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"Container systems, or fm that matter, any other new refor- 
estation technique must yield biologically acceetable results 
as well as be amenable to mechanization." 

Abstract 
Canada's western provinces must develop n e w  

reforestation techniques if forest management i s  
t o  be intensified, and if forest renewal i s  to  keep 
pace w i t h  the  accelerated rate o f  harvesting. T h e  
challenge can be me t  if labor productivity i s  sig- 
ni f icant ly  increased through mechanization of  
planting. Container planting methods can  im- 
prove manual planting performance and pro- 
vide the basis for  ultimate mechanization. 

Container planting methods as developed in 
Canada m a y  be defined as re f  orestation systems 
whereby tree seedlings are grown, transported 
and planted in small containers. Several types, 
sizes and shapes o f  containers are being investi- 
gated but ,  for reasons o f  economy in bulk and 
weight,  all are characterized b y  a t i ny  soil capac- 
i t y  usually not  exceeding three cubic inches. The  
small size and u n i f o r m  shape o f  container-grown 
seedlings permits manual planting rates t w o  to  
three t imes faster t han  those possible b y  mattock 
planting conventional bare-root nursery stock. The  
principal biological advantage o f  container meth-  
ods i s  the  capability of protecting the seedling and 
delivering it t o  the planting site w i t h  all o f  i t s  
roots intact and viable. 

Large-scale container field trials are underway 
in all four provinces, but  few conclu~ive  results 
are yet available. Deficiencies in containers or 
techniques t ha t  have come t o  light are being over- 
come. A s  biologically acceptable methods emerge, 
e f f o r t s  should be channelled toward developing 
equipment f o r  automating and mechanizing both 
the  nursery and planting phases. 

La plantation en godets 
dans I'ouest cmadien 

Pour intensi f ier  la  mise e n  valeur des forets,  
e t  assurer leur renouvellernent a u -  mdme ry thme 

'This paper was !prepared for the Canadian Council of Resource 
Ministers as background material for the Forestry Seminar, 
held in Winnipeg, November 25-27, 1970. 

que leur exploitation, les provinces de I'Ouest de- 
vront  de'velopper de nouvelles techniques de re- 
boisement. Cet objectif ne  pourra dtre atteint que 
s i  la productivite' de la main-d'oeuvre est accrue 
par une  me'canisation des techniques de planta- 
tion. Les  me'thodes de plantation e n  godets peu- 
vent  ame'liorer le travail manuel et servir de base 
d une  me'canisation plus pousse'e. 

Les me'thodes de plantation e n  godets mises au  
point a u  Canada peuvent &re de'finies cornme des 
syst8mes de reboisement qui consistent a pro- 
duire, transporter et planter des semis dans de 
petits godets. Des godets de divers genres, dimen- 
sions et formes  sont ii I'e'tude, mais  pour des rai- 
sons d'e'conomie, de quantite' et  de poids, t o w  ces 
godets ne  contiennent qu'une faible quantite' de 
terre n'excddant pas 3 pouces cubes. L a  petite 
dimension e t  I'unif ormite' des semis plante's e n  
godets permet un ry thme  de plantation manuelle 
de 2 d 3 fois plus rapide que par la me'thode tra- 
ditionnelle de plantation des plants de pe'piniare, 
d l'aide de la pelle-pioche. Le  principal avantage 
biologique des me'thodes de plantation e n  godets 
est d'assurer la protection de toutes les racines 
d u  semis lors d u  transport e t  de la transplanta- 
tion. 

Des essais sur une  grande e'chelle de la me'thode 
de plantation e n  godets sont e n  cours dans les 
quatre provinces de l'ouest, m i s  jusqu'd pre'sent 
o n  n e  possBde que peu de re'sultats concluants. 
Certains de'fauts des godets et certains problBmes 
techniques, porte's & notre connaissance sont e n  
voie d'dtre corrige's. A mesure que I'on congoit des 
procdde's qui ame'liorent le faeteur biologique, les 
e f f o r t s  devraient &re dirige's vers I'automation 
e t  la me'canisation de toutes les phases de la plan- 
tation. 

The Challenge 

The rate of forest harvesting in Canada's west- 
ern provinces is expanding rapidly. If present har- 
vesting levels are to be sustained or increased, 
forests will have to be renewed at a rate far exceed- 
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ing present-day operations. Trends of mechanized 
harvesting and of intensified forest management in 
the foreseeable future indicate that more and more 
of our cutover lands will have to be restored 
promptly by artificial means. Renewal by planting 
can ensure adequate stocking of preferred species 
at controlled spacings. Conventional planting prac- 
tice has remained virtually unchanged for decades. 
Manual planting of the usual bare-root stock pro- 
duced by forest nurseries is a labor intensive oper- 
ation which offers little scope for increasing labor 
productivity. But significant gains must be achieved 
in labor productivity if planting programs are to  be 
expanded commensurate with forest resource 
needs. Rising labor costs and the scarcity of social 
capital available to forestry operations only accen- 
tuate the urgency for developing planting methods 
with the potential capacity for huge gains in produc- 
tivity. 

In many other fields, including forest harvesting, 
productivity has kept pace with costs through 
mechanization. If tree planting operations are to be 
even sustained at present levels, let alone expanded, 
they too must be mechanized. 

Container planting systems can quickly increase 
manual productivity, and can provide the basic tech- 
nology required for mechanizing the whole planting 
process. Container systems, or for that matter, any 
other new reforestation technique must yield biolog- 
ically acceptable results as well as be amenable to 
mechanization. Biological performance can be some- 
what compromised if productivity gains are large 
enough, but it cannot be ignored. 

Most of the container research and development 
activity in the western provinces is presently di- 
rected toward devising biologically acceptable meth- 
ods. Few trials have reached the conclusive stage, 
but preliminary results are encouraging enough to 
continue further development. 

I The Methods 

Characteristics of Canadian container systems 

Container planting is a broad term covering vari- 
ous methods of growing trees from seed in con- 
tainers and transporting and planting them with the 
container still shielding the root mass. A slight, but 
significant modification excludes the last step where 
the container is removed immediately before field 
planting. Many plants, including trees, have been 
grown in containers of many kinds for centuries; this 
aspect is not new. What is new, particularly in Ca- 
nadian forestry, is the exploration of acceptable 
means of growing and transplanting large numbers 
of trees in tiny containers having soil capacities of 
from one-half to  three cubic inches. The reason for 
this approach relates wholly to economic consider- 
ations rather than biological desirability. There can 
be no doubt that a larger tree can be grown in a 
larger container, but the tiny containers are dictated 
by factors of soil cost and weight, transportability 
and plantability. By this very definition one finds that 
most Canadian containerized systems have two fea- 
tures in common: trees produced are easily and 
cheaply planted, but their size is small compared 

with that produced in conventior~d~ Iluraerres. 11 1s 

this smallness in stock size that conflicts with the 
trend in conventional planting practice of growing 
and planting a larger and larger seedling. Although 
the stock is young and small, container-protected 
seedlings can be delivered to the planting sites with 
all of their roots intact and healthy. 

Basic systems 
The interest in the use of small containers in 

reforestation programs was stimulated over a dec- 
ade ago when Walters devised a bullet-shaped con- 
tainer designed for mechanizing the planting process, 
and McLean demonstrated that tube-protected ger- 
minants could survive as well as much older and 
larger bare-root planted trees. McLean's method 
was quickly developed by the Ontario Forest Serv- 
ice into a full-scale operational program. A number 
of other container types and sizes are being studied, 
but most testing under way uses one of three basic 
container approaches. 

Ontario tubelings 
The container is a simple extruded and slit styrene 

tube measuring 9/16 inch in diameter and threc 
inches in length. After loading with soil and sowing, 
successive crops of young pine and spruce are 
grown in greenhouses during the summer months. 
Seedlings are from six to ten weeks old wher 
planted. Planting is usually continuous throughoui 
the frost-free season. 

Walter's bullet 
This container is specially designed and manuff 

tured to aid planting. The rigid casing permits a or 
step planting process. The bullet is manufactured 
injection moulding of styrene. Several sizes ha 
been tested. but the one in common use is 4 
inches long with an inner diameter of % inch. See 
lings can be grown in this type of container for 
least one growing season without excessive rc 
binding. Various tools called planting "guns" ha 
been devised to increase planting speed and tc 
demonstrate the mechanical potential of the systerr 

BCICFS Styroblocks 

Containers protect and shape seedlings for ez 
of handling and planting, but there is no evidence 
show that the container is of any benefit to i 
seedling after the tree and container are in ' 

ground. By contrast, most evidence demonstra 
that the container is deleterious to  the tree af 
planting. Styroblocks are simply modular tapeL 
cavities for protecting and shaping the roots. Th 
seedling or root "plug" is extracted and planted fre 
of any container constraint. Seedlings must be larg 
enough to form a firm, but unbound root "plug", t 
permit efficient dibble planting. The method is relt 
tively new; the first large-scale trials were on1 
started on the west coast in 1970. It can be antic 
pated that potential planting productivity gains 
be somewhat less than those provided by bullets 
tubeling methods, but the system does have gre: 
biological acceptability than most other methc 

Only one size of foamed styrene has been ma 
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factured. Each tapered cavity is one inch in diameter 
at the top and 4% inches in depth; its maximum soil 
capacity is 2% cubic inches. Seedlings approaching 
the size and quality of two-year-old conventional 
nursery stock can be grown in this soil volume. 

Growing methods 
The small size and close spacing of containers 

allows the whole nursery operation to be com- 
pressed, compared with conventional nurseries. The 
nursery can be located wherever climate and water 
supply are suitable. A compact nursery permits the 
use of relatively expensive facilities such as green- 
houses. Thus growth rates can be maximized 
through control of environment and nutrition. Crops 
can be scheduled more precisely and flexibly. Soil 
used in most container trials are various blends of 
sterilized peat, vermiculite and sand. Reproducible 
soil media are desirable. Optimal nutrition is main- 
tained throughout the growing cycle by supplying 
soluble fertilizers through overhead watering or sub- 
irrigation systems. 

Strict adherence to good sanitation procedures, 
and environmental manipulation can reduce weed, 
disease and other pest problems to a minimum. 

Although container growing can reap the benefits 
of precise controls, many old, and some new prob- 
lems have to be solved. If problems arise in a com- 
pact nursery, their effects can be much more 
disastrous than in an extensive conventional nurs- 
ery. Many of the problems developed are the result 
of inexperience. Even where precise care can be 
prescribed, the native skill, or "green thumb" ability 
of the nurseryman can mean the difference between 
crop success and failure. 

Often container plantation failures can be ascribed 
to deficiencies in the size or thrift of seedlings rather 
than to  container characteristics, planting techniques 
or site quality. The importance of stock quality to 
plantation success cannot be overstressed. 

Regional Progress and Status 

Alberta 
The Alberta and Canadian Forestry Services, in 

cooperation with North Western Pulp and Power 
Limited and the Provincial Department of Agricul- 
ture, have been engaged in testing, developing and 
producing container stock since 1962. The program 
has progressed to the stage where approximately 
three million seedlings are planted annually on public 
and company lands. 

After testing a wide variety of containers, includ- 
ing Walters' first 2%-inch bullet, a system was 
developed around a %-inch version of the Ontario 
tube, and growing and planting methods similar to 
the Ontario system. For the most part, ten-week- 
old seedlings are greenhouse grown, cold frame 
hardened and outplanted from June to September. 
All tubelings are manually dibble-planted. 

The company operation is an excellent example 
of the progress possible in adapting new technology 
to  a specific operation when free enterprise is pro- 
vided with tenure incentives, technical support, and 
corporate leadership. 

The S ~ d l t :  UI L I I ~  Gurr lwlnea  HIDerra programs 
large enough to provide the most realistic contain 
cost and productivity data in the west. Productivi 
gains in the Provincial projects are not as great as 
anticipated, but improvements are being made as 
experience accumulates. The company has mini- 
mized costs by using pay incentives made feasible 
by container methods. 

Survival results have been considered satisfactory 
at levels between 60 and 80 per cent. However, 
growth rates during the first several years after 
planting have been slow. Lodgepole pine has per- 
formed well on some sites, but the growth rate of 
white spruce on low quality sites has been unac- 
ceptable. As a consequence, foresters associated 
with both the industrial and the public container 
programs are searching for means of improving 
growth performance. Approaches investigated in- 
clude design of a more biologically suitable con- 
tainer, and improvement of nursery techniques to 
produce seedlings with maximum survival and 
growth characteristics. 

Saskatchewan and Manitoba 
Both the Saskatchewan and the Manitoba Forest 

Services have patterned their container methods 
after the Ontario and Alberta tubeling systems. 
Trials in Saskatchewan have been underway since 
1967, with close to one-half million trees now in the 
ground. The Manitoba testing program was begun 
in 1969 when the first 100,000 eight-week-old tubel- 
ings were grown and planted. On the basis of 
acceptable survival levels, it is expected that testing 
programs will be expanded in these provinces. 

British Columbia 
The program underway in British Columbia dif- 

fers from that in the other three western provinces 
in two basic respects. Firstly, with the lead provided 
by Walters, evidence continues to mount supporting 
his contention that bullet-grown and planted seed- 
lings are not only capable of high survival rates, but 
that initial growth rates can be very rapid on highly 
productive coastal sites. The second difference is 
the greater age and size of container seedlings being 
planted in west coast projects compared with most 
other tubeling practices. The mild coastal climate 
reduces the need for expensive growing facilities; 
shade houses and the normal growing season are 
used as much as possible to  produce container 
seedlings comparable to one-year conventional nurs- 
ery stock. New techniques make it possible to grow 
seedling of this size and age without excessive root 
binding in the container. 

Besides Walters' experiments, the first extensive 
outplanting trial was attempted in 1965, when 
weeks-old germinants were outplanted in mid-sum- 
mer. Survival was so poor that more extensive test- 
ing was deferred until 1967-1968, when Provincial 
and Federal Forest Services cooperated with the 
Forest Industries and the University of British Co- 
lumbia in growing and planting 100,000 coastal 
seedlings. Since 1967, trials have been replicated 
and expanded to cover a greater variety of sites anc' 
species. The survival and growth rates of over 200,. 
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000 individually identified trees are being followed. 
Over 100,000 seedlings have also been used to  ga- 
ther planting productivity data, and to test new 
planting tools and techniques. 

Tubelings were tested in the 1967-1968 trials 
along with 2%-inch and 4Y2-inch Walters' bullet 
containers and 2 + 0 bare-root stock. A further 

. comparison was added to determine the effect of 
the container on the seedling after planting. Trees 
grown and transported in 4V2-inch bullet containers 
were extracted and dibble-planted free of any con- 
tainer-restraint. For want of a better term, these 
container-free seedlings have been indelicately de- 
scribed as "plugs". In order to keep the program 
manageable, the tube and short-bullet container 
comparisons were dropped after the 1967-68 trial. 
By contrast, the performance of "plug" seedlings, 
and the acceptability of the container-grown - 
container-free concept has been so favorable, that 
full-scale testing of seedlings grown in the specially 
designed "styroblock" was initiated in 1970. 

It has been demonstrated that manual container 
planting rates can be at  least doubled compared 
with mattock-planting of bare-root stock under sim- 
ilar conditions. But at this stage, cost and productiv- 
ity considerations are secondary to biological per- 
formance. Stress is being placed on developing 
methods of growing high-quality container stock, 
and learning where and when it can be successfully 
planted. 

Although initial results from the expanding results 
in British Columbia are encouraging, acceptance of 
containerization as an integral part of Provincial 
planting practice is contingent upon replicated sur- 
vival and growth measures over a wide variety of 
conditions. 

Synthesis and Forecast 

Even considering the Alberta production level of 
some three million trees per year, all container pro- 
grams in Canada's western provinces must be con- 
sidered developmental in nature. In every province, 
the potential advantages of containerization are rec- 
ognized - potentials in terms of reduced labor 
input, of cost per surviving tree, of extended or 
compressed planting seasons, of crop flexibility, and 
of improved growth performance. But major deci- 
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