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Introduction 
In 1993, a new project was initiated at the Direction de la 

recherche forestitre (DRF') to develop operational technolo- 
gy for the management of second generation seed orchards, 
including containerized and miniature field orchards. The 
main objective was to develop operational methods for con- 
trolled mass pollination. In 1999 and up to 2007, five new orchards 
will be established for the production of black spruce and white 
spruce seeds of the second generation. Intensive orchard 
management technology (clonal blocks, floral induction, 
pollen emasculation, pollination, pruning, etc.) still have to be 
developed for optimizing seed crops. 

The goal of seed orchards is to produce high quality seed 
that optimizes genetic gains from the breeding program and 
to be economically effective (Sweet 1995). Over the years, 
research has been aimed at trying to improve seed yields 
and genetic quality of orchard crops. Controlled pollination 
has great potential for increasing genetic gains by controlling 
the male parents and reducing the loss due to pollen contamination. 
The genetic gain anticipated from these second generation 
orchards will be significantly greater with controlled pollination. 
Resorting to artificial pollination is obviously more expensive 
than open pollination. Nonetheless, artificial pollination rep- 
resents a major issue since pollen constitutes half of the 
genetic makeup of the seed crop. In this paper, we present an 
overview of a research project in this area with emphasis on 
pollen management, pollination and seed production, and 
miniature seed orchard management through the use of shel- 
ter and windbreaks. 

Project Overview 
Growth Installations 

Research is conducted in eight tunnels and three open 
areas equipped with drip-irrigation to cultivate the 1 900 
containerized ramets of spruces and larches in pot-size of 16, 
28, or 60 liters. Three greenhouses are used for ramet prop- 
agation and subsequent growth. Spruce mini-orchards were 
field-planted in the nursery in 1994,1995 and 1997, representing 
1 300 trees and a total area of 2,O ha. All these installations 
are located at the Station forestitre de Duchesnay, formerly 
a provincial tree nursery. 

Material 
Black spruce, white spruce, and larch grafts have been 

grown in containers under intensive cultural regimes for 
rapid crown development, early flowering, and seed produc- 
tion. In 1997, two experimental miniature spruce orchards were 
planted in the field to test cultural practices and pollination tech- 

'Ministkre des Ressources naturelles du QuCbec, Direction de la recherche 
forestihre, 2700, rue Einstein, Sainte-Foy (Qukbec) GIP 3W8, Canada. 

niques. Norway spruce grafts 
have also been established in 
containers or in mini-orchards 
planted in 1994 and 1995 in the 
nursery. 

Cultural Regimes 
Containerized trees are drip- 

irrigated fertdkd using Nutricote 
and soluble fertilizers, with root- 
pruning and repotting every st6phon Mercier 
other year. Trees are cultivated 
in the open (full light) except 
during winter and early spring for 
pollination when they are kept in 
polyhouses (tunnels). Trees are 
grown to the desirable size, with 
pot size increasing up to 60 liters. 
Crowns are pruned regularly 
according to species require- 
ments. The mini-orchards are 
intensively managed through 
irrigation, fertilization, weed 
control, insect and disease con- Pierre Perinet 

trol, cultural practices (root confinement and pruning), and even- 
tually for flower production and controlled mass pollination. 

Plant Propagation 
Ratnets are usually propagated through grafting. In collabomtion 

with the Direction de la production des sernences et des 
plants and the Pkpinidre de Saint-Modeste, we developed a 
method where 10 to 20-year-old ortets of black spruce or hybrid 
larch (Larix decidua and L leptolepis) could now be successfully 
propagated through rooting of cuttings. This technique allows 
us to produce more ramets in a single harvest at an earlier stage 
than grafhng, and is more cost-efficient (Tousignant et al. 1995). 
For example, cuttings from selected trees in 10 year-old 
progeny tests of black spruce were rooted, repotted in 4 liter- 
pots, and will be used for the establishment of the second gen- 
eration operational seed orchards. 

Improved Seed Production 
Pollen Management 

Over the last few years at the Direction de la recherche 
forestidre, a prototype pollen aspirator was developed for har- 
vesting a large quantity of pollen in a short period of time. This 
device can recover and sift the pollen directly on the tree at 
the moment of pollen sac rupture. With this portable device 
the operator can harvest several hundred milliliters of ready- 
to-use pollen in less than an hour. If an electrostatic pistol is 
used, the pollen must be dried at 40°C for 4 hours before pol- 
lination. However, the device's yield is dependent on wind con- 
ditions; thus wind should be minimized during the pollen har- 
vest using a windbreak, or the harvest should be camed out 
on a calm day. 
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A pollen bank, established in 1988, provides long term stor- 
age of dried polIen. The storage techniques for pollen have been 
developed for spruce and pine (Mercier 1995a). Pollen of these 
species can be stored for at least seven years without any appar- 
ent change (Mercier 1995b, Colas and Mercier 1996) provided 
pollen has been dried to a moisture level of less than 10 %. To 
accomplish ths, three drying stages are necessary to eliminate 
free water within the pollen grains and any other water that may 
have entered when the pollen was bottled. The first drylng stage 
(30°C, 16 hours) causes the rupture of the pollen sacs, thus free- 
ing the pollen grains. The second drying stage (40°C, 4 hours) 
is usually enough to reduce moisture content in the microspores 
to about 5%. Finally, freeze-drying (soaking for 2 minutes at 
-196°C followed by freeze-drying at -65°C for 15 minutes) 
is necessary to eliminate moisture on the outside of the pollen 
grains and to vacuum-seal the 10 mL bottles which are stored 
at -30°C. 

Research has also concentrated on pollination methods to 
improve efficiency. Efforts have included the development of 
a portable model of the electrostatic pistol designed by 
CEMAGREF in France (Philippe and Baldet 1997). This 
device pulverizes the pollen in such a manner that a magnet- 
ic field is created between the pistol and the tree being polli- 
nated. The negatively charged pollen grains are strongly 
attracted to the tree, which is grounded. Because female 
flowers are more conductive than the trunk or branches, the 
charged pollen is concentrated on female inflorescence, which 
are coated uniformly due to the electrostatic coating effect. For 
the last three years, the results have been convincing. Under 
a shelter, it has been possible to get seed yields in white 
spruce of approximately 60 seedslcone, compared to the con- 
trols (i.e., a pollination syringe) which yield an average of 30 
seedslcone. Another advantage of this equipment is the small 
quantity of pollen required; on the average four times less pollen 
is used than by a conventional compressed air pistol. Research 
is currently being done to achieve adequate pollination with 
one application of diluted pollen per cone. This should reduce 
the volume of pollen required to a quarter of what is present- 
ly needed. 

FIower Induction 
The gibberellins GA417 are currently used in experimental 

seed orchards to induce flowering in black and white spruce. 
This treatment is particularly effective and, for the time 
being, we use it on a limited scale. In the future, we plan to 
inject more trees with GA417 to accelerate our pollination 
studies. However, it is important to note that these growth reg- 
ulators can cause severe stress to trees and that they are 
expensive. For the time being, cultural practices, including tree 
fertilization, root pruning, water stress, and crown exposure 
to light, appear to be a safer, far less expensive method. It is 
well known that nitrogen sigmficantly influences the number 
of cones produced, the number of ovules per cone, as well as 
the size of the seeds and cones. There is uncertainty concerning 
the effect of feridkation on perdition of female cones and research 
and development is being carried out on this subject. Another 
method of inducing flowers in spruce is to expose trees to flash- 
es of red light at night during the spring. This technique 
seems promising because it is inexpensive and does not seem 
to cause severe stress. 

Reproductive Biology 
Genetic diversity of trees in a seed orchard is much greater 

than one would find in a natural stand of trees that has cross- 
pollinated for centuries. In fact, seed orchards constitute an arti- 
ficial regrouping of trees from different origins in which we 
observe time differences in reproductive bud phenology. The 
spread observed in the orchards comes largely from that geo- 
graphical diversity. This spread could also increase the degree 
of difficulty and the costs of harvesting cones. This same phe- 
nomenon is equally observed in the level of pollen dispersion, 
in the receptivity period of the female inflorescence and in the 
opening of the cones at the end of the growing season. Studies 
have thus been started to evaluate the extent of this dspersion 
and to learn how to manage this phenomenon more ade- 
quately in order to reduce the costs of management as well as 
making the work easier without reducing the quality of the genet- 
ic material obtained. 

Seed Orchard Management 
For the second generation of genetically improved trees, two 

seed orchard models are currently being studied at the DRF. 
The first model uses a temporary shelter set up above the trees, 
while the second uses a windbreak system. It is essential to work 
out an orchard model that allows artificial pollination on a large 
scale in an economical manner and with the greatest genetic 
gain possible. 

The concept of sheltered seed orchards 
Work done during the last few years on this project clear- 

ly shows that a seed orchard layout in a tunnel combined with 
artificial pollination offers interesting opportunities for the man- 
agement of second generation orchards. These opportunities 
include: 

complete elimination of pollen contamination by using a poly- 
ethylene covering at the beginning of spring. This speeds 
up male and female cone development by 1.5 to 2 weeks com- 
pared to naiural pollen dlspersion. This increases genetic gains 
and lets the seed orchard be located anywhere, without con- 
cern about the composition of adjacent stands; 
significant reduction in the quantity of pollen needed for mass 
pollination with an electrostatic pistol; 
higher pollen yields using an aspirator as the covering 
eliminates any wind. In effect, one can harvest pollen or pol- 
linate at any time, even in rainy or very windy conditions; 
greater flexibility during pollination since it is possible to 
speed up or slow down the development of male and female 
cones so that interspecific crosses can be carried out, i.e., 
Larix decidua with L. leptolepis; 
greater ease in carrying out floral induction, protection, pollen 
harvest, pollination, and cone harvest since the ramets 
must have small dimensions; 
reduction of male and female cone loss because of freezing 
(especially wind chill) and bad weather; 
greater flexibility in the clonal mixture since stock management 
with containers lets one improve the genetic makeup of the 
seed orchard by adding improved selections as they become 
available (concept of evolving seed orchards); 
greater flexibility from the layout of the material since it is 
possible to regroup the clones by their genetic quality and 
by their phenological stage, thereby reducing the consequences 
of the dispersion of anthesis and, consequently, achieving 

182 MARSIAVRIL 1998, VOL. 74, NO. 2, THE FORESTRY CHRONICLE 

T
he

 F
or

es
tr

y 
C

hr
on

ic
le

 D
ow

nl
oa

de
d 

fr
om

 p
ub

s.
ci

f-
if

c.
or

g 
by

 M
in

is
te

re
 d

e 
l'E

ne
rg

ie
 o

n 
08

/0
3/

23
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



better management of pollination operations; 
the possibility to move the seed orchards under shelters onto 
unproductive land or near to a tree nursery where the per- 
sonnel and facilities can be used jointly, and; 
better growth control of the ramets. 
In addition, other opportunities may become more impor- 

tant with time: 
mass pollination inside a tunnel may help reduce the genet- 
ic loss due to inbreedmg because emasculation would be eas- 
ier to do and pollination efficiency would be superior com- 
pared to outdoors; 
insect control may be improved with the tunnels during the 
years in which cones are not harvested because the absence 
of pollination could result in the abortion of female cones. 
It is also possible to M e r  hasten the development of repro- 

ductive buds by leaving the cover on the tunnel for the whole 
winter as well as April and May. The presence of the cover both 
protects by limiting damage due to winter freezing and 
increasing the ambient temperature by eliminating the wind 
factor. However, research has shown that the cover should be 
removed immediately after female cones close so as to expose 
annual shoots to direct sunlight. Actually, we were able to show 
that the presence of a cover diminishes cone production the 
following year by reducing light exposure. Thus, it appears to 
be important to remove the cover immediately after the pol- 
lination period and to expose the trees to full light for the whole 
summer so as to favor the formation of male and female 
cones the following year. If the conditions are adequate, it is 
possible, with black spruce - and to a lesser degree with white 
spruce- to obtain an average production of cones after a good 
seed yield the year before. 

This type of management is particularly effective for 
improving genetic quality of seed crops. However, the costs 
of having several thousand containerized trees in conventional 
tunnels are significant. Noteworthy are the costs of the infra- 
structure needed for setting up the tunnels and winterizing, peri- 
odic removal of snow from the tunnels, forcing, pollination 
and floral induction, and a reduction of the production poten- 
tial of cones since the height of the grafted trees is limited by 
the height of the tunnels. Furthermore, this type of seed 
orchard requires the use of artificial pollination for seed pro- 
duction and intensive cultural practices. 

Using a Windbreak Network 
Windbreaks can significantly reduce wind speed and lead 

to localized micro-climates which can accelerate rarnet devel- 
opment by several days (Anonymous 1978, Guyot 1983). To 
accomplish this, windbreaks must be m g e d  in a specific fash- 
ion and be spaced at intervals between 50 and 100 metres. The 
desired objectives of this type of management is to speed up 
the development of female cones by several days, maintain low 
costs, and prevent pollen contamination. In addition, a plas- 
tic ground cover can eliminate competition and increase soil 
temperature. Furthermore, use of a windbreak sigmficantly reduces 
wind velocities, which increases the efficacy of mass pollination 
and of pollen harvesting using an aspirator system. 

To obtain desired results, windbreaks should be a maximum 
of 60 m apart in the north-south direction (Anonymous 1978). 
Moreover, the terrain should be sloped at least 1 % towards the 
south so as to favor the ramet's exposure to sunshine and to 

permit cold air to flow away during cold periods. The pres- 
ence of a natural stand or a mature plantation at least 100 m 
in size situated on the north side can also lessen north winds 
between the months of March and May. This is critical. 

The species used for windbreaks should conform to certain 
criteria. To prevent pollen contamination, the selected species 
cannot be the same as the species cultivated in the seed 
orchard. Even if the selected species are different from the one 
being cultivated in the seed orchard, it must not disperse its 
pollen during the receptivity period of the species in the seed 
orchard. This prevents spatial competition at the level of the 
ovule, competition that results from pollen blocking the open- 
ing created by the micropyle. Finally, the selected species should 
have perennial leaves (or a very dense crown) so as to have 
the maximum efficiency during the pollination period. 

Several studies have demonstrated the advantage of wind- 
breaks for fruit orchards (Anonymous 1978, Charii 1980, Guyot 
1983). In this way, this type of second-generation seed orchard 
management gives certain advantages compared with open- 
pollinated seed orchards and conventional seed orchards 
where one plans mass pollination. As well as having several 
of the advantages found with the temporary shelter system, the 
closely spaced windbreak system eliminates the costs associated 
with setting up the tunnel infrastructures and the annual set- 
up and take-down of the covering (significant costs). Moreover, 
this system lets one reach the full potential of cone production, 
as there is no limit to the height of the trees. 

Conclusion 
Seed orchards are likely to remain an important production 

method for genetic improvement programs provided they 
stay competitive (Sweet 1995). Economic effectiveness of inten- 
sive orchard management still needs to be demonstrated but 
the development of new techniques for pollen management, 
mass pollination, and seed production, including the use of a 
temporary shelter or windbreak, can enhance genetic quality 
through controlled pollination and management operations. 
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