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Abstract

Open-pollinated clonal seed orchards are a cost-effective way to deliver expected genetic gain in new
varieties provided that female and male contributions of selected (grafted) genotypes are well balanced
and that contamination by foreign pollen is low. Molecular analyses of maritime pine clonal orchards
revealed high pollen contamination rates, therefore questioning the mating structure in relation with
flowering precocity and intensity of progenitors. A strong genetic control of flowering traits is suggested
from the preliminary survey of 3 clonal orchards during two consecutive seasons. Female flowering
precocity could not be related with pollen contamination rate but male flowering intensity could partly
explain reproductive success.
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Introduction

Maritime pine (Pinus pinaster Ait.) is the main conifer species for plantation forestry in France with
over 45 million seedlings produced per year (latest annual statistics 2016-2017, Ministry of Agriculture,
https://agriculture.gouv.fr), almost exclusively from improved genetic resources. Most French
standing resources (ca. 1 million ha) are located in the region iNouvelle AquitaineT (Landes de
Gascogne forest) where significant reforestation efforts have been undertaken since 10 years after
extensive damages caused by the 1KlausT 2009 storm (more than 200,000 ha devalued).

Third-generation clonal seed orchards currently producing the 1VF3T commercial seedlots (qualified
category) were established in Nouvelle Aquitaine between 2002 and 2006 by the maritime pine breeding
cooperative, a group of scientific interest established in 1995 (GIS 1Pin maritime du FuturT) bringing
together INRA, FCBA and other stakeholders involved in development of improved varieties and
adequate silvicultural practices. Selected material (52 genotypes overall) was propagated via the same
source through conventional grafting and used as clonal progenitors in these orchards. They have been
producing improved seeds since 2011 in an open pollination setting, a method that drastically reduces
production costs compared to controlled crossings. The full achievement of the expected genetic gain,
however, assumes that pollen contribution from outside the orchard (pollen contamination) is low, while
that of the orchard's clonal progenitors is well-balanced. In practice, a recent genetic study of VF3
seedlots from 3 clonal orchards (Bouffier et al. 2017) based on SNP markers (Single Nucleotide
Polymorphism), developed by Vidal et al. (2015), revealed that the pollen contamination rate could be
high and variable according to the year, the orchard (site) and the maternal genotype. Moreover, the vast
majority of paternal genotypes do contribute to offspring but with great heterogeneity.
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In this work our objective was to carry out a pilot study of female flowering precocity as well as intensity
of female and male flowering of all progenitors in the same 3 clonal seed orchards investigated by
Bouffier et al. (2017). Relative genotype ranking for flowering traits was then tentatively used to
investigate how flowering behavior of clonal orchard progenitors can affect pollen contamination rate
and parental contribution in maritime pine VF3 seedlots.

Material and methods

Clonal seed orchards

The 3 clonal seed orchards investigated in this work (Picard, Vaquey and Saint-Sardos, Table 1) are
producing third-generation improved seedlots for the T1Vigour-FormT traits (VF3). Picard is located in
the northern part of the Landes de Gascogne forest while Vaquey and Saint-Sardos are located about 20
km east to this large forest massif (Figure 1). They have been established in contrasting pedo-climatic
conditions and, accordingly (P. Alazard, multi-year observations), Vaquey (clay loam soil) and Saint-
Sardos (compact clay) show an earlier flowering time of 7-10 days compared to Picard (sandy wet soil).
Clay soils have a greater thermal inertia compared to sandy soils and warm up more permanently in

spring.

Table 1. VF3 clonal seed orchards investigated in this study (Picard, Vaquey, Saint-Sardos). The basic
genetic material available in these orchards (52 selected genotypes overall) is almost the same (Raffin

2014).

Orchard Location Reference Setting Commer.cial Genotypes Operator
(area) up production (N)
Sillrl];[éL(Tgir:)z- (Saint—LauFr);?r:/lédoc, 33) PP?)EXG- 2006 2014-2024 46 Vilmorin
"t (@echostCaanss) o1 s PWHA 41 Forel
ss/uggs(sgrg;)s Saint-Sardos (47) Ppﬁi\gG' 2003 2013-2023 48 Forelite

Evaluation of flowering traits

Three flowering traits were scored for each investigated tree per clone (ramet):

i) the predominant development stage of female strobili (stage 1-10, from unopened floral buds
until the end of strobilii receptivity to pollen); this scoring system, which was adapted from
reference conifer protocols (especially Pinus sylvestris, Ducci et al. 2012) was used to estimate
female flowering precocity.

ii) the intensity of female flowering (number of strobili),

iii) the intensity of male flowering (score 0-4, density of male strobili from low to high).

Data were collected for all genotypes (mean of 7 ramets/clone) in the 3 clonal seed orchards during both
springs 2015 and 2016 (overall 7570 data). All observations were made in predefined orchard zones (1
central zone for Picard and Saint-Sardos, 2 east and north zones for Vaquey) by a single, experienced
investigator. Such a procedure was designed to minimize "operator" effects that could be significant for
partially subjective observations (i.e. development stage, density score). Regular visits to orchards were
organized in order to roughly estimate when the receptivity of female strobili (development stages 4-8)
was effective for about 50% of the trees. The phenotypic variability may be too small to be
discriminatory in case of too early or late observations. Data were then tentatively collected during a
single visit to each orchard at the appropriate time in 2015 (April 15-22) and 2016 (April 5-14). Most
data could be obtained except the density score of male strobili at Saint-Sardos in 2015.
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Figure 1. The 3 clonal seed orchards investigated (Picard, Vaquey, Saint-Sardos) are located close to
the Landes de Gascogne forest (Region Nouvelle Aquitaine, South-West France).

Genotype ranking procedure

For each variable (development stage and number of female strobili, density score of male strobili) and
descriptive information (orchard, year, zones), all genotypes were first ordered (ranking out of max 52
genotypes) according to mean values calculated from all observed ramets. Relative ranking score (1-52)
were assigned from earliest to latest (female flowering precocity) or from highest to lowest (female or
male flowering intensity). For visual presentation of results, a color code has been assigned to the 17
earliest or most flowering genotypes (green), or, on the opposite, the 17 latest or least flowering
genotypes (pink). The remaining 18 genotypes ranking with an intermediate behavior have been
assigned an orange color code. For each genotype, a global ranking score could be calculated for each
variable based on mean ranking obtained for each orchard and each observation year.

Results and discussion
Maritime pine flowering in clonal seed orchards

Although some annual differences could be observed among sites, strikingly, average ranking of each
genotype for female flowering precocity or intensity and male flowering intensity is quite similar in the
3 orchards for the 2 investigated years (Figure 2). A more detailed analysis of the VVaquey orchard in 2
zones (east and north) also does not reveal any significant flowering differences within orchard (data
not shown). This is a remarkable and quite robust result considering that flowering assessment is a
difficult task on large trees (9-13 years old in this study) and that these orchards are located in contrasting
pedo-climatic conditions. A strong genetic control of flowering traits in maritime pine is therefore
suggested from these data. Moreover a positive relationship was observed between female flowering
precocity and female or male flowering intensity (Figure 3) suggesting some genetic correlation as
reported for other forest tree species (e.g. eucalypts, Cané-Retamales et al. 2011, Contreras-Soto et al.
2016). However observation bias cannot currently be excluded from this preliminary study, i.e.
underestimated flowering intensity for late female flowering genotypes. Additional annual observations
are required in these orchards at regular intervals along the flowering season to better characterize
flowering phenology of progenitors.
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Figure 2. Genotype ranking for female flowering precocity or intensity and male flowering intensity in
maritime pine clonal seed orchards during 2 consecutive springs. For each trait, the global ranking of
genotypes is shown on the left (black boxes). P15, P16. Picard 2015, 2016; V15, V16: Vaquey 20135,
2016, 815, S16: Saint-Sardos 2015, 2016.
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Figure 3. Relationship between female flowering precocity (¥) and male (F) or female (F) flowering
intensity (all 2015 and 2016 data from the 3 clonal seed orchards). Linear regressions are shown as
dotted lines in grey (male flowering intensity, r* = 0.1858) or orange (female flowering intensity, 1> =

0.1688).

Possible relationship of flowering precocity and intensity with pollen contamination rates and
paternal contributions in clonal seed orchards

Genotype flowering precocity and intensity estimated from these multi-site (3 orchards) and multi-year
(2 seasons) datasets were tentatively used as variables that could explain observed pollen contamination
rates and paternal contributions in VVF3 seedlots from clonal orchards (SNP analysis, Bouffier et al.

2017).
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Figure 4. Relationship between female flowering precocity and pollen contamination rate of 24
maternal genotypes (f) from the Vaquey clonal seed orchard. SNP data for calculating the pollen
contamination rate (Bouffier et al. 2017) were obtained from seedlots harvested in fall 2014 (pollination
in spring 2013). Female flowering precocity of each maternal genotype is estimated from the mean
developmental stage of strobili at the time of observation (this work, all 2015 and 2016 data from the 3
clonal seed orchards investigated).
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Surprisingly, we did not find any significant difference in pollen contamination rate of the precocious
and late genotypes for female flowering (Figure 4). This could theoretically result in phenological shifts
with pollen emission period by foreign (outside orchard) source trees. A slight trend towards lower
pollen contamination of early genotypes is however detected and should be further investigated.

As expected, male flowering intensity could partly explain the heterogeneity of paternal contributions
to VF3 seedlots as revealed by the SNP analysis (Figure 5). Most paternal genotypes with high or
intermediate male flowering intensity showed greater propensity to contribute to seedlots. As no
significant relationship could be detected between paternal contributions and the number of ramets per
clone in clonal seed orchards (Bouffier et al. 2017) it is suggested that reproductive success is more
related to flowering capacity of progenitors than to orchard structure.
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Figure 5. Relationship between paternal contributions to seedlots and male flowering intensity of 45
genotypes from the Vaquey clonal seed orchard. SNP data for calculating the paternal contributions
(Bouffier et al. 2017) were obtained from seedlots harvested in fall 2012 and 2014 (pollination in spring
2011 and 2013, respectively). Male flowering intensity of each paternal genotype is estimated from the
density score of male strobili at the time of observation (this work, all 2015 and 2016 data from the 3
clonal seed orchards investigated).

Conclusion and prospects

Flowering phenology and intensity of progenitor trees in clonal seed orchards are still largely unknown
but could be critical to understand the mating structure (especially heterogeneity of paternal contribution)
and how it affects real genetic gain in commercial seedlots. Our preliminary study shows that flowering
traits of progenitors could be estimated in a fairly robust way by cross-observation of 3 clonal seed
orchards established in contrasting pedo-climatic conditions over 2 seasons. Overall rankings of
genotypes are in good accordance with observations in the three orchards and highlight the genetic
control of these flowering traits. Further analyses are needed to better estimate the phenology and
intensity of flowering and avoid putative observation bias of selected progenitors. Beyond the flowering
process, it would be useful to collect data on pollen viability, compatibility and/or competitiveness
among progenitors as another main component of reproductive success in clonal seed orchards.
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