative regulator of root growth. Ongoing research aims to 

identify molecular targets of ULT1 activity in the root apical meristem. ULT1 is 

furthermore expressed in a localized manner at the base of lateral and adventitious roots 

which prompted us to investigate the role of ULT1 in lateral and adventitious root 

development. 

Keywords: root growth control, Arabidopsis, adventitious root, lateral root, RAM  
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Peptide hormones have recently emerged as regulators of many developmental processes, 

including root and shoot apical meristem maintenance and lateral organ development. C-

TERMINALLY ENCODED  PEPTIDES (CEPs) are a family a 15-amino acid peptides, 

some of which are induced by environmental stimuli including low nitrogen and high salt 

in roots and shoots (Delay et al. 2013, Imin et al. 2014). Mis-regulation of the one member 

of this family in Arabidopsis, AtCEP3, by overexpression or synthetic peptide application 

resulted in significantly slowed primary root growth and a decrease in lateral root numbers. 

Knockout mutants confirmed the role of CEP3 as a negative regulator of root development, 

showing increased root size under a range of abiotic stress conditions. Further investigation 

using CEP3 mis-regulation has revealed a significantly shorter meristematic zone (Delay et 

al. 2013). Reported gene analysis has revealed that stem cell maintenance and patterning is 

unperturbed by excess CEP3. However, a CYCB1.1 reporter line pointed to a role for 

CEP3 in cell cycle regulation. These findings present a possible link between 

environmental stimuli and root development through regulation of the cell cycle. 

References 
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CLE peptides (CLAVATA3/ENOSPERM SURROUNDING REGION) play role in the 

regulation of various types of meristems: shoot apical meristem (SAM), root apical 

meristem (RAM), cambium, nodule meristem and meristem-like structures, such as galls 

and tumors. CLE peptides were divided into two groups. Most of them suppress 

proliferation and stimulate differentiation of stem cells in SAM and RAM and belong to 

group A, whereas CLE peptides from group B function in cambium stimulating cell 

proliferation. In our work we focused on the role of CLE-peptides in the formation of 

spontaneous tumors on roots and secondary root growth of radish (Raphanus sativus L.) 

inbred lines. We identified several radish RsCLE genes mainly expressed in roots. The 

expression of some RsCLEs changed upon radish root and hypocotyl thickening and upon 

tumor induction. We suggested that CLE peptides encoded by these genes regulate root 

thickening and tumor formation. To check this hypothesis we carried out the experiments 

on overexpression, RNAi of some A- and B-RsCLEs and exogenous CLE peptide 

treatment.  

Keywords: CLE peptides, vascular development, spontaneous tumors, root secondary 
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Crown gall tumors caused by Agrobacterium tumefaciens are widespread disease. The T-

DNA from the bacterial tumor-inducing (Ti) plasmid, carrying genes involved in auxin and 

cytokinin biosynthesis, integrates into plants genome, leading to tumor formation. The role 

of transcription factors in tumor development is not well studied. It can be assumed that the 

same set of transcription factors that control cell proliferation normally in plant meristem 

can be involved in tumor formation. In our work we use Agrobacterium-mediated tumors 

induced on pea (Pisum sativum) hypocotyls as a model. First, we analyzed the distribution 

of proliferating cells in tumors using fluorescent-labeled thymidine analogue 5-Ethynyl-2´-

deoxyuridine (EdU) which is incorporated into the DNA of proliferating cells. We found 

that proliferating cells in tumors are clustered into meristematic structures, resembling root 

apical meristem. Next, we have analyzed the expression of a set of meristem-specific genes 

(WOX, KNOX, CLE, PLT, SHR, SCR families) upon the development of Agrobacterium-

induced tumors. Interestingly, we found that expression of WOX5 gene was increased in all 

tumor samples, suggesting that key root meristem regulator WOX5 is involved in 

Agrobacterium-induced tumor development. Together, the results of histological analysis 

of crown gall and gene expression analysis indicate that meristematic structures in 

Agrobacterium-induced tumors on pea possess characteristics of root apical meristem. 

This work was supported by RFBR 14-04-00591, 13-04-02140, 12-04-32021 grants, NIR 

SPbGU 1.38.676.2013, НIII-5345.2012.4. 
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Lateral root (LR) development is a major component of the efficiency of a plant to capture 

soil resources. A remarkable facet of lateral root behavior is stochasticity affecting the 

different stages of LR growth, leading to a large range of lateral root lengths along the 

primary root. It has been argued that such variability among LR could be an adaptive trait 

enabling a greater plasticity and efficiency of the root system in front of the spatial and 

temporal heterogeneity of soil resources (Forde, 2009). In order to characterize variability 

in LR growth and evaluate the role of hormonal and biochemical signals that might 

influence it, we analyzed the patterns of development of hundreds of lateral roots in a set 

of maize seedlings grown in rhizotrons. The SmartRoot toolbox was used to provide a 

comprehensive recording of individual root growth dynamics. Using a clustering method 

based on growth variables such as elongation rate and growth duration, we could identify 3 

main different elongation patterns in maize LRs composed of accelerating, slowly 

decelerating and rapidly arrested LRs, as found in other species (Pagès, 1995). The 

molecular and cellular characterization of these root types revealed differences in meristem 

size, apical diameters as well as apical diameter variation. Moreover, fast growing roots 

showed increased sugar content along their tips. Finally, by affecting either the sugar or the 

auxin status (by pruning seminal roots or using auxin transport mutants) we differentially 

altered the proportion of the different root types, suggesting that both signals contribute to 

shape the root system in response to variations of environmental conditions. 

FORDE, B. (2009), J. Exp. Bot. 60 (14): 3989-4002 

PAGES, L. (1995), New Phytologist, 130: 503–509 
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Root growth through soil is a process that must balance a variety of different needs and 

responses. Roots need to forage for water and nutrients, in addition gravi-, thigmo- and 

hydrotropism determine the direction primary and lateral roots take. So far the different 

tropisms have been studied mostly in isolation and distinct plant hormones were shown to 

have key roles during these responses. For example, the development of a lateral auxin 

gradient leading to differential growth responses and ultimately root bending is central to 

the gravitropic response. Hydrotropism on the other hand requires abscisic acid (ABA) 

signalling to guide root growth away from regions with low water potential. 

However none of these tropisms can act in isolation, and therefore mechanisms must exist 

to integrate these growth responses. We have recently shown that plants impaired in auxin 

transport and signalling have an altered hydrotropism response. We are using a range of 

techniques, live imaging during small angle rotation, the DII-Venus reporter and tissue-

specific expression of hormone signalling components to explore the interactions between 

gravi- and hydrotropism. This data will be used to inform a mathematical model describing 

root growth in response to these stimuli, which should improve our understanding how 

plants are able to integrate different growth responses. 

Keywords: gravitropism, hydrotropism, hormone signalling, integration of growth 

responses 



174 

 

PII-24 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Notes:



175 

 

PII-25 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

A homologous gene of phospholipid binding protein (HPBP) regulates 

gravitropic response of primary root in Arabidopsis thaliana 

Takao Araya
1
, Hideki Takahashi

2
, Nicolaus von Wirén

1
 

1
IPK Gatersleben, Gatersleben, Germany, 

2
Michigan State University, East Lansing, US 

contact: arayat@ipk-gatersleben.de 

Nutrient and water uptake are two major root functions. To efficiently forage the soil 

substrate, root morphology is highly plastic and responsive to environmental cues. 

However, roots have to integrate highly changeable environmental stimuli, like local 

nutrient supplies or the presence of microorganisms, with the gravitropic stimulus. A 

recent study in rice revealed that the root growth direction, which is mainly determined by 

the gravitropism of roots, is important to avoid drought stress and thus safeguards plant 

productivity under dry conditions (Uga et al. 2013). In Arabidopsis, lateral roots grow out 

and maintain an angle, which is not in parallel to the gravity vector. This angle is called the 

set point angle (Digby and Firn 1995). The set point angle decides on the growth direction 

of lateral roots and affects the global structure of the root morphology. In this study, we 

report a new function of a gene, which encodes a homolog of phospholipid binding 

proteins (HPBP) on the regulation of the gravitropic response of primary roots. 

HPBP was found as a candidate of downstream components of the CLE3-CLV1 signaling 

cascade in roots, which triggers N-dependent lateral root emergence (Araya et al. 2014, 

PNAS). The mRNA levels of HPBP were high in CLE3 overexpressor lines, and low in 

clv1 mutants. HPBP was highly expressed under low nitrogen supplies, suggesting a 

function in the plant response to N deficiency. Lateral roots of lines overexpressing HPBP 

did not show a normal set point angle, but the lateral roots grew in direction of the gravity 

vector just as the primary root did. In a gravitropic growth test, the primary root of the 

HPBP mutant (hpbp) stopped bending after the primary root had reached 60 degree from 

horizon during the gravitropic response. Lateral roots of HPBP overexpressor lines showed 

a similar gravitropic response as the primary root of wt plants, but primary roots of hpbp 

showed a set point angle like the lateral roots of wt plants. These results suggest that HPBP 

is involved in setting or adjusting the angle of gravitropism of primary and lateral roots.  
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The growing root apex is characterized by the field of growth rates of a tensor type in 

which principal growth directions (PDGs) can be recognized [1]. If growth field does not 

change, these directions arrange into a steady PDG pattern that can be recognized in the 

cell wall system. Two families of mutually orthogonal lines known as periclines and 

anticlines represent a tendency of individual cells to orient their walls with respect to these 

directions. 

In terms of mechanics, growth is an irreversible deformation that results from stresses in 

cell walls. The stress, similarly to the growth rate, is a tensor quantity. There are 

experiments showing that principal stress directions coincide with the PDGs [2]. Assuming 

that steady organ growth is linked with some basic pattern of stresses we can expect that 

each external mechanical force applied to the organ would modify the stress distribution 

eventually affecting the cell wall system. 

We induced such external force experimentally. The root apices of maize were grown 

through a narrowing of either circular (variant I) or elliptical (variant II) shape. The 

narrowing generated a mechanical impedance distributed circumferentially (I) or from 

opposite sides (II), respectively. The shape and cell pattern of the root apices were 

investigated. It was shown [3] that there is a switch from closed to open meristem 

organization after the stress application. Other conclusions are the following: 1. The 

external force causes changes in geometry and cell wall pattern of the root apex. They refer 

mainly to the moment of growth through the narrowing. After leaving the narrowing, a 

return to both typical morphology and cell pattern of the apex was observed. 2. Changes in 

the cell pattern leads to modification of periclines and anticlines, that show a tendency to 

adjust to the changed geometry and to probably modified principal directions of stress. 3. 

In the cell pattern of roots growing through the narrowing oblique cell divisions occur, 

which may suggest that individual cells are able to detect even short-time changes in the 

orientation of the principal directions. 

[1] Hejnowicz Z, Karczewski J (1993) Am J Bot 80: 309-315 

[2] Nakielski J (2008) Planta 228: 179-184 

[3] Potocka I, Szymanowska-Pułka J, Karczewski J, Nakielski J (2011) J Exp Bot 62: 

4583-4593 
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Radial transport of nitrogen in Arabidopsis roots  
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Water and mineral nutrients reach plant shoots through the radial transport in roots and the 

axial transport in stem.  In this pathway, radial transport is considered being the limiting 

step due to the existence of root barriers and transporters at the plasma membrane. Many 

transport proteins responsible for uptake have been identified and studied intensively over 

the last 20 years; however, the role of the symplastic versus apoplastic pathway for their 

radial transport is still an open question. By using hydroponic culture we investigated the 

radial transport of 
15

N-labeled ammonium in wild-type Arabidopsis roots in order to 

characterize 
15

N-ammonium uptake and translocation. We found that the 
15

N-translocation 

from roots to shoots is uncoupled from the root uptake capacity in the low-affinity but not 

the high-affinity concentration range. 
15

N accumulation in the xylem sap or in the shoot did 

not increase to the same extent as the 
15

N accumulation in roots, indicating that the loading 

of nitrogen into the stele was the limiting step for both radial and axial transport.  

The newly characterized mutant esb1 (enhanced suberin1) has defective Casparian strips 

and enhanced suberin formation and accumulates certain elements in its shoots, indicating 

the importance of root barriers for radial nutrient transport. Based on the hypothesis that in 

the esb1 mutant apoplastic nutrient transport is facilitated while symplastic transport is 

reduced, we currently investigate 
15

N-ammonium/nitrate transport and translocation in the 

esb mutant background.  

Keywords: ammonium, radial transport, Root, Casparian strips 
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Relationships between root system morphology and biomass production 

under nitrogen deficiency in grafted tomato  
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We report here on results of a genetic dissection of root system architecture (RSA) in 

tomato (Solanum lycopersicum) under nitrogen deficiency and its relationships with 

biomass production. A segregating population of 145 recombinant inbred lines (RIL) 

generated after a cross between Solanum lycopersicum var. cerasiforme and S. 

pimpinellifolium has been used for the QTL analysis of root system architecture and 

biomass production under control and nitrogen deficient conditions. The root system 

architecture of each line has been phenotyped in an aeroponics platform that produces high 

quality pictures of the basal part of the root system. In addition to shape indicators 

extracted from these images, the length of the longest root and biomass-related traits (leaf 

area, shoot and root fresh and dry mass) have been recorded on individual plants. 

Tomato is easily amenable to grafting, a surgical technique that allows manipulating shoot 

and roots independently. This feature has been exploited in this project, by using grafted 

plants which combine rootstocks from the RIL population with a common scion. This 

protocol is expected to help depicting causal effects of root traits on crop performance 

under control and nitrogen deficit conditions. To explore the communication between roots 

and the shoot system, the xylem sap has been collected from de-topped root stumps for the 

analysis of root-shoot signals (hormones and ions) under control conditions. During all 

experiments, the nitrogen status of individual plants has also been monitored in control and 

low nitrogen conditions using Multiplex® (FORCE-A, Orsay, France), a portable 

fluorometer. 

The poster will present the results of three fully replicated experiments conducted in this 

innovative protocol. The results are being analyzed at this stage. 

This research is part of the RootOPower (http://www.rootopower.eu/) project that aims to 

develop a multidisciplinary suite of new tools targeted to the root system to enhance 

agronomic stability and sustainability of dicotyledonous crops under multiple and 

combined abiotic stresses: salinity, water stress, soil compaction and low fertilizer (N, P, 

K) input. 

Keywords : nitrogen deficiency, root architecture, rootstocks, Solanum lycopersicum 
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Soil mechanical composition affects root architecture, nutrient uptake 

and amino acids in young tea plants (Camellia sinensis L.)  
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Growth and product quality of tea are considerably affected by soil chemical and physical 

properties. Compared to large body of information in nutrient supply, work illustrating 

effects of soil physical properties on tea has been very limited. A pot experiment consisted 

of three soils was conducted to explore the effect of soil mechanical composition on root 

characteristics of tea plants. The weight proportions of particles of diameters (in mm) 

＞1.0, 0.25-1.0, 0.10-0.25 and ≤0.10 were 9.9%, 42.2%, 16.6 and 31.3% in soil-1, 9.1%, 

34.6%, 21.4 and 34.9% in soil-2, 3.2%, 43.7%, 19.8 and 33.3% in soil-3, respectively. 

Thus soil-1 contained significantly more particles of >1.0 mm than soil-3 and more 0.25-

0.10 mm but less 0.1-0.25 mm particles than soil-2. The contents of organic matter, total 

nitrogen (N), available phosphorus (P) and potassium (K) were maintained at relatively 

similar levels in the ranges of 10.9-11.7 g/kg, 0.41-0.67 g/kg, 66.7-85.6 mg/kg and 40.4-

53.5 mg/kg, respectively. Roots were recovered, scanned and measured for parameters of 

root length, surface area and volume. Nutrients in shoots, roots and free amino acids in 

roots were also determined. Tea plants grown in soil-1 generated a more extensive root 

system containing more root tips, longer length, greater surface area and volume, which 

were 21.5-74.8%, 26.5-39.3%, 30.9-48.5% and 9.2-33.9% larger, respectively, than in 

other two soils. The biomass of roots and shoots were significantly larger in plants on soil-

1 (2.14 and 5.11 g/plant) than on other two soils (1.66-1.79 and 3.84-3.93 g/plant). 

Root/shoot ratio, root length and volume per unit biomass were not affected. Plants on soil-

1 took up significantly larger amounts of N, P, and K (25.0%, 30.5% and 40.9% more, 

respectively) and contained significantly higher concentrations of soluble sugars, theanine, 

glutamine, arginine and glutamate in fibrous roots than those on other two soils. There 

were significant correlations between the absorption of N, P, and K with length, surface 

area and volume of fibrous roots of diameters < 0.4 mm. The combined results showed that 

root architecture was significantly affected by soil mechanical composition, leading to 

greater nutrient absorption and higher concentrations of free amino acids in plants on 

slightly coarser soils. 

Keywords: soil mechanical composition, tea, root architecture, biomass, nutrient uptake, 

amino acid 

http://dict.cnki.net/dict_result.aspx?searchword=%e5%9c%9f%e5%a3%a4%e6%9c%ba%e6%a2%b0%e7%bb%84%e6%88%90&tjType=sentence&style=&t=soil+mechanical+composition
http://dict.cnki.net/dict_result.aspx?searchword=%e5%9c%9f%e5%a3%a4%e6%9c%ba%e6%a2%b0%e7%bb%84%e6%88%90&tjType=sentence&style=&t=soil+mechanical+composition


184 

 

PII-29 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Notes:



185 

 

PII-30 7th International Symposium on Root Development: Adventitious, lateral and primary roots 

- at the crossroads of genome, environment & technology 

Effect of long term breeding for shoot traits on root traits of white clover  
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Phenotypic recurrent selection for shoot traits has been the common approach to white 

clover (Trifolium repens L.) breeding in New Zealand for eighty years, with no root traits 

ever included in selection criteria. Other researchers have shown incidental effects of long-

term breeding on root function e.g. in soya bean, a reduction in the host’s defensive ability 

against ineffective rhizobial strains. Here we report on root morphology in an age-

sequence of white clover cultivars. Cultivar Huia was derived from naturalised New 

Zealand ecotypes and released in 1957; Pitau (1978), is Huia x Spanish germplasm; Kopu 

II (1999), was selected within 8 cultivars including Pitau and Huia; and Mainstay (2013), is 

Kopu II x Barblanca.   

Ten genotypes of each cultivar were grown at Olsen soil phosphate levels ranging from 11 

to 62 mg/L in a glasshouse experiment. All the pots received basal nutrients other than 

phosphorus, and urea solution weekly at rates that exceeded the plants requirements for 

rapid growth so they were not nodulated. This was done so the experiment would not be 

confounded by possible effects of cultivar age on rhizobial relationships. Stolon tip 

cuttings were collected from the Olsen P 17 and 62 mg/L treatments and transferred to 

hydroponic culture to grow new nodal roots. After three weeks the largest nodal root 

system on each plant was scanned and the root images analysed using WinRhizo
TM 

image 

analysis software. 

The cultivars did not differ for root dry weight (DW), root diameter, specific root length, or 

the number of root tips/cm root length. There were significant differences among the 

cultivars for root/shoot DW ratio, and numbers of root tips/mg root DW, but no cultivar 

age effects.  Root %P differed (P<0.001) among the cultivars with lowest values in the 

most recent cultivar and highest values in the oldest cultivar. Other research has shown that 

sequestration of P in roots is typical of white clover ecotypes like those Huia was bred 

from. This trait seems to have been lost during development of modern cultivars, possibly 

because of intensive selection for shoot growth and hence shoot P. 

The results indicate that repeated selection for shoot traits in white clover has had minimal 

effect on root morphological traits. Selection for root traits likely to improve phosphate 

acquisition efficiency will be the focus of new research. 

 

Keywords: white clover, Trifolium repens, plant breeding, root morphology, root 

architecture 
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Genome-wide association studies (GWAS) have become powerful tools for identifying 

higher resolution quantitative trait loci (QTLs) in crop species. Dissection of the root traits 

in crops will contribute both to the understanding of plant developmental mechanisms and 

to the progress in crop breeding. In this study, a panel of 224 spring barley accessions 

which was genotyped with over 5000 SNP markers was used to locate QTLs for root 

architectural traits. All the seedlings were grown in soil-containing root observation boxes 

for 12 days, and then the root architectural traits were investigated including maximum 

root system depth, root system angle, root system width, seminal root number, total 

seminal root length, and root-shoot ratio. All these root architectural traits in the 

association panel showed large variation. We will present the results of the association 

study and examine the QTLs identified in relation to their role in influencing root 

architecture. These results will not only help us to uncover mechanisms underlying root 

development in barley but also provide selectable markers for genetic assisted breeding in 

barley.  

Keywords: GWAS, root architecture, root observation box, barley 
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Root growth of paprika (Capsicum annuum L.) 
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In this study, we aimed to determine whether there is a difference between different 

varieties of pepper root growth under the same conditions.  

In 2013, three paprika (Capsicum annuum L. var. grossum) varieties /’Senator’, ‘Pelso’, 

‘Turbán’ (Univ. of Pannonia and Budapesti Kertimag Co.)/ were grown with irrigated 

conditions in field trial on Ramann-type brown forest soil in Experimental Farm of Univ. 

of Pannonia, Keszthely, Hungary (46°44’47,5”N, 17°14’22”E).  

The root systems of plants were observed by CI-600 In-Situ Root Imager /CID Bio-

Science, USA/, after transplanting plants to field trial. The 105 cm long, 64 mm inner 

diameter acrylic observation tubes had been placed into the soil in 30° angle from 

horizontal, under the plant rows. This was different from the usual mode of installation.  

Images were captured at four depths (equivalent to 0-10, 10-20, 20-30 and 30-40 cm soil 

depths), weekly until the end of July, and later monthly (until the middle of November). 

CI-690 RootSnap! /CID Bio-Science, USA/ root image analysis software had been used to 

analyse the recorded images. 

The root mass quickly and dynamically had evolved until the early July, and since then 

slowed down and the death of some roots also started the second half of July. From the 

three varieties, ‘Pelso’ (determinate) root growth was the most restrained, the 

indeterminate growth types ‘Senator’ and ‘Turbán’ varieties developed greater root mass. 

Because of the irrigation, most of the roots were found in 0-20 cm depths. Fine-root 

production and root length were influenced primarily by the variety.  
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Screening multiple Miscanthus genotypes drought tolerance traits to 

maintain yield 
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Objective: Dissection of the traits underpinning maintenance of biomass yield under 

drought stress in the energy crop Miscanthus.  

To mitigate climate change, energy crops are being developed to substitute fossil carbon 

for bioenergy and bio-product production. Miscanthus is a leading energy crop for the UK, 

Europe and northern America due to its rapid biomass accumulation under temperate 

climates. It is a perennial rhizomatous C4 plant, which can be grown on land unsuitable for 

food crop plants. Miscanthus must therefore tolerate a number of environmental stresses, 

including drought, over a number of growing seasons. An additional benefit of Miscanthus 

is the potential to sequester carbon underground via its extensive root system. 

Crop improvement targets for energy crops such as Miscanthus include the maintenance of 

high biomass yield under abiotic stress, and water availability is one of the factors in the 

gap observed between theoretical and observed yield. Improving drought tolerance is 

therefore a major target for crop breeders; however this is not necessarily straightforward. 

A number of traits contribute to drought tolerance, including stomatal regulation, 

maintenance of leaf temperature and carbon partitioning. Allocating more photosynthate to 

root production at times of limited water availability enables the plant to reach deeper into 

the soil to access water reserves.  

The aim of this project is to dissect the traits resulting in biomass accumulation under 

limited water, with a focus on the role of roots during and following drought. 100 

Miscanthus genotypes, including Miscanthus sinensis, M. sacchariflorus, and inter-specific 

hybrids, are being screened for drought response in tissue culture and soil conditions. 

Above and below-ground growth parameters will be measured; including imaging 

techniques to assess growth of root profiles. Samples will be taken for subsequent 

transcriptomic and proteomic analysis. Results will inform future breeding for stress 

tolerance and carbon sequestration.  

The project is supported by funding from the European Union's Seventh Framework 

Programme (FP7/2007-2013) under grant agreement no. 289159.  

 

Keywords: drought, abiotic stress, tolerance, traits, yield 
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The Landes forest is located South-West France and produces 20% of french wood, it is 

mainly composed of intensively managed even-aged stands of Pinus pinaster (Ait). This 

one million hectare forest was hit by two major storms in 1999 and 2009, destroying half 

of the standing volume. Most of the reafforestation are made with genetically improved 

varieties originating from a population breeding program with a selection at 10 years on 

height and butt stem lean. In the coming years, other species, provenances or varieties of P. 

pinaster will certainly be used for reafforestation to improve biodiversity, to specialise 

production e.g. biomass, or resistance to biotic or abiotic stresses, e.g. drought. Root 

system architecture is a key component in mechanical stability of trees. Therefore species, 

provenances and varieties which could be potentially used in the Landes forest were 

planted for 10 years in three locations to gain information about the dynamics of root 

architecture in young trees. Each year ca. 150 trees are uprooted and the root system is 

measured using 3D digitizing. An in-depth phenotyping of root architecture is made by 

“architectural analysis”. 

Robinia Pseudoacacia and Quercus Rubra showed an overall small growth in the three 

experimental plots after two years in the field. Conversely, the two Eucalyptus clones were 

two and three times higher than the P. pinaster in the medium-wet location, but did not 

grow well in the most humid locations with Molinia Caerulea understory. Pinus taeda was 

slightly higher than P. pinaster in the best location. The 12 P. pinaster provenances, or 

varieties did not differ for stem dimensions, except the Moroccan provenance which had 

significantly lower height, but a similar collar diameter than the other P. pinaster. 

Root architecture and biomass measurements are just finished, and will be analysed in the 

coming weeks.  

Keywords: root architecture, Pinus pinaster, Eucalyptus, provenances, breeding 
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Rhizotron observations enabled us to follow up the growth of the roots in a pear orchard. 

Every second week observations were conducted during 2013 growing season and 

the  measurements were repeated in 2014 again. We can find in publications  that the main 

peak of new root emergence is in late June and early July. A smaller peak of root 

emergence was observed  during August. 

Minirhizotron tubes were inserted in the root zone in our pear orchard. We used four 

180cm long (45 degree in the soil) tubes around the tree. ‘Bosc kobak ‘ pear variety was 

observed  on Pyrus pyraster rootstock (non-irrigated) in the experimental field 

in  Keszthely and the same variety ‘Bosc kobak’ was examined in Provance BA29 

rootstock (irrigated trees). 

Direct observation of root with scanner in minirhizotron tubes can provide detailed 

information about changes in root activity. 

Root Snap software is used for the evaluation of data with multi-touch LCD screen, which 

helps users to  trace roots more quickly using their fingers. On the screen the estimated 

root area (m
2
), total root length (m), total root volume (m

2
), averages diameter (mm) can be 

measured and more details about the roots, fine roots and dead roots. 

The climatic data, like soil temperature, precipitation, air temperature (min., max.) were 

measured during the vegetation period and the phenological stages of the pear trees were 

followed up and subscribed from the beginning of March. 
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The number of broadleaf evergreen woody ornamental plants have been constantly 

expanding since the end of nineteenth century in our country. Due to climate change 

broad-leaved evergreen species, originating from areas with warmer winters appeared in 

the nursery choices in the last decade. Our aim to study the root growth of two ornamental 

shrubs in our climate conditions. 

In 2007 fifteen broadleaf evergreen ornamental shrub species were planted in field trial, in 

Experimental Farm of Univ. Pannonia, Keszthely, Hungary (46° 44’ 47.5” N, 17° 14’ 22” 

E). In 2013 the root system of Prunus lusitanica L. and Elaeagnus pungens Thunb. 

’Maculata Aurea’ was observed by CI-600 In-Situ Root Imager /CID Bio-Science, USA/. 

Two minirhizotron tubes (clear plexiglass, 130 cm long, 6.4 mm inner diameter) were 

installed for each shrub at an angle of 45°. Images were taken every two weeks from mid-

June, to mid-November. The images were analyzed by the RootSnap /CID Bio-Science, 

USA/ root image analysis software, and root location, root length and surface were 

measured.  

The first results showed that significant proportion of root for both ornamental shrubs 

located in 20-40 cm soil zone. Elaeagnus pungens Thunb. ’Maculata Aurea’ roots have 

grown stronger and are presented more intensive in deeper regions than the roots of Prunus 

lusitanica L. The intensive root growth period was from August to November at the 

Prunus, and at the Elaeagnus from July to October. 
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Global warming threatens several ecological processes. In Quebec, Canada, drought 

periods may last longer and have nocuous effects on boreal forest. To get a better 

understanding of such event, we simulated drought in boreal forest on mature black 

spruces (Picea mariana) with shelter devices to block rainfall. The shelters were installed 

from late May to September during a three years span (2010 to 2012). Trees are still 

growing since the start of the experiment. Tree-ring development and physiology of the 

stems revealed little changes during and after the three years of drought stress. Previous 

stems analysis showed that subject trees were still able to hydrate with a regular 

contraction and expansion cycle. We continued to investigate the drought impact at the 

root system level by excavating large roots with their whole ramifications. Our working 

hypothesis are linked to the root system namely; (i) roots will exhibit an elongation 

increase outside the zone covered by the shelters (minimum of 9 m
2
 around the stem) then 

produced massive fine-roots ramifications, (ii) an increase number of fine-roots into 

mineral soil, (iii) a decrease number of fine-roots at soil level and finally (iv) a radial 

growth decrease of roots during rainfall exclusion. Early results showed that most of the 

roots did not grow outside the exclusion zone without impact on radial growth. Fine-roots 

are still to be investigated. 

 

Keywords: drought, coarse-root, fine-root, biomass, dendrochronology 
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