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ALTERNATE ORCHARD DESIGN FOR COASTAL DOUGLAS-FIR 
AN APPROACH FOR IMPROVING GENETIC EFFICIENCY 

INTRODUCTION 

~aximizing genetic potential of orchard seed is based on several assumptions, most of which 
are seldom achieved. All orchard parent trees must contribute equally and selfing, inbreeding and 
contamination must not occur. To a large extent, selfing and inbreeding are not a problem becauie of 
the number of parent trees in the orchard and pollen production is generally not limiting (in mature 
orchards). 

The most demanding orchard requirement for coastal Douglas-fir is balancing parental 
contribution and reducing the negative genetic effect of contamination. Intensively managed orchards 
are currently using a combination of orchard cooling and SMP. All of the Douglas-fir seed orchards 
on the Saanich peninsula use overhead sprinkler systems to slow reproductive development relative to 
that of surrounding contaminating stands. Although yearly variation can be expected, a considerable 
proportion of the crop will be protected by orchard cooling. 

SMP has also been demonstrated to be an effective technique for improving the genetic 
composition of orchard seed but its success is highly dependent on the extent of the pollen cloud it 
must compete with. Because SMP can not compete successfully with high pollen cloud densities, its 
application has been restricted to early orchard production and in the early and late stages of 
phenological development when pollen production is limiting. 

Under current orchard design, SMP will not meet the potential benefits that were originally 
proposed. In theory, pollen added supplementally should have at least the same opportunity to 
fertilize receptive seed cones as non-SMP pollen (assuming pollen viability is high and application 
technique is effective). Pollen management techniques have been developed that include protocol for 
storing pollen to maintain high viability, the optimal time to pollinate, and effective application 
procedures. Why then are we not having the kind of success SMP should deliver? 

Our biggest problem in SMP delivery includes tree size and location. We know phenological 
behaviour is more variable in large trees (crown position and aspect). This requires more visits to the 
tree to complete an SMP treatment. Second, phenological behaviour between ramets of the same 
clone is less variable. This means that ramets of the same clone will flower roughly at the same time. 
In conventional orchard design, ramets are randomly assigned and located throughout the orchard. 
Tl-~us, the problem of pollinating the tree several times is compounded by increased travel time. 
Finally, efficient pollination of large trees is not possible when branch growth is allowed to become 
excessively leggy. On such trees the seed cone crop is spread along the branch and not localized for 
easy access. 



DEVELOPMENT OF A DOUGLAS-FIR MICRO ORCHARD 

New Zealand (see Ross and Webber 1991) has pioneered the development of new orchard 
concepts including both "Hedged" and "Meadow" orchards for radiata pine. In the Hedged orchard, 
stocking is at a density of about 500 stems per hectare (sph) whereas in the Meadow orchard, 
stocking is about 5000 sph. In both, ramets are pruned as required to maintain crown's within 2 m. 
The Hedged orchard stresses crown development before cone induction begins whereas Meadow 
orchard ramets are induced the year after establishment. The projected life of a Meadow orchard 
trees is about 5 years compared to about 15 years for a Hedged orchard. 

Douglas-fir should be as amenable to this approach because it is naturally more fecund and 
responsive to cone induction technique than is radiata pine. However, for Douglas-fir, we have little 
experience with crown pruning regimes (height or form) or optimal spacing of trees. Our approach to 
answering these questions is to establish a research, clonal-row orchard using the "Hedged" orchard 
concept with two pruning regimes. The pruning regimes are not intended to hedge the trees but 
rather manage the crowns to facilitate both the application of pollen management (i.e., SMP) and crop 
protection/collection. We are calling this design and approach is a Douglas-fir "Micro" orchard. Our 
objective is to develop this Micro orchard concept to facilitate the production of genetically elite 5eed 
crops for advanced generation breeding material. 

ORCHARD DESIGN 

The basic design and layout is shown in Figure 1. The orchard is divided into four blocks, 
each consisting of the same 20 clones and each represented by a single row of 6 ramets (i.e., 24 
rametdclone). Tree spacing within rows is 2.5 m and between rows is 4 m. Spacing between clones 
within a row is 3 m. 

Two crown-pruning regimes are being imposed in each of two blocks. In the first regime, 
ramets are top pruned to 2 m. The remaining major whorl branches are expected to turn up creating 
a bowl-like form around the bole axis. The intent of this pruning regime is to form a cone-bearing 
surface of shoots with a high potential for cone production both on the interior and exterior surfaces 
of the bowl. The second crown pruning regime is more traditional. Tops are removed as required to 
keep the ramets below 3 m. Vigorous laterals are removed to prevent excessive spread of the crown 
and some interwhorl branches will be removed to keep the crown structure open. It is our intent, at 
least initially, to reprune biennially to maintain trees at the desired height and form. 

Irrigation and cooling are being considered as adjunct treatments. Instead of supplying all 
services for water underground, we have chosen to supply these services overhead. In addition t s  
lower installation costs, the overhead approach allows for ease of access for servicing and future 
modifications to the system as required. In addition, rootpruning treatments will not be interfered 
with. Both irrigation and misting systems will be controlled electronically and be activated from pre- 
programmed schedules and monitored meterological data (temperature, humidity, wind). 



STOCK 

Douglas-fir scions were collected from 7-year-old progeny material and grafted in 1985186 at 
Cowichan Lake Research Station. In 1987188 the grafts were moved to the Koksilah Seed Orchqd at 
Duncan and planted in a holding bed at a spacing of 1.5 x 2.5 m. Progeny performance after 12 
years was re-evaluated and the top 42 clones were allocated to Bowser. Of the remaining clones, 20 
were selected in early March 1991 based on number of rarnets available (minimum of 24 with no 
early signs of incompatibility). 

In March 1991, the average height of selected trees ranged between 3-4 m. All rarnets within 
the selected 20 clones were root pruned on four sides (60 cm from the bole) to a depth of 40 cm 
using a Bob Cat equipped with a ripper blade. The effectiveness of this procedure varied. When the 
trees were lifted in the fall that a number of very large lateral roots had not been severed. 

Crown pruning was also done in March 1991. Half of the 24 rarnets per clone were severely 
top pruned, removing about half of the crown. The other half were lightly top pruned in which the 
leader and vigorous lateral shoots were removed. 

ORCHARD ESTABLISHMENT 

Details associated with lifting, transporting and planting the orchard site are giving in the 
Following establishment report prepared by Painter and Hollefreund (1993). 

* 

Site Selection 

Two sites were considered at the Ministry of Forests, Saanich Seed Orchard. One was 
located east of the office (upper site) and the other at the former Amabalis fir holding area (lower 
site) southwest of the office. Both sites were approximately 0.75 hectares. The soil texture in both 
areas consisted of a thin layer of black soil, approximately 10-15 cm deep, followed by moderate to 
heavy clay. Both sites had standing water on them when first assessed. 

Several soil samples were collected from both sites in late April and taken to the Pacific 
Forestry centre for soil analysis. Pythium was abundant due mainly to the poor water drainage. It 
was not considered a risk because it is non-pathogenic. The upper site also contained two other 
cultures, possibly Phytophthora. 

Both sites are prone to frost but the upper site was considered to be somewhat less susceptible 
because of its gradual slope. In late March, 1991 a temperature monitoring station, using a Campbell 
CR21X micrologger, was set up at each site. Sensors were placed at 1 and 2 m with air temperature 
being monitored every 30 minutes. For each 24 hour period, a daily maximum and minimum 
temperature was calculated and plotted for the period including March 27 to May 13, 1991. On 
average,the lower site was slightly (1-2" C) warmer. The southwest site was selected because it was 
slightly larger and warmer as well being located further away from the existing orchard and 
contaminating stands. 



Site Preparation 

The soil texture of the southwest field was very hard and compact with very little organic 
matter. Drainage was poor and frequently had areas of standing water. Based on the 
recommendations of Mr. Erich Schulz (Agriculture Technologist) for the B.C. Ministry of 
Agriculture, Soils and Engineering branch, the following site preparation was completed in July, 
1991: 

- about 15 cm (about 1200 m3) of firhemlock fine wood chips was added across the site to 
add organic matter; 

- a Farm Field Drainage plough was used to deep-rip the site to a depth of 1.5 m in a north- 
south direction and 2 m deep in an east-west direction; the ripping rows were 3-4 m apart; 

- after ripping, eleven rows of big "0" drainage pipe (10 cm) were laid 4 m apart and 1.2 m 
deep running in a north-south direction; and, 

- finally the site was lightly cultivate to smooth out large chunks and seeded to a cover crop 
(see composition below). 

The drain lines were directed towards an existing ditch running from east to west at the north 
end of the site. Two previously existing drain lines that ran east-west through an adjacent field were 
also tied into the new drainage system. The site was then cultivated in two directions and planted in 
late July with the following cover crop (35 Kgha). 

10% - Annual rye grass 
15 % - Perennial rye grass 
20% - Kentucky blue grass 
5% - Highland bentgrass 

45% - Creeping red fescue 
5% - White clover 

This grass mixture corresponds to the current cover crop in use at the Saanich seed orchard. 
following sowing, surface irrigation lines were installed to supply water to the cover crop. 

Pre-Planting Preparation 

Pre-planting preparation began at Saanich with the laying out and staking of the site. 
Positions were also marked for the installation of large 5 m wood poles (driven 2 m into the ground) 
intended for a cable network designed to support an overhead misting and irrigation system. The 
installation of the poles as well as underground services for water, power and computer cable were all 
completed prior to planting. 

Final selections of ramets were based on size, uniformity, health, and graft compatibility. 
Ramets within each of the two pruning regimes were randomly assigned to each of two blocks. Trees 
were marked with colour coded tags to indicate block. Lifting, staging, transportation and replanting 
were organized on this colour design. Following discussions with both Gary Clarke and Chris Walsh, 
both experienced with lifting large trees, arrangements were made to organize the necessary 
equipment to lift, transport, and replant the trees. 



Lifting began on October 8, 1991 using a truncated (70 cm) tree spade powered by a Bob-Cat 
(Model 843). The trees were lifted out of the ground using the spade and then placed in wire baskets 
(International Wire Co. product: B.C. Ministry of Forests Basket #28) lined with jute bags (120 x 125 
cm). The wire baskets were tightened with a crimping tool and secured at the top with 1.5 cm 
strapping. The trees were then removed from the field and placed in a staging area in preparation 
for transport. 

The lifting and planting of trees was done using medium size farm tractors. Large hooks 
were welded to the bucket of one tractor and to the lifting forks of another. This permitted the 
attachment of a cable device for the removal of the trees. This cable consisted of a large ring and 
four 0.6 cm cables with snap hooks. The cables were attached around the upper edge of the wire 
basket. The ring was placed on the hook of the tractor and the trees were raised out of the ground 
and transported to the holding area. The cables were about 3 m feet long, sufficient to ensure that 
either the bucket or the forks did not damage the crowns of the trees while being moved. The trees 
were laid out in order prior to transport in a large open area close to the holding area. The root-balls 
were kept moist in the interim by means of a sprinkler system. Lifting was completed on October 12 
(See Table 1 for a complete breakdown of dates and times). 

0 

Starting on October 15 the trees were shipped using trucks supplied by MoF Vehicle 
Transport. A 40 ton tractor trailer flat-bed and a 25 ton flat-bed truck, both equipped with 'HIAB' 
lifting arms, were used to move the majority of trees to Saanich. A 3 ton dump truck and 2 pick-ups 
were also employed. The large flat-beds had plywood sides that kept the trees secure during travel. 
The 'WIAB' lifting arms were initially employed, along with the ring assemblies, to load the trees 
onto the trucks. However, this proved to be very slow and one of the ring assemblies was shortened 
and a tractor was utilized for loading. Movement of trees, during lifting, transport, and planting 
resulted in some broken branches and scored boles but in general this proved to be minimal. 
Transportation to Saanich was completed on October 19. 

A large field was available, close to the planting site, where the trees were staged and laid out 
in groups prior to planting. The Tree Spade was again used to dig the holes for replanting the trees. 
However, it was necessary to widen these holes with hand shovels as the root-balls did not totally 
keep their shape during handling and transport. Trees were lowered into place using the tractors as a 
ground crew levelled and partially secured the root-balls. The trees were fully backfilled with soil 
and watered-in following the transplant. Replanting was completed between October 21 and October 
25 and the backfilling was finished on October 30, 1991. This entire procedure resulted in trees 
being out of the ground from 9 to 18 days. 

Weather conditions during the transplant operation were dry with moderate to cool o 

temperatures. This facilitated the procedures, equipment handling, and the time taken in making the 
operation a technical and logistical success. The trees appeared relatively dormant as judged by the 
lack of pitch or resin given off during handling. We are optimistic that tree survival will be high as 
great effort was made to protect the trees. 
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Table 1: Establishment of the Miniaturized Douglas-fir Orchard at Saanich Seed Orchard. Dates and 
Human Resources. 

Procedure Man hours Crew size Date started Date completed 

Lifting " 292 8 October 8 October 12 

Transport 272 8 October 15 October 19 

Planting 160 5 October 2 1 October 25 

Backfill 42 4 October 28 October 30 

Pre-Dig 
Holes 

24 2 October 13 October 19 

Totals 790 October 8 October 30 



Table 2: Establishment of the Miniaturized Douglas-fir Orchard at Saanich Seed Orchard. Cost 
Estimates. 

ITEM 

Tree Spade and 
Bob Cat Rental 

Tractor Rentals 

Transportation 

Wages (lifting 
and planting crew) 
Wire Baskets and 
Jute Bags 

Site Preparation 
Drainage, Ripping 
Sawdust 

Utilities Installation 
Power, Water, Cable 

Poles and Installation 
Engineering Fees 

Root Pruning 

Ring Cable Assemblies 

Totals 

ESTIMATED COST ACTUAL COST 

3,000.00 nil 

3,200.00 nil 

12,000.00 nil 

13,480.00" 1,600.00 

2,750.00 2,750.00 

3,100.00 3,100.00 

500.00 nil 

* Based on FT 2 Wage scale 



Table 3: Pollen Viability of selected clones from the Douglas-fir Micro Orchard (1992). Percent 
germination (by class) using 10B20P media (48 h) and 16 h at 100% RH preconditioning. 

* 

Clone % MC %Class 1 % Class2 % Class3 % Class4 %Class1+2 


