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PREFACE 

Four years have elapsed since the Canadian Forestry Service 

began large- scale test ing o f  Walters' b u l l e t  system. With  'the in-  

val uabl e cooperati on o f  the 8ri ti sh Col umbt a Forest Servi ce Forest 

Industr ies and The University o f  Brittsh Columbia Research Forest, 

simulated p lant ing  production trials, experimental stock comparison 

planta t ions ,  and various p i lo t -sca le  nursery methods are being 'studied. 

Scope o f  the p ro jec t  has broadened t o  include performance and plant ing  

producti v i  ty o f  several other containerized or "protected" seed1 i ng 

methods as we1 I as bare-root plant ing  methods AI though growing and 

f i e l d  tes t ing  o f  container trees i s  the foundation o f  the B r i t i s h  

Columbia Region's program, many aspects o f  conta iner iza t ion  are being 

invest igated simultaneously under a series o f  distinct tasks. 

One o f  these primary tasks i s  a study o f  t h e  f i e l d  perform- 

ance of container  seedlings i n  the Coast Forest Region o f  B r i t i s h  

Columbia. This  report covers the three-year establishment period of 

that  task.  
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ABSTRACT 

s A ser ies o f  experimental plantations were 'establ ished over a 

variety o f  forest s i t e  types i n  southern Vancouver Island, B r i t f s h  

Columbia, t o  assess and compare the biological performance o f  the 4&= 

inch Mal ters I bullet, 44-1 nch "plug" and bare-root reforestat ion 

systems. 

planting. 

grown i n  4J5-inch bullets i n  outdoor shadehouses for the ful l  growing 

season before planting i n  the f a l l  o f  the re levant  year. The same 

stock was overwintered and outplanted a t  two dates i n  the same p l a n t-  

a t i o n  during the spring, thus covering three p lant ing  seasons; fall  s 

early-and late-spring. A11 plantations were rep1 icated over a three- 

Plug  seedlings were removed from the 44-inch bullet before 

Doug1 as- f i  r and western hem1 ock container seedl i ngs 'were 

year period, beginning i n  the fall o f  1967. Seedling performance was 

assessed annually. Because o f  the interim nature o f  the results ,sur- 

v i v a l  and height growth data over a three-year period are only ava i l -  

able from the first-year rep l i ca t ion .  Data from subsequent replications 

cover a correspondingly shorter i n t e r v a l  o f  time. Three years after 

planting, average survival o f  Douglas-fir plug, bare-root and bullet  

seedlings was 84, 80 and 68% respectively, a t  the  medium e l e v a t i o n  

areas. 

- 
-1__1--* - 

-_--_ 

For western hemlock, these respective f igures were 66, 29 and - 
I -- - 

.------- 56%. Removal o f  the container from the tree a t  the time o f  p l a n t i n g  

thus resulted i n  s i g n i f i c a n t l y  improved survival rates. T h i s  effect 

was l i m i t e d  t o  seedling survival as p lug  height growth was only 

slightly greater than t h a t  o f  bullet seedlings t h ree  years af ter  

planting. Season of plant ing  had a h igh l y  s i g n i f i c a n t  effect  on seed- 

l i n g  survival s maximum s u r v i v a l  usually resu l t ing  from f a l l  or early- 
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spr ing  plant ing.  Data on container seedling performance a t  the high 

elevations only cover the tvm-year Interval since planting The trends 

were generally similar t o  the medium elevation results but,  because o f  

. .  

lower s i t e  quality and the shorter growing season, overall f i g u r e s  for 

survival and growth were lotrer. 



INTRODUCTION 

Plant ing  o f  bare-root stock i s  the traditional system used 

for most a r t i f i c i a l  reforestation i n  the coastal forest region o f  

B r i t i s h  Columbia. Generally speaking, the  b i o l o g i c a l  performance of  

the system i s  satisfactory f o r  certain t ree  species and under a favor- 

able set o f  environmental and human factors. However, the overall 

cost  per surviving seedling in the bare-root system i s  a t  least $0.07 

per tree (Tunner, 1969, unpubl  i shed), whereas several container systems 

have indicated potential costs o f  $0.04 t o  $0.05 per  tree. Furthermore, 

o t  system is labor intensive t h r o u g h o u t ,  with  much less - 
I 

potential for  mechanization than i s  offered by several container sys- 

tems 

A great many di f f icu l t ies  are encountered i n  bare-root planting 

when favorab le  cond i t ions  do not e x i s t ,  and there i s  urgent need f o r  

improvement i f  reforestation targets are t o  be met, Recent innovations 

i n  t he  f i e l d  o f  reforestation include the semi- r i g id  container o r  

Ontario "tubeling" (Anon. 1967; MacKinnon, 1970), the rigid container 

o r  " b u l l  e t "  (Mal ters , 1969) , and the con tai  ner-grown or s tyro-pl ug 
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seedling presently being developed a t  the P a c i f i c  Forest Research Centre, 

V i c t o r i a ,  B.C. (Kinghorn, 1970; Vyse e t  a l a ,  S971). 

concerned wi th  f i e ld  test ing o f  the "bullet", " p lug"  and bare-root 

This project i s  

I 

systems over a range o f  f o r e s t  s i t e  types i n  the Coast Forest Region 

o f  B r i t i s h  Columbia. 

because this method i s  receiving adequate a t t e n t i o n  i n  o the r  regions.  

Testing o f  the "tubeling" system has been ' l imi ted 

The ' 'plug" seedling refers t o  a system wherein the t ree  i s  

removed from the  container i n  which i t  has been grown i n  the nursery 

and p lan ted  as a "plug" i n t o  a dibbled hole a t  the planting s i t e .  

Once planted, no physical restr ict ion i s  placed on the root  system 

as i s  the case when the tree and container a r e  p lan ted  i n t a c t .  Planted 

alongside b u l l  e t  seedl ings, the p l u g  seedl i n g  pemi t s  a val i d  biological 

appraisal o f  the container influence on survival, height growth and root  

development . 
P l u g  seedlings i n  this report have been grown i n  the 4+inch 

Ualters' bullet  and - not i n  the more recent innovation of the SC/CFS 

Styroblock (Matthews, 1971), 
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STUDY OB J E CT I V ES 

The pro ject  was original Iy designed t o  give the Mal t e r s '  

bullet  system (2% and 4% i n c h )  an object ive  t e s t  under realistic plan- 

t a t i o n  stresses. Tubelings, 2+0 bare-root and plugs were also  i n-  

cluded tu provide a b io log ica l  comparison. Early results led t o  a 

rev is ion o f  the original object ive,  the new goals being as follows: 

1 )  To establish a series o f  experimental  p lanta t ions ,  replicated 

over a variety o f  forest s i t e  types o f  British Columbia coastal 

condi t i o n s  , t o  assess and compare the b i o l o g i  cal performance o f  

the "bullet" ,  "plug" and bare-root r e f o r e s t a t i o n  systems. 

ations have been replicated for three successive years t o  cover 

annual weather vari a t i  ons The pri ncipal study sped es are 

Douglas-fi r (P~eudohuga  menzCuLi (Mirb. ) Franco) and western 

hemlock (7buga he;temphq& (Raf.) Sarg.) .  

Plant- 

ii) To assess the e f f e c t  o f  the seasun o f  p l a n t i n g  by employing 

t h r e e  planting dates ( f a l l  early-and l a te- spr ing)  a t  each exper- 

imental  p l a n t a t i o n .  

iii) To carry  out yearly assessment o f  seedling performance i n  t he  

experimental planta t ions over the i n i t i a l  three years following 

plant ing ,  w i t h  a f i n a l  assessment i n  the  f i f t h  year. 

be assessed will be s u r v i v a l ,  cause o f  in jury ,  cause of mortality, 

m i  crosi t e ,  seedling q u a l i t y  and h e i g h t  growth. 

Factors t o  

i v )  To establish a ser ies o f  "sa te l l i t e "  plantations, supplementary 

t o  the above, wherein a variety o f  f a c t o r s  a f fec t ing  container 
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seedling performance will be studied. This ohjective i .s secondary 

t o  the preceding three and wi'll only be covered b r i e f l y  i n  th i s  

report. 

SEEDLING CULTURE 

Container seedlings required for f i e l d  trials each year were 

grown a t  the Pac i f i c  Forest Research Cent re 's  nurseries i n  Victoria. Al- 

though the methods used every year were similar, several b a s i c  changes 

were b r o u g h t  about through the need t o  improve stock s i z e  and qual i ty .  

These changes were principally concerned with i r r i g a t i o n  techniques and 

fertilization and will be discussed later.  

Before seeding, the bullets were filled w i t h  C a l i f o r n i a  riCll 

soil  m i x  ( M a t k i n  and Chandler, 1957), e i t h e r  manually or wi th  an auto- 

mated shaker. 

Depending on the germinat ion capacity o f  t he  seedlot i n  use, one or two 

seeds were sown per container. 

f ine sand, which was supplanted a t  a l a te r  date by g ran i t e  grit.  

The l a t t e r  led t o  mure uniform compaction o f  the soil  mix .  

The seeds were then covered by a layer o f  

Following seeding, the con ta ine r  racks were e i t h e r  moved d i -  

rect ly  outside t o  the  nursery fac i l i ty  or maintained indoors i n  a heated 

chamber supplied wi th  a h i g h  l e v e l  o f  humid i t y  for a 4- to 8-day p e r i o d  

t o  facilitate uniform germinat ion o f  the seed. Sowing dates varied f rom 

year t o  year ,  ranging from mid-May in 1968 t o  early April i n  7970. 

I t  i s  w i t h i n  the area o f  the container nursery f ac i l i ty  and 

cultural treatments employed wi th in  it t h a t  the greatest changes were 

realized between 1967 and 1970. 

wooden frame structure covered w i t h  shadecloth y i e l d i n g  46% shade. The 

bullets sat i n  subirrigation tanks t h a t  p rov ided  the water and n u t r i e n t  

The i n i t i a l  container nursery was a 
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tu the seedltngs (Appendix A- 1).  Th is  basic system, together w?th a 

larger version (Appendix A- 2) was used. to grow the seedlings required 

for a l l  replications at the medium elevations and for the first and 

second replications at the high elevation areas. For the f i n a l  repli- 

cation a t  Meade Creek and Robertson River,  the seedlings were grown on 

pallets .in a shadehouse in which water and nutrlent was supplted by a 

top-watering irrigation system (Appendix A-3). Previous tests have 

proven tha t  the two basic systems provided ident ica l  stock quality. 

t h i s  fac i l i t y ,  shade was provided a t  the rate o f  30% and 46% for Douglas- 

f i r  and western hemlock, respectively. 

I n  

for the most par t ,  containers were not watered on a f i xed  

basis but as was required by the seedlings themselves. Thjs  usually 

meant i r r i g a t i o n  w i t h  water contalning n u t r i e n t  twice a week. Occa. 

sionally, i n  late July and August, thrice-weekly watering was required. 

With minor v a r i a t i o n s  fertilizers used remained p r a c t i c a l l y  the same 

from one year t o  the  next, the pr inc ipa l  annual d i f f e r e n c e s  being the 

rates and frequencies o f  application and the  t ime a t  whicb fertilization 

was begun 

During the f i  rst  year I s  nursery culture i n  1967, i t  was pre- 

sumed t h a t  there was s u f f i c i e n t  fert i l izer  i n  the  California ' IC" soil 

m i x  t o  s u s t a i n  sat is factory  tree growth through the growing season. 

This was not  the case, and led to the application o f  water soluble fer- 

tflizers t o  the seedlings i n  mid-summer. Trees grown i n  7967 were very 

small. Tree s ize  and qual i ty were greatly improved i n  subsequent years 

through earlier and more f r equen t  application o f  fertilizers. 
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All f e r t i l i ze r s  were highly soluble and were fed t o  the seed- 

lings through the i r r igat ion system. The g u i d i n g  principle was t o  

. supply the seedlings with high levels o f  n i t rogen  through mid-summer and 

t o  reduce nitrogen and increase potassium toward the end of t h e  growing 

season. 

purpose were the  P1 a n t  Products Ltd.1’ f e r t i  1 i zers 28-1 4-14 and 15-1 5-30. 

To reduce high s a l t  accumulation which became apparent i n  7968, these 

two f e r t i  1 izers  were usual l y  a1 ternated with ammonium nitrate (34-0-0) 

and ammonium sulphate (21-0-0). 

level i n  the soil  was avoided by heavy leaching w i t h  water a t  feast  once 

a month. Variations in t he  nursery techniques used have produced cor- 

The two commercial f e r t i l i ze r s  used almost exclusively for this 

B u i l d  u p  o f  fertilizer t u  any toxic 

responding changes i n  the quality o f  stock grown each year.  

i s  stressed because over the three-year replication period, not  only 

have climatic variations been encountered b u t  stock q u a l i t y  has a l s o  

varied.  

o f  t h e  resul ts .  Many o f  the procedures used i n  t he  container n u r s e r i e s  

over  the pas t  four years are i n  the preliminary manual prepared by R.G. 

Matthews (I971 ) a 

T h i s  p o i n t  

Such variation must be taken i n t o  account i n  the f i n a l  a n a l y s i s  

Photographic and dry-weight records were maintained o f  the 

seedlings produced each year for planting in the f i e l d  t r i a l s .  

s e n t a t i v e  photographs of stock grown between 1967 and 1969 are presented 

in Appendix 8. These i l lu s t r a t e  the annual improvement i n  s tock  quality 

brought  about by modification of  t h e  cultural techniques. 

mination and improved nutritional regimes have helped yield the larger 

Repre- 

Earlier ger- 

. 

- 1/ P o r t  Credit, Ontario. 
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and woodier plants .  Color and bud set o f  Douglas- fir has been vastly 

improved 

Container seed suurces were matched by locality and elevatton 

t o  their destined planting s i tes .  This  seed source was maintained f o r  

the full three-year replication period a t  each o f  the study areas. All 

seedlots are described i n  Table 1 .  

Table 1 .  Seedlots o f  container s tock used i n  the experimental 
p lanta t ions .  

Species Experimental B.C.F.S. Seedlot Source 
Area Regis t ra t ion  No. Description 

Douglas-fir Frank1 in % Z R i  ver 92F6/BZ/m/T.  5 Great Central Lake 

Copper Canyon 9267 3/B2/315/1.5 M t  . Prevost 

Meade and 92Fl/B2/327/2.5 Mt. Benson 
Roberts on 

Western hemlock Franklin River 92f4/B3/941/0.5 Tof ino  

Copper Canyon 92K5/B3/96O/O. 5 Sayward 

Meade and 92L8/83/959/2 3 Sayward 
Robert son 

-~ 

Bare-root stock was obtained from the B r i t i s h  Columbia Fores t  

Service nursery a t  Duncan. Where possible, seedlots were matched w i t h  

those o f  container stock. 
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STUDY AREAS 

toca t i on 

Experimental plantations have been replicated over  a variety 

o f  f o r e s t  s i t e  types o f  coastal B r i t i s h  Columbia condit ions and are 

pri nci p a l  l y  1 ocated wi thi n the Doug1 as- f i r and western hem1 ock zones o f  

southern Vancouver Island. This f a l l s  wl th in  the Southern Pacific Coast 

Sect ion, Coast Forest Region as described by Rowe (1959). The main 

centers o f  study a re  the medium elevation areas (500-1500 ft), a t  Franklin 

River  and Copper Canyon s i tua ted  on the west and eas t  coasts o f  Vancouver 

Island, respectively, and the high e l e v a t i o n  study areas (2,5004,500 f t )  

of Meade Creek and Robertson River (Fig. 1 ) 

J 

Physiography , Geol ogy and Soi 1 s 

The typical  l a n d  form throughout t ie study areas i s  one o f  
J 

small mountain ranges separated by deep, U-shaped valleys.  

mountain peaks o f  this general  area r ise t o  approximately 5,000 f t  above 

sea level. The mountain ranges themselves are generally 2,500 f t  in t h e  

Franklin R i v e r  area,  rising t o  an  average elevation o f  4,000 f t  above sea 

The highest 

level in the Copper Canyon, Meade Creek and Robertson River areas. 

Forest s o i  I s have been pri nci pa5 l y  devel oped from gl aci a1 ti 1 1 

These well-drained, stony, sandy and n o t  from bedrock parent material 

loam soils  f a l l  within t he  red-brown podzolic group which covers t h e  e a s t  

coast  section o f  Vancouver Island, under study. 

humid  climate o f  the wes t  coas t ,  true podzols occur (Anon., 1957). 

Generally so i l s  a t  tbe h i g h  elevations have a cont inuous and dis t inct  

podzol development (Day e t  a l . ,  1959). 

on the lower slopes t o  ve ry  t h i n  stony soil a t  t he  h i g h  elevations where 

In t h e  cooler, mure 

Soil depth v a r i e s  f rom a few f e e t  
J 
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outcrops o f  b a s a l t  commonly occur. 

S i  te  Descri pti on 

Sites selected for the experimental plantations were repre- 

sen ta t i  ve o f  each geographic 1 ocat ion 

was mostly even-aged Douglas-fir and western hemlock i n  the dry east  

and high elevation areas . Toward the west coast with i t s  increased 

prec i  pi t a t !  on and moi s ter s 1 opes the predomi nance o f  Doug1 a s 4  r 

declines (Anon. 1957) Here uneven stands o f  western hemlock and 

western red cedar occur. S i t e  index a t  100 years ranges from 90 on the 

high e levat ions  t o  160 on the lower slopes. 

Forest cover before 1 oggi ng 

Almost a l l  areas were 

logged and burned from one t o  three years befo re  planting. 

Although a few p lan ta t ions  are situated on level ground, the 

majority were established on h i l l  slopes ranging f rom 10 tu  50%. 

Typical conditions selected are illustrated i n  Figure 2 .  With in  each 

area, a range o f  aspects was chosen. 

Competition from vegetation two t o  three years following f i r e  

i s  generally not  severe. The principal competitive species a t  a l l  areas 

i s  fireweed (EpLtobium a ~ g u L L d u h  L . )  which i s  probably beneficial t o  

the establishment of tree species on the exposed southern aspects. Sword 

fern ( P o L q ~ a c h w n  muvti;lun (Kaulf .) Pres1 . )  and deer f e r n  (Blechnwn 

apLccuz;t: (L.) Roth) occasionally compete to  the detriment o f  tree seed-, 

/ 
-./-- 

7 

.- 

Y 

oist-l-wr slopes. Slash burning removes the  shrub 
-I--_ 

layer. Re-invasion occurs soon a f t e r ,  huwever, and the p r i n c i p a l  

species which severely compete w i t h  container seedlings are Sala l  

(GauRthhu n h d l a n  Pursh) and salmonberry ( R u b  apec;tabLU Pursh) a 

__-------- 

-z --- * -------__ ___------ I- - -- - -. . __._.--- 
--.-------- 



C1 imate 

The nearest approx imat ion t o  the  c l i m a t e  w i t h i n  the experi- 

. mental areas f rom 1967-70 i s  outlined in Table 2. 

Table 2. P r e c i p i t a t i o n  and mean monthly temperature a t  two representative 
s t a t i o n s  f o r  the exper imenta l  areas on Vancouver Island. 

Pachena Po in t  Lat. 48°43'N Long. 125°U6'W Elev. 150 ft. 

P r e c i p i t a t i o n  ( inches)  
Month 1967 1968 1969 1970 

Mean Monthly Temp. 
1967 1968 

Jan. 
Feb. 
Mar. 
Apr . 
May 
June 
Jul . 
Aug . 
Sept.  
Oct. 
Nov. 
Dec. 

25.0 19.5 12.9  11.3 
15.8 12.6 1 1 . 1  5.3 
14.1 15.5 14.9 8.5 
4.8 7.0 10.7 11.3 
3.9 3.2 4.8 3 .8  
1 .U 4.4 I .6 1.0 
2.0 2.8 1.3 3 . 2  
0.9 6.8 6.6 1.1 
4.6 9.6 13.0 8.9 

33 .3  24.1 8.0 10.2 
9.6 15.3 16.6 14.6 

19.3 f8 ,5 16.8 21.6 

42 
42 
41 
44 
49 
54 
57 
57 
57 
51 
46 
40 

40 
43 
44 
44 
51 
53 
57 
56 
54 
49 
46 
38 

33 
39 
42 
46 
52 
56 
55 
55 
54 
49 
46 
44 

~- 

40 
44 
43 
44 
48 
53 
54 
55 
52 
48 
44 
39 

134.3 139.3 118.3 100.8 mtn. 

Cowichan take Lat.  48'49" Long. 124 '08 '~  €lev. 580 ft. 

~ ~- 

Mean Monthly Temp. O F  
1967 1968 1969 ( I d 0  

Jan . 
Feb. 
Mar . 
Apr . 
May 
June 
J u l .  
Aug 
Sept , 
Oct. 
Nov . 
Dec. 

20.9 
7.9 

12.5 
2.9 
1.4 
0.1 
1 .o 
0.1 
3.6 

19.8 
6.6 

16.9 

22.6 
12.2 
12.0 
3.2 
1.9 
2.5 
1.3 
3 J  
3.4 
14.6 
13.4 
16.6 

13.6 
9.1 
8.9 
9.0  
2.9 
0.7 
0.6 
1.6 
7.6 
4.2 
6.0 

14.9 

9.9 
4.7 
6.2 

11 . 3  
0.9 
0.4 
1.1 
0.6 
3.7 
6.7 

10.6 
18.1 

38 
40 
39 
45 
55 
64 
65 
71 
62 
50 
44 
37 

36 
42 
44 
46 
54 
59 
66 
63 
59 
48 
43 
33 

36 
36 
42 
45 
56 
65 
65 
60 
59 
50 
43 
40 

37 
43 
43 
45 
52 
62 
65 
65 
56 
49 
42 
36 

93.7 106.8 79.1 74.2 pptn  I 
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Franklin River study area i s  about 18 miles northeast o f  

b 

Pachena Point. Cowichan take i s  the  nearest meteorological s t a t i o n  f o r  

the Copper Canyon and high elevation areas a t  Meade Creek and Robertson 

River. It must be stressed t h a t  these meteorological records only 

approximate the local conditions a t  the experimental areas which cover 

a wide altitudinal range. 

and Meade Creek are approximately 2,000 and 3,000 f t  above Lake Cowichan, 

respect ively.  

annual cl i mati  c v a r i  a t i  ons encountered, toge ther  w i  th the d i  s ti ncti ve 

p r e c i p i t a t i o n  gradient from the west t o  the eas t  coast o f  Vancouver 

Is 1 and. 

t 

The high e levat ion areas a t  Robertson River 

Nevertheless, t he  data  o f  Table 2 serve t o  i l l u s t r a t e  t he  

The low p r e c i p i t a t i o n  and warmer summer temperatures o f  

Cowichan lake are  c h a r a c t e r i s t i c  o f  the Doug las- f i r  region, whf le the 

much wetter and cooler summer climate o f  Pachena Point  i s  r e p r e s e n t a t i v e  

o f  the western hemlock zune (Table 3). These d i f fe rences  occur because 

the ra in- bear ing winds come from the P a c i f i c  Ocean, placing areas t o  the 

lee o f  the mountainous west  coast  o f  Vancouver Island under the influence 

o f  a rain shadow e f f e c t  (Chapman, 1952). The location o f  the  shadow 

appears t o  be qu i t e  variable, however, be ing  displaced t o  t h e  west 

during t h e  summer months (McMinn, 1960). This author ind ica tes  t h a t  

the  Nitinat Camp area, although receiv ing almost the same tota l  precip- 

i t a t i o n  as Pachena Point,  l i e s  within the  summer rain shadow whereby 

the June, July and August precipitation i s  h a l f  t h a t  o f  t h e  west coast .  

Gtith Franklin River l y i n g  between these two points ,  i t  can be assumed 

' t h a t  t h i s  exper imental  area will be sub jec t  t o  a mixture o f  coastal and 



Table 3. Selected climatic da ta  from the  two s t a t i o n s  covering the summer and winter months. 

Pachena Poi n t 

1 

1968 

1969 

1970 

S ta t ion  ----I- 

11969 

1970 

Preci p i  t a t i  on (i nches ) 
Total 

Summer 

14.0 

9.4 

5.3 

6.9 

2 .8  

2.1 

D i f f .  f rom 
normal 

+4.1 

-0.5 

-4.6 

+l .9  

-2.2 

-2.9 

I 1/ Summer: June, July ,  August 

I 2/ Winter: December, January, February. 

Summer- 11 Temp. (OF.) 

Mean 

55 

56 

54 

63 

63 

64 

D i f f .  from 
normal 

0 

+1 

-1 

+2 

+2 

+3 

2/ Winter- Temp. ( O F . )  

Mean 

41 

37 

43 

39 

32 

40 

D i f f .  from 
normal 

0 

-4 

+2 

+3 

-4 

+4 
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r a i n  shadow influences over the summer period. Summer fogs are also 

comon a t  Franklin River and can add considerably t o  the  amount o f  pre- 

c i p i t a t i o n  reaching the ground during the dry summer months (Anon. 1957). 

Fog, being associated w i t h  reduced sunshine and high humidity, cuts 

down the transpiration and evaporation losses from the soil . 
Snow does no t  l i e  on the ground for extensive perlods o f  t ime 

an the west coast and occurs intermittently during the winter at Franklin 

River. Winter temperatures are usually low enough i n  the Copper Canyon 

area from December t o  March for the precipitation t o  fall  as snow (McMinn, 

1960). A t  the high  elevation areas, snow cover i s  usually on t he  ground 

by early November and can remain on the north aspects until mid-June, 

although i t  has usually disappeared f r o m  the south slopes by the middle 

of  May. 

frost. 

As a result o f  t h i s  snow cover, t h e  soi l  i s  insulated against 

The mean monthly temperatures and t o t a l  monthly p r e c i p i t a t i o n  

encountered within the experimental area are outlined i n  Table 2 .  

Temperature extremes dur ing  the period under study, 1968-70, 

range from a minimum o f  14 F t o  a maximum o f  79 F on t h e  west coast.  

S imi lar  data f o r  the  Lake Cowichan area are 3 F and 93 F. 

vat iona l  differences must be taken i n t o  account when using these f i gu res .  

.The frost-free growing season a t  Franklin River, Copper Canyon and the 

high elevat ion  areas i s  approximately 200, 160 and 100-120 days,respect- 

i vely (Anon . ,1957) a 

Again ele- 
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FIELD TRIALS 

Main Experiment 

A t  each o f  the main study locations o f  Franklin River, Copper 

Canyon, Meade Creek and Robertson River, a set o f  experimental p l a n-  

ta t ions  have been established and replicated annually over a three-year 

period. The f i r s t  replication o f  plantations a t  Franklin River and 

Copper Canyon included several container categories ; namely, the 2%- and 

4+inch Halters' bullet ,  the  4k-inch p l u g ,  plus the $-inch Ontario tube. 

However, i n  line wi th  the revised objectives, only 4%-inch bullets and 

p l u g s ,  together w i t h  the 2+U bare-root stock, were included i n  the sub- 

sequent replications during 1968 and 1969. As the h igh  elevation areas 

were i n i t i a t e d  i n  1968, the experimental replicates include only bullets,  

plugs and bare- root .  

area per year are shown i n  Table 4. 

The numbers o f  p l a n t a t i o n s  and trees planted per 

W i  t h i  n each annual rep1 i cat ion,  three p l  a n t i  ng seasons were 

The approximate dates o f  t he  actual tested: fa l l  , early-and late-spring. 

p l a n t i n g  are g iven  i n  Table 5, a l t h o u g h  i t  s h o u l d  be noted t ha t  repli-  

cates a t  any given area were not  a l l  established on t h a t  given day. 

Since the f i r s t  o f  the plantations were established i n  the 

autumn o f  1967, three bas i c  designs have been employed. In the  f i r s t  

replication, a completely random design was used (Appendix C-1)- 

following year a s p l i t  p l o t  design was introduced (Appendix C - Z ) ,  this  

be ing  modified a t  the t h i r d  replication, as i l lus, trated i n  Appendix 

C-3. 

plots (containers) have n o t  been theoretically randomi zed. 

in t h e  design throughout t h e  three-year period were necessary t o  reduce 

The 

The l a t t e r  i s  basical ly  a split p l o t  design, a l t h o u g h  t he  sub- 

These changes 



c 

Table 4. Total numbers o f  trees planted per area per year in t he  main 
experimental plantations. 

Area Year Replication No. o f  - To ta l  No. 
Plantat ions Trees 

Frank1 i n River 1967-68 I 16 12,800 
Copper Canyon 14 11,200 

Sub-to tal  30 24,000 

frank1 i n River 1968-69 I1 
Copper Canyon 
Meade Creek I 
Robertson River 

8 3,000 
8 3,000 
4 1,500 
4 1,500 

Sub-total 24 9 ,000 

Franklin River 1969-70 I11 8 3,600 
Copper Canyon 8 3,600 
Meade Creek I 1  4 1,800 
Robertson Rive r  4 1,800 

Meade Creek 1970-71 111 4 1,800 
Robertson River 4 1,800 

Sub- to ta l  8 3,600 

GRAND TOTAL 86 47,400 
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Table 5. Dates selected for f a l l ,  early-and late-spring plant ings  i n  

the  experimental plantations. 

Area Fa1 1 Early Spr ing Late Spring 

'1: 967-68 

Fran k l  i n R i  ver 16 October 13 March 5 June 
Copper Canyon 23 October 25 March 28 June 

1968-69 

Fran kl i n R i  ver  21 November 9 April 8 Ju ly  
Copper Canyon 18 November 30 April 30 June 
Meade Creek 13 November 25 June 7 July 
Robertson River 14 November 29 May 16 July  

1969-70 

Frank1 i n  River 28 October I 4  A p r i l  27 May 
Copper Canyon 6 November 26 March 14 May 
Meade Creek 29 October 4 June 2 July  
Robertson Rive r  27 October 27 May 1 July  

1970-71 

Meade Creek 4 November 23 June 8 July 
Robertson River 3 November 26 May 7 July 
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the sire o f  the '  experimental plot ( p l a n t a t i o n )  from the large, exten- 

s ive  design of the 67/68 series tu the  more practical dimensions o f  the  

f i e l d  design used i n  1969 and 1970. 

homogeneity o f  the plots and greatly reduced the i n p u t  required i n  

p l o t  establishment, without  impairing subsequent analyses o f  the data. 

Such changes have improved the 

Throughout the four-year planting period, three basic  planting 

tools have been used: 

a) Guns - f o r  bullets 

b) Dibbles - for plugs and tubes 

c ) .  Mattocks - for bare-root stock 

Several modifications have been made i n  the design o f  the 

i n i t i a l  gun used, which was the 'Step Pedal 

Walters (1969). 

i t  was pushed i n t o  the  ground. 

stick" gun was developed by the Canadian Forestry Service which i nco r-  

porated a bullet-ripper. More recently, bullets have been planted w i t h  

the single-bullet Walters' gun, which i s  o f  a telescopic design and has 

cut t ing wheels for s p l i t t i n g  the bullet as i t  i s  p lanted (Vyse, 1970). 

With the sole exception of the  'Step Pedal '  Walters' gun, no specific 

differences i n  p l a n t i n g  quality o f  bullet seedlings are t o  be found 

d e s p i t e  vari a t i  ons i n  the p l a n t i n g  equipment employed. 

record o f  the p l a n t i n g  guns used i s  outlined i n  Table 6. 

type developed by J .  

T h i s  model had no ripper for splitting the bullet as 

To overcome this l i m i t a t i o n ,  a "walking 

A chronol ogi cal 
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Table 6 .  Guns used for bullet-planting i n  experimental and operational 

t r i a l s  - 1967-71 

Year P l a n t i n g  Seasons Bullet Gun Used 

1967 Step-pedal Mal ters (no 
ripper) 

1968 Spring and Fal l  CFS Walking Stick 

1969 

7 969 

1970 

S p r i n g  

Fa1 1 

S p r i n g  and Fall 

CFS Hal k ing  Stick 

Telescopic - Mal ters 
I t  $ 1  

1971 Spri ng II II 

~~ ~ 

Supplemental Studies 

Every year, i n  accordance w i t h  o b j e c t i v e  ( i v )  supplemental 

s tud ies  have been established t o  investigate various aspects outside t h e  

sphere of  reference o f  the  main experiment. 

i n  a series of "satellite" p l a n t a t i o n s  which cuver a much broader range 

o f  t h e  Southern P a c i f i c  Coast Section, Coast Forest Region (Rowe, 1959), 

than does t h e  main experiment. 

Victoria  Water Board, Muir Creek, P o r t  Renfrew and i lootka Island (F ig .  1 ) .  

These were established wi th-  

The plantations are located a t  Haney, 

Within these  44 experimental plantations containing a t o t a l  of 

25,700 t rees,  the following f a c t o r s  are  be ing  studied: 

a )  e f fec t  o f  stuck quality and s i z e  o f  container seedlings 

on subsequent survival and growth; 

fer t i l iza t ion  o f  con ta iner  seedlings a t  planting. 

e f f e c t s  o f  col d- hardeni  ng container seed1 i ngs on sub- 

b) 

c )  
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sequent surv i  Val through 

nurs ery ; 

d) survival and growth o f  S 

on Nootka Is land;  

e) e f f e c t s  o f  deer browsing 

cultural techniques i n  the 

tka spruce container seedl i ngs 

on the survival and growth o f  

container seedl i n g s ,  and 

f) root development o f  container seedlings 3 t o  5 years 

a f t e r  p l a n t i n g .  

All these s tud ies  yield  i n fo rmat ion  per t inent  t o  the t o t a l  

container program f o r  the region. However, as they are not  contained 

w i t h i n  the main experiment, the results o f  these separate invest igat ions,  

w i t h  the exception o f  study ' a l l  will be reported a t  a l a te r  date. 

Within the f i r s t  r e p l i c a t i o n s  at Franklin River and Copper 

Canyon, "small" stock was planted i n  pa i red  comparison wi th  the 

"regular" 4$-inch bullet stock. 

obta in  information on the e f f e c t  stock s i z e  and q u a l i t y  would u l t i m a t e l y  

have on t r e e  s u r v i v a l .  

Univers i ty  o f  B r i t i s h  Columbia Research Forest a t  Haney. 

1 ings d i d  not receive a d d i t i o n a l  f e r t i  1 i zer t h rough  the i rri gat ion  

system and were grown under t o o  much shade. 

raised in t h e  Victoria shadehouse, which prov ided  adequate light, and 

water-soluble fertilizers were added through t he  i r r i g a t i o n  system from 

mid-July onward. 

"regular" stock i n  t h e  4k-inch bullets were 6 and 9 cm, respectively, 

The ob jec t i ve  o f  this study ( a )  was t o  

The Itsmall" stock was grown during 1967 a t  the  

These seed- 

The "regular" stock was 

At p lan t i ng ,  mean heights o f  these ' lsmafl"  and 

for Douglas-fir and 3 and 7 cm, respect ive ly ,  for western hemlock. 
t 
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N o t  only d i d  the ' ' r egu la r"  s tock have g rea te r  h e i g h t  and dry mat te r  pro-  

duct ion,  bu t  the seedlings a l so  had g rea te r  needle- length and b e t t e r  

color ,  i n d i c a t i n g  s u p e r i o r  quat i ty  t o  t he  " m a l  1 I' s tock  from Haney. 

S imulated Production P l a n t i n g  

As p a r t  o f  t he  or ig inal  study o b j e c t i v e ,  l a r g e  numbers of con- 

t a i n e r i  zed t r e e s  were p l an ted  by experienced c o n t r a c t  p l an t ing  crews 

under s imu la ted  product ion cond i t i ons  du r i ng  1967 and 1968. 

purpose o f  these tri a1 s was t o  examine con ta ine r  p lan t ing  p r o d u c t i v i t y ,  

t o  t e s t  p lan t ing  tools  and con ta ine r  hand l ing  logistics. 

impor tan t ,  o b j e c t i v e  was t o  compare t h e  s u r v i v a l  and growth performance 

o f  these ope ra t i ona l  l y - p l a n t e d  t r e e s  w i t h  those planted by research 

personnel i n  the ad jacen t  exper imental  p l a n t a t i o n s  o f  the  main exper- 

The primary 

A secondary, bu t  

iment,  

p lan t ing  were staked fur  assessment.  

Fur  t h i s  purpose, 10,600 t r e e s  from the  simulated p roduc t i on  

F ind ings from t h i s  secondary t r i a l  are reported here in .  

Resul t s  f r o m  t h e  i n v e s t i g a t i o n s  o f  con ta ine r  p l a n t i n g  p r o d u c t i v i t y  and 

hand1 i n g  w i  11 be r epo r ted  separately. 

been. r epo r ted  (Arnot t  and Vyse, unpublished) 

Prel i m i  nary resul ts  have a7 ready 

FIELD ASSESSMENT 

Since the  f a l l  o f  1968, surv iva l  and h e i g h t  growth measure- 

ments have been made a t  t h e  end o f  each growing season on a l l  seed l ings  

p l a n t e d .  

have been assessed t he  f o l  towing sp r i ng  t o  eva lua te  ove rw in te r i ng  e f f e c t s .  

I n  a c e r t a i n  number o f  p l a n t a t i o n s ,  t r ees  p l an ted  i n  t h e  autumn 

In add i t i on  t o  surv iva l  and he igh t  growth data,  t he  following 

v a r i a b l e s  have been noted per seedl ing :  cause o f  m o r t a l i t y  or i n j u r y ,  
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degree o f  f r o s t  heaving, microsite, seedling v i g o r  and degree o f  shade. 

These data are transcribed t o  computer .tapes f o r  processing and anal - 
yses. The i n i  ti a1 p r i  nt- out  provides percentage survi Val and mean 

height per line per plantation,  together w i t h  a complete record o f  the 

assessment data  for every seedling. 

which has been replicated over a three-year period a t  Franklin River, 

Copper Canyon, Meade Creek and Robertson River, have been subjected to  

Data from the  main experiment, 

analyses o f  variance t u  determi ne the s i  gni f i  cance o f  d i  fferences ob- 

tained among container types % p l a n t i n g  seasons and plantat ions by species 

fur each year's replication a t  a l l  f ou r  locations. Due t o  the wide 

range i n  percentage surv iva l  arcsin dpercentage transformation was 

used f o r  a l l  analyses. 

RESULTS 

Mal n Experiment 

For the medium e l e v a t i o n  areas a t  Franklin River and Copper 

Canyon, survival by s p e c i f i c  planting season fur the 4 H n c h  bullet ,  

the 4+inch plug and 2+0 bare-root seedlings i s  presented for Douglas- 

fir and western hemlock i n  Figures 3 and 4,  respect ively.  These data 

are based on rep l i ca t ions  over th ree years and, f o r  those plantations 

which were established i n  1967, the  results encompass tree s u r v i v a l  

over the  three subsequent years o f  assessment. Those plantations estab- 

lished i n  1968 and 1969 have only been assessed tw ice  and once, respect- 

i vely. 

Following analyses o f  variance, Duncan's multiple range t e s t s  

o f  survival means f o r  each year are incorporated i n  Figures 3 t o  8, 
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where applicable. 

the most recent survival da t a  available from each replication. 

These tes ts  are indicated symbolically and apply tu 

Thus for 

replicate I a t  Franklin River ( F i g .  3 ) ,  the range test  i s  indicating the 

significance of differences i n  survival among the three categories, three 

years a f t e r  planting. 

dicates significant survival differences among the three categories two 

years and one year a f t e r  planting, respectively. 

For replicates I1 and H I ,  the  range t e s t  i n -  

Survival o f  Doug1 a s- f  i r container seedl i ngs a t  the medi urn 

e leva t i ons  compared favorably with bare-root s tock  (Fig. 3 )  . The over-  

a l l  trend has been plugs > bare- root  > bullets.  Three years a f t e r  

plant ing,  average survival o f  Douglas-fir plug, bare-root and bullet  

seedlings was 84, 80 and 68%, respectively. 

respective figures fur  the f a l l  and early spring plantings only,  were 

66, 29 and 56%. Overall performance o f  b o t h  species was greater a t  

For western hemlock, these 

Franklin River where s i t e  was more f avo rab le  t o  t ree s u r v i v a l  and growth.  

Removal o f  the  container from the Douglas-fir seedling a t  the time o f  

planting resulted i n  significantly h igher  survival rates f o r  plug seed- 

lings over those planted i n  bul lets ,  particularly a t  Copper Canyon where 

s i t e  conditions were mure limiting. 

vival was consistently greater than t h a t  o f  bullets,  al though the differ-  

ence was usually insignificant. Mortality o f  bullet  and p l u g  seedlings 

has continued into t h e  t h i r d  year after  planting. 

Western hemlock p l u g  seedling sur-  

S u r v i v a l  d a t a  f o r  t he  high elevation areas a t  Meade Creek and 

Reobertson River are presented i n  Figures 5 and 6. 

elevation, climate and soil  type are common t o  both  locations, s u r v i v a l  

and height d a t a  for the two areas have been combined. 

Due t o  the  f a c t  t h a t  

No results are 
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ava i lab le  for the third-year r e p l i c a t i o n  a t  Meade and Robertsob as . 

t h i s  was only completed i n  July, 1971. - Bullet and plug seedl ing sur- 

v i v a l  trends were s i m i l a r  t o  the medium e levat ion areas but, because 

o f  much lower s i t e  q u a l i t y  a t  Meade and Robertson, overall f igures 

were lower. Plug seedling survival has been s i g n i f i c a n t l y  greater 

than t h a t  o f  b u l l e t s  for both species. 

The in f luence t h a t  the p lant ing season has had on the sub- 

sequent survival o f  b u l l e t ,  p lug  and bare-root stock i s  illustrated 

i n  Figures 7 and 8. Data are not shown for  the fall p lan t ing  o f  

western hem1 ock i n 1968 because container stock was no t  avai 1 able . 
Maximum survival f o r  Douglas-fir and western hemlock general ly  resu l ted 

from f a l l  or early-spring p lan t ing  a t  a l l  experimental areas. I 

The re la t ionsh ip  between seedl ing survival and aspect i s  pro- 

vided by Tables 7 and 8, where combined surv iva l  o f  b u l l e t ,  p lug  and 

bare-root seedlings i s  presented ' f o r  each plantat ion.  Although s i t e s  

were not always homogeneous w i  t h i n  each annual rep1 i c a t i  on northern and 

eastern slopes general ly  produced s i g n i f i c a n t l y  higher survival ra tes  

than south and west aspects a t  most locations, except Frank l in  River. 

Reasons for this w i l l  be discussed i n  a later section. No Duncan's 

m u l t i p l e  range t e s t  o f  p lan ta t ion  means was conducted i n  the  f i r s t  

r e p l i c a t i o n  f o r  b u l l e t ,  plug and bare-root seedl ing s u r v i v a l  as o ther  

container categories were included i n  these plantat ions.  

Mean he ight  growth has been averaged from the three p lan t ing  

seasons a t  Franklin River and Copper Canyon where three-year data are 

ava i lab le  and t h i s  information i s  presented graph ica l ly  i n  Figure 9. 



Table 7. Combined s u r v i v a l  o f  Douglas-fir bullet, plug and bare-root seedlings by plantation as related 
to aspect (1 970 Assessment) . 

Area Rep1 icat ion-  No. of 
Year Established Plantations 

% survival by Plantat ion  
(letter ind icates  aspect) 

Fran kl i n River  r -67 
11-68 

Copper Canyon 

Meade and 
Robert son 

- - - - - - - - - - - - - 

8 73N J7SE 77NE 77s 78N 79SE 80E 84d' 
4 55N 56s 61N 62s' 

I 11-69 4 76s 78s 87N 88N 

1-67 7 67W 70N 70N 77N 79N 79N 8d' 

11-68 4 50s 56s 61E 62E 

I 11-69 4 53s 58s 67N 69NE 

1-68 

11-69 

4 74N 74s 75s 86N 

4 45s 50NW 51s 71N 

- 1/ No Duncan's Multiple Range Test ava i l ab le .  

- 2/ Means underscored by same line are not s i g n i f i c a n t l y  different at the 5% level. 

' I  

N 
"P 

I 
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Table 8. Combined survival o f  western hemlock bullet, plug and bare-root seedlings by plantat ion as 
related to aspect (1970 Assessment) 

Area Rep1 i cation- NO. O f  % survival by plantation 
Ye:ar Es tab1 i shed P1 antations ('letter indicates aspect) 

Frank1 i n R i  ver 1-67 36E 37W 37NE 41E 44N 47W 50E 5 0 a  
8 

11-68 4 47s 54s 54s 54GI 
68N 72N 76s 79s 

1-67 7 36N 39W 50N 51N 

4 I 11-69 

Copper Canyon 57N 57N 67d' 

Meade and 
Robertson 

H-68 . 

1.1 1-69 

1-68 

11-69 

24s 25s 31E 53E 

48E 48s 52s 65N 

4 

4 

4 36s 52W 60NE 62E 

4. 30s". 36NW 44s 57N 

I 

N cn 
I 

- 1/ No Duncan's Multiple Range Test available. 

2/ Means underscored by same line are not significantly different a t  the 5% level. - 
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I .  

Although t h i s  simply  underlines the  obvious f a c t  t h a t  t h e  2+0 bare-root 

stock i n i t i a l l y  had an a d d i t i o n a l  y e a r ' s  growth over  the  con ta ine r  cate- 

gories i n c l uded  i n  t h e  comparison, t h e  histograms do illustrate the  f a c t  

t h a t  growth rates o f  b u l l e t  and plug seedl i ngs  compared favorably w i t h  

ba re- roo t  stock. 

than t h a t  o f  b u l l e t s .  

was almost  t w i c e  t h a t  o f  Copper Canyon, reflecting t h e  more f avo rab le  . 

growing condit ions o f  the west coas t  o f  Vancouver Island. 

growth a t  t h e  h l g h  elevations was less than t h a t  o f  Copper Canyon, the 

graph clearly i n d i c a t i n g  t h e  s i t e  g r a d i e n t  between the  main study areas. 

Details o f  percentage s u r v i v a l  and a v e r a g e  he igh t s  for the  two 

Average height  o f  plug seedlings was always g r e a t e r  

Height growth o f  a l l  categories a t  Franklin River 

Seedl ing 

con ta ine r  ca tego r i es  and 2+0 bare- roo t  s tuck  are given by locat ion,  

species,  yea r  o f  es tab l i shment  (i .e. 

i n  Appendix  D. 

r e p l i c a t i o n )  and p l a n t i n g  season 

I n  the  fo rego ing ,  no mention has been made o f  the f a c t o r s  

caus ing i n j u r y  and seed l i ng  m o r t a l i t y  and t h e  e f f e c t  t h a t  m i c r o s i t e  has 

on s u r v i v a l  and growth. 

later  reports. 

These i n v e s t i g a t i o n s  w i l l  be the  s u b j e c t  o f  

Supplemental Study 

The e f f e c t  t h a t  s tock  q u a l i t y  and s i z e  d i f f e r e n c e s  have had 

on bullet s u r v i v a l  i s  shown i n  Table 9. Al though these r e s u l t s  i l l u s t r a t e  

the e f f e c t  t h r e e  years  af ter  p l a n t i n g ,  t h e  t r e n d  was ev iden t  from t he  

beg inn ing  o f  the  t r i a l .  

l o c a t i o n s ,  s u r v i v a l  o f  t h e  "smaf1" s tock  was two- th i r ds  t h a t  o f  t h e  

" r e g u l a r "  category. 

t o  s i x  times g r e a t e r  than the  sma l l e r  category.  

For Doug las- f i r  a t  bo th  east  and west  coas t  

S u r v i v a l  o f  "regular" western hemlock stock was two 
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Table 9. Fer cent survival o f  Douglas- f i r  and western hemlock'three 

years after  plant ing  i n  44-inch bullets using two sizes o f  
stock . 

(I) West Coast (Frankl in River) 

1 

Stock Fall .- 1967 
Size 

Douglas- Western 
f i  r heml ock 

1 Small 46 22 

1 
Regular 68 48 

PLANTING SEASONS 

Early Spring - 1968 

( i i )  East Coast (Copper Canyon) 

Dougl as- Western 
fir heml ock 

44 27 

71 56 

Small 

Regular r 

Late Spring - 19681 

Dougl as- Western 
fir hem1 ock 

! 

40 19 

58 7 

47 9 29 14 58 29 

74 59 71 59 66 17 

The t rend reversal f o r  la te  spring planted western hemlock 

was due t o  the combination o f  ''regular" stock deterioration and "small" 

stock improvement in the nursery before the late spring p l a n t i n g  in 

1968. 
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S i  mu1 a ted Production PI a n t i  ng 

Three-year s u r v i v a l  da ta  for Douglas-fi r and western hemlock 

p roduc t i on  t r i a l s  a t  t h e  medium e leva t i ons  are shown i n  Figures 10 and 

11 respectively. I n  every instance, s u r v i v a l  o f  t h e  p r o d u c t i o n- p l a n t e d  

s t o c k  has been compared w i t h  i t s  equ i va len t  container ca tegory  i n  t he  

ad jacen t  experimental p l a n t a t i o n s .  The dif ference i s  presented below 

each histogram. 

One o f  t h e  more encouraging aspects o f  the Copper Canyon r e -  

s u l t s  has been the low mortality o f  the 4k-inch Douglas- f i r  bullet seed- 

l ings  which was 10, 7 and 2%, respec t i ve l y ,  over  the  f i r s t  three years 

a f t e r  p l a n t i n g  ( F i g .  10). The f a c t  t h a t  the Copper Canyon D o u g l a s- f i r  

has had b e t t e r  s u r v i v a l  from p r o d u c t i o n  rather than exper imenta l  p lan-  

t i n g s  i s  a r e f l e c t i o n  o f  s i t e ,  r a t h e r  than p l a n t i n g  crew d i f fe rences .  

The opposi te  e f f e c t  a t  F r a n k l i n  R i v e r  i s  a l s o  s i t e- i nduced  and 

not due t o  the d i l i g e n c e  o f  research personnel a t  p l a n t a t i o n  e s t a b l i s h -  

ment. A I  though ad jacen t  t o  the  exper imenta l  p l o t s ,  t h e  p roduc t i on  

p lan t i ngs  cover extensive areas. S i t e  d i f f e r e n c e s  are encountered, 

yie ld ing t h e  responses i n d i c a t e d  in Figures 10 and 11. 

Two d i s t i n c t  areas were chosen fo r  t h e  f a l l  and s p r i n g  pro- 

duction p l a n t i n g s  a t  both areas. A t  F rank l j n  R iver ,  the  exper imental  

and ope ra t i ona l  f a l l  p l a n t i n g  s i t e s  were in such close p r o x i m i t y  t h a t  

large s u r v i v a l  d i f f e r e n c e s  d i d  not  e x i s t .  However, the  spr ing- p lan ted  

exper imenta l  p l o t s  were predominant ly  on fresh, lower  s lopes w i t h  t he  

p roduc t i on  p l a n t i n g s  cover ing t he  much drier slopes above. Th is  has 

r e s u l t e d  i n  poorer survival from the  production p l a n t i n g  in t h i s  i n -  

stance. The f a l l  p roduc t i on  t r i a l s  a t  Copper Canyon were l oca ted  much 
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Simulated 
Production 

further uphi 1 1  than the experimental plantat ions . Thus, they ‘tended 

t o  avoid the severe erosion tha t  af fected the research plots and.also 

bene f i t ted  from the  edge e f f e c t  o f  the standing timber on the upper slopes. 

Th i s  relationship between production and experimental results 

was n o t  solely restr ic ted to the medium elevation areas. Comparisons at 

Meade Creek and Robertson River indicated a similar si tuat ion a t  the hjgh 

Expe r i menta 1 
PI antations 

elevat ions (Table 10) .  Any wide d i f fe rences that arose resulted from s i t e  

and not from differences i n  planting quality. 

Area 
1969 

Meade Creek -% Su rv i va l  81 
Average H t .  (cm) 7.1 

Robertson River % Survival 75 
Average H t .  (cm) 7.1 

Table 10. Comparison of survival and height  o f  Douglas-fir seedlings 
planted i n  4+inch bullets i n  simulated production and 
experimental plantations a t  the high elevation areas. 

I970 1969 1970 

73 77 68 

10.0 8.5 11.2 

50 68 63 
8.8 8.5 11.9 

Considering t ha t  s i t e  has created the respective negative and 

positive difference a t  the medium and h igh elevation areas, i t  can be 

concluded t h a t  no major differences should result i n  the survival o f  

bul let-pl anted trees whether planted by research personnel or regular 

contract  crews. 

the  results from a l l  experimental p lo ts  covered i n  t h i s  r epo r t  when 

they are taken as guidelines f o r  container p l a n t i n g  programs i n  the  

British Col umbi a Coastal Region. 

This i s  a very important po in t  as i t  adds credence t o  
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DISCUSSION 

Only the  results of the main experiment will be' discussed as 

data from the supplemental study and simulated production t r i a l s  have 

a1 ready been adequately covered 

The discussion will be divided i n t o  f o u r  sections t o  cover the 

two t ree  species a t  the two elevations. Each section wi l l  c o n s i s t  of 

four parts. The f i rs t ,  headed "Containers and bare- roo t"  deals wi th  -the 

survi Val differences encountered among the bul l e t ,  plug and bare-root 

categori es . The second d i  scusses the i n f  1 uence t h a t  the three p l  an ti ng 

seasons have had on seedling survival. The t h i r d  covers the effect  of 

aspect on seedling survival, and the f o u r t h  compares he igh t  growth o f  

the  bull e t  p l u g  and bare-root seedl ings, three years a f t e r  pl  a n t i  ng . 

Doug las- f i r  - Medium Eleva t i on  

Containers and Bare-root 

Discounting the low bullet  and p l u g  seedling survival i n  the 

second replication, plugs have almost consistently out-performed bo th  

bare-root and bullet  categories a t  Copper Canyon over the t h ree  annual 

replications ( F i g .  3 ) .  

- I 

- -_ -_~-------- - -  

Thesgiffg-rences are n o t  nearly so well de- 
<- ---_ 

fined a t  Franklin Rive r  where conditions are -__---_I_ more favorable --- for t r e e  
_ _  ___I_- ---- -_--- 

/-- ---- 

growth. 

the  container categories. 

conditions are more limiting, such as a t  Copper Canyon, root  p r o t e c t i o n  

Here bare-root has generally proven equal t o  or b e t t e r  t h a n  -_ - __ ___ I -- 

This suggests t h a t ,  where s i t e  and climaticaf 
- - - - - -  

through containerization has helped yield b e t t e r  survival. To elaborate, 
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bullet and plug seedlings do n o t  have their root systems appretiably 

d i  sturbed a t  plant ing  whi ch i s  markedly d i  f ferent from the bare-.root 

p l a n t i n g  method. As a result, the container trees suffer less plant ing  

check and, i t  i s  assumed t h a t  this factor,  on somewhat more limitlng 

sites w i th in  the medium-elevation range, results i n  b e t t e r  container 

seedling survival over 2+0 bare-root stock. 

Mhere such s i t e  l im i ta t ions  do not  e x i s t ,  such as a t  Franklln 

River,  the larger 2+U stock survive favorably w i t h  plug seedlings, 

a1 though this difference may no t  always be statistically s i g n i f i c a n t ,  

as i nd i ca ted  in Figure 3 .  

by studying the mortal i ty t rend o f  bul l e t ,  p’l ug and bare-root seed- 

1 i ngs over the three-year period within the f i r s t  rep1 i cate a t  Frankl 1 n 

Rive r  and Copper Canyon. 

River was low and had almost ceased three years after p l a n t i n g ,  g i v i n g  

the 2+0 stock a superior performance ra t ing  over the plug system. 

However, a t  Copper Canyon, the plug seedl ing ,  with i t s  undisturbed 

root  system has proven superior t o  the bare-root category t h a t  was 

Verification o f  t h i s  assumption can be found 

In i t i a l  bare-root mortality a t  Frankl in 

init ial ly subject t o  higher mortality. 

As the survival o f  bullet seedlings has usually been lower 

than t h a t  o f  plugs,  i t  can be concluded t h a t  the  restriction placed on 

the  root system by the bullet has been detrimental t o  survival. 

The general s u r v i v a l  pattern o f  container-grown trees in 

relation t o  2+0 stock a t  the medium elevations has been plugs > bare-  

root > bullets. Three years a f t e r  establishment, average survival 

o f  D o u g l a s- f i r  plug seedlings from the  three p l a n t i n g  seasons a t  
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bo th  east  and west coast l o c a t i o n s  was 84%. Th is  compared favorably.with 

the  s u r v i v a l  average o f  80% fur 2+0 stock. 

Reference was i n i t i a l l y  made t o  low surv iva l  o f  Doug las- f i r  

bullet and plug seedlings i n  t h e  second r e p l i c a t i o n  a t  the medium 

e l e v a t i o n s  (Fig. 3). Th is  d i d  n o t  result from particularly adverse 

c l ima t i c  condit ions immediately fo l lowing plant ing,  but  was due t o  root  

dieback o f  Doug las- f i r  con ta ine r  seed l ings  i n  the nursery during t h e  

winter o f  1968-69. 

noticed i n  the seedlings a t  t h e  t ime  o f  p l a n t i n g  and was only detec ted  

by the unusually high m o r t a l i t y  registered a t  t h e  f irst  assessment. 

the  in te r im,  between early-and l a t e - s p r i n g  p l a n t i n g  o f  t h a t  year, s u f f i -  

cient root regeneration had taken place i n  t h e  t r e e s  remain ing i n  the  

container nursery so t h a t  survival r a t e s  were remarkably h i g h  in face  

o f  condit ions o f  heat and drought  stress encountered a t  t h e  l a t e r  

p l a n t i n g  da te  o f  mid-june. 

The severe nature o f  the actual dieback was not 

In 

Th is  i s  not an i s o l a t e d  occurrence o f  w i n t e r  root  dieback o f  

container-grown Doug las- f i r .  

a t  t h e  B r i t i s h  Columbia Forest Serv ice  con ta ine r  nursery a t  Duncan 

(Matthews, 1971 ). 

causes o f  the problem. 

I t  has a r i sen  under similar circumstances 

Research i s  c u r r e n t l y  underway t o  i d e n t i f y  t he  

Season 

Al though an analysis o f  variance has not  been conducted on 

the  bullet ,  p lug  and bare-root s u r v i v a l  da ta  alone f r o m  t h e  f i r s t  y e a r ’ s  

r e p l i c a t i o n  a t  Franklin R i v e r  and Copper Canyon, the  means from a l l  

th ree  p l a n t i n g  dates d i d  n o t  d i f f e r  grea t ly  from one another ( F i g .  7 ) .  
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From t h e  second and t h i r d  years' replications, significant dif ferences 

occurred. However, w i t h  the exception o f  Copper Canyon, survival .from 

f a l l  and late-spring plant ings do not  appear t o  be too divergent. Had 

i t  not been f o r  the moribund state  o f  the bullet seedling's root system 

i n  the early s p r i n g  o f  1969 and the severe'drought conditions o f  the 

1970 growing season (Table 3 ) ,  i t  i s  probable tha t  the survival from 

the  secund and t h i r d  years' replications would have been q u i t e  similar 

t o  t h a t  o f  r e p l i c a t e  I .  

Aspect 

A1 though s i tes  were not  necessari ly homogeneous w i t h i n  each 

annual replication, the variable t h a t  d i d  have a noticeable e f f e c t  on 

seed1 i ng survival was aspect.  

s i g n i f i c a n t l y  higher s u r v i v a l  rates than south and west aspects a t  

Copper Canyon (Table 7). . tlhere c l imat ic  conditions were less l i m i t i n g  

Northern and eastern SI opes d i  d provi de 

a t  Franklin River ,  aspect differences were not  significant. 

experimental design, no analyses have been conducted on the f i r s t  

replication a t  both areas. Although the  planta t ion .  means i n d i c a t e  

differences a t  Frankl in River, they result more from topographic and 

s i t e  variability than aspect alone. The majority o f  the plantations 

i n  the first rep l i ca t ion  a t  Copper Canyon were established on north- 

facing slopes so no meaningful comparisons are available. 

Due t o  

Height  Growth 

He1 ght  growth a f t e r  three growing seasons a t  Frank1 i n  River  

i s  almost twice t h a t  attained a t  Copper Canyon for a l l  three categories - 
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bullet ,  plug and ba re- roo t  (F ig .  9). This  reflects the more favorable . 

growing condit ions o f  the west coast. 

seedlings was greater than t h a t  o f  b u l l e t s  a t  both locat ions ,  

interest i s  tbe f a c t  t h a t  plug seedling height growth during the t h i r d  

year a t  Copper Canyon equals t h a t  o f  bare-root stock.  

The average height  o f  plug 

O f  

Th is  may be an 

indication o f  one advantage t h a t  plugs have over t h e  bare-root stock. 

D o u g l a s- f i r  - High E l e v a t i o n  

Containers and Bare-Root 

S u r v i v a l  a t  t h e  h i g h  e l e v a t i o n  areas has been low, p a r t i c u l a r l y  

w i t h i n  the late-spring p l a n t i n g  o f  t h e  second-year rep1 i c a t i o n  ( F i g  . 5) .  

Poor performance o f  both s p r i n g  p l a n t i n g s  f o r  t h a t  year resulted from 

the severe d r o u g h t  o f  1970. 

a t  the h i g h  e l e v a t i o n s  su rv i ved  f a i r l y  well over t he  two-year p e r i o d  

(7 85%) b u t  their s u r v i v a l  was s i g n i f i c a n t l y  lower  than bare-root 

stock a t  the  s p r i n g- p l a n t i n g  dates. 

P l u g  seedlings p lan ted  i n  t h e  f a l l  o f  1968 

Winter r o o t  d ieback o f  Douglas-fir con ta ine r  seed l ings  d i d  

not U C C U ~  among the  high e l e v a t i o n  provenances i n  1968 when the F r a n k l i n  

River and Copper Canyon stock was affected. 

seedlings a t  Meade and Robertson was obta ined  f rom the  e a r l y - s p r i n g  

p l a n t i n g  t h a t  year ( F i g .  5) .  

Maximum s u r v i v a l  o f  b u l l e t  

Season 

As t h e  fu l l  th ree- year  s tudy  pe r i od  a t  t h e  h i g h  e l eva t i ons  i s  

n o t  complete, i t  i s  premature tu s t a t e  which season i s  t h e  most p re-  

f e r a b l e  cho ice  for t h e  p l a n t i n g  o f  bullet or p l u g  seedlings. 

dr ier ,  shal lower  s o i l s ,  i t  would appear f r o m  t h e  results obtained t o  

With much 
' 
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date tha t  fall p l a n t i n g  o f f e r s  the greatest potentjal for succe'ss o f  

plantation establishment ( F i g .  7 ) .  

n i f l c a n t  r o l e  a t  t h e  h i g h e r  e leva t ions ,  particularly i f  s p r i n g  p l a n t i n g s  

are extended we17 i n t o  late May and June as a result o f  heavy winter 

snows and a l a t e - s p r i n g  thaw. 

were on average a month later than i n  the  previous year. This, in 

a s s o c i a t i o n  w i t h  t h e  hot  dry cond i t i ons  o f  June and July o f  1970, created 

very s i g n i f i c a n t  seasonal d i f f e r e n c e s  in t h e  second r e p l i c a t e  ( i i g .  7).  

Clearly c l i m a t e  plays a ve ry  sig- 

Spr ing  plantings i n  the 'second replicate 

Aspect 

In t h e  f i r s t - y e a r  r e p l i c a t i o n  o f  D o u g l a s - f i r  a t  the  higher 

e l e v a t i o n s  seed1 i ng s u r v i  Val was general ly 1 ower on t h e  sou th- fac i  ng 

slopes than  on the  n o r t h  but  t h i s  d i f f e r e n c e  was not  significant 

(Table 7 ) .  

ca t i on ,  s u r v i v a l  on t h e  sou th- fac ing  slopes was s i g n i f i c a n t l y  lower than 

on t h e  nor thern aspects.  

t h e  3,000 f t  level than i t  d o e s a n  the lower  slopes. 

A t  bo th  h igh  e l e v a t i o n  locations i n  the second-year r e p l i -  

Aspect plays a more s ign i f ican t  role above 

Southern aspects,  

wi th  their extremes o f  temperature, drier s o i l s  and sparser vege ta t i ve  

cover o f f e r  a poor chance for successfu l  r egene ra t i on  a t  t h e  h i g h  

e l e v a t i o n  areas covered i n  t h i s  'study. Aspect d i f f e r e n c e s  appear t o  be 

a t  a minfmum d u r i n g  f a l l  p lant ing  and progressively i nc rease  through 

t h e  early- and l a t e- s p r i n g  p l a n t i n g  dates. I f  south- facing slopes a r e  

t o  be p lan ted  w i th  container stock, this would bes t  be done in the f a l l .  

Heigh t  Growth 

In the year a f t e r  p l a n t i n g ,  there  were no substantial h e i g h t  
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d i f f e r e n c e s  between t h e  t h r e e  ca tego r i es  a t  t h e  high e l e v a t i o n  areas a n d  . 

Copper Canyon ( F i g .  9). 

c rea ted  by t h e  shallower soils, t h e  g rea te r  extremes o f  temperature and 

t h e  shorter growing season were r e f l e c t e d  in t h e  second year's growth, 

which was much less than a t  t h e  medium e leva t ions .  There was little 

d i f f e r e n c e  between the average he igh t s  o f  bullet and p lug  seed l ings  two 

years a f t e r  p l a n t i n g .  

The s i t e  l i m i t a t i o n s -  a t  Meade and Robertson 

Western hem1 ock - Medl um E l  e v a t i  on 

Con t a i  ners and Bare-root 

S u r v i v a l  of western hemlock b u l l e t  and p lug  seed l ings  has been 

g e n e r a l l y  poorer  than t h e  r e s u l t s  ob ta ined  w i t h  Doug1 a s - f i  r .  

one ou t s tand ing  d i f f e r e n c e  between t h e  two species i s  t h e  f a c t  t h a t  

hemlock con ta ine r  seed l i ng  s u r v i v a l  i s  much superior t o  t h a t  o f  bare- 

root  stock.  

has exceeded t ha t  o f  b u l l e t  and p l u g  seedl ings (F ig .  4).  

da te  i n d i c a t e  t h a t  t h r e e  years after p l a n t i n g ,  t he  average seed l i ng  

s u r v i v a l  from t h e  fall and e a r l y - s p r i n g  p l a n t i n g  dates for plug,  b u l l e t  

and bare-root ca tego r i es  was 66, 56 and 26%, r e s p e c t i v e l y .  Conta iner  

systems min imize  r o o t  d is tu rbance  a t  t he  time o f  p l a n t i n g ,  and i t  

would appear t h a t  t h i s  p r o t e c t i o n  has produced t he  much lower m o r t a l i t y  

f i g u r e s  among the western hemlock b u l l e t  and p l u g  categories.  

However, 

Wi th  t h e  excep t ion  o f  one instance,  ba re- roo t  mortality 

Resu l ts  t o  

A t  F r a n k l i n  Rtver ,  b u l l e t  and p l u g  seed l i ng  s u r v i v a l  over the 

t h r e e  annual r e p l i c a t i o n s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  a l though 

p lugs  showed a t r e n d  toward h igher  survival rates. 

these same d i f f e r e n c e s  a l s o  occur red  b u t  they  were s i g n i f i c a n t  

A t  Copper Canyon, 
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only in thel:third-year replication. The outstandlng feature o f  t h i s  

last replication a t  Franklin River was. the 83-87% survival f igures 

obtained for bullet and p lug  seedlings from the fall  and early-spring 

planting dates. The Copper Canyon data parallel the Franklin River 

results. However, these drier, eastern slopes o f  Vancouver Island are 

not  as favorable for western hemlock as the wetter west coast and so 

s u r v i  val was 1 ower. 

The increase i n  bullet and plug seedling surv iva l  from the 

third p l a n t i n g  a t  Franklin River may well have been brought  about by 

improvement i n  western hemlock stock quality through annual amendments 

t o  p l a n t  cultural techniques i n  the container nursery. The photographs 

o f  Appendix €3 i 7 lustrate how substanti a1 these annual improvements were 

to  western hemlock stock quality. However, the be t te r  qua l i t y  stock 

d i d  not realize a corresponding trend o f  annually improved s u r v i v a l  

rates a t  Copper Canyon due t o  the more l i m i t i n g  s i t e  conditions for the 

species a t  t h i s  location. 

Season 

Establishment o f  western hemlock i n  relation t o  planting 

season has been s i  gni ficant, a1 though not  necessarily i n  every year 

(Fig. 8 ) .  Despi te  annual variabi  1 i ty ,  1 ate-spring p l a n t i n g  has usual ly 
=-- c 

.resulted i n  the highest mortality. An exception was the late-spring 
-I 

plan ti ng o f  the second rep1 i cat i  on where mortal i ty rates were 1 ower . 
The weather records i nd ica te  t h a t  the sumner months t h a t  year (1969) 

were much hotter and drier than normal (Table 3 )  and one can conclude . 

t h a t  improvements in stock quality could have somehow reduced the 
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mortality from the late-spring p l a n t i n g  i n  this  second replication. 

The p o i n t  should again be made t h a t  the  extremeJy low sur- . 

viva1 from late-spring planting a t  Frank l in  River and Copper Canyon 

was not ent irely the result o f  seasonal v a r i a t i o n .  As was mentioned 

previously, western hemlock conta iner  stock deteriorated i n  the nursery 

before the late-spring planting that  year. The low survival, there-  

f o r e ,  was more a result o f  this  poor quality stock than seasonal i n -  

f I uences 

h .  - 

- -- 

\-- 
\_L_I-- - - -- - - 

Aspect 

Aspect has played a significant role a t  the medium elevations 

where s i t e  conditions have been more limiting f o r  western hemlock sur- 

v i v a l ;  namely, a t  Copper Canyon. 

was planted on north-facing slopes , aspect comparisons are only avai  1 - 
able from the second and t h i r d  year 's p l a n t i n g .  

very poor i n  the second replication. 

s u r v i v a l  rates appeared on the eastern slopes as opposed t o  the south. 

Nor th slopes yielded significantly h ighe r  survival in the t h i r d  year 

(Table 8) . 

As most o f  the  f i r s t - y e a r  replication 

Survival generally was 

Nevertheless, significantly higher 

The s i t u a t i o n  was quite different a t  Franklin River .  There 

were no significant differences in seedling s u r v i v a l  between nor th  and 

south aspects in t h e  third year where higher s u r v i v a l  figures were 

actually obtained on the  south slopes. 

mation i s  available from the  second replication where a l l  hemlock plan-  

I t  i s  unfortunate t h a t  no infor- 

t a t i o n s  were r e p l i c a t e d  on southern aspects. 

a t  Franklin, although differences did e x i s t ,  they, as w i t h  Douglas-fir, 

In the first-year planting . 
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were due more t o  topographic and s i t e  changes than just aspect :alone. 

Height 'Wowth 

Differences in western hemlock height growth between Franklin 

River and Copper Canyon parallel those.of Douglas- fir (F ig .  9 ) .  Th is  

again reflects the s i g n i f i c a n t  climatic differences between these west 

and east coast locations. The average total  height  after three years 

for each category at Frankltn River was twice t h a t  o f  Copper Canyon. 

For bare-root stock, these average heights fur the west and east coast 

locations were 76 and 33 cm, respect ively.  Similar data for the com- 

bined container categor ies was 43 and 24 cm. 

At both medium elevation locations, t o t a l  height  growth o f  

the bullet seedlings a f t e r  three years was less than t h a t  o f  plugs .  On 

the west coast, bullet and plug  seedlings doubled t h e i r  height annually. 

A slower growth rate was ev ident  a t  Copper Canyon, but  the third-year 

height increments o f  both  container categories was much greater than 

bare-root stock. I t  will be interesting t o  see i f  t h i s  trend continues. 

The data discussed above pertain t o  the f i  rst-year rep1 i cati on 

as t h i s  was the only one where height growth over the three-year period 

coul d be studied. S i m i  l a r  growth patterns were apparent i n  the second 

year's reo1 i c a t e  (Appendix D-2,5) Continuati on o f  t h i s  trend wi 11 be 

v e r i f i e d  a t  the end o f  the fiveAyear period covered by the i n v e s t i g a t i o n .  

Western hemlock - High Elevation 

Containers and Bare-root 

As w i t h  Douglas-fir, western hemlock survival a t  the h igh  
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elevat ions i s  much lower than that  o f  Franklin River and Copper Canyok 

The second-year spring p l  antings , i n  particular , have had high m o r t a l  i t y  

rates.  Survival differences have been s i g n i f i c a n t  ( F i g .  6 ) .  A1 t h o u g h  

8 

the pattern has no t  remained constant from year t o  year, the general 

order has been plugs 7 bare-root > bullets. 
survival o f  83% from the 1969 fa l l  planting I s  q u i t e  impressive. 

ever, insufficient information i s  available from the  h igh  elevation 

First-year plug  seedling 

How- 

areas t o  p r e d i c t  survival patterns o f  plug seedlings over the next few 

years. 

Season 

The high ly  significant seasonal differences o f  the second-year 

rep1 i cat on resul t f rom the pro 

(F ig .  8).  Parallel patterns o f  

between Copper Canyon and the h 

onged drought d u r i n g  t h e  summer o f  1970 

seasonal trends i n  t h e  1969 plantirtgs 

gh elevation areas are striking. The 

progressive mortal i t y  of  the 1 ate-spri n g  planting da t a  ranging from h igh  

a t  Copper Canyon t o  severe a t  Meade and Robertson i l lu s t r a t e s  the  p o i n t  

t h a t  when western hemlock i s  t o  be planted as buffets o r  plugs on s i t e s  

which are m a r g i n a l  f o r  the species, select ion o f  the  correct planting 

season i s  very  important. 

Aspect 

Significant survival differences arose between plantations 

on no r th  and south slopes. 

was obtained on t h e  northern and eastern slopes w i t h  much poorer results 

on t h e  southern aspects. 

In the f i r s t  replication, h i g h e s t  survival 

These results were repeated i n  the second 

replication. A t  t h i s  second planting the influence t h a t  aspect. had ‘on 
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s u r v i v a l  became more pronounced as the plantlng date was extended i n t o  

t h e  fate spring. Thus, i f  hemlock must be planted on south aspects a t  

the high elevations, i t  should be done i n  the f a l l .  

Height Growth 

Tota l  heights o f  al l  three categories i n  the f i r s t  year after 

plant ing d i f fe red  l i t t l e  from those o f  Copper Canyon (F ig .  9) .  Sub- 

sequent di f ferences reflected the much shorter growing season and poorer 

sites o f  the high e levat ion  areas. Bullet and plug  seedling height  

growth differences were i n s i g n i f i c a n t .  Second-year gruwth o f  these 

trees almost equalled that o f  bare-root stock. Based as a percentage 

o f  the o r i g i n a l  height,  t h i s  indicated faster growth rates for bullet 

and plug categories. As the Meade Creek and Robertson River data are 

only inc lus ive  to the second year after p l a n t i n g ,  these results are 

somewhat tentative. One w i l l  have to w a i t  until the f i f t h  year f o r  

conclusive evidence on growth rate d i f f e r e n t i a t i o n  between bul  l e t  plug  

and bare-root stock. 

SUMMARY 

Due t o  the interim nature o f  the results o f  t h i s  study, many 

o f  the conclusions t o  be drawn are somewhat tentative, Nevertheless, 

they are listed as follows: 

Doug1 as-fi r 

7 .  Surv iva l  o f  bullet and plug seedlings a t  the medium elevations com- 

pared favorably w i t h  bare-root stock. The overall t rend, encom- 

passing three years o f  replication, was plugs > bare-root > bul lets. 
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2. Three years after establishment,  average s u r v i v a l  o f  plug,  bare-mot . 

and bullet seedlings a t  the medium elevat ions was 84, 80 and 68%, 

respectively.  

3 .  Two years a f t e r  p l a n t i n g  a t  the h igh  e l e v a t i o n  areas, maximum plug 

s u r v i v a l  (85%) compared favorably w i t h  t h a t  o f  ba re- roo t  stock 

(97%) . 
4, Season o f  plant ing  had a h i g h  

e f f e c t  on Douglas-fir s u r v i v a  

s u l t e d  from fall or early-spr 

y s ignif icant ,  al though v a r i a b l e ,  

Generally, maximum s u r v i v a l  re- 

ng p l a n t i n g .  

5. Container stock, which was of poor qua l i ty  and small a t  t he  t ime  o f  

p l a n t i n g  (6 cm), was sub jec t  t o  greater m o r t a l i t y  t h a n  healthier 

trees t h a t  were 9 cm i n  he igh t .  

Improvement i n  conta iner  seed l ing  quality over t h e  three consecut ive 

years d i d  not cor respond ing ly  improve Doug las- f i r  s u r v i v a l  f rom the 

s p r i n g  p l a n t i n g  dates between 1967 and 1970. 

d i d  improve s u r v i v a l  when the  trees were f a 1  1 - planted.  

Three years after p lan t i ng ,  average h e i g h t  of p l u g  seedl ings was 

g r e a t e r  than t h a t  o f  b u l l e t s  a1 though t he  difference was i n s i g n i f i c a n t .  

Mortality o f  b u l l e t  and p l u g  seedl ings cont inued i n t o  the  t h i r d  year 

after p l a n t i n g .  

6. 

Quality improvement 

7. 

8. 

Western hem1 ock 

'I, S u r v i v a l  o f  bullet and p l u g  seedl ings a t  the medium e leva t i ons  was 

g r e a t e r  than bare-root stock,  the order be ing  p lugs > b u l l e t s  > bare-  

rqot  # 

Resu l ts  t o  da te  i n d i c a t e  t h a t  t h ree  years a f t e r  p l a n t i n g ,  average 

seedling survival f rom the  f a l l  and early-spring p l a n t i n g  dates f o r  

2. 



3. 

4. 

5. 

6. 

7. 

8. 

9. 
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plug ,  bullet and bare=root categories was 66, 56 and 29%, respec- 

ively. These data illustrate the advantages to  be reallzed through 

the use o f  a container reforestation system f o r  western hemlock as 

opposed tu conventional 2+0 bare-root stock. 

A t  the high elevations, similar surv iva l  differences existed be- 

tween plug and bare-root seedlings but ,  because o f  lower s i t e  

quality, the overall figures were lower, 

elevations, bullet seedling s u r v i v a l  was generally less than t h a t  

o f  bare-root stuck . 
Survtvat  o f  western hemlock was highly dependent on the p l a n t i n g  

season, late spring g e n e r a l l y  proving t o  be the least favorable. 

Container stock, small a t  the time o f  planting (2-3 cm), was 

subject t o  much greater mortality than stock that was 7 cm i n  

In contrast t o  the medium 

he1 ght  

Improvement o f  container stock qual i ty  i n  the nursery resulted i n  

correspondingly increased survival for western hemlock. 

As w i t h  Douglas- f i r ,  average heights o f  western hemlock bullet and 

plug  seedlings were not significantly d i f f e r e n t  three years a f t e r  

p lant ing  although height  o f  p l u g  s tock  was always greater. 

Morta l i ty  o f  western hemlock bullet and p l u g  seedlings continued 

i n t o  the t h i r d  year after p l a n t i n g .  

There was no real evidence tu suppor t  the assumption t h a t  the 

s u r v i v a l  rates o f  bullet-planted Douglas-fir and western hemlock 

obtained f r o m  these experimental plantations would have been any 

lower had the trees been planted operationally by regular p l a n t i n g  

crews 



I =  44 - 

ADDfNOUM 

Much o f  t i e '  discussion on c o n t a i n e r  p l a n t i n g  has been focused. 

on a comparison between t h e  con ta iner- p lan ted  tree, the 4ki- inch b u l l e t ,  

and i t s  counterpart, t h e  4%-inch plug  which has had the  container re- 

moved f rom the t r e e  a t  the t ime o f  p l a n t i n g .  

t h a t  removal o f  the c o n t a i n e r  has r e s u l t e d  in s i g n i f i c a n t l y  improved 

s u r v i  vaf r a t e s .  

The general  conclusion i s  
---2_-- -- 

__-- - - _ _  -- 
4 

The b i o l o g i c a l l y  acceptable r e s u l t s  ob ta ined  f rom these t r i a l s  

w i t h  t h e  4+inch plug seed l i ng  has l e d  t o  t h e  development o f  a plug 

system which u t i l i z e s  the BC/CFS S ty rob lock  for growing t h e  seedl ings in 

the  nursery (Kinghorn, 1970; Matthews, 1971). These b locks  con ta in  

tapered  rounded c a v i t i e s  f o r  p r o t e c t i n g  and shaping the roots. 

4% inches deep, t h e i r  l a r g e r  diameter produces a s o i l  capac i t y  o f  2.4 

c u b i c  inches, a lmost  t w i c e  t h a t  o f  the  4$-inch Wal ters '  b u l l e t .  This 

cav i  t y - s i z e  d i f f e r e n c e  y i e l d s  a l a rge r ,  b e t t e r  developed s t y ro- p lug  

seed l i ng  than was p o s s i b l e  in the 4+-inch Wal t e r s  I b u l l e t .  

A I  though 

Desp i te  i t s  larger s ize ,  the  s t y r o - p l u g  seed l i ng  i s  the same 

b i o l o g i c a l  e n t i t y  as t he  4k- inch p l u g  which has been e x t e n s i v e l y  t es ted  

i n  f i e l d  t r i a l s  r epo r ted  here in .  

styro-plug f i e l d  performance w i l l  be a t  l e a s t  as good as p l u g  seedlings 

which have been removed from a 4+inch bullet. 

and h e i g h t  growth w i l l  improve due t o  the  q u a l i t y  and s i z e  o f  tree pro-  

duced i n  t he  s t y rob lock .  

t i o n s  w i l l  be obta ined from the  r e s u l t s  o f  f i e l d  tr ials  currently be ing  

conducted by the B r i  t i  sh CO? umbi a Forest  Servi ce. 

Therefore,  i t  can be f o r e c a s t  t h a t  

I f  anyth ing,  survival 

Conclusive evidence t o  suppo r t  these assump- 
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Figure 1. Loca t ion  o f  p l a n t a t i o n s  on Vancouver I s l a n d  and t he  lower 
mainland B r i t i s h  Columbia. 
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Figure 5. Su rv i va l  o f  Doug las- f i r  b u l l e t ,  p lug  and bare-root seedlings planted a t  three seasons 
over a two-year pe r iod  a t  two h igh- e levat ion  areas. 
symbol are not  significantly different a t  the  5% level).  

(Means underscr ibed by the  same 
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Figure 6. Survival o f  western hemlock bullet, plug and bare-root seedlings planted a t  t h ree  seasons 
over a two-year period a t  two h igh- e levat ion  areas. 
symbol are not  s i g n i f i c a n t l y  d i f f e r e n t  a t  the 5% level). 

(Means underscribed by the  same 
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. 

" 

[- W€ST€UiV HEMLOCK 

c- I 

- 
60 

w 
0 

= 20 

z 
I- 
I. 

W 
52 

FRANKLIN COPPER MEADE 81 
RIVER CANYON ROBERTSON 

FRANKLIN COPPER MEAOE & 
RIVER CANYON ROBERTSON 

I 

tn 
01 
I 

Figure 9 .  Heigh t  growth of Douglas-fir and western hemlock bul le t ,  p l u g  and bare-root seedlings a t  
medium- and high-elevation areas. 

.. .. , 
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2 112" BULLET FALL 

a EARLY SPRING 

FRANKLIN RW€R 

100 CONTAtNERS loo [ PLANTING SEASON 

1968 1969 1970 I968 1969 1970 

+20 
+ I O  L 

CUPP€ff CANYON 

1968 1969 I970 1968 1969 1970 
t20 r 

- 2 0  L -20 

F i g u r e  IO. Three-year survival d a t a  f o r  Douglas-fir i n  t he  siniulated 
product ion t r i a l s  a t  Franklin River and Copper Canyon. 
( D i f f e r e n c e s  f rom experimental p l a n t a t i o n s  are indicated 
below each h i s t o g r a m ) .  
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A P P E N D I X  A 

Shadehouses used from 1967-71 for  growing container stuck for the  

coastal f i e l d  trials 



A- 1 

Subi  rrigati on un i  t wi th a capaci  t y  of  30,000 bu l  l e t s  ; 1967-70 



. A-2 

Subi  rri g a t i o n  u n i t  w i t h  a capac i t y  o f  176,000 bullets; 1969 



A- 3 

Low-cost, top  watering facility w i t h  a capacity o f  225,000 trees i n  
BC/CFS Styroblocks;  1970-71. 
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A P P E N D I X  B 

Representative samples o f  container stock planted i n  the coastal f i e l d  

trials  between 1967 and 1969 



INCHES 

4 

12 

Western hem1 ock 

Douglas-fir 



1968 

8- 2 

Western hemlock and D o u g l a s- f i r  



B-3 

1969 

Western hemlock 

1 

2 

3 

4 

D o u g l a s- f i  r 
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A P P E N D I X  C 

P l o t  design i r i  the experimental plantations 



I 

SAMPLE OF PLOT LAYOUT,SERlES I (J967-68)  

50 < 120 ft. 
Trees 

25 
Trees --- 

b 
I 
0 

7 

U 
I 
J 

19 }LINES 
I 23 4 5 68 9 IO II 12 1314 IS 16 17 18 20 

Completely Rondom Design 

TREATMENT CODE 

SEASONS 
A - FALL 
€3 - EARLY SPRING 
C - LATE SPRING 

CONTAINERS 
I - 2 1/2" BULLET 
2 - 4V2" BULLET 
4 - 4 V2" PLUG 
5 - l/2" TUBE 
7 - 2+0 BARE-ROOT 

HANEY - Stock grown 
at U.B.C. research forest 

at P.ER.C., Victoria 
- Remainder grown 

n 
I 
d 



tc 
0 

1 

SAMPLE O F  PLOT LAYOUT SERIES It (1968-69) 

I 

I 
I 
I 
I 
I 
I 
I 
i 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
f 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4TREATMENTS 

TREATMENT CODE 

SEASONS 
A - FALL 
B - EARLY SPRING 
C -LATE: SPRING 

CON TAlN E RS 
2 - 4  1/2" BULLET 
4 - 4 1/2" PLUG 
7 - 2+0 BARE-ROOT 

Scale 
0 IO 20 feet - 

1 2  3 4 5  6 7 8 9 L I N E S  

- Randomized complete block w i t h  s p l i t  p l o t .  
- Each line consists o f  two rows o f  25 trees each. 



SAMPLE OF PLOT LAYOUT, SERlES IE (1969-71) 

CLUSTER 

8-2 
X 

LINE 2 

B- 7  
X 

LINE 3 

8-4  I 
X I  

LINE I I 

B A C 

I 
I 
I 

1 
I 
1 I 
I I I 
I I 
I I 

I 

1 I 
I I 
I I 
I I 
I I .  
i I 

I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
1 

I 
I f 
I I 
I I 
I I 
I I 

I 
I 
I 

I 
I 
I 1 
I I 
I I 
I I 
I I 

I 
I 
I 
I 

I 
I 
I 
I 

1-3 4-6 7-9 

TREATMENT CODE 

SEASONS 
A - FALL 
B - EARLY SPRING 
C - LATE SPRING 

C 0 N TA I N ERS 
2 - 4 1/2" BULLET 
4 - 4 1/2" PLUG 
7 - 2 t 0  BARE-ROOT 

Scale 
0 IO 20 feet - 

Lines 

- Randomized complete block w i t h  s p l i t  p l o t .  
- Each sub plot contains two rows of 25 stakes each. 
- Cluster of three trees around each s take  c o n s t i t u t e  three "lines". n 

I 
G) 
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. 

A P P E N D I X  D 

Per cent survival and average heights o f  

Oouglas-fir and western hemlock seedlings p lan ted  

over a three-year period a t  Franklin River,  Copper 

Canyon, Meade Creek and Robertson River, Vancouver 

Island. 

tow-Medium Elevation (500-1500 ft) 

1 Franklin River - West Coast 

2 .  Copper Canyon = East Coast 

High Elevation (25UO-3- 

. 3. Meade Creek - Central 

4.  Robertson River -Central 

1-67 e t c . ,  refers t o  Replication and 

year o f  establishment,  respectively. 



D-1 

80.5 70.0 67.5' 

-I II II 

. 

89.0 77.0 71.3 

94.0 88.0 86.0 

I .  

Franklin River: Douglas-fir and western hemlock, 1-67 

83.0 80.0 79.0 

Container type 

94.3 92.0 92.0 

4%'' Bullet 

4%" Plug 

2+0 Bare-root 

-- I- .I 

31.3 50.2 89.1 

B u l l  e t  

435Il Plug 

2+U Bare-Root 

14.2 24.3 46.1 

33.6 48.2 82.4 

4%" Bullet 

4 y  Plug 

2+0 Bare-Root 

1 2 . 7  28.7 49.2 1 1 . 1  25 .4  45 .9  

_I I. I L  13,7 29.6 55.9 

32.0 44.5 79.3 32.7 50.8 72.1 

&I' Bull e t  

4 y '  Plug 

2+0 Bare-Root 

'10.4 16.9 32.1 

10.4 18.5 29.9 

-- 0 -  .I 

*Doug1 as- f i  r 
- 

PLANTING SEASON 

Fal'l - 1967 11 Early Spring4968 I Late Spring4968 
~ -_ ~~ 

PER CENT S U R V I V A l y  

1968 ,1969 ,1970 -1968 ,1969 .1970 4968 -1969 ,1970 

80.3 64.5 58.3 

95.5 82.0 76.5 

97.5 93.3 93.0 

AVERAGE HEIGHT (cm) 

13.4 23,1 46.1 12.8 21.0 37.7 II 
Western hemlock 

13.3 17.1 27.8 

13.2 18,8 30.2 

33.5 47.1 81.1 

PER CENT  SURVIVAL^' 
64.5 55.3 47.8 

-- I- I L  

43.8 38.8 35.3 

75.8 60.3 56,3 

76.0 64.5 60.4 

18.5 14.8 14 .5  

16.5 7.8 6.6 

23.0 14.5 8.3 

II -_ .I 

II Not planted. 
- 'I/ Based on 8 p l o t s  w i t h  350 trees per p l o t .  



Franklin River: Douglas-fir and western hemlock, 11-68 

57.0 50.5 

62.0 56.5 

Container type 

4%" Bullet 

Plug  

2+U Bare-Root 

65.5 47.5 

73.5 60.5 

4%'' Bullet 

Plug 

2+0 Bare-Root 

70.5 57.5 

4%" Bullet 

4 y  Plug 

2+0 Bare-Root 59.0 41.5 

4%" Bullet 

43,' Plug 

2+0 Bare-Root 

-- -I 10.7 24.6 9.5 20.3 

I- _I 10.0 26.5 10,8 22.0 

II I- 28.5 53,4 21.5 35.0 

=- Not p lan ted  

I 
1 Doug1 a s - f i  r 

PLANTING SEASON 

Fall - 1968 Early Spring-1969 Late S p r i n g 4 9 6 9  

PER CENT  SURVIVAL^' 

1969 1970 11 1969 1970 I 
69.0 58.5 9.0 5.5 79.0 70.5 

73.5 63.5 19.u 14.5 85.0 59.0 

I AVERAGE HEIGHT (cm) 

9.5 18.6 

9.3 17.6 

27.0 46.6 

6.9 12.8 9.1 14.2 

6.5 11.4 8.4 18.5 

30*5 55.8 25.7 39.5 

I tles t e r n  hem1 ock 

P 

II II 

-- I- 

I CENT SURVIVAL~' 

AVERAGE HEIGHT (cm) I 

I /  8ased on 4 plots wi th  450 t r e e s  per p l o t .  
$1 300 11 a II 

(4 II - 



0-3 

f a l l  - 1969 
I 

~ 

Early Spring-1970 La te  S p r i n g 4 9 7 0  

Fran k l  i n Ri ver: Dougl as- f  i r and western hem1 ock, I 11-69 

18.1 

Bullet 

P1 ug 

Bare-Root 

14.6 17.3 

B u l l  e t  

P I  ug 

Bare-Root 

17.4 

23 .3  

Dougl as- f i r 

15.0 19.0 

'17.6 27.1 

PLANTING SEASON 

83.0 85.5 

1970 

84.0 

60.5 

82.5 

93.5 

83.0 

I 86.5 

59.5 

1970 

68.5 

80.0 

52.5 

73.0 

82.0 

90.5 

Western hemlock 

PER CENT SURVIVAL'/ 

65.5 

85.0 

55.3 

22.1 

18.6 

22.7 

AVERAGE HEIGHT (cm) 

12.1 

12.1 

15.5 

10.8 

12.6 

18.0 

- I /  Based on 4 p l o t s  w i t h  450 trees p e r  p l o t .  
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Fall - 1967 

Copper Canyon : Dougl a s - f  i r and western hem1 ock , 1-67 

Early S p r i n g 4 9 6 8  c Late Spring4968 

Container type 1968 1969 1970 

89.4 77.4 71J 

94.9 91.4 86.9 

78.9 76.3 71.4 

4,;'' Bullet 

,$'I Plug 

2+0 Bare-Root 

4%'' Bullet 

4,;'' Plug 

2+0 Bare-Root 

1968 1969 1970 

82.9 72.9 65.9 

96.6 90.9 86.1 

86.0 83.7 83.1 

4%" Bullet 

,&Ii P l u g  

2+0 Bare-Root 

BuJ I e t  

,y Plug 

MI Bare-Root 

I- 0 .  -- 
38.9 36,8 35.7 

Dougl a s - f i  r 

86.3 75.4 70.9 

34.0 32.6 30.0 

P.LANTI NG SEASON 

79.1 68.9 59.4 78.3 65.4 59.1 

~ 

1968 1969 1970 

10.1 15.5 2 3 . 3  

86.0 79.4 74.0 

II - 0  II 

64.9 60.0 59.1 

8.7 15.0 24.0 

10.8 14.2 20.0 

I- -- I- 

19.7 36.9 31.8 

-. I- -- 

9.9 17.1 25.5 

24.8 28.3 32.6 

10.5 13.2 18.0 

10.5 13.9 20.3 

II 25.8 29.8 36.711 28.9 32.8 41.1 
I' II 

Western hem1 ock 

13.0 15.7 20.8 

12.2 16.0 24.7 

29.1 32.2 41.1 

-- Not planted. 
- l /  Based on 7 p l o t s  w i t h  350 trees per p l o t .  

23.4 18.3 16.9 

41.7 29.1 23.4 

22.6 20.0 18.3 

7.3 14.2 21.0 

8.8 14.5 22.8 

24.6 28.6 32.8 
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Fall - 1968 

. 

Early Spr ing4969  Late S p r i n g 4 9 6 9  

- 0  II 

I D  .I 

I- I- 

Copper Canyon: Douglas-fir and western hemlock, 11-68 

45.0 30.0 

47.0 30.0 

34.5 19.0 

Container type 

434' flullet 

4 y  Plug 

2+0 Bare-Root 

4%'' Bullet 

4Qt1 Plug 

2+0 Bare-Root 

4%'' Bullet 

Plug 

2+0 Bare-Root 

4%" Bullet 

4 y  Plug 

2+0 Bare-Root 

-I Not p1 anted. 

Douglas- f i r  

PLANTING SEASON 

1 PER CENT  SURVIVAL^' 

1969 1970 

68.0 56.0 

77.0 69.0 

88.0 76.0 

II 1 
1969 1970 1 Ig7O I 1969 

1 

10.0 8.2 15.2 9.6 16.3 

1 3 . 3  8.6 16.4 9.7 17.2 

25.4 36.6 25.8 37.3 25.0 31.5 

Western hemlock 

AVERAGE HEIGHT (cm) 

II 

I D  -0 .]I 25.3 3 3 . 3  

I /  Based on 4 p l o t s  w i t h  450 trees pe r  p l o t .  
" 300 I1 

II II I1 2/ II - 

67.0 40.0 

69.5 44.0 

69.5 37.0 

11 . 2  18.8 

11.5 21.7 

26.4 35.6 



. 

Fall - 1969 
4 

Copper Canyon: Doug1 as- f i  r and western hemlock, I 11-69 

Early Spring-197.0 Late Spring-1970 

Con t a i  ner type 1970 

40.5 

72.5 

29.0 

~~~ 

4kgt Bullet 

4 y  Plug 

2+0 Bare-Root 

4%" Bullet 

,%'I Plug 

2+0 Bare-Root 

1970 

39.0 

61 .O 

56.5 

4%" Bullet 

,%,I Plug 

?+O Bare-Root 

B u l l e t  

14,' P l u g  

!+U Bare-Root 

23.8 

25.8 

Douglas-fir 

17 .1  15.8 

16.9 17.4 

26.6 

1970 

24.9 23.5 

85.0 

87.5 

87.0 

23.7 

28.1 

27.2 

21.7 17.8 

17.1 20.0 

24.1 20.9 

63.5 

76.0 

44.5 

.PER CENT  SURVIVAL^' 

54.5 

66.6 

41 .O 

AVERAGE HEIGHT (cm) 

41 .O 

61.5 

30.0 

0-6 



Meade Creek: Douglas-fi r and western hemlock, 1-68 

Fall - 1968 Early Spr i  ng-1969 

Container type 

La te  Spr i  ng-1969 

4%" Bullet 

Plug 

2+U Bare-Root 

1969 1970 

4%" Bullet 

4 y  P I  ug 

2+0 Bare-Root 

1969 1970 1969 1970 

4%" Bullet 

4kI' Plug 

2+0 Bare-Root 

89.0 77.0 68.0 97.0 

90.8 81 .a 99.0 84.0 

59.0 57.0 97.5 93.5 

4%" Bullet 

4 y  P l u g  

2+0 Bare-Root 

95.0 85.0 

98.0 71.8 

100.0 96.0 

I 

Doug1 as- f  i r 

8.5 11.3 

PLANTING SEASON 

8.8 9.9 9.5 11.1 

8.9 10.4 

26.4 28.0 

-~ 

AVERAGE HEIGHT (cm) 

9 + 2  11 . I  

3'1.7 33.8 

9.1 12.1 

29.6 30.8 

Western hem1 ock 
1 )  

PER CENT SURVIVALL' 

-I -- 

-- I- 

I- -- 

81 .O 60.0 

94.0 81.0 

65.0 58.0 

AVERAGE HEIGHT (cm) 

8.8 10.4 

9.0 1'1.7 

25.4 26.4 

-I Not pl  anted. 
I /  Based on 2 p l o t s  w i t h  450 trees per p l o t .  

II II 
II 300 L l  I t  II 

t 

53.0 39.0 

79.0 62.0 

55.0 44.0 

11.2 12.7 

11.2 13.0 

18+4 20.6 
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'Fall - 1969 #Early Spring4970 Late Spring-1970 

Meade Creek: Douglas-fir and western hemlock, 11-69 

72.0 

93.0 

51 .o 

Container type 

14.0 3.0 

61 .O 30.0 

41 .O 28.0 

4%" Bullet 

,,;,I Plug 

2+0 Bare-Root 

4%'' Bullet 

,%It Plug 

2tU Bare-Root 

4%'' B u l l e t  

4%" Plug 

2+0 Bare-Root 

4%" Bullet 

Plug 

It0 Bare-Root 

18.6 

21.2 

15.9 

14.4 7.2 

14.7 19.1 

14.4 13.2 

- l /  Based on 2 p l o t s  w i t h  450 trees per p l o t .  
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Fall = 1968 

W 

Early S p r i n g 4 9 6 9  Late Spring-1969 

Robertson River: Dougl as-f i r and western heml ock, 1-68 

1970 1969 Container type 1969 1970 1969 1970 
I! 

- -- 

4%'' 8ullet 

Plug 

2+0 Bare-Root 

68.0 63.0 

90.0 88.0 

4%'' 8u71et 

4%" Plug 

2+0 Bare-Root 

72.0 67.0 

53.0 46.0 

4%" Bullet  

,%I1 Plug 

2+0 Bare-Root 

$%'I Bullet 

,$I' Plug 

?+O Bare-Root 

89.0 87.0 

Dougl a s- f  i r 

95.0 95.0 99.0 98. 0 

8.1 12.2 
i 

'10.5 12.6 9.4 10.8 

7.5 13.2 

26.2 30.0 

58.0 50.0 

82.7 73.0 

10.0 15.2 

28. I 34.4 

I= I- 

II -I 

II I- 

29.0 16.0 

49.0 37.0 

84.0 82.0 

9.0 12.5 

28.2 33.7 

- 
-- -- 
I- -- 
- 0  I I  

11 li 
Western heml ock 

6.4 11 .2 

5.9 10.2 

27.4 34.3 

-- Not planted. 
I /  Based on 2 plots wi th  450 trees per  p l o t .  

'I 300 I' 
t t  II II 2-1 ti l i  II - 

43.0 35.0 

79.0 62.0 

67.0 56.0 

10.7 12.6 

11.5 14.8 

19.7 22.2 
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Qouglas-fir 

PLANTING SEASON. 
I 

Robertson R i  ver: Doug1 a s- f  i r and western heml ock , 11-69 

. Fall - 1969 Early Spring4970 Late Spr i  ng-1970 

Container type 

I PER CENT  SURVIVAL^' 

4%'' 8ullet 

,,;,I Plug 

2+0 Bare-Root 94.0 I 

4,;" Bullet 

,,;I' P lug  

2+U Bare-Root 

1970 

!+I' Bullet 

,,;It P lug  

9 0  Bare-Root 

1970 

1%'' Bullet 

,%I1 P l u g  

! t O  Bare-Root 

14.0 . 

61 .U 

0.0 

22.0 

78.0 
L 

1970 

33.0 

49.0 

79.0 

12.5 

13.9 

'12.2 

10.0 

12.5 

19.3 

14.2 

13.2 

17.9 

1 

14.4 

15.8 

19.9 

0.0 

20.3 

16.6 

Western heml ock 

64.0 

73.0  

65.0 

'ER CENT  SURVIVAL^' 
37.0 

62.0 

49.0 

0.0 

3.0 

6.0 

0.0 

13.3 

15.5 

- I /  Based on 2 plots  w i t h  450 trees per p l o t .  


