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Foreword

In the context of the long history of domestication that attends our major food crops, the
breeding and selection of forest trees has really just begun. And, unlike food crops, the
lengthier generation interval of trees coupled with the complexity of the transition between
the juvenile and mature phases of development ensures that their domestication will be a
challenging undertaking. To accelerate this process and to elucidate those mechanisms unique
to woody plants such as dormancy and secondary wood formation, a “model” tree is clearly
needed. Thankfully we have such a model in Populus and Salix! These two genera are
accepted as sound biological models for all commercial trees because of: 1) A relatively small
genome, about 550 million base pairs, which is similar to rice, only fourfold larger than
Arabidopsis, and one fortieth the size of the Pinus genome, 2) A worldwide distribution of
multiple species, 3) Impressive juvenile growth rates, 4) Facile clonal propagation, 5) The
availability of genetic maps and structured pedigrees, 6) Publicly accessible molecular
markers, gene sequences, and bacterial artificial chromosome (BAC) libraries, and 7) High-
throughput plant transformation and regeneration capabilities among others attributes. But
perhaps as noteworthy as their status as model species is the standing that Populus and Salix
have achieved as trees of considerable commercial importance in multiple markets and
environmental services.

In the four years since the Populus and Salix community last met in Nanjing, China at I[PS-IV
in 2006, a wealth of information has been generated in a variety of disciplines including
production physiology, molecular genetics, applied breeding and selection, pathology,
ecology, etc. This body of knowledge represents an indispensable resource from which new
domestication tools will surely emerge. All of us look forward to the day when such tools
are routinely put to work in increasing the adaptability, yield, and carbon sequestration
potential of poplar and willows as both bioenergy and timber crops in a variety of cultivation
systems.

The International Union of Forest Research Organizations’ (IUFRO) Poplar and Willow
Genetics’ Working Party (2.08.04), the National Italian Research Organisations (CRA, CNR,
University of Tuscia, CFS, CNP) and the International Poplar Commission of the UN Food
and Agriculture Organization (FAO-IPC) have jointly organized the Fifth International Poplar
Symposium (IPS-V), in Orvieto, Italy for the week of 19 September, 2010. In planning
IPS-V, our intent has been to stage an open forum where the world’s scientific community
comes to present its latest research findings and discuss ways in which such knowledge can
be implemented in service of humankind. The theme of the symposium, “Poplars and
willows: from research models to multipurpose trees for a bio-based society”, was chosen in
view of the increasing imperative that the world’s communities face in developing low-
carbon, bio-based economies and livelihoods. This challenge encompasses not only the
traditional needs for sustainable wood production, but perhaps more importantly, the
mitigation of today’s environmental extremes of climate change and associated increases in
soil and air temperatures, drought, frequency of pest attacks, etc. We wish you an enjoyable
and productive time in Orvieto, looking forward to working with you, also in the future,
within the Poplar and Willow community.

Gl

Giuseppe Scarascia-Mugnozza,
CRA-DAF, Rome, Italy
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Brian J. Stanton, IUFRO WP 2.08.04,
GreenWood Resources, Portland, Oregon, USA

Orvieto (Italy) September 20, 2010






Acknowledgements

Organizers

We greatly appreciate the significant contribution of Gabriele Bucci (CNR-IGV), Paola
Spano (CRA-DAF), Lucia Cherubini (CNR-IBAF), Riccardo Vona (CRA), Maurizio Sabatti
(University of Tuscia), Alberto Del Lungo (FAO-Italy Project for poplar research
cooperation, GCP/INT/059/ITA), the Italian Research Council for Agriculture (CRA), the
National Research Council of Italy (CNR), the University of Tuscia (Disafri-UNITUS), the
Ministry of Agricultural Food and Forest Policies (MIPAAF), the Italian State Forest Service
(CFS), the National Poplar Commission, Italy, the Italian Society of Silviculture and Forest
Ecology (SISEF), the International Poplar Commission of UN-FAO (FAO-IPC), the
International Union of Forest Research Organizations (IUFRO) and the European Science
Foundation (ESF).

Sponsors

We also gratefully acknowledge and thank the following organizations who have provided
generously for the support of IPS-V.

e [talian Ministry of Agricultural Food and Forest Policies
e FEuropean Science Foundation

e Alasia Franco Vivai

o ATP Capital

e (Case New Holland

e GreenWood Resources

e [UFRO Special Programs for Developing Countries
e Natural Resource Research Institute

e Swetree

e U.S. Forest Service

e Zeachem

e Arborgen

e Futuragene

e International Forestry Investment Advisors

e International Paper

U. S. Department of Energy

vil






Table of Contents

Foreword v
Acknowledgements vii
Table of Contents ix
Plenary Sessions 1

Forest biotechnology and society: What have we accomplished and where are we going?
Steven H. Strauss 3

The population genomics of adaptation to photoperiod in European aspen (Populus
tremula) Pdr K. Ingvarsson 4

Populus genome networks and the regulation of growth and development Matias Kirst---- 5
How can poplar breeding benefit from applied genomics? Catherine Bastien ---------------- 6

Implications of engineering amino acid metabolism in Poplar by ectopic expression of
Glutamine Synthetase E.G. Kirby, F.M. Canovas, V. Castro-Rodriguez, A. Garcia-

Gutierrz, H Man, S.D. Mansfield, J.J. Molina, and C-J. Tsai 7
Update on the transgenic poplar plantations and research in China Meng-Zhu Lu ----------- 8
Willows beyond bioenergy: Salix for ecological engineering and as a specialty crop in low
input agricultural systems Julia Kuzovkina 9
An overview of Italian experiences on Poplar and Willows domestication and cultivation
Stefano Bisoffi 10
Greenhouse gas aspects and Life Cycle Assessment of bio-energy systems Leif Gustavsson
11

Domesticating poplar using genetic engineering to improve their utility as a bioenergy crop
R. Meilan, M. Caldwell, P. Rubinelli, and K. Rupert 12

Volatile isoprenoids: central molecules in defending poplars and willows against stress
factors Francesco Loreto 13

Volatile organic compounds in Populus spp. defences against abiotic and biotic stresses
Jarmo Holopainen 14

Scientific sessions 15

Session 1: Population genetics, biodiversity evaluation and conservation of genetic
resources 17

Populus nigra as keystone species able to cope with the ongoing climate change M. Villar,
S. Chamaillard, C. Barbaroux, C. Bastien, F. Brignolas, P. Faivre Rampant, R. Fichot, O.
Forestier, V. Jorge, S. Rodrigues 17

A first look at Aspen (Populus tremula) phylogeography across Eurasia Heinze B., Fussi B.
18

Growing large leaves from a small-leaf gene pool: evolutionary trajectories in Populus
nigra L. (black poplar) in context of a changing climate DeWoody J., Trewin H., Viger M.,
Taylor G. 19

Optimization of Experimental Efforts in Association Genetics Studies with Clonal Material
El-Kassaby Y.A.., Klapste J. 20

Contemporary gene flow between poplars with exotic component and natural populations
of native species across Canada Isabel N., Talbot P, Lamothe M., Bousquet J., Schroeder
W., Floate K., Foottit R.G., Ruiz P., Cumming S., MclIntire E., and Thompson S.L. ------- 21

X



Genetic diversity in Populus nigra (L.) populations along rivers in Eastern Austria,
Slovenia and Croatia as revealed by microsatellite markers Bozic G., Heinze, B., Kajba D.,
Krystufek V., and Vanden Broeck, A. 22

Meeting river restoration and conservation of native poplars on the Po river: the "Isola
Colonia" case study Vietto L., Chiarabaglio P.M., Rossino R., Cristalli L. ----------------- 23

Genetic variability of carbon isotope discrimination in seedlings from Populus nigra L.
populations grown under contrasting temperatures Chamaillard S., Villar M., Fichot R.,
Sabatti M., Villani F., Brignolas F. and Barbaroux C. 24

Session 1: Poster 25

Response of an Italian black poplar collection versus bark and leaf diseases and woolly
aphid Giorcelli A., Allegro G., Gennaro M., Deandrea G., Picco F. 25

Characterization of the bud-set process in Populus nigra L. Fabbrini, F., Bastien, C.,
Rohde, A., Sabatti, M. and Scarascia-Mugnozza, G. 27

Flowering phenology as an essential parameter for pollen flow modelling in Populus nigra
L. Chenault N., Klein E., Juteau M., Jorge V., Villar M., Guérin V., Valade R., Almeida J.,

Bastien C. and Dowkiw A. 28
Adaptive mechanisms for drought tolerance identified in a European population of black

poplar Viger M. 29
Trembling aspen genetic diversity and site productivity Tremblay F. 30

Restoration of Populus species in reparin zone of Serbia — formation of genotype collection
Kovacevié B., Orlovi¢ S., Katani¢ M. 31

The AgCanBaP Balsam Poplar Collection: An example of poplar genetic resource
conservation in Canada Schroeder W., Silim S., Soolanayakanahally R., Reynard D., Guy
R., Isabel N., Olson M. 32

Tolerance to high temperature and genetic diversity of black poplar families from two
environmental contrasting sites Mattioni C., Chamaillard S., Villani F., Cherubini M.,

Villar M., Guerin V., Barbaroux C., Brignolas F., Valade R., Sabatti M. ------------------- 34
Hybrid poplar in arid regions: the case for a versatile clone, OP-367 O Neill M.K., Arnold
R.N., Heyduck R., Lombard K.A., and Smeal D 35
Morphogenetic studies on natural European Aspen (Populus tremula L.) populations in
Giresun-Sebinkarahisar District of Turkey Ucler A. O. and Tuncer A. 36
Growth Performance of Fi-Hybrids, Backcrossed Hybrids and F,-Hybrids of Populus
tremula and Populus tremuloides von Wuehlisch G. 37
Genetic Analysis of Hybrids from Populus deltoides with Tacamahaca by using SSR
Markers Shengjun Man, Wei Liu, Chunyang Ji , Xinwen Zhao, Shengdong Wang and
Zhiyan yang 38

Urban environmental genomics: Elucidating components of asymmetrical gene flow
among Populus at the Base de Plein-air de Ste-Foy, Québec, Canada Isabel, N.,
Beardmore, T., Daigle, B., Dussault, E., Gros-Louis, M.C., Hamelin, R., Lamarche, J.,
Lamothe, M., Plourde, D., Simpson, D., Tanguay, P., Thompson, S.L. 39

Genetic analysis on growth, branch and leaf traits of hybrid clones between Populus
deltoides and P. ussuriensis Xibing Jiang, Yuepeng Song, Kaifeng Ma, Zhiyi Zhang. ----- 40

Pollen of the wild European black poplar (Populus nigra L.) may act as ‘mentor pollen’ in
helping hybrid poplar plantations of P. x canadensis spreading their genes Vanden Broeck,
A., Cox, K. , Michiels, B., Verschelde, P. 41




Are the populations of Salix daphnoides in the Western Carpathians (Czech Republic)
natural? Sochor M., Stanovska E. and Vasut R.J. 42

Fast growing willow family tree clones and hybrids - experience and research in Latvia
Zeps M., Lazdina D., Auzenbaha D., Gailis A., Lazdins A. 43

Assessing the dynamics of riparian vegetation through multitemporal segmentation of
remotely sensed data and field plot sampling: a case study Cartisano R., Corona P.,
Ferrari B., Giuliarelli D., Scarascia-Mugnozza G., Sabatti M. 44

Session 2: Poplar genomics for breeding and selection 45

Epigenetic, water deficit and productivity in poplars. Lafon-Placette C., Gourcilleau D.,
Chamaillard S., Fichot R., Bogeat-Triboulot M.B., Le Thiec D., Delaunay A., Villar M.,
Brignolas F. and Maury S. 45

Whole Genome Resequencing and Population Genomics of Populus trichocarpa DiFazio
S.P., Slavov G.T., Funke M., Rodgers-Melnick E., Martin J., Schackwitz W., Pennacchio L.,
Pennacchio C., Rokhsar D., Ranjan P., Tuskan G. 46

Next-generation sequencing as source of SNP and structural variants information to
improve breeding programs in Populus nigra Giacomello, S., Zaina, G., Marroni, F.,
Pinosio, S., Del Fabbro, C., Scalabrin, S., Cattonaro, F., Bitton, F., Le Paslier, M.C.,
Brunel, D., Schlub, S., Bastien, C., Jorge, V., De Woody, J., Sabatti, M., Boerjan, W.,
Taylor, G., Faivre-Rampant, P., and Morgante, M. 47

Transcriptome resequencing of Populus trichocarpa individuals from northwestern North
America: applications for SNP discovery, association genetics, and the biology of wood
formation. Douglas C.J., Geraldes A., Hannemann J., Thiessen N., Pang J., Bao H.,
Friedman M., Ehlting J., and Cronk Q.C. 48

Branching out from model organisms: insight into the control of shoot development in
Short Rotation Coppice willow. Ward, S., Salmon, J., Hanley, S., Karp, A., Leyser, O.--- 49

Association genetics of traits controlling lignin and cellulose biosynthesis in Black
Cottonwood (Populus trichocarpa, Salicaceae) secondary xylem Wegrzyn J.L., Eckert A.J.,
Choi M., Lee J.M., Stanton B.J., Sykes R., Davis M.F., Tsai C.J., and Neale D.B. --------- 50

Quantitative Trait Loci analysis of traits related to biomass production in willow (Salix
spp.) Ghelardini L., Berlin Kolm S., Bonosi L., Ronnberg-Wiistljung A.C., and Weih M.- 51

Effect of water deficit on wood formation of poplar clones: physiological and
transcriptional analysis in cambial region Giovannelli A., Emiliani G., Traversi L. M.,
Chiarabaglio P.M., Pallara G., Racchi M. L. 52

Session 2: Poster 53

Leaf proteome analysis of eight Populus xeuramericana genotypes: genetic variation in
drought response and in water-use efficiency involves photosynthesis-related proteins
Bonhomme L., Vincent D. , Carpin S. , Plomion C. , Brignolas F. , Morabito D. --------- 53

Comparative mapping analysis and QTLs associated to adaptive traits across European
Populus native species Gaudet, M., Bastien, C., Beritognolo, 1., Fabbrini, F., Jorge, V.,
Marron, N., Mecucci, F., Sabatti, M., Scarascia Mugnozza, G. 54

Wood production determinants in poplar: where are we? Dillen, S.Y., Monclus,R., Al Afas,
N., Dreyer, E., Ceulemans, R., Brignolas, F. and Marron, N. 55

Phylogenomics of Chloroplast Oxylipin Synthesis Genes using Populus as a Model Species
Herr JR., Frost C.J., and Carlson J.E. 57

Demographic histories of Salix viminalis and Salix schwerinii — Inferred from multiple
nuclear loci Berlin, S., Lascoux, M. and Rénnberg-Wiistlung, A.C. 58

xi



Identification of rare genetic variants in Populus nigra using pooled multiplexed
sequencing Pinosio S., Marroni F., Zaina G., Di Centa E., Felice N., Cattonaro F.,
Morgante M. 59

A model for linkage analysis in a triploid population Pang, X., Tong, C., Guo, Y., Zhang,
Z., Yi, H and Wu, R. 60

Breeding of hybrid aspen in Finland: performance of individual clones in growth, pathogen
resistance and energy production. Beuker, E., Nurmi, J., Haapala, J. 61

DNA methylation as a component of poplar phenotypic plasticity toward water availability
Lafon-Placette, C., Delaunay, A., Brignolas F., Maury S. 62

Mapping of QTLs for resistance to leaf rust in Salix Samils Berit, Ronnberg-Wiistljung
A.C., Stenlid J. 63

Revealing the genetic background of poplar breeding material Galovic V., Orlovic S., Pap
P., Zgonjanin-Bosic D., Mataruga M., Poljakovic Pajnik L., Drekic M. 64

A dynamic model for temporal patterns of transcriptome-proteome correlations Guo Y.,
Pang X, Xu M., Zhang Z. and Wu R. 65

Populus breeding and hybrid poplar development program in Minnesota, U.S.A. McMahon
B.G., Berguson W.E., Buchman D.J., Levar T.E., Maly C.C. and O’Brien T.C. ------------ 66

Dynamic transcript profile of adventitious rooting in Populus Xu M., Wang Y., Zhang B.,
Huang M., Wang M. and Wu R. 67

Discovering genes related to biomass recalcitrance using a combination of high throughput
and high resolution plant cell wall characterization methods Davis M.F., Sykes R., Gracom
K., Decker S. R., Selig M. J., Himmel M. E., DeMartini J., and Wyman C. E. -=------------ 69

Exploring the developmental epigenome of Populus trichocarpa Strauss, S.H., Vining, K.,
Wilhelm, L., Dolan,P., Pomraning, K.R., Freitag, M., Mockler, T., Ma, C.,

Dharmawardhana, P.D., Etherington, E., and Zhu, R. 70
Predicting candidate genes for biomass traits Hassani-Pak, K. 71
Functional genomic approaches in poplar Fladung, M. 72

Towards marker informed poplar breeding Faivre-Rampant, P., Jorge, V., Muranti, H.,
Sanchez, L., Dowkiw, A., Villar, M., Paolucci, 1., Bitton, F., Lepaslier, M.C., Brunel, D.,
Beérard, A., and Bastien, C. 73

Molecular markers for identification of species, hybrids and clones within the genus
Populus Schroeder H, Fladung M 74

Clonal differences among Populus alba selections and hybrids in short-rotation and
coppice biomass traits Hall, R.B. and Ruigu, S. 75

Wood quality assessment of clones of Populus deltoides developed by Forest Research
Institute, India through closed and open pollination Gupta, S., Singh M. and Nautiyal R. 76

Selection of willow clones for the production of bioenergy in northern Quebec Pitre F.E.,
Teodorescu T.1., Labrecque M. 77

Improving water use efficiency in bioenergy poplar: QTL for stomatal conductance and
carbon isotope composition Viger M. 78

Genetic imprinting and adaptation to flooding in Populus alba and P. tremula Milner, S.,
Lexer, C., and Taylor G. 79

Nitrogen-Responsive transcriptional networks in wood formation Ning D. , Bai H. and
Polle A. 80

xii



Sessione 3: Poplar biotechnology for a low-carbon, sustainable society 81

Phytoremediation of TCE, Explosives, and Pesticides using Poplar Doty S. ---------------- 81

Reproductive onset in poplar Yuceer C., Adams J.P., Carlson J.E., dePamphilis C.,
Drnevich J., Ellis J.D., Hsu C-Y., Kim H., Klaskala L., Luthe D.S., Ma C., No O., Rice
B.M., Strauss S.H., Wicket N., and Vandervelde L. 82

Poplar tolerance to salinity stress is regulated by the metabolome and by summoylation of
SP1, a novel stress-associated protein Altman, A., Vinocur, B.J., Drori, E., Fishbein, D.,
and Rot, E. 83

Elimination of marker genes and targeted integration of transgenes via the FLP/FRT-
recombination system Fladung, M. 84

The role of SUT4 in regulating carbon allocation, growth and phenylpropanoid
homeostasis in Populus Harding, S.A., Payyavula, R., Tay, H.C., and Tsai, C.J. ---------- 85

The transcriptional roadmap for delayed autumnal senescence in Populus in elevated
atmospheric carbon dioxide. Tallis M.J., Lin Y., Rogers A., Zhang J., Street N.R., Miglietta
F., Karnosky D.F., De Angelis P., Calfapietra C., and Taylor G. 86

Biotechnology for cold tolerance in Eucalyptus: could the research in Eucalypts be useful
also for Poplars? Cunningham M. and Hinchee M. 87

Variation in sex expression of Populus, and comparative mapping analysis of sex
determination across poplar species and hybrids Sabatti M., Beritognolo 1., Brunner A.M.,
Gaudet M., Harfouche A., Mecucci F., Scarascia Mugnozza G. 88

Sessione 3: Poster 89

Comparative sequence analysis of two P. tremuloides BAC clones harboring sex-linked
markers with P. trichocarpa Fladung, M., Kersten, B. &9

Indirect organogenesis of Salix humboldtiana Willd, a promising species for
phytoremediation Adema M., Abedini W, Villarreal B., Nikoloff N., Ciocchini G. and
Sharry S. 90

2n pollen induction in Populus x popularis by colchicine Jin-Feng Zhang, Xiao-Jun Xi,
Zun-Zheng Wei, Bailian Li 91

Characterization of the triploid white poplar PtDrl02 gene promoter in transgenic tobacco
and poplar Zheng H., Lei Y., Lin S., Zhang Z. 92

Expression patterns of PtLFY from Populus tomentosa and gene silencing by interference
structure PtLFY-IR in transgenic tobacco plants Xinmin An, Dongmei Wang, Zeliang

Wang, Zhiyi Zhang 93
Microclonal propagation and genetic transformation of Populus sp. for improving the
abiotic stress tolerance Kutsokon N.K., Levenko B.O., Grodzinsky D.M. 94
Over-expression of SRK2C enhances stress resistance in Poplar Zhuge Q,, Wang L., Wang
J., Bi Y., and Zhou J. 96
Biotechnological in vitro manipulation with willows (Salix spp.) Skdlova D., Navratilova
B., Richterova L., Knitl M., Sochor M. and Vasut R.J. 97
Session 4: Innovative production systems for low input tree crops 98

Developing a hybrid aspen coppice system for the Midwest agricultural region of the
United States Hall, R.B., Headlee, W. and Ruigu, S. 98

PRO-BIOPA - Sustainable production of biomass from poplar short rotation coppice on
marginal land Schnitzler J.-P. 99

xiil



Hybrid poplar suitability for regional deployment as a Bio-fuel feedstock Emerson, P.,
Beauchamp, G., Heyduck, R., Kallestad, J., O'Neill, M., Shuren, R., Stanton, B., Swanson,

M. 100
Biomass production and carbon stocks in poplar-crop intercropping systems: a case study
in northwestern Jiangsu, China Fang S., Li H., Sun Q., Chen L. 101
The influence of a rotation length on production and biodiversity of poplar short rotation
coppice Jan Weger, Kamila Havlickovad, Lenka Kasparova, Jaroslav Bubenik------------ 102
Rotation of Populus deltoides in agroforestry plantations in India Kumar D. -------------- 103

Early effect of water restriction and weeds on Salix matsudana x Salix alba "A 13-44’
growth Garau A.M., Guarnaschelli A.M., Murphy E., Cortizo S. 104

Short Rotation Forestry of poplar in Italy: current situation and prospect Paris P., Facciotto
G., Nervo G., Minotta G., Sabatti M., Scaravonati A., Tarchi M.., Scarascia-Mugnozza G.

105
Session 4: Poster 107
Biomass production of poplar hybrids after three biannual coppice rotations Sabatti M.,
Beritognolo 1., Carlini M., Cola D., Fabbrini F., Mareschi L., Paris P., Scarascia
Mugnozza G. 107
Rooting type, rooting behaviour and post-planting white root development - A key to
successful poplar plantations Khurana, D.K. and Chandrashekhar, M.B. -=-----=---------- 108
Energy crop plantation system development for Sal/ix and Populus in Michigan, USA
Miller, R.O., MacFarlane D. W., Rothstein D.E., and Wang, Z. 109

An approach for siting poplar energy production systems to increase productivity and
associated ecosystem services Zalesny R.S. Jr., Donner D.M., Coyle D.R., Headlee W.L.,
Hall R.B. 110

Early Screening for Poplar Windthrow Resistance Using Low-Energy X-ray Imaging
Kodrzycki R.L., McDonald D.W., Swanson M.E., Kallestad J.C., Michaels R.B., Stanton
B.J. 111

Poplars and Willows in economic and environmental development of India Rawat G.S. 112

Usage and harvesting situation of poplar plantation in Iran Bayatkashkoli A., Shamsian M.,

Ramroude M. 113
Potential of poplar agro forestry for carbon sequestration and livelihood security - a case

study from India Kumar G. 114
Poplar and hybrid aspen in Sweden - research, practice and progress Rytter L. ----------- 115

Energy and economic evaluation of technological innovations in poplar SRC wood chips
production Pari L., Acampora A., Croce S., Di Fulvio F. 118

Attitude to plywood production of the wood of six Poplar clones (‘Brenta’, ‘Mella’, ‘Sesia',
‘Soligo', ‘Taro' and ‘Timavo') Castro G., Alga R., Fragnelli G., Vigolungo S. ------------ 119

Innovative system for field dehydration of poplar trees Pari L., Civitarese V., Del Giudice
A. 120

Performance and quality results of a new chipper device for poplar biomass Pari L.,
Civitarese V., Gallucci F. 121

Prototype for poplar cuttings optical selection and diametrical classification Pari L.,
Assirelli A. 122

Xiv



Quality evaluation of poplar and forest species chips produced by an innovative chipper

device Pari L., Civitarese V., Del Giudice A. 123
Three years researches on poplar chips storage Pari L., Gallucci F. 124
Two steps system in SRF harvesting mechanization Pari L., Civitarese V. ---------------- 125
Effect of different treatments on crown dimensions and weed covering in poplar
plantations and their interactions Fanaie N., Etemad V., Baghery R. 126
Evaluate the potential of evapotranspiration covers as a biomass feedstock in urban
southeastern Ontario. Mirck J., Mabee W.E. 127
Application of herbicides in production of poplar seedlings Vasic V., Orlovic S., Poljakovic
Pajnik L., Drekic M., Galic Z. 128
Aspen-Triticale Alleycropping system: effects of landscape position and fertilizer rate
Headlee W.L., Hall R.B., Zalesny, R.S. Jr. 129
Managing hybrid aspen regeneration: novel concepts and practical considerations Headlee
W.L., Hall R.B. 130
Sprouting of willow cuttings in lab conditions Heinsoo K., Tali U.-L., Holm B. ---------- 131
Wind damage and subsequent tree growth in clonal poplar plantations Karaci¢ A., Weih,
M., Adler A. & Verwijst T. 132
Innovations in nursery production for enhancing field performance and acceptability of
poplar saplings Dhiman R.C., Gandhi J N 133
Use of contrasting branching habit and spring phenology to reduce core defect and pruning
cost in Short Rotation hybrid poplars Emerson, P., Shuren, R., Stanton, B. ---------------- 134
Aminoacids composition and fodder value of poplar leaves by minirotation cultivating
Tsarev A. 135
BSBEC-BioMASS — Optimising biomass yield of SRC willow Cunniff J., Andralojc J.,
Barraclough T., Castle M., Hanley S., Shield I., and Karp A. 136
Comparison of three models for estimation of poplars stem taper in poplars Hjelm B.,
Johansson T. 137
Increasing interest in the production of willow for bioenergy in Québec, Canada Labreque
M. 138
Sex related variations in the dimension of wood elements and specific gravity in Populus
deltoides Bartr. ex Marsh cultivars Pande P.K., Aziz M., Dhiman R.C. 139
‘Tailor-made’ wood for biofuel production Shani Z., Abramson M., Barimboim N., Dekel
M., and Shoseyov O. 140
Foliar application of ethylene inhibitors stimulate rooting in black poplar rooted cuttings
Kovacevi¢ B., Katani¢ M., Pekec S., Stojni¢ S., Miladinovi¢ D. 141
Session S: Poplars and the environment: how much green is green? 142

POPFULL: Toward a full balance of all greenhouse gases, of energy and of the economic
profitability of an operational SRC plantation of poplar and willow Ceulemans R., Broeckx
L., Cools J., De Groote T., El Kasmioui O., Njakou Djomo S., Verlinden M., and Zona D.

142
Linking wood bioenergy production in poplar and willow plantations with soil and
wastewater phytoremediation in Italy Massacci A., Paris P., Aromolo R., Ecosse A.,
Bianconi D., Scarascia-Mugnozza G. 143

XV



Physiological response of poplars and willows grown on crude oil contaminated soils
Pilipovic A., Orlovic S., Nikolic N., Borisev M., Krstic B. 144

European aspen (Populus tremula L.) - Targeting the improvement of its water deficit
tolerance Meyer M., Giinther B., Helle G., Hortig F., Kolbe K., Krabel D., Landgraf D. and
Winkler S. 145

Whole-plant and xylem hydraulics in poplar: insights gained from Populus deltoides -
Populus nigra hybrids Fichot R., Chamaillard S., Depardieu C., Le Thiec D., Laurans F.,

Cochard H., Barigah T., Brignolas F. 147
Flora-diversity in Swedish willow and poplar stands: Woody energy crops can improve

biodiversity in agricultural landscape Weih M., Baum S., Bolte A. 148
The potential of willow and poplar as carbon sinks Rytter R. 149

Do FSC guidelines work? Evaluating terrestrial insect communities in Pacific Northwest
hybrid poplars and adjacent natural areas Rodstrom R., Brown J.J., Rodstrom J.R., Stark
J.K., Smith E.C. 150

Session 5: Poster 151

Full greenhouse gas balance of a bio-energy plantation (POPFULL) Zona,D., Cools,J.,
Zaldei, A. and Ceulemans R. 151

GEI for some poplar clones in the early stage of growth in eastern Croatia Kajba D., and
Katici¢ 1. 152

Variability of antioxidant activity of Populus x euramericana (cl. M1) cultivated at two
different forms of fluvisol Kebert M., Orlovic S., Stajner D., Popovic B., Galic Z. ------- 153

Clonal response to defict irrigation in hybrid poplar plantation for biomass production Sixto
H., Sanchez M., Canellas 1. 154

Influence of drought conditions on morphological and physiological attributes of Populus
deltoides clones Guarnaschelli A.B., Garau A.M., Mendoza M.E., Zivec V., Cortizo S. 155

Productivity and structural characteristics of some black poplar and white willow stands in
the Danube inundation Andrasev, S., Orlovic, S., Roncevic, S., Pekec, S., Radosavljevic, N.
156

Association study between eco-physiological and genetic UV-B response among different
Populus alba L. clones Kostlend M., Paffetti D., Spanu 1., Emiliani G., Raddi S., Vettori C.,
Giannini R. 158

Treatment capacity of slurry composting and biofiltration liquid fertilizer and short-rotation
biomass production of fast-growing tree Species - Second-year Production Y.B. Koo,
JK.Yeo, HC.Kim, H.Shin, E.D.Lee 159

Effects of water availability on Populus nigra L. genotypes in nursery Grignetti A.,
Chiarabaglio P.M., Giorcelli A., Gennaro M., Mosso G. 160

Bioenergy production and environmental effects of Short Rotation Coppice (SRC)
cultivation Dimitriou 1. 161

Impact of Short Rotation Coppice (SRC) cultivation on water quality Dimitriou 1.,
Aronsson P. 163

Identification of the main environment factors and cultural practices affecting biomass
productions in Short Rotation Coppices (SRC) plantations Bergante S., Facciotto G., Nervo
G. 164

xvi



PRO-BIOPA: technical and economical potential and harvest possibilities for poplar and
willow short rotation coppice in south-west Germany Aust C., Fischbach J., Brodbeck F.
165

A simplified CO, balance in two case studies of river restoration Chiarabaglio P.M.,
Allegro G., Cristaldi L., Giorcelli A., Picco F., Rossi A. 166

Evaluation of adaptive response of Populus nigra L. genotypes during successive drought
cycles Chiarabaglio P.M., Giovannelli A., Castro G., Giorcelli A., Grignetti A.---------- 167

Clonal differentiation in root cadmium accumulation and distribution in Salicaceae
exposed to cadmium by energy dispersive X-ray microanalysis (SEM-EDXMA). Cocozza
C., Maiuro L., Tognetti R. 168

Influences of soil physical properties on growth of poplar stand in north of Iran A/i Salehi,
Maryam Maleki 169

The effect of poplar plantations on soil chemical properties in North of Iran A/i Salehi,
Maryam Maleki 170

Production characteristics of Populus x euramericana 1-214 clone on loamy form of
fluvisol in a flood and protected part of the Danube alluvial plain in the Central Danube
Basin Galic Z, Orlovic S, Klasnja B 171

Underground water dynamics in hidromorphic soils of protected part of alluvial plain of
Danube in southern Backa Pekec S., Ivanisevi¢ P., Orlovic¢ S., Kovacevié B. ———----------- 173

Wood production determinants in poplar: where are we going? Toillon J., Rollin B.,
Bodineau G., Gauvin J., Berthelot A., Bastien J.-C., Brignolas F., Marron N. ------------ 174

Two dimensional liquid chromatography technique coupled with mass spectrometry
analysis to compare the proteomic response to cadmium stress in poplar Visioli G,
Marmiroli M, Marmiroli N. 176

Soil carbon assessment as part of a total carbon balance of a bio-energy culture with fast-
growing poplar (POPFULL) Verlinden, M. S., Broeckx L. S., Ceulemans, R. and Zona, D.
177

Visual preferences for poplar plantations on roadside landscapes in Turkey 'dcar C. and
’Eroglu E. 178

Clonal variation in growth and productivity of poplar and willow in a bio-energy plantation
(POPFULL) Broeckx, L.S., Ceulemans, R., Verlinden, M.S. and Zona, D.----------------- 179

Carbon dioxide assimilation and productivity of poplars Khurana D.K., Romesh C. and
Singh N. 180

Extension of cultivation of Populus deltoides to outside the traditional planting zone in
India Tripathi S. 181

Seasonal acclimation of leaf morphology and water use efficiency (WUE) show different
adaptation strategies in two opposing genotypes of Populus nigra L. De Angelis P., Russo

G. 182
Differences in the ability of Salix clones to cope with water and light restriction
Guarnaschelli A.B., Garau A.M., Cortizo S., Lemcoff J.H. 183

Carbon sequestration potential of poplar energy crops in the midwest, USA Zalesny R.S.
Jr., Headlee W.L., Hall R.B., Coyle D.R. 185

Production of Short Rotation Woody biomass with and without irrigation Krygier R. --- 186

Intraspecific variation of physiological and molecular response to cadmium stress in
Populus nigra L. Gaudet M., Beritognolo 1., lori V., Massacci A., Pietrini F., Sabatti M.,
Scarascia Mugnozza G., Zacchini M. 187

Xvii



Poplar trees, a key to remediate Fluoride rich groundwater: a case study from India Sharma
S.K. 188

Application of Eddy Covariance Technique for Assessing the Carbon Capture Potential of
Poplar (Poplar deltoides) in Uttarakhand, India Dhakate P.M., Rawat R. ------------------ 189

Environmental conditions influence distribution of two willow (Salix) species and their
hybrid at relict site in Hruby Jesenik Mts. (Czech Republic) Brandovar B, Vasut R.J.--- 190

Plant-Microbe Interactions: The Role of Plant Genotype and Phenotype in Regulating the
Symbiotic Microenvironment Tschaplinski, T.J., Doktycz, M.J., Gunter, L.E., Hinchee, M.,
Jawdy, S., Kalluri, U., Labbe, J., Martin, F., Tuskan, G.A. 191

Plant Microbe Interfaces: Defining and understanding the relationship between Populus

and its microbiome Doktycz, M. J., Greenberg, E. P., Harwood, C. S., Hurst, G. B., Martin,
F., Morrell-Falvey, J. L., Pelletier, D. A., Schadt, C. W., Schaefer, A. L., Tschaplinski, T.J.,
Gerald A. Tuskan, Edward Uberbacher, Vilgalys, R. 192

Olive oil mill wastewater application in a poplar plantation: perspectives for fertilization,
fertirrigation and phytoremediation Di Baccio D., Minnocci A., Celano G., Tognetti R.,
Sebastiani L. 193

The role of Isoprene in stress tolerance: (eco) physiological studies in transgenic poplars
Behnke K. 194

Broad-sense heritability of a pathogen community in a hybrid cottonwood system Busby
P., Newcombe G., Whitham T., Dirzo R. 195

Towards broad-spectrum resistance to Melampsora larici-populina rust in poplar: new
genetic constructions and potential adaptation of the pathogen Bastien C., Dowkiw A.,
Jorge V., Voisin E., Guerin V., Villar M., Poursat P., Duplessis S., Frey P., Fabre B.,
Kohler A., Plomion C., Lalanne C., Bresson A., Bitton F., Faivre-Rampant P.------------ 196

Variation in leaf damage in a segregating hybrid Populus family identifies genomic regions
associated with insect and rust damage De Woody J., Viger M., Lakatos F., Tuba K., Taylor
G., Smulders M.J. M. 197

The effect of the local environmental conditions on associated organisms of Lombardy
poplar (Populus nigra cv ‘ltalica’) Tuba K., Lakatos F., Augustin S., Denux O., Villar M.,
Villani F., Kieliszewska-Rokicka B., Karlinski L., Brindle M., Kiinkler N., and Smulders
M.JM. 198

Atmospheric ozone removal from Populus nigra leaves exposed to realistic atmospheric
ozone concentration, and the effect on phenolic and volatile organic compounds along the
plant profile. Fares S., Scarascia Mugnozza G., Loreto F. 199

Session 6: Poster 200

Minimizing pest damage to poplars grown under FSC certification guidelines through
clone selection, management practices, and pest specific control strategies. Brown J.J.,
Hannon E.R., Kittelson, N.T., Rodstrom R.A. 200

A rare major Quantitative Trait Locus determines survival of a 201

gall forming insect in willow Hoglund S., Ronnberg-Wiistljung A.C., Lagercrantz U.,
Larsson S. 201

Photosynthesis and isoprene relationships across a range of poplar genotypes Guidolotti G.,
Calfapietra C., Loreto F. 202

Comparative analysis of the photosynthetic characteristics in 3-year-old Populus tomentosa
Xiyang Zhao, Wenhao Bo, Kaifeng Ma, Yuepeng Song, Zhiyi Zhang 203

xviii



Constitutive and induced resistance between a susceptible and resistant aspen clone and
transcriptional difference towards Melampsora megnosiana Yaqoob N., Karlsson J., Riber
B. A., Solheim H. and Fossdal C.G. 204

Mechanisms through which poplar rust affects yield in intensive production systems
Cortizo S., Abbiati N., Graciano C., Guiamet J.J. 205

Application of herbicides in production of poplar seedlings Vasic V., Orlovic S., Poljakovic
Pajnik L., Galic Z. 206

Insect herbivory response to Populus nigra genetic diversity Augustin S., Denux O.,
Castagneyrol B., Jactel H., Karlinski L., Kieliszewska-Rokicka B., Lakatos F., Smulders

M.JM., Tuba K., Villani F., Villar M. 207
Investigating variation of disease resistance and wood formation genes in willow (Salix
spp.) Perdereau, A., Douglas, G., Hodkinson, T. and Kelleher, C. 208
Ozone pollution compromises Populus transcriptome responses to insect herbivore attack
Frost C.J., Orendovici-Best T., Herr J.R. and Carlson J.E. 209
Session 7: International cooperation for poplar research and applications -------------- 210
Poplars and Willows in the world — A comprehensive synthesis Richardson J., Isebrands
J.G. 210
The contribution of poplar-science and technology to sustain rural livelihoods in
developing countries Kollert W., and Del Lungo A. 211
The Italian National Poplar Commission and its international cooperation activities Colletti
L. 212
A comprehensive database of poplar research in North America from 1980 — 2010
Coyle,D.R., Zalesny, J.A. and Zalesny,R. Jr. 213
Effect of pollarding for stock fodder on root dynamics of conservation willow trees in New
Zealand Mclvor 1., Gosling M., Mason K., Gautellier-Vizioz L. 214
Introduction of a new class of Italian poplar clones for China Shanwen Li, Brian J. Stanton
and Fabrizio Nardin 215
Review of the research conducted by the Poplar Technology Center Zamudio F.J., Yariez
M. 216
Euphrates Poplar’s (P. euphratica Oliv.) natural distribution in Turkey environmental
threats and conservation priorities Karatay H. and Turna I. 217
Current and future use of poplar and the impact on breeding and selection Van Acker J.,
Vansteenkiste D., De Boever L. 218
Session 7: Poster 219
Poplar improvement at Wimco and its role in sustaining culture on farmland in India
Dhiman R. C. 219
Growth and production of poplar and willow SRC plantations in China Jianjun Hu and
Mengzhu Lu 220

Euphrates Poplar’s (Populus euphratica Olivier) production and application techniques in
Turkey Turna 1., Ucler A.O., Karatay H. 221

Price Index trend of timber of fast growing plantations in Iran Bayatkashkoli A., Nazerian
M. and Dahmardeh M. 222

Effect of heat treatment of poplar plies on physical and mechanical properties of laminated
veneer lumbers Nazerian M., Ghaleno M.D., Bayatkashkoli A. 223

Xix



XX

Effect of thermal treatment on some mechanical properties of poplar (Populus alba) wood
Ghalehno M.D., Nazerian M., Bayatkashkoli A. 224

The SunGrant poplar development Program in the United States Berguson B., Cunningham
M., McMahon B., Miller R., Rousseau R., Stanton B., Rials T., Riemenschneider D. ----- 225

Development of hybrid poplar plantations in Saskatchewan: what have we learned in 15
years? Van Rees K.C.J., Amichev B., Knight D., Kort J., Nesdoly R., Schroeder B.------- 226

Opportunities and challenges for a research partnership network on plantation of fast
growing tree species : The Réseau Ligniculture Québec Bigué, B., Mackay J., Messier C.,
Tremblay F. 227










Plenary Sessions






Forest biotechnology and society: What have we accomplished and where are we going?
Steven H. Strauss
Department of Forest Ecosystems and Society, Oregon State University, Corvallis, U.S.A

The last two decades have seen great progress and even greater promise for biotechnological
approaches to genetic modification of forest trees. A number of studies and commercial
experiences have shown the delivery of important traits in the field, including herbicide
tolerance, pest resistance, modified wood properties, enhanced nitrogen metabolism, and
male-sterility. These studies have also shown that, after initial screening of transgenic events
for gene/trait expression, stability in gene expression and limited somaclonal variation is the
rule. The development of extensive genomic sequence information for many species,
including a draft reference sequence in poplar and one soon to be published for Eucalyptus,
has provided numerous new tools for continued study, especially for cis/intragenic
approaches. Thus, the biological potential for new advances in great. However, a number of
serious challenges have developed and are severely constraining further development. These
include: 1) Transformation systems that are inadequate in efficiency and generality to address
the diversity of tree species and genotypes; this is unfortunate as the application of new
advances in developmental genetics could greatly reduce these problems. 2) Regulatory
constraints on research that make it extremely costly and risky to conduct field tests; this is a
serious problem as most the value and pleiotropy of new biotechnologies cannot be fully
appreciated without field study.' 3) Regulatory and marketplace obstacles to commercial
applications that have limited commercial investment, reduced the attraction of the best
students to the field, and slowed scientific progress. Unfortunately, these regulatory
constraints reflect deep social, cultural, and ethical issues that cannot be easily addressed by
scientific research or dialogue.

If transgenic forest biotechnology is to fulfill its potential to promote forest health and
productivity over the long term, it is essential that scientists, scientific institutions, the private
sector, and concerned NGOs (non-governmental organizations) work to reduce the regulatory
and market stranglehold that is suffocating the field in many parts of the world, including in
the USA, Japan, and Europe. This requires engaging on the foundation issues that have
prevented meaningful progress.

Keywords: forest biotechnology, genetic transformation, ethical issues
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The population genomics of adaptation to photoperiod in European aspen
(Populus tremula)
Piéir K. Ingvarsson
Umea Plant Science Centre, Department of Ecology and Environmental Science, Umea
University, Sweden

The initiation of growth and dormancy represents critical ecological and evolutionary trade-
offs in perennial plants and latitudinal clines in important phenological traits are common in
many plants. In European aspen (Populus tremula) the most important environmental cue
regulating dormancy initiation is a shortening of the photoperiod. QTL mapping have
implicated genes in the photoperiodic pathway in the control of growth cessation. Here we
present data from a study on the genetic basis of variation in phenology in European aspen
(Populus tremula) across a latitudinal gradient. We show that genetic differentiation at neutral
markers is low despite strong differentiation in phenology traits, demonstrating local
adaptation to the photoperiodic regime. Patterns of nucleotide polymorphism at several genes
from in the photoperiodic pathway suggest the action of natural selection along the
environmental gradient. We also identified about 100 SNPs from these genes we used to test
for associations with naturally occurring variation in bud phenology and senescence.

Keywords: bud phenology, senescence, photoperiod, genetic control
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Populus genome networks and the regulation of growth and development
Matias Kirst
Associate Professor of Quantitative Genetics and Genomics, School of Forest Resources &
Conservation, Genetics Institute, University of Florida

The identification of specific genetic elements that regulate plant growth and development is
one of the main challenges of quantitative genetics and breeding. When the ensemble of these
elements and their interactions are identified, then the complex network of factors that defines
the phenotypic properties of an organism can be unveiled. To begin dissecting these genome
networks in Populus we have integrated genetic and gene expression data, with phenotypic
traits measured in a hybrid population of P. deltoides and P. trichocarpa. Initially, we
uncovered the genetic regulation of Populus genes expressed across plant compartments,
based on expression QTL mapping. Analysis of individual genes indicated that their major
regulatory loci are largely distinct in mature leaves, roots and differentiating xylem,
demonstrating that control of transcription is highly plastic and variable within an organism.
Quantitative analysis of gene expression in the mapping population lead to the development
of transcriptional networks supported by functional annotation, that identify their putative
regulators and mechanisms of control. Integration of phenotypic information has allowed the
identification of putative candidate genes for the regulation of traits such as adventitious root
formation, leaf shape and wood composition. While this analysis began to uncover genes and
networks that contribute to P. deltoides and P. trichocarpa interspecific diversity, it does not
reveal the more subtle intraspecific sources of variation that impact growth and development
within a species. To address this limitation we have begun to define the first layer of genomic
information, the DNA sequence, of over 500 P. deltoides individuals by resequencing over
twenty thousand expressed genes.

Keywords: genome networks, gene expression, QTL
Kirst, Matias, Associate Professor of Quantitative Genetics and Genomics, School of Forest
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How can poplar breeding benefit from applied genomics?
Catherine Bastien
INRA, UR Amélioration, Génétique et Physiologie Forestiéres, INRA Orléans, France

Poplar breeding programs around the world have achieved substantial increases in growth and
yield potential through careful combination of intra/interspecific hybridization and clonal
selection. Major challenges of future poplar breeding include continuous genetic gains for
recognized economic traits while addressing new breeding goals and optimization of large-
scale deployment of the selected genetic variation to limit economical and environmental
risks associated to clonal forestry. To meet these demands for both adaptive and productivity
traits, poplar breeding programs require more optimal short and long term management of
genetic diversity gathered in breeding populations and deployed according to different
cultivation schemes.

Potential benefits and present limits of gene mapping technologies, gene expression studies,
expanded genome sequences and modern bioinformatics and statistical tools will be analysed
in the light of specific situation of poplar genetics and breeding.
The following main challenges will be highlighted:
(1) the increase of selection accuracy for complex breeding goals
(2) the construction of elite genotypes with durable pests and disease resistances
(3) the improvement of inter-specific hybridization: gene complementation; specific
combining ability and marker-based distance, management of non-additive effects
(4) the integration of phenotypic plasticity as breeding objective
(5) the development of a merit which integrates target and non targeted genetic diversity
(6) the more combined management of alleles and genotypes in long term breeding
populations
(7) the adjustments of selection intensity, phenotyping and genotyping costs and multi-
stage marker-assisted selection.
(8) the perspectives of genomic selection in an highly heterozygous species

Even if considerable progress has been made to unravel the genetic make-up of important
adaptive and economical traits in poplar, joint efforts from researchers in genomics and poplar
breeders are needed for a successful implementation of all ‘ics’ technologies in practical
breeding. In the next future, the true challenge for manipulating the complex nature of
selection goals in poplar will depend on our ability to accurately phenotype trees in well
chosen environments and to connect these phenotypic performances with the overwhelming
amount of DNA base information thanks to efficient and user-friendly tools.

Keywords: poplar breeding, genomics, gene expression, genome sequencing, molecular
markers, association genetics, nucleotide polymorphism, QTL, gene mapping, marker-
assisted selection
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Implications of engineering amino acid metabolism in Poplar by ectopic expression of
Glutamine Synthetase
E.G. Kirbyl, F.M. Cénovasz, V. Castro—Rodrfguezz, A. Garcia—Gutiérrzz,H. Manl’s, S.D.
Mansfield’, J.J. Molina', and C-J. Tsai*
! Dept. of Biological Sciences, Rutgers University, Newark, NJ, USA
’Dept. of Molecular Biology and Biochemistry, University of Mdlaga, Mdlaga, SPAIN
? Dept. of Wood Science, University of British Columbia, Vancouver, CANADA
*Warnell School of Forestry and Natural Resources and Department of Genetics,
University of Georgia, Athens, GA, USA
> Donald Danforth Plant Science Center, St. Louis, MO, USA

Glutamine synthetase (GS) plays the central role in the assimilation of ammonium into amino
acids and reduced nitrogen compounds in plants. In poplar, the GS gene family consists of 8
members, 6 coding for the cytosolic GS1, and 2 coding for the plastid form, GS2.
Furthermore, our analysis suggests that the GS gene family in poplar is organized in 4 groups
of duplicated and differentially expressed genes, GS1.1, GS1.2, GS1.3 and GS2 that display
tissue-specific and developmentally-specific patterns of expression.

We have engineered hybrid poplar (Populus tremula X P. alba, INRA 717-1-B4) to express
ectopically the heterologous pine GS/a. These transgenics are characterized by enhanced GS
activity, increased levels of free cellular glutamine, increased growth in greenhouse and field
trials, increased nitrogen use efficiency, enhanced resistance to drought, resistance to
phosphoinothricin herbicides, enhanced auxin synthesis, and altered fiber and wood
chemistry. Such alterations in the phenotype of GS poplars induced by a single transgene
prompt us to profile transcriptomic changes associated with GS overexpression. Microarray
analysis has been conducted for sink and source leaves of control and GS poplar subjected to
drought stress manipulation. Expression of nearly 7,000 probes was found to differ
significantly between control and GS poplar in at least one of the six pairwise comparisons
(pre-stress, drought and recovery for both sink and source leaves. Of these, 1,811 poplar
probes exhibited 2-fold or greater differences in expression. Gene Ontology (GO) enrichment
analysis revealed numerous categories that were significantly over-represented among the
genes down-regulated in GS plants under normal (pre-stress) growth condition. Our analyses
indicating coordinated expression of networks of genes in GS poplars involved in amino acid
metabolism, photorespiration, nitrate uptake and assimilation, and flavenoid metabolism will
be discussed.

Keywords: glutamine synthetase, metabolic engineering, microarray analysis
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Update on the transgenic poplar plantations and research in China
Meng-Zhu Lu
Research Institute of Forestry, Chinese Academy of Forestry, Beijing China

The transgenic poplar plantation has increased to 450 hm® this year since the two Bt
transgenic poplars were commercialized in 2001 in China. The transgenic poplar plantations
have effectively inhibited the fast-spread of the target insects and significantly reduce the
times for insecticide application to poplar plantation. The availability of commercial
plantation has made it possible to empirically assess the gene flow through pollen and seeds,
and the impact of Bt poplar on insect community when intercropping with Bt cotton. The
transgenic Populus nigra was also used in hybridization with non-transgenic P. deltoides as
an insect-resistant source for breeding new hybrid clones. Up to now, there are 3 transgenic
poplar lines approved for environmental release, and 5 under small scale field trials. Marker
free system and multiple-gene construction techniques are developed for safe and efficient
transformation of poplar, and diverse traits like freezing tolerance, flowering control and
wood modification for better pulping and efficient saccharification are under progress.

Keywords: genetic transformation, insect resistance, gene flow
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Willows beyond bioenergy: Salix for ecological engineering and as a specialty crop in
low input agricultural systems
Julia Kuzovkina
University of Connecticut, Storrs CT, USA

The economic importance of willows is currently increasing not only for biofuel production,
but is also emerging in a wide array of environmental applications to restore damaged
ecosystems. Species of Salix characterized by particular physiological characteristics and
ecological resilience are predisposed for use in conservation and environmental projects in
many climatic zones with adverse microsite conditions and diverse agricultural, industrial and
municipal settings. The current focus is on the multiple land use concept and a combination of
traditional plantings with the production of other goods or services on the same tract of land.
The application of multifunctional plantings is under investigation for rural development in
the United States, where producers are showing considerable interest in growing alternative
crops. Emphasis of this research is on multi-use plantings with the incorporation of
horticultural enterprises and new specialty crops that offer multiple benefits for the farm
family, including financial returns, effective runoff management, and the involvement of
children. Willow species for mid-winter through early spring harvest can be a unique
production niche for farmers offering opportunities to supplement income during the
otherwise dormant season. Production of brightly colored willow whips for construction of
living structures and mini-villages for children is another opportunity for financial returns
during off-season time. The project is meant to include junior members of the family into
product development and production cycles in order to provide a steady supply of interested,
skilled and trained farmers. The willow plantings can be integrated as living snow fences and
windbreaks, or riparian forest buffers in order to assist with nutrient management. Willow
plantations are sustainable for many years from initial planting, and require only basic input
predicated on organic principles. Current research centers on the development of effective
production practices; design of new products; study of consumer preference and marketing;
development of educational programs.

Keywords: willows, environmental applictions, multifunctional plantings, multiple land-use,
educational programs
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An overview of Italian experiences on Poplar and Willows domestication and
cultivation
Stefano Bisoffi
International Poplar Commission and CRA, Rome, Italy

A brief history of poplar and willows domestication in Italy is presented; hybridization in
Italy dates back to the XVII century when cottonwood (Populus deltoides) trees of American
origin were introduced from France and naturally hybridized with local populations of black
poplar (P. nigra). Modern Italian poplar breeding began in Villafranca, Piemonte in 1929 and
then developed with the establishment of the Poplar Research Institute at Casale Monferrato
in the Po River Valley. P. xcanadensis 'l 214,' perhaps the most widely planted Populus clone
worldwide, was developed at the Institute under Giovanni Jacometti .

Present day activities on domestication of Populus and Salix are centered on: (1)
conservation and evaluation of genetic resources, (2) controlled hybridization and varietal
development for improved growth rate, wood quality, and soil adaptability, (3) breeding for
resistance to pathogen and insect pests, and (4) the development of biotechnology and
marker-aided selection for varietal development.

Keywords: Poplar domestication, hybridization, crop systems, conservation of genetic
resources, international cooperation
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Greenhouse gas aspects and Life Cycle Assessment of bio-energy systems
Leif Gustavsson
Department of Environmental and Energy System Studies
Lund Universit, Lund, Sweden

The talk will address relevant issues for the cultivation of biomass energy crops as regard to
greenhouse gas (GHG) balance of biomass and bioenergy systems.

Special attention will be given to the development and implementation of Life Cycle
Assessment using willows and poplar for bioenergy production.

Keywords: bioenergy crops, willows, greenhouse gas budgets, life cycle assessment
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Domesticating poplar using genetic engineering to improve their utility
as a bioenergy crop
R. Meilan, M. Caldwell, P. Rubinelli, and K. Rupert
Department of Forestry and Natural Resources, Purdue University, West Lafayette, IN, USA

The process of domestication converts a wild plant, whose morphology and physiology have
become adapted via natural selection for survival and reproduction in its native environment,
into a cultivated plant that has been drastically altered by artificial selection to yield products
useful to humans. Under modern agricultural systems, domesticated plants are significantly
more productive than their wild ancestors.

Domestication of modern agricultural crops through traditional means of plant breeding and
agronomic modifications has resulted in advances in plant growth, pest resistance, and
adaptation to cultivated environments. Although increasing the resources available to
domesticate trees as biomass feedstocks using conventional approaches also would be
successful over the very long term, their perennial nature, lengthy generation interval, and
large size would severely constrain progress.

Recent increases in energy costs, a growing investment in bio-based products, and
documented rises in atmospheric CO, have led to heightened interest in producing biofuels
from bioenergy crops to replace fossil fuels, and to reduce the effects of climate change.
Hybrid poplars are being investigated for their utility and cost-effectiveness as a renewable
source of biomass feedstock. However, in most cases, the available clones and cultivars
represent at most only a few generations of genetic improvement over their progenitors,
whereas hundreds of generations have been needed to domesticate modern agricultural crops.

Accelerating the domestication procedures for biomass-feedstock plants has the potential to
increase yields, improve feedstock uniformity, tailor the physical and chemical characteristics
of the feedstock to their intended uses, reduce the cost of supplying bio-refineries with
feedstock, and improve conversion efficiencies. Leveraging modern molecular genetics
techniques, which do not require time-consuming sexual crosses that combine rare, desirable
traits into a single cultivar by conventional breeding, should allow us to hasten the
development of biomass species, such as those within the genus Populus.

An overview will be presented of the various domestication-related projects underway in my
lab, including water-use efficiency, salt tolerance, rooting ability, and lignin modification.
Special emphasis will be given to recent results with Corngrassl (Cgl), a gene that has the
potential to solve many biofuel-related needs, and to expedite the commercialization of
genetically engineered trees.

Keywords: tree domestication, water use efficiency, salt tolerance, biofuels, Cg/ gene
Meilan, Rick, Purdue University, Department of Forestry and Natural Resources, Purdue
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Volatile isoprenoids: central molecules in defending poplars and willows against
stress factors
Francesco Loreto
Consiglio Nazionale delle Ricerche — Istituto per la Protezione delle Piante, Sesto Fiorentino,
Italy

Plants have many ammunitions to defend themselves against stressors. At leaf level, non-
volatile isoprenoids (e.g. carotenoids) are known to be powerful antioxidants, but the role of
volatile isoprenoids (isoprene, monoterpenes and sesquiterpenes) has not been equally
elucidated. Fast growing trees such as poplars and willows invest a large share of the
photosynthetically fixed carbon into volatile isoprenoids, predominantly isoprene. Such a
metabolic cost must reflect a key benefit for these plants. Here I note that volatile isoprenoids
are reactive molecules whose biosynthesis is elicited by a general stress condition, and that
volatile compounds commonly exert signaling functions. I will show evidence that isoprene,
the primary and most abundant volatile isoprenoid in poplars and willows, a) primes plant
response to stress by activating H,O, signaling; b) quenches reactive oxygen species in vitro
and in vivo; c) reacts with NO, indirectly modulating the signaling of programmed cellular
death upon stress occurrence; and d) intercalates and strengthens cell membranes. It is
concluded that volatile isoprenoids are able to protect the photosynthetic apparatus of fast
growing trees against a range of stresses, by mediating, directly or indirectly, the oxidative
status of the leaf.

Keywords: volatile isoprenoids, plant signals, stress resistance, photosynthetic apparatus

Loreto, Francesco, Consiglio Nazionale delle Ricerche (CNR), Istituto per la Protezione delle
Piante (IPP), Area della Ricerca del CNR di Firenze, Via Madonna del Piano 10, 50019 Sesto
Fiorentino, Firenze, ITALY Tel. +39-055-522 5589; Fax +39-055-522 5666, e-mail:
francesco.loreto @ipp.cnr.it

13



Volatile organic compounds in Populus spp. defences against abiotic and biotic stresses
Jarmo Holopainen
Department of Environmental Science, University of Eastern Finland

Volatile organic compounds (VOCs) are emitted by plants constitutively manner, but rapid
quantitative and qualitative changes take place under abiotic and biotic stresses. Typical for
normal Populus VOC emissions is the dominance of isoprene, while this isoprenoid is not
emitted by many other deciduous tree species. Isoprene has shown repellent effects against
some herbivorous insects.When damaged by herbivores Populus leaves start to emit inducible
mono- and sesquiterpenes and Green leaf volatiles (GLVs) which are six carbon alcohols,
aldehydes, and their acetate derivatives. All of these compounds can act as attractants to
herbivorous and carnivorous insects. Recently we have shown that increasing night-time
temperature results in similar increase of herbivore inducible isoprenoids in Populus tremula
emissions. Some of the recentstudies suggest that under biotic and abiotic stresses Populus
VOC emission have a typical shift from highly volatile isoprene emission to emission of less
volatile isoprenoids like homoterpenes and sesquiterpenes. So far, the reason for this drastic
chance in emission profile under stress is not fully elucidated, although many of the induced
compounds can attract natural enemies of herbivores. I will discuss the potential ecological
and atmospheric effects of the stress-induced changes in volatile emission profiles and how it
is related to plant defence.

Keywords: volatile organic compounds, biotic stresses, herbivorous insects
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Session 1: Population genetics, biodiversity evaluation and conservation of genetic
resources

Populus nigra as keystone species able to cope with the ongoing climate change
M. Villar', S. Chamaillard"*?, C. Barbaroux®’, C. Bastien', F. Brignolas2’3, P. Faivre
Rampanﬁ, R. Fichot"*?, O. Forestier’, V. Jorgel, S. Rodrigues6
TUR Amélioration, Génétique et Physiologie Forestieres, INRA Orléans, France
?Laboratoire de Biologie des Ligneux et des Grandes Cultures, Université d’Orléans, France
'USC2030 ARCHE, INRA, France
“UR Génomique Végétale, INRA Evry, France
5CNBF, DRAF Pays de Loire, France
°ISTO, Université de Tours, France

Populus nigra L. is one important species of the european alluvial forests, that are protected
under Habitats directive 92/43/EEC in Europe. This species is often regarded as good
indicator of geomorphological and biological quality of this ecosytem and is an active support
of riparian biodiversity. This species is threatened by anthropogenic disturbances and gene
introgression, justifying a french and european (EUFORGEN) programme on in situ and ex
situ conservation of its genetic resources.

In addition, riparian forest ecosystem and trees will face global and local climate
modifications this century. Populus nigra, that establishes naturally within or along the active
channel and that is strictly dependent of the morphodynamics of the river, will be exposed to
three new threats : (i) enhancement of the frequency and severity of drought with summer
decrease of the water table level, (ii) extreme heat waves, especially in summer (temperature
is a key factor for survival and development of seedlings) and (iii) more intense flooding. The
basis for the ability of trees to survive, adapt and evolve under changing environmental
conditions is genetic diversity and the adaptive capacity to such changes involve three
processes : (a) plasticity, i.e. the capacity of existing trees to respond differently to different
environmental conditions ; (b) adaptation, which includes adaptive genetic diversity and the
occurrence of natural selection in a dynamic system and (c) migration potential through
natural dissemination of seeds to more suitable areas.

This presentation will focuss on the two first responses in Populus nigra, as the third process
is restricted, due to the limited capacity of this pionneer species to migrate in latitude or
elevation along the constrained range of the fluvial corridors. Data on genetic diversity and
phenotypic variability of adaptative traits in french populations (foliar characteristics, water
relations, architecture, floral and foliar phenology...) and from in situ and ex situ experiments,
testing drought and temperature in different genetic material (cuttings, seedlings) in various
conditions (sandy banks, nursery, greenhouses, growth chambers) will be presented. This
communication will demonstrate that Populus nigra has resources (genetic characteristics)
and mechanisms (ecophysiological characteristics) to cope with the ongoing climate change.

This research was mainly supported by regional, national and European funds and realized
under the french Populus nigra genetic resource conservation programme.

Keywords : Populus nigra, genetics, climate change
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A first look at Aspen (Populus tremula) phylogeography across Eurasia
Heinze B.I, Fussi B.
'Federal Research Centre for Forests, Vienna, Austria
’Bavarian Office for Forest Seeding and Planting (ASP), Teisendorf, Germany

We have started expanding our investigations of aspen and white poplar (Populus alba)
phylogeography from Europe into Northern Eurasia. We are investigating variation in
chloroplast DNA in order to reconstruct the evolution of the chloroplast DNA molecule, and
to make inferences on any shifts of the distribution ranges of the species during the last
glaciations, i.e. post-glacial re-colonization. It is interesting to us whether European
populations evolved independently, or if populations form the rest of the vast distribution
range of P. tremula contributed to the present genetic diversity in Europe (via gene flow,
including hybridization, or long-distance migration events). Five regions in the chloroplast
have been identified as polymorphic in one (or both) species in Europe. While a number of
chloroplast variants (haplotypes) are present in both species in Europe, a geographical
structure is only evident in P. alba, while P. tremula shows no evidence of separate evolution
of sub-populations (e.g. during the ice ages). With the help of colleagues, we have now
obtained samples from the Moscow area, Ekaterinburg, Novosibirsk/Krasnoyarsk, and
Kyrgizstan. Preliminary results indicate that at least two of the chloroplast regions are also
polymorphic in some of the samples. A comparison of haplotypes and their distributions in
Europe and Russia / Central Asia will be presented.

Keywords: Aspen, phylogeography, chloroplast DNA
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Growing large leaves from a small-leaf gene pool: evolutionary trajectories in Populus
nigra L. (black poplar) in context of a changing climate
DeWoody J., Trewin H., Viger M., Taylor G.
School of Biological Sciences, University of Southampton, United Kingdom

The major river systems of Europe have been heavily modified by anthropogenic factors,
causing significant changes to the riparian communities. Populus nigra L. (black poplar), a
forest tree endemic to the river floodplains of Europe, western Asia and northern Africa, is
declining due to habitat loss and hybridization with domestic poplar varieties. Changes in
temperature and precipitation predicted for the next century are expected to further impact P.
nigra populations through changes to flooding patterns.

P. nigra displays significant phenotypic variation across western Europe, with trees from
Spain having small leaves and a branching architecture, and trees from the Netherlands south
to northern Italy having large leaves and higher biomass. Trees from France are intermediate,
having a range of leaf sizes and architectures. Phenotypic differences were summarized using
discriminant function analysis, and scores from the first discriminant factor correlated with
the minimum monthly precipitation at the site of origin (P=0.006), indicating adaptation to
water deficit has contributed to the phenotypic variation observed across the French
populations.

Molecular analysis of ten microsatellite loci (SSRs) identified significant allele frequency
variation among populations, with differentiation greater than observed in many forest trees
(OPT = 0.121, P=0.001). Admixture analysis indicates the Spanish samples to be distinct
from trees from Italy and Germany, consistent with previous analyses of putative glacial
refugia. Trees from France display genetic similarity to both the Spanish and Italian
populations, however, indicating admixture contributed to the genetic variation observed in
these populations.

Combining morphological, physiological and genomic data from P. nigra has revealed the
patterns of evolution of these complex, adaptive traits in natural populations. Our data are
consistent with the phenotypic divergence of putative glacial refugia located in the Iberian
peninsula, the Italian peninsula, and Balkan regions. Trees from France are phenotypically
intermediate to the small-leaved and large-leaved morphotypes, but are genetically more
similar to the Spanish samples, indicating that these populations likely arose from the Iberian
refugia but have been under selection for the large-leaf phenotype of central Europe. If
morphological traits reflect adaptation to precipitation patterns, changes in summer rainfall
predicted for central Europe may favour the small-leaf morphotype, changing the
evolutionary trajectory of this important forest tree. Future work will investigate whole
genome scans to assess the genomic and evolutionary consequences of intraspecific
admixture in P. nigra.

Keywords: leaf size, phenotypic variation, microsatellite loci
Taylor, Gail, University of Southampton, School of Biological Sciences, Building 62,
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Optimization of Experimental Efforts in Association Genetics Studies with Clonal
Material
El-Kassaby Y.A.., Kldpsté J.
Department of Forest Sciences, Faculty of Forestry, University of British Columbia,
Vancouver, B.C., Canada

Quantitative traits are controlled by complicated polygenic modes. Association mapping aims
at dissecting this polygenic background and the identification of gene(s) affecting these
complex traits. The successful identification of genotype-phenotype association is dependent
on the sample size used and the nature of the studied material. Species with cloning
propensity, such as poplar and willows, offer a unique opportunity in the determination of the
optimum experimental efforts needed for effective association genetics studies. Issues such
as the use of clonal data vs. clonal averages, cloning vs. no-cloning, and fewer replicated
clones vs. more genotypes, all have been evaluated using computer simulations. We created
various population and familial structure scenarios using the correlated allelic frequencies
approach of Fu et al. (2005) and utilized the Unified Mixed Model of Yu et al. (2006) to
evaluate these scenarios. Evaluations were based on testing 1000 SNPs harbouring 10
randomly identified QTNs with known allelic effect. Comparisons are based on false
discovery rate, ability to identify simulated QTNs, and the magnitude of the positive allelic
effects.

Keywords: quantitative traits, association genetics, polygenic modes, experimental data
analysis
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Contemporary gene flow between poplars with exotic component and natural
populations of native species across Canada
Isabel N.1, Talbot P12, Lamothe M.1, Bousquet J.2, Schroeder W.s, Floate K.4, Foottit R.G.s,
Ruiz P.s, Cumming S.s, Mcintire E.7, and Thompson S.L.1s
iLaurentian Forestry Centre, Canadian Forest Service, Natural Resources Canada, Canada
2Canada Research Chair in Forest and Environmental Genomics, Université Laval, Canada
sAgriculture and Agri-Food Canada, PFRA Shelterbelt Centre, Indian Head, SK, Canada
sAgriculture and Agri-Food Canada, Lethbridge Research Centre, Lethbridge, AB, Canada
sAgriculture and Agri-Food Canada, Ottawa Research Centre, Ottawa, ON, Canada
sCanada Research Chair in Boreal Ecosystems Modelling, Université Laval
7Canada Research Chair in Conservation Biology, Université Laval
sDepartment of Biological Sciences, California State University Los Angeles, USA

Populus species and their hybrids are favoured for applications in biofuels and carbon sequestration. As poplars have weak
reproductive barriers between species, patterns of realized hybridization within the genus have an immediate practical relevance to
the sustainable deployment of new poplar cultivars (likely to be considered as Plant with Novel Traits) for new purposes across
Canada. Spontaneous hybridization between PNTs and their wild relatives may pose risks to the genetic integrity of native species,
with implications for long-term forest sustainability. We have adopted an integrative approach to risk assessment that teams
theoretical modelling and genomic population studies, using exotic genes from introduced species as a proxy for any genomic
invasion through introgression. Previous results obtained for Eastern Canada showed that the rate of spontaneous hybridization
differs markedly among pollen donor species and among native recipient species (Populus balsamifera, P. deltoides). Additionally,
small peripheral populations are likely to be more at risk. F1s are fertile, as we observed advanced-generation hybrids (2.4%) across
a sympatric zone of two native poplars (P. balsamifera, P. deltoides) within which exotic P. nigra is found. Based on frequency of
F1 formation and the direction of backcrosses, P. balsamifera is more likely to be at risk than its congener P. deltoides.

Now we are conducting a survey for second and later-generation hybrids that have established within natural stands in central Canada
(southern Alberta and Saskatchewan) to compare with our similar results from eastern Canada (Québec). We focus on introgression
into populations of native P. deltoides and P. balsamifera from the exotic P. nigra and P. laurifolia, as P. laurifolia x P. nigra
hybrids have been introduced and deployed since the 18th century to serve as windbreaks for farms (well documented by the
Shelterbelt Center, AAFC-SK). There has been enough time for later-generation hybrids to have become established. We have
sampled trees of various ages from 10-15 natural populations from sympatric zones of native poplars and/or exatic poplars, located in
central Canada. We employed our newly developed Sequenom iPlex Gold high-throughput genotyping assay (Sequenom, Inc.) of
species-specific SNP-markers that includes the exotic component P. laurifolia. This method enabled us to rapidly genotype several
hundreds of trees using 36 multiplexed SNPs. In southern Saskatchewan, genetic analysis of seed genotypes revealed that 0.1-2.4%
were spontaneous hybrids between cultivated exotic poplars and the indigenous P. balsamifera. This is a lower rate than that
observed (20-72%) for P. balsamifera in eastern Canada. Notably, advanced generation hybrids were also detected in three out of the
studied populations, suggesting that introgression of P. nigra genes into the P. balsamifera genome has already occurred. These
studies have allowed us to obtain robust estimates of the overall level of introgression across a diversity of environments, enabling us
to select localities for ecological modelling and for further work detailing the impact of hybridization on insect communities.

Keywords: spontaneous and realized hybridization, environmental variation
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Genetic diversity in Populus nigra (L.) populations along rivers in Eastern Austria,
Slovenia and Croatia as revealed by microsatellite markers
Bozic G.!, Heinze, B.Z, Kajba D.3, Krystufek V.* and Vanden Broeck, A
'Department of Forest Physiology and Genetics, Slovenian Forestry Institute, Slovenia
Department of Genetics, Unit of Genome Research, Federal Research Centre for Forests,
Natural Hazards and Landscape, Austria
Faculty of Forestry, University of Zagreb, Croatia.
*Austrian Research Centre Seibersdorf, Austria
’Department of Biotechnology, Research Institute for Nature and Forest, Belgium

The European black poplar (Populus nigra L.) is a pioneer tree of alluvial forests (the priority
habitate type 91E0*) and one of the most threatened indigenous tree species in Europe. We
analysed the genetic diversity of 10 black poplar populations along the main river systems
across Slovenia and Croatia (rivers Soca, Sava, Drava and Mura) by using six microsatellite
loci (WPMS16, WPMS20, WPMS14, PMGC14, WPMS09, WPMSI18) and combined
analysis with Austrian data for rivers Mura and Danube with same microsatellites. Eleven
common cultivated clones of Populus x canadensis were included in order to assess the level
of introgression of genes of the American Eastern cottonwood, P. deltoides, into the gene
pool of native black poplar.

The results of this study indicate that the gene pool of remaining Populus nigra populations
maintains high genetic connectivity across three European countries, even if fragmented
today. In natural populations the introgression of genes of Populus deltoides was very low.
The obtained results are further compared with current status of Populus nigra populations in
Central Europe and discussed in view of nature habitat conservation and its protection at
regional and national level.

Keywords: Populus nigra L., microsatellite markers, genetic diversity
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Meeting river restoration and conservation of native poplars on the Po river: the ''Isola
Colonia' case study
Vietto L., Chiarabaglio P.M.', Rossino R.", Cristalli L’
'C.R.A. Unita di ricerca per le produzioni legnose fuori foresta (Research unit for intensive
wood production), Casale Monferrato (AL), Italy
?Parco Fluviale del Po e dell'Orba, Italy

Over the last decade the CRA-PLF has promoted several relevant experiences on
environmental applications of poplar and willow biodiversity. In co-operation with the Po
river Fluvial Park it has carried out several pilot trials on the Po river basin testing plant
materials and sustainable planting and cultivation techniques. The present paper presents the
preliminary results of the “Isola Colonia” project. The restoration plan was set up in 2006 in
the Palazzolo Vercellese district on the upper-mid Po river catchment. An agricultural area of
30 hectares that suffered from continuous changes due to flood occurrence and was heavily
infested by noxious weeds and alien species was restored considering genetic, demographic
and ecological factors. Over 13.000 poles and seedlings of forest and shrubby species were
used to afforest 19 hectares from 2005 to 2008. It is a multipurpose project aiming mainly to
convert areas dedicated to conventional crops and intensive poplar cultivation into floodplain
forests for recreational purposes and for the conservation of native poplar genetic resources.
Populus nigra is the most representative tree species of riparian habitats but the populations
of black poplar along European rivers have become sufficiently fragmented in many places
that there is concern for their genetic viability; considering the suitable site conditions for
natural regeneration an artificial in-sifu gene conservation unit was created to start a dynamic
conservation process for this species according to the EUFORGEN strategies. In order to
increase the resilience to environmental and climate changes, a large population of over 700
black poplar poles containing a balanced sex ratio and composed of individuals characterized
by high genetic diversity was established; together with other units created in the same river
stretch, it could be a founder population for new establishments over rather large distances, a
source for gene flow (pollen and seeds) into neighbouring scattered stands and, lastly, a seed
source for reproductive material to be used for restoration activities. Genetic diversity and
possible introgression in the first offsprings will be monitored together with habitat evolution,
hydro-geomorphological changes, trees survival and growth performance according to
different pedological conditions and water table variations. The project outputs may help
riparian ecosystem managers to deal with similar situations.

Keywords: poplar genetic resources, riparian ecosystems, in-situ gene conservation
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Genetic variability of carbon isotope discrimination in seedlings from Populus nigra L.
populations grown under contrasting temperatures
Chamaillard S."*°, Villar M.3, Fichot R.1’2’3, Sabatti M.?, Villani F’ Brignolas F. 12 and
Barbaroux C."?
'Laboratoire de Biologie des Ligneux et des Grandes Cultures, UFR-Faculté des Sciences,
Université d’Orléans, UPRES EA 1207, Orléans Cedex 02, France.
’INRA, USC2030 ‘Arbres et Réponses aux Contraintes Hydrique et Environnementales’
(ARCHE), Orléans, France.
3INRA, UR ‘Amélioration, Génétique et Physiologie Forestieres’, Ardon, Orléans Cedex 02,
France.
*Universita degli Studi della Tuscia, Department of Forest Environment and Resources
(DISAFRI), Viterbo (RM), Italy
CNR, Istituto di Biologia Agroambientale e Forestale, Porano (TR), Italy.

Climatic events predicted for this century should involve drier and warmer summers, such as
those that occurred in 2003 and 2005 in France. The higher temperatures could become a
limiting factor for the regeneration of Populus nigra L. species. During establishment and
development in summer period, seedlings must be able to resist high temperatures (until
57.8°C on sand on a Loire island in July 2009). Therefore, maintaining a high transpiration
rate (E) for leaf cooling (and therefore a high stomatal conductance to water vapour (g;)), may
be a prerequisite for seedlings to survive under high temperatures. To test this hypothesis, we
used bulk leaf carbon isotope discrimination (A) as a time-integrated index of gas exchange
activity (Farquhar et al. 1989). The objectives of this study were (1) to explore the genetic
variability of A among P. nigra seedlings from different female trees coming from contrasting
sites and (2) the plasticity in response to two contrasting temperatures. Seeds from 16 open-
pollinated females originating from the Loire river (France) and from the Paglia river (Italy)
were first grown during 7 weeks in two growth chambers at 25°C. At this time (t;), one
chamber remained at 25°C and in the second one, the temperature progressively increased
until 43°C until the first symptoms of wilting appeared (t;). At t;, an important genetic
variability for A (A 2sec) was measured ranged from 24.0%o to 28.0%o0 in both chambers, but
no provenances differences were detected. At t1, an important genetic variability for Atl 25°C
and A 43°C was observed ranged from 22.0%o0 to 26.0%o0 in each chamber and a significant
provenance effect was detected. At t;, A, 43°C values were significantly higher (0.5%0) than
Ay 25°C. Moreover, a significant correlation was detected between the A, 43°C values and
the symptoms of wilting seedlings, seedlings totally healthy exhibiting higher A, 43°C values.
We conclude, under the hypothesis that A is mainly controlled by g, as already reported in
poplar species (Monclus et al. 2006), maintaining high E and therefore high A may enable
seedlings to survive under high temperature.

Keywords: climatic change, transpiration, carbon isotope discrimination
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Session 1: Poster

Response of an Italian black poplar collection versus bark and leaf diseases
and woolly aphid
Giorcelli A., Allegro G., Gennaro M., Deandrea G., Picco F.
CRA-PLF Unita di Ricerca per le Produzioni Legnose fuori Foresta (Research Unit for
intensive wood production), Casale Monferrato (AL),Italy

During the Eighties and the Nineties of the past century, a set of European black poplar
(Populus nigra) clones, collected from several Italian sites representative of the whole
country, was tested to assess the complex of natural populations inhabiting various
ecosystems. The evaluation of many characters, ranging from stem shape to technological and
productive features, and including susceptibility to the main poplar pathogens and pests, was
made on the purpose of selecting genotypes suitable for hybridization with Eastern
cottonwood (P. deltoides) genotypes to obtain interesting hybrid (P. Xcanadensis) material.

In this context, a lot of information about the response of almost 500 clones versus the main
cortical and foliar parasites recurring in northern Italy was collected. It will be useful in river
restoration programs in which black poplar will have a key role, and in phytoremediation as
well, widely resorting to this species.

As regards Discosporium populeum, agent of bark cankers, the surface colonized by the
fungus was measured on a sample of each clone and referred to a synthetic scale, according to
five ranks (I: heavy attacks with presence of fruiting bodies; II: as I, but without fruiting
bodies; III: heavy attacks only in some years; IV: fairly low or low attacks; V: low attacks,
comparable to the levels on the tolerant hybrid clone a€71-214’). Less than 2% of northern
clones was assigned to the worst rank, together with about 16% of central and almost 40% of
southern clones. More than 9% of northern black poplars resulted as resistant as a€71-214°,
while none of the southern clones did. Even considering both ranks IV and V as “sufficiently
resistant”, 17% was represented by northern clones, 6% by central clones while no southern
clone could be included in this rank. This situation is in agreement with the poor thermophylic
character of D. populeum, that is mainly spread in northern Italy so northern genotypes could
coevolve with the parasite.

The foliar pathogen Marssonina populi infected on the whole 23% of the genotypes tested,
among which almost 40% were southern genotypes and only about 13% were of northern
origin. On the contrary, the difference between infections by M. brunnea, agent of the brown
spot disease of hybrid poplars, on northern and southern P. nigra genotypes was faintly
unfavorable to the former. The levels of infection, however, were always very low, since
black poplar could be considered as a non-proper host versus this parasite.

Also the infections of shoots by Venturia populina, agent of heavy spring defoliations on
hybrid poplars, were limited and showing no difference between southern and northern
genotypes, probably because of an equilibrium induced by the long host-pathogen
coevolution, that was broken in the first decades of the past century after the introduction of
the so-called Canadian hybrids (P. Xcanadensis) into cultivation.

As regards Melampsora spp. (mainly M. larici-populina and to a lesser extent M. alli-
populina too), agent of leaf rust, the infection levels were quite higher than those of the
aforesaid foliar pathogens and the distribution of the genotypes among the various
susceptibility ranks resulted the same irrespective of the geographic origin. Probably, the
strong genetic dynamism of rust pathogens did not allow the onset of the same equilibrium
between host and parasite observed in the case of D. populeum.

Phloeomyzus passerinii, the woolly poplar aphid, was artificially inoculated during the
vegetative season in vivo, but under controlled conditions of humidity and temperature, on
cuttings of the same P. nigra genotypes tested for the aforesaid pathogens. A wide variability
was observed in the responses; most genotypes resulted highly susceptible and only 10%
showed low infestation levels. These relatively resistant genotypes were of southern and/or
Mediterranean origin, whereas the most susceptible ones came from northern and/or
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continental areas. This wide set of information should be upgraded through new and frequent
observations to follow the ever changing populations of pathogens, especially rust agents.

Keywords: Populus nigra, pests and diseases, host resistance
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Characterization of the bud-set process in Populus nigra L.
Fabbrini, F', Bastien, C’, Rohde, A3, Sabatti, M and Scarascia-Mugnozza, G
" University of Tuscia, Department of Forest Environment and Resources, Viterbo, Italy
2 INRA, Unité d’Amélioration Génétique et Physiologie Forestieres, Ardon, France
7 University of Ghent, Department of Plant Systems Biology, Flanders Institute for
Biotechnology (VIB), and Department of Molecular Genetics, Gent, Belgium
* CRA, Department of Agronomy, Forestry and Land Use, Roma, Italy

Among forest trees, poplars are important components of riparian ecosystems and are now
accepted by the scientific community as ideal model to study perennial plants. They offer
several advantages as a model system, including rapid growth, ease of cloning, prolific sexual
reproduction, small genomic size and facile transgenesis. Our work has the objective to
contribute to the knowledge of the genetic control of bud set in black poplar (Populus nigra
L.). For this purpose the genetic variability (CV,) and the broad-sense hereditability (H?), at
individual and genotypic level, have been examined in a full-sib family of black poplar
(POP5) and in different European natural populations of the same specie grown in a common
garden experiment. The full-sib family was obtained from parents selected from the
germplasm collection (DISAFRI — University of Tuscia) from Italian natural populations,
diverging for phenology and other adaptive traits. The full-sib family was planted in two sites
in Central (Viterbo 42°25°N, 12°05’E) and Northern Italy (Cavallermaggiore 44°42°N,
07°40’E). The european natural populations were sampled in 5 different countries and 820
genotypes, from 15 metapopulations were planted in a common garden study in Northern
Italy (Savigliano 44°36’N, 07°37’E). A randomized block design was defined for the
establishment of the experimental plantations in each site. Six complete blocks were used
with one replicated genotype randomly assigned to each block. The phenological study has
been realized on the basis of a protocol designed to monitor the six phenological phases of
bud set in black poplar. Data analysis have allowed to decompose the contribution of the
different phases to the dynamic of bud set. Four phases characterized the process (phase 2.5,
phase 1.5, subprocess 1 and subprocess 2) and two phenological points were useful to
compare different sites (50% of individuals in phase 2.5 and 1.5). Preliminary results of the
bud set phenology in P. nigra natural population will be also presented and compared to the
full-sib family data. These results will be discussed in relationship to the photoperiod and
temperature trend introducing, in prospect, the utility of this work for genetic improvement
and mapping of QTLs associated to bud set.

Acknowledgements: Research supported by the European Commission within the Fifth
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Flowering phenology as an essential parameter for pollen flow modelling in
Populus nigra L.

Nicolas Chenault’, Etienne Kleinz, Mary Juteau’, Véronique Jorgel, Marc Villar', Vanina
Guérin', Romain Valade', José Almeida’, Catherine Bastien' and Arnaud Dowkiw'
'INRA, UR 588 Amélioration Génétique et Physiologie Forestieres, Ardon, Orléans, France
INRA, UR 546, Biostatistique et Processus Spatiaux, Domaine Saint Paul, Site Agroparec,
Avignon, France

European black poplar (Populus nigra L.) can be found in three interconnected ecosystems:
(1) natural riparian forests, (ii) cultivated stands through P. Xeuramericana interspecific
hybrids, and (iii) ornamental plantings through P.nigra cv. ‘Italica’ (i.e., Lombardy poplar).
As a first step to assess the potential impact of cultivated and ornamental poplars on the
genetic diversity of wild populations, pollen flow was modelled within a wild P.nigra stand
located at close vicinity of a Lombardy poplar row.

An inventory of 484 wild P. nigra adult trees was realized on this 11.5 ha study site located
along the Loire River. Several physical and biological parameters such as flowering
phenology, physical distance, and tree size were measured on all trees. Pollen flow was
estimated by collecting 1680 seeds from 31 females distributed over the site, and by
modelling pollen dispersal using mating model and paternity analysis based on 10 SSR
markers.

We detected a high immigration rate (45%), and 4% of the seeds could be attributed to
Lombardy poplars. The model that best fitted the data involved an exponential power
distribution curve with a fat-tailed dispersal kernel.

Phenological assortative mating and short distance pollen dispersal were identified as the
main factors influencing reproductive success and hybridization between Lombardy and wild
poplars.
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Adaptive mechanisms for drought tolerance identified in a European population of
black poplar
Viger M.
School of Biological Sciences, University of Southampton, United Kingdom

Predictions indicate that summer droughts will increase in frequency and intensity over
Europe, as a consequence of global climate change. Therefore the study of adaptation to
drought for this ecologically and economically significant genus is important.Wild trees of
Populus nigra were collected in five European countries for an association genetics study,
from Spain to The Netherlands, reflecting a wide range of rainfall and temperatures. These
genotypes were grown in a common garden in Belgium under well-watered conditions.
Carbon isotope discrimination, biomass and leaf size varied with their population of origin.
Small leaf size was observed in genotypes from Spain and South France, and considered a
possible adaptive trait to drought tolerance, as it prevents water loss. Six genotypes, from
contrasting latitudes of origin and displaying different leaf phonologies and carbon isotope
discriminations were then selected for a drought experiment in a greenhouse. Carbon and
oxygen isotope discrimination, stomatal conductance, biomass, leaf and stomatal traits were
measured to identify physiological differences in large- and small-leaf genotypes in response
to drought. Leaf samples were also collected 20 days after drought for RNA extraction for
microarray analysis and transcriptomics. Direct comparisons between the transcriptome of
extreme genotypes in well watered and drought conditions provide insight into the genomic
pathways induced during water deficit. These results provide important insights in genetic
variation underpinning adaptation to drought across Europe that may be valuable in future
conservation and management of trees in the face of climate change.
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Trembling aspen genetic diversity and site productivity
Tremblay F.
Université du Québec en Abitibi-Témiscamingue, Rouyn-Noranda, Québec, Canada

In this study, we benefit from a natural range of site productivity to examine the nature of the
relationship at the genotypic level using trembling aspen (Populus tremuloides), a pioneer tree
species in the boreal forest that is clonal and regenerated through root suckering immediately
after disturbance. We hypothesized that aspen genotypic diversity will peak at intermediate
site productivity with more clones represented by few ramets per clone (high evenness)
meeting their minimum resource requirements. Few more competitive clones unevenly
represented (low evenness) are expected to dominate rich stands. To test our predictions we
investigated how aspen genotypic diversity (richness (R) and evenness (E)) varied across each
of nineteen stands whose site indices (dominant aspen tree height at 50 years) range from 6.6
to 29.9 m. As a secondary goal, we sought to determine how allelic diversity changed along
the productivity gradient and whether this variable showed the same pattern as for genotypic
diversity. Size-frequency distribution of aspen genotype was highly left skewed with 88% of
the distinct multilocus genotype represented by < 3 ramets.The proportion of single ramet
clones is higher in high productivity site index class with an average R of 0.53 in comparison
to low productivity site index (mean R = 0.32). Evenness (E) values indicate that genotypes
are more likely to be represented by similar number of ramets in the most productive stands
(E=0.90) and intermediate site index classes (E=0.84) than in least productive stand (E=0.68).
Our results also indicate an overall excess of heterozygous in higher productivity classes.
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Restoration of Populus species in reparin zone of Serbia — formation of genotype
collection
Kovacevic¢ B., Orlovi¢ S., Katanié M.
Institute of Lowland Forestry and Environment, Antona Cehova 13, 21000 Novi Sad, Serbia

European black poplar (Populus nigra L.) and white poplar (Populus alba L.) are among
dominant tree species in autochthonous biocenoses of riparian zones in Serbia. However,
these species become rare and even endangered, especially in case of European black poplar.
Their habitats are used for the establishment of plantations of more productive poplar species
euramerican (poplar and eastern cottonwood), as well as for other purposes like: agriculture,
urbanization, flooding control etc.

The protection of habitats and reforestration by these species are of crucial importance in
restoration of autochtonous biocenoses in reparian zones. Beside the preservation of
biodiversity, they are important in flooding control, control of undergrownd water level, water
quality, etc.

More than 60 genotypes of european black poplar and white poplar from 18 populations
throughout the Serbia are colected and propagated by means of micropropagation. The ACM
medium (Ahuja, 1983) was used supplemented with BAP, kinetin and silver ions in order to
establish tissue culture and micropropagate chosen genotypes. The genotypes are propagated
by axilary buds to reduce chances for somaclonal variation. The genotype collection in form
of stoolbed established by this material will be the base for the production of planting material
for nursery production and further afforestration, presumably in protected areas.

Keywords: European black poplar, White poplar, micropropagation
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The AgCanBaP Balsam Poplar Collection: An example of poplar genetic resource
conservation in Canada
Schroeder W.", Silim S.", Soolanayakanahally R.?, Reynard D.", Guy R.2, Isabel N.?, Olson M.*
" AAFC-AESB Agroforestry Development Centre
? University of British Columbia
¥ NRCan-CFS Laurentian Forestry Centre
* University of Alaska, Fairbanks

Balsam poplar (Populus balsamifera L.) is a natural element of the Canadian sub-boreal and
boreal forest. The range of balsam poplar extends from the Atlantic coast of Canada to Alaska
attaining the most northerly distribution of any North American tree species (from 42 °N to 70
°N). Because of the vast range it was determined that the species was an excellent candidate
for genetic and eco-physiological studies related to climate change and adaptation.

The intent was to sample the geographic range of the species (Fig. 1), therefore we
concentrated on sampling populations from five north-south transects across the range of
balsam poplar in Canada. In each transect 5 to 9 populations were identified and dormant
hardwood cuttings collected from 15 randomly selected individual trees per population. From
2005to 2006 a total of 45 balsam poplar provenanceswere assembled, propagated and planted
in a live collection at Indian Head Saskatchewan (50°N). The collectionwas given the name
AgCanBaP recognizing the commitment of Agriculture and Agri-Food Canada to long term
gene conservation. Additional collaborative common gardenswere established at Vancouver
BC (49°N) and Fairbanks Alaska (65°N).

The collection and resulting common garden trials have provided opportunities for a variety
of studies on the physiological, ecological and evolutionary genetics of balsam poplar. The
collection is also providing foundation stock for Canadian poplar breeding programs and ex
situ conservation of a representative sample of the species. Collaborative research with the
AgCanBaP collection is underway at Agriculture and Agri-Food Canada, Indian Head SK;
University of British Columbia, Vancouver BC; University of Alaska at Fairbanks;and
NRCan-CFS Laurentian Forestry Centre, Quebec, QC. This paper provides an overview of
collection strategies employed, summarizes collaborative research activities under way and
reports results on provenance growth and leaf morphology variation at the Indian Head
common garden.
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Figure 1: Provenance locations in AgCanBap balsam poplar collection
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Tolerance to high temperature and genetic diversity of black poplar families from two
environmental contrasting sites

Mattioni C.!, Chamaillard S.Z, Villani F.', Cherubini M.", Villar M., Guerin V.Z, Barbaroux

Cc’ Brignolas F.2, Valade R.?, Sabatti M.*
! CNR.IBAF, Porano (TR), Italy
Laboratoire de Biologie des Ligneux et des Grandes Cultures, Université d’Orléans, France
SUR Amélioration, Génétique et Physiologie Forestieres, INRA Orléans, France

*Universiy of Tuscia, Viterbo, Italy

The European black poplar is an ecological pioneer tree species, adapted to dynamic riparian
zones such as river valley floodplains. Our work was focused on studying the consequences
of increasing temperature on genetic diversity of two provenances of Populus nigra L.
coming from two contrasting sites: 1) the Loire river with mild climatic conditions and
minimum artificialwater level in summer and 2) the Paglia river with higher water-level
fluctuations and semi-arid conditions. We collected seeds, as open pollinated families,from 8
mother trees on each of the two different sites. Seeds were grown for 7 weeks in two growth
chambers at 25°C. At this time (ty), in one chamber temperature was kept at 25°C and in the
second one the temperature was progressively increased to 43°C. The number of individuals
with symptoms of wilting were recorded at three successive times (t;, t; and t;). Nine
microsatellite markers were used to measure the genetic diversity between the two
provenances, among individuals within the same collection site and among individuals within
the 16 open pollinated families. At the increasing temperature, differences in temperature
tolerance were observed among families in both provenances. Genetic indices as observed
and expected heterozygosity (Ho and He), Shannon genetic diversity index (I) and fixation
index (F) were calculated. Differenceson genetic diversity and fixation indexwere detected
between provenances as well as between families of the same site.
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Hybrid poplar in arid regions: the case for a versatile clone, OP-367
O’Neill M.K., Arnold R.N., Heyduck R., Lombard K.A., and Smeal D.
New Mexico State University, Agricultural Science Center at Farmington, New Mexico, USA

Recent interest in the production of hybrid poplar in on-farm, planted forests or agroforestry
systems is increasing due to the multiple uses of this versatile genus (Populus sp.). An array
of products include fiber for excelsior and soil conservation materials, peeler logs for pulp,
plywood, and building materials, and more recently, as a feedstock for power generation or
cellulosic conversion to liquid fuels. Most production of hybrid poplar in the United States
has been concentrated in the northeast, southeast, north central, and Pacific Northwest states
where precipitation is plentiful. In an attempt to capitalize on increased solar radiation and
higher growth rates, limited poplar production in the Pacific Northwest was initially
transferred during the 1980’s from the mesic coastal zone west of the Cascades to the xeric
zones east of the Cascades in the central Columbia River basin of Boardman, Oregon. The
success of early drip-irrigated plantations in this arid environment propelled the expansion of
the technology to over 14,000 ha currently managed in the area.

Northwest New Mexico has similar environmental conditions as the central Columbia River
basin. Following the Boardman model, drip-irrigated hybrid poplar research was started in
2002 at New Mexico State University’s Agricultural Science Center in Farmington. Trials
were established in 2002, 2003, 2005, and 2007 using OP-367 as a check. This clone was
suggested as being suitable because of its vigor and productivity in the Boardman plantations.
Both high (4,300 stems ha™) and low (750 stems ha™) density trials have been conducted to
mimic different production strategies for a range of potential markets. The clone OP-367 has
consistently produced greater wood volume and total biomass than other clones in these trials.
This hybrid, originally cloned in the 1920’s by Oxford Paper Co. in New York State,
continues to demonstrate its exceptional productivity, paradoxically in arid regions.
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Morphogenetic studies on natural European Aspen (Populus tremula L.) populations in
Giresun-Sebinkarahisar District of Turkey
Ucler A. O. and Tuncer A.
Karadeniz Technical University, Faculty of Forestry, Department of Forest Engineering,
Trabzon, Turkey

In this study a large variation of morphological characters has been identified in sample trees
which were selected from six different population of Populus tremula. Five trees in each
studied population and totaly 30 sample trees were selected in six populations. In selected
trees, the length of leaf stem, the width of the leaf, the leaf length, leaf surface spaciousness,
the weight of the air-dried leaf, the angle of intersection of the leaf with the branch, the width
of bud, the length of bud were measured. Moreover, variations of 