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ABSTRACT 

Shal low  undercutt ing and w r e n c h i n g   ( c o n d i t i o n i n g )   o f   B r i t i s h  Columbia 

c o n i f e r s  was compared with the  standard  nursery  regime. The a p p l i c a t i o n   o f  a 

complete NPK f e r t i l i z e r  some 50 days p r i o r   t o   l i f t i n g  was a lso  tested.  

Shal low  condi t ion ing combined with l a t e   f e r t i l i z e r   a p p l i c a t i o n  can  improve  the 

r o o t   g r o w t h   c a p a c i t y   a t   l i f t i n g   o f   t h e   c o n i f e r s  grown i n  B r i t i s h  Columbia. It 
cannot  replace  cold  exposure  as a method of   hardening  Douglas-f i r ,  and 

although i t  had no adverse  e f fect  on the  other  species  tested, i t  had  minimal 

e f f e c t  on s u r v i v a l   a f t e r   f i e l d   p l a n t i n g  and  reduced i n i t i a l   h e i g h t   i n c r e m e n t .  

The a p p l i c a t i o n   o f   f e r t i l i z e r   j u s t   p r i o r   t o   l i f t i n g  can  improve  the  early 

growth o f   t h e   t r e e s   w i t h o u t   a d v e r s e l y   a f f e c t i n g   s u r v i v a l ,  and  warrants 

a d d i t i o n a l  work t o   q u a n t i f y   t y p e  and r a t e   o f   f e r t i l i z e r   f o r  each species. 

P lant ing  seedl ings some 5 cm deeper  than  they  stood i n  the  nursery  proved  an 

e f f e c t i v e  way o f   improv ing   the i r   es tab l i shment .  
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INTRODUCTION 

Shallow  undercutt ing  fol lowed  by  frequent  wrenching a t   t h e  same depth was 

f i r s t  developed i n  i t s  modern form i n  New Zealand (Van Dorsser  and Rook 

1972).  This  process, known as  condi t ion ing,  i s  w ide l y   p rac t i sed  i n  New 

Zealand  and  Austral ia (Bacon  and  Hawkins  1977; Benson and  Shepherd  1977)  and 

has  allowed  the  use o f   b a r e r o o t   s e e d l i n g   p l a n t i n g   s t o c k  i n  South  Afr ican 

p l a n t i n g  programs  (Donald  1976;  Denison  1982). The species  used i n  these 

count r ies ,   un l i ke   those  used i n  B r i t i s h  Columbia,  seldom  develop a n a t u r a l  

dormancy i n  the  seedl ing  stage.  Condi t ioning,  by  inaucing  shoot dormancy and 

s t i m u l a t i n g   t h e   p r o d u c t i o n   o f  a compact f i b r o u s   r o o t  system, a l l ows   t he  

seedl ings  to   be  p lanted  successfu l ly   even  dur ing  the  growing season. 

Undercutting  and  wrenching  are  used t o  prepare  2-year-old  stock  for  

p l a n t i n g  i n  western  North  America,  but  the  depth o f  these  operat ions 18-20 cm 

(Tanaka e t   a l .  1976;  van  den  Driessche  1983)  and  25 cm (Duryea  and  Lavender 

1982) is greater  than  those  used i n  t h e  warm temperate  regions o f  the  southern 

hemisphere. 
IWrrr E i g h t   t r i a l s  on 2+0 s t o c k   o f   s i x   s p e c i e s  i n  fou r   nu rse r ies  were conducted 

t o  compare the   e f fec t   o f   sha l l ow   cond i t i on ing   (undercu t t i ng   and   w rench ing   a t  

10 cm) with t h a t  of  the   cur ren t ly   accepted  or standard  condi t ioning  regime 

(undercu t t ing  and  wrenching a t  20 cm). This   paper   descr ibes  the  resul ts   f rom 

t h e s e   t r i a l s .  It i s  d i v i d e d   i n t o  two  sect ions  cover ing (1) nurse ry   resu l t s  

and storage,  and ( 2 )  f i e l d  performance o f   t h e  stock. 
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NURSERY SECTION 

Methods  and Ma te r ia l s  

Each t r i a l   c o n s i s t e d   o f  a 2 x 3 f a c t o r i a l  with s i x   r e p l i c a t i o n s  i n  a 

randomized  block  design. The treatments were two  degrees o f   C o n d i t i o n i n g ,  

shal low  and  standard,  and  three  levels o f   f e r t i l i z e r   a p p l i e d   a p p r o x i m a t e l y  50 

days p r i o r   t o   l i f t i n g :  0, 1.25, and  2.50 g o f  4-12-8 f e r t i l i z e r   p e r  

seedling. Beds  were 1.1 m wide and, p l o t s  2.5 m. A complete f e r t i l i z e r  was 

used i n  t h e s e   t r i a l s  because (1) the re  was n o t   t i m e   t o   t e s t   d i f f e r e n t   l e v e l s  

o f   t h e   d i f f e r e n t  elements,  and  (2) i t  appeared l o g i c a l   t h a t  a f e r t i l i z e r  

su i tab le   f o r   g rowth   o f   con i fe rs   (Dona ld  1972) would  be  equal ly   su i tab le  for  
l a te   app l i ca t i on ,   pa r t i cu la r l y   as   t he   so i l   i n to   wh ich   t he   new ly   deve loped  roo t  

system  would  be  growing  would  already  have  been  largely  depleted  during  normal 

nursery  growth.  Table 1 l i s t s  the  nurseries,  species,  and  seedlots  used. 

S h a l l o w   c o n d i t i o n i n g   i n v o l v e d   t h e   u n d e r c u t t i n g   o f   t h e   r o o t s   a t  10 cm with 

minimal  disturbance,  followed  by  weekly  wrenching a t   t h e  same depth. The 

w r e n c h i n g   o p e r a t i o n   l i f t e d  o r  j o l t e d   t h e   s e e d l i n g s  and   b roke   t he   so i l   l aye r  i n  

which  the  roots  occurred.  Undercutt ing commenced t h e   l a s t  week o f   J u l y  and 

t h e  f i r s t  week o f  August 1979, and  wrenching  continued  for a minimum o f  14 

weeks. Th is  work was done manually with a f l a t  spade a t   a l l   n u r s e r i e s   e x c e p t  

Red Rock,  where a Marsh reciprocat ing  wrencher was used. The Marsh was used 

fo r   s tandard   cond i t ion ing  i n  a l l  nurser ies.  

P lan ts  were l i f t e d  be tween  the   las t  week o f  October  and  the f i r s t  week o f  

November 1979. A f t e r   l i f t i n g   f o r   p l a n t i n g  and/or  storage, a random  sample o f  

41  seedl ings was t a k e n   f o r   e a c h   p l o t ,   t h e   r o o t s   l i g h t l y  washed, and 16 

prepared  fo r   roo t   g rowth   capac i ty  (RGC) measurement (Burdet t  1979) .  The delay 

between l i f t i n g  and RGC measurement d id  n o t  exceed 5 days. The seedlings, 

from  which a l l  new wh i te   roo ts  were  removed,  were p o t t e d  i n  a 3:1, 
pea t : ve rm icu l i t e   m ix   t o  which l ime  had  been added. Once pot ted,   the  seedl ings 

were watered  and  placed a i n  growth chamber. The chamber was maintained a t  

3OoC f o r  16 hours with 400 clmol m s PPFO, and a t  25OC f o r  8 hours i n  -2 -1 

the  dark .   Re la t i ve   humid i ty  was maintained a t  75%. The seedl ings were kept  

i n  th i s  reg ime  fo r  7 days,  and  watered  every  second  day. 
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TABLE 1. Nurseries  and  species  used  in  the  conditioning/fertilizer  trials, 
shown by seedlot  number 

Nursery 
Layout  date 

Red  Rock  Skimikin Surrey Campbell  River 
1979-7-17 1979-7-12 1979-8-7 1979-8-14 

Interior  spruce 
(Picea  enaelmannii 
Parry) 

Interior  spruce 
(Picea glauca 
(Moench) Voss) 

Sitka  spruce 
(Picea  sitchensis 
(Bong.) Carr.) 
Lodqepole  pine 
(Pinus  contorta 
Doug1 .> 
Douglas-fir 
(Pseudotsu  a  menziesii 
' d n -  

2210 

1804 

1365 

1868 

149" 

1409 

2793 

391"" 

* Interior  variety  glauca  (Blissn.)  Franco 

** Coastal  variety  menziesii  (Mirb. ) Franco 
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On removal  from  the chamber, t h e   p l a n t s  were taken  from  the  growing  media, 

a g a i n   l i g h t l y  washed, and the  number o f  new white  roots  counted. The scor ing  

system  developed  by  Eiurdett (1979) was used i n  a s l i g h t l y   m o d i f i e d  form. The 

number o f   r o o t s   l e s s   t h a n  1 cm were scored  as 0 f o r  none, 0.5 f o r  1 t o  10, 1.0 

f o r  more than 10. These values were  added to   the  Burdet t   sca le.   A l though  the 

Burdet t   scor ing  system  a l lows  rap id assessment, t h e   a c t u a l   t o t a l  number o f  new 

roots  produced  could  be a more s e n s i t i v e  measure of   t reatment  response. To 

t e s t   t h i s ,   a l l  new roo ts   o f  2 mm or more were counted  for  each  seedling  from 

two  blocks o f  each o f   t h e   f o u r   i n t e r i o r   s p r u c e   t r i a l s .  

Shoot   length,   root   co l lar   d iameter ,  and oven-dry  weight were  measured  on 

the  remaining 25 seedl ings  for  a l l   t r i a l s .  The dry  seedl ings were separated 

i n t o   f o l i a g e ,  stems,  and roots,  then  ground and analysed  for   n i t rogen (N) ,  

phosphorus (P), potassium (K) ,  calcium (Ca),  and magnesium (Mg) content. 

Ni t rogen was determined  by  Micro-Kjeldahl, P by  the  vanadophosphoric method, 

and the   ca t ions ,  K, Ca, and Mg, by  atomic  absorption. 

Coastal  species were l i f t e d  i n  autumn  and s to red  with m o i s t   f o l i a g e   a t  2OC 

f o r   p l a n t i n g   e a r l y   t h e   f o l l o w i n g  year. I n t e r i o r   s p e c i e s  were s t o r e d   a t  -2OC 

with d r y   f o l i a g e   f o r   p l a n t i n g   t h e   f o l l o w i n g   s p r i n g .  When the  seedl ings were 

removed from  storage  for   p lant ing,  RGC was measured on a f u r t h e r  16 seedlings 

from  each plot .   Data  obtained  f rom  the RGC t e s t s  and morphological 

measurements  were subjected  to  analyses  of   var iance.  Tissue  analyses  data 

were sub jec ted   t o   mu l t i va r ia te  and univar ia te  analyses.  

Resul ts  

Root  growth  capacity 

Coastal   Douglas-f i r  and Si tka  spruce 

With both  these  coastal   species,  RGC showed a s i g n i f i c a n t   i n t e r a c t i o n   ( 5 %  

l e v e l )  between the   cond i t ion ing   t rea tment  and f e r t i l i z e r   a p p l i c a t i o n .  

Pre-storage RGC was only  increased  by  shal low  condi t ioning when the  t reatment 

was combined with l a t e   f e r t i l i z e r   a p p l i c a t i o n   ( F i g s .  1 and 2). The 1.25-9 

l e v e l   o f   f e r t i l i z e r  appeared t o  be  adequate, n o t   d i f f e r i n g   s i g n i f i c a n t l y   f r o m  

the  2.50-9 l e v e l .   F e r t i l i z e r   a p p l i c a t i o n  had  no e f f e c t  on the  RGC o f  

seedlings  given  the  standard  condit ioning  treatment. 
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Douglas-fir (coast) 

u o  O L  
1.25 2.50 

FIGURE 1. 

Sitka spruce 

:If= 
'"""" 

1 """-0 _ _ "  "-0 

0- 
1.25 2.50 

FIGURE 2. 

Douglas-fir (interior)  Lodgepole  pine 

4 :i' p - 0 5  

0- 
1.25 2.50 

1 

0- 
1.25 2.50 

FIGURE 3. FIGURE 4. 

FIGURES 1.- 4 .  The effect  of late  applications of 4-12-8 f e r t i l i z e r  on 
pre-storage (open c i rc les )  and post-storage  (solid  circles) 
root growth capacity  (modified  Burdett  scale) or 
standard-( broken lines) and shallow-conditioned (sol id  lines) 
planting  stock. Each point is a mean value of 96 seedlings, 
taken  as samples of 16 from each of the six treatment  blocks. 
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Storage f o r  6 months  reduced the RGC of   shal low-condi t ioned  Douglas- f i r  

s t o c k ,   p a r t i c u l a r l y  i f  i t  had  been fe r t i l i zed .   A f te r   s to rage,  RGC o f   sha l l ow  

condi t ioned and s tandard   cond i t ioned  Doug las- f i r   s tock   d id   no t   d i f fe r  

s i g n i f i c a n t l y  whether it was f e r t i l i z e d  or not   (F ig .  1). The RGC o f  

standard-condi t ioned  Si tka  spruce,  whether  fer t i l ized or  not ,  and 

shal low-condi t ioned  s tock  that   had  not   received  fer t i l izer ,  were increased by 

3 months'  storage.  Shallow-condit ioned  Sitka  spruce  stock  that had received 

f e r t i l i z e r  was unaffected  by  storage  (Fig. 2) .  

I n t e r i o r   D o u g l a s - f i r  and lodgepole  p ine 

Shallow  condit ioning  improved  the  pre-storage RGC o f   i n t e r i o r   D o u g l a s - f i r  

a t   Sk imik in ,   bu t  had  no s i g n i f i c a n t   e f f e c t  on the  lodgepole  p ine  a t  Red Rock. 
F e r t i l i z e r   a p p l i c a t i o n  improved  the  pre-storage RGC of both species. The 

h i g h e s t   l e v e l  (2.50  g) was requi red  to   ensure a s ign i f i can t   d i f f e rence   f rom 

the  zero l e v e l   a t   S k i m i k i n ,  whereas the 1.25-9 l e v e l  was s u f f i c i e n t   a t  Red 

Rock (Figs. 3 and 4). No i n t e r a c t i o n s  were s i g n i f i c a n t .  

Storage f o r  6 months  improved the  RGC o f   s tandard-cond i t ioned  s tock   o f  

i n t e r i o r   D o u g l a s - f i r ,   b u t   t h e   f e r t i l i z e d   s t o c k   t h a t  had  an  improved RGC a t  

l i f t i n g   f a i l e d   t o   m a i n t a i n   t h i s  improvement through  storage  (Fig.  3). 

Lodgepole pine  that   received  the  standard  condi t ioning  improved RGC fo l l ow ing  

7 months'  storage.  Shallow-condit ioned  lodgepole  pine  neither  improved nor 

deter iorated  (F ig .  4). 

I n t e r i o r  spruce 

Shal low  condi t ion ing  s ign i f icant ly   improved  the  pre-s torage RGC o f  

i n t e r i o r  spruce a t   t h e  Campbell River,  Skimikin, and Surrey  nurseries. It had 

no e f f e c t   a t  Red  Rock (F igs .   5 -8 ) .   La te   f e r t i l i ze r   app l i ca t i on  had l i t t l e  

e f f e c t  on pre-storage RGC o f   i n t e r i o r  spruce. A t  Red Rock, however, 

standard-condi t ioned  stock  d id  respond  quadrat ical ly  (Table 2). 

When t h e   t o t a l  number o f  new roots  produced was used instead  o f   the 

mod i f ied   Burdet t   sca le   to  assess   the   e f fec t   o f   t rea tment ,   the   response  to  

cond i t ion ing  was unchanged, b u t   t h e   e f f e c t   o f   t h e   f e r t i l i z e r   t r e a t m e n t  was 
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Spruce  (Campbell  River) 

“0” - --- -0 

1.25  2.50 

F I G U R E  5 .  

Spruce  (Skimikin) 

1 _””” -0”” 

0- 
1.25  2 .50 

F I G U R E  7 .  

Spruce  (Surrey) 

1 .25   2 .50  

F I G U R E  6. 

Spruce  (Red Rock) 

I p.05 

4 

2l 1 
0 L 

1.25 2.50 

F I G U R E  8. 

FIGURES 5.- 8. The effect  of la te   appl icat ions of 4-12-8 f e r t i l i z e r  on 
pre-storage (open c i rc les )  and post-storage  (solid  circles) 
root growth capacity  (modified  Burdett  scale) or 
standard-( broken l ines)  and shallow-conditioned (sol id   l ines)  
planting  stock. Each point is a mean value o f  96 seedlings, 
taken  as samples o f  16 from each of the six treatment  blocks. 
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TABLE 2. The e f f e c t   o f   c o n d i t i o n i n g  and l a t e   f e r t i l i z e r   t r e a t m e n t s  on the  
pre-storage RGC o f   i n t e r i o r  spruce, Red Rock Nursery  (modified 
Burdet t scale) 

Condi t ioning g 4-12-8/seedl ing  Interact ion  table 
LSD 

0 1.25 2.50 SE (p< .OS) 

Standard 

Shallow 

2.3 3.5 2.4 

2.4 2.7 2.8 

0.4 0.8 

TABLE 3. The e f f e c t   o f   l a t e   f e r t i l i z e r   a p p l i c a t i o n  on the  pre-storage RGC o f  
i n t e r i o r  spruce,  averaged f o r  Campbell River,  Skimikin, and Surrey 
nurser ies ( a l l  new r o o t s  Z 2mm) 

~~ 

g 4-12-8heedling 

0 1.25 2.50 
LSD 

SE (p< .Ol) 

33.8 78.3 87.0 9 .3  38.0 
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c lea r l y   ev iden t   (Tab le  3 ) .  There  were  no in te rac t ions   be tween  cond i t ion ing  

and f e r t i l i z e r   t r e a t m e n t s   f o r   i n t e r i o r   s p r u c e   a t  Campbell  River,  Skimikin, or 
Surrey  whether  the assessment was  made with the   mod i f i ed   Bu rde t t   sca le  or  t h e  

t o t a l   r o o t  count. 

S torage  fo r  7-8 months improved  the RGC o f   s tandard -cond i t i oned   i n te r i o r  

spruce a t   a l l   f o u r   n u r s e r i e s ,  though  the  response was no t   a lways   s ign i f i can t .  

The RGC o f  shal low-condi t ioned  s tock,   par t icu lar ly  i f  i t  rece ived a l a t e  

f e r t i l i z e r   a p p l i c a t i o n ,  was adversely  affected  by  storage,  although it was 

s t i l l   b e t t e r   t h a n  or  as good as  the  improved RGC o f   s to red   s tandard-  

condi t ioned  s tock,   (F igs.  5-8). 

Seedling  morphology 

Shoot   leng th   and  roo t   co l la r   d iameter  were n o t   s i g n i f i c a n t l y   a f f e c t e d  

b y   e i t h e r   t h e   c o n d i t i o n i n g  or t h e   f e r t i l i z e r   t r e a t m e n t s   a t  any nursery. 

To ta l   d ry   we igh t   o f   S i t ka   sp ruce  and i n t e r i o r   s p r u c e  (Red Hock)  were 

reduced  by  shal low  condi t ioning. The responses  were s i g n i f i c a n t   a t   t h e  1% 

leve l :   t hey  were  2.05-1.51 g and 1.02-0.88 g, respect ively.   There were 

no   o the r   s ign i f i can t   d i f f e rences  i n  dry  weight. 

Tissue  analyses 

M u l t i v a r i a t e   a n a l y s e s   o f   v a r i a n c e   o f  each t r i a l  was used t o  determine 

t h e   e f f e c t   o f   t h e   t r e a t m e n t s  o n   t h e   n u t r i e n t   l e v e l s   o f   a l l   t h r e e   p o r t i o n s  

o f   the   p lan t   s imu l taneous ly .   Un ivar ia te   ana lyses  were then  used t o  

in te rpre t   the   s ign i f i can t   responses   (Tab les  4-10). 

I n  most  cases  where s ign i f i can t   t rea tment   d i f fe rences   occur red ,  

shal low  condi t ion ing  reduced  the  percent   nut r ient   content   and  the  seedl ing 

t i s s u e s   b e l o w   t h a t   o f   t h e   s t a n d a r d - c o n d i t i o n e d   s t o c k .   E x c e p t i o n s   t o   t h i s  

were  most p reva len t  i n  the   roo ts   ( s i x   t imes ) ,   bu t   a l so   occu r red  i n  t h e  

stems ( tw ice)  and i n   t h e   f o l i a g e  (once).   Root  t issue  increases  occurred 

i n  N and P with Si tka  spruce, i n  K with in ter ior   spruce  (Campbel l   R iver) ,  

i n  Mg with in te r io r   spruce  (Sur rey)  and  lodgepole  pine,  and i n  Ca with 
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TABLE 4. Nutrient  content (% d r y  weight)  of coastal  Douglas-fir  tissues  as 
affected by conditioning and fer t i l izer   t reatments  

Conditioning  Standard Shallow 
Treatment significance 

Fe r t i l i ze r   r a t e  0 1.25 2.50 0 1.25  2.50 
(g  4-12-8/plant) Cond Fert CxF Error Ms 

Needles N 

P 
K 

Ca 
Mg 

Stems N 
P 

K 

Ca 

Mg 

Roots N 
P 

K 

Ca 

Mg 

1.50 1.55 1.46 1.46 1.72 1.73 

0.12 0.12 0.12 0.12 0.11 0.11 

0.73 0.73 0.70 0.72 0.76 0.72 

0.39 0.37 0.39 0.32 0.33 0.34 

0.11 0.10 0.11 0.08 0.09 0.10 

0.75 0.77 0.73 0.66 0.91 0.98 

0.10 0.10 0.10 0.10 0.10 0.10 

0.50 0.52 0.48 0.52 0.48 0.50 

0.26 0.25 0.27 0.20 0.21 0.22 

0.07 0.07 0.08 0.07 0.06 0.07 

0.76 0.72 0.70 0.74 1.07 1.02 

0.12 0.13 0.12 0.12 0.14 0.14 

0.42 0.43 0.38 0.44 0.39 0.32 

0.27 0.27 0.31 0.20 0.24 0.24 

0.08 0.09 0.09 0.08 0.09 0.10 

* - * 0.0220 
- - - 0.0001 
- - - 0.0041 
** - - 0.0008 
** - - 0.0001 

- * * 0.0243 
- - - 0.0001 
- - - 0.0025 
** - - 0.0004 
** - - 0.0001 

** * ** 0.0150 
** * ** 0.0001 
- ** * 0.0019 
** ** - 0.0015 
- - - 0.0002 

- = not  significant * = 5% significance  level ** = 1% significance  level 
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TABLE 5. Nutrient  content (% dry  weight)  of Sitka  spruce  tissues as affected 
by conditioning and fert i l izer  treatments 

Conditioning  Standard Shallow 
Treatment significance 

Fer t i l i zer   ra te  0 1.25 2.50 0 1.25 2.50 
( g  4-12-8/plant) Cond Fert CxF Error Ms 

Needles N 

P 

K 

Ca 

Mg 

~ ~~~~~ 

1.63 0.64 1.67 1.60 1.82 2.14 * * * 0.0655 

0.17 0.17 0.17 0.19 0.1.9 0.20 ** - - 0.0004 

0.76 0.89 0.86 0.91 0.84 0.86 - - - 0.0196 

0.63 0.60 0.62 0.60 0.57 0.59 - - - 0.0036 

0.14 0.15 0.14 0.14 0.13 0.14 - - - 0.0003 

Stems N 

P 

K 

Ca 

Mg 

Roots N 
P 

K 

Ca 

Mg 

0.84 0.86 0.86 0.96 1.09 1.09 ** - - 0.0201 

0.15 0.13 0.13 0.16 0.15 0.14 - - - 0.0005 

0.52 0.55 0.57 0.62 0.56 0.55 - - * 0.0047 

0.33 0.30 0.31 0.34 0.31 0.30 - ** - 0.0007 

0.10 0.09 0.10 0.11 0.10 0.09 - - - 0.0001 

0.88 0.84 0.93  1.03 1.34  1.43 ** ** ** 0.0118 

0.14 0.15 0.15 0.16 0.18 0.18 ** - - 0.0002 

0.51 0.50 0.50. 0.52 0.55 0.51 - - - 0.0033 

0.29 0.28 0.30 0.30 0.28 0.35 - * - 0.0014 

0.12 0.13 0.14 0.14 0.13 0.13 - - - 0.0004 

- = not significant * = 5% significance  level ** = 1% significance  level 
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TABLE 6. F e r t i l i z e r  and condi t ion ing  e f fects  on the   nu t r ien t   con ten t  (% dry 
weight)  of i n t e r i o r  spruce  fol iage. 

Conditioning  Standard  Shallow 
Treatment s ign i f i cance 

F e r t i l i z e r   r a t e  0 1.25  2.50 0 1.25 2.50 
( g  4-12-8/plant) Cond Fer t  CxF Error Ms 

Campbell N 
River P 

K 
Ca 
Mg 

Surrey N 
P 
K 
Ca 
Mg 

Skimikin N 
P 
K 
Ca 
Mg 

Red  Rock N 
P 
K 
Ca 
Mg 

2.20 
0.29 
0.64 
0.69 
0.16 

1.94 
0.25 
0.54 
0.93 
0.10 

1.98 
0.28 
0.85 
1.04 
0.16 

1.84 
0.16 
0.55 
0.64 
0.14 

2.20 2.19 
0.29 0.30 
0.68 0.62 
0.67 0.68 
0.13 0.13 

2.49 2.44 
0.25 0.24 
0.57 0.53 
0.97 1.02 
0.10 0.10 

2.64 2.82 
0.31 0.30 
0.76 0.71 
1.15 1.19 
0.18 0.18 

2.19 2.32 
0.17 0.16 
0.60 0.59 
0.66 0.69 
0.16 0.16 

2.08 2.23 2.17 
0.28 0.26 0.25 
0.69 0.68 0.65 
0.59 0.60 0.56 
0.11 0.12 0.10 

1.34 1.71 2.06 
0.18 0.22 0.22 
0.47 0.54 0.56 
0.87 0.82 0.80 
0.10 0.10 0.10 

1.65 2.17 1.99 
0.24 0.25 0.25 
0.79 0.77 0.73 
1.20 1.17 1.13 
0.13 0.15 0.17 

1.77 2.02 2.17 
0.13 0.14 0.14 
0.45 0.56 0.56 
0.63 0.61 0.69 
0.13 0.15 0.16 

- - - 0.0207 ** - * 0.0004 
- - - 0.0035 ** - - 0.0029 ** - - 0.0005 

** ** * 0.0292 ** * ** 0.0002 - - * 0.0024 ** - - 0.0193 - - - 0.0002 

** ** - 0.1069 ** - - 0.0003 
- ** - 0.0047 
- - - 0.0485 
** ** * 0.0002 

** ** - 0.0177 ** - - 0.0002 ** ** - 0.0013 - - - 0.0059 * ** - 0.0001 

- = n o t   s i g n i f i c a n t  * = 5% s i g n i f i c a n c e   l e v e l  ** = 1% s ign i f i cance   l eve l  
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TABLE 7. F e r t i l i z e r  and cond i t ion ing   e f fec ts  on the  nut r ient   content  (% dry 
weight )   o f   in te r io r   spruce stem t issue. 

Conditioning  Standard  Shallow 
Treatment s igni f icance 

F e r t i l i z e r   r a t e  0 1.25 2.50 0 1.25 2.50 
(g  4-12-8/plant) Cond F e r t  CxF Error Ms 

Campbell N 
River P 

K 
Ca 
Mg 

Surrey N 
P 
K 
Ca 
Mg 

.,,*UI Skimikin N 
P 
K 
Ca 
Mg 

Red  Rock N 
P 
K 
Ca 
Mg 

1.72 
0.29 
0.56 
0.37 
0.11 

1.18 
0.22 
0.53 
0.35 
0.10 

1.13 
0.20 
0.62 
0.36 
0.13 

1.23 
0.15 
0.53 

0.13 
0.28 

1.58 1.54 
0.26 0.26 
0.53 0.56 
0.32 0.34 
0.10 0.11 

1.59 1.65 
0.21 0.21 
0.47 0.47 
0.34 0.35 
0.10 0.10 

1.46 1.54 
0.21 0.22 
0.61 0.52 
0.35 0.35 
0.15 0.15 

1.59 1.87 
0.17 0.17 
0.55 0.57 
0.27 0.27 
0.13 0.13 

1.57 1.71 
0.25 0.25 
0.62 0.59 
0.33 0.30 
0.10 0.09 

0.89 1.12 
0.15 0.18 
0.46 0.48 
0.31 0.33 
0.10 0.10 

0.72 1.14 
0.18 0.19 
0.61 0.59 
0.33 0.34 
0.14 0.15 

1.20 1.61 
0.14 0.15 
0.50 0.56 

0.12 0.12 
0.28 0.25 

1.36 ** ** - 
0.18 ** - ** 
0.47 - - * 
0.32 ** - - 
0.10 - - - 
1.12 ** ** - 
0.19 ** - - 
0.60 - - - 
0.33 * - - 
0.16 - ** - 
1.67 - ** - 
0.15 ** ** 
0.58 
0.27 - * * 
0.13 - - * 

- - ** - 

0.0392 
0.0012 
0.0028 
0.0011 
0.0002 

0.0225 
0.0004 
0.0016 
0.0004 
0.0001 

0.0463 
0.0004 
0.0053 
0.0003 
0.0001 

0.0259 
0.0001 
0. COO8 
0.0003 
0.0001 

~ 

- = n o t   s i g n i f i c a n t  * = 5% s ign i f i cance   l eve l  ** = 1% sign i f i cance  leve l  
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TABLE 8. F e r t i l i z e r  and cond i t i on ing   e f fec ts  on the   nu t r i en t   con ten t  (% dry 
weight) o f  i n t e r i o r   s p r u c e   r o o t   t i s s u e .  

Conditioning  Standard  Shallow 
Treatment  s igni f icance 

F e r t i l i z e r   r a t e  0 1.25 2.50 0 1.25 2.50 
( g  4-12-8/plant) Cond F e r t  CxF Error Ms 

Campbell N 
R iver  P 

K 
Ca 
Mg 

Surrey N 
P 
K 
Ca 
Mg 

Sk imik in  N 
P 
K 
Ca 
Mg 

Red  Rock N 
P 
K 
Ca 
Mg 

1.62 
0.25 
0.46 
0.28 
0.11 

1.27 
0.24 
0.46 
0.35 
0.12 

0.96 
0.21 
0.48 
0.35 
0.12 

1.42 
0.15 
0.42 
0.40 
0.13 

1.44 1.62 
0.25 0.27 
0.46 0.47 
0.28 0.27 
0.10 0.10 

1.92 1.92 
0.26 0.25 
0.40 0.39 
0.30 0.29 
0.12 0.12 

1.56 1.86 
0.25 0.23 
0.45 0.38 
0.30 0.29 
0.12 0.12 

2.05 2.41 
0.16 0.15 
0.40 0.35 
0.40 0.41 
0.12 0.10 

1.50 1.76 1.82 
0.26 0.25 0.23 
0.49 0.50 0.47 
0.23 0.23 0.22 
0.11 0.11 0.10 

0.99 1.30 1.63 
0.20 0.23 0.23 
0.38 0.34 0.43 
0.31 0.26 0.29 
0.13 0.15 0.13 

0.80 1.50 1.72 
0.23 0.23 0.21 
0.46 0.44 0.37 
0.31 0.26 0.29 
0.13 0.14 0.16 

1.47 2.02 2.03 
0.13 0.15 0.14 
0.40 0.36 0.34 
0.40 0.35 0.42 
0.12 0.10 0.40 

** ** ** 0.0154 - - ** 0.0002 - 0.0007 ** - - 0.0002 - * - 0.0001 

* - 

** ** ** 0.0211 ** - - 0.0004 
- - ** 0.0014 * ** - 0.0010 ** * - 0.0001 

- ** - 0.0299 * ** - 0.0003 - ** - 0.0013 * ** - 0.0069 - * - 0.0003 

- ** - 0.0495 
* - - 0.0003 * ** - 0.0008 - - - 0.0027 - ** - 0.0002 

~~~~~ ~ 

- = n o t   s i g n i f i c a n t  * = 5% s i g n i f i c a n c e   l e v e l  ** = 1% s i g n i f i c a n c e   l e v e l  
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TABLE 9. Nutr ient   content  (% dry  weight)  of  lodgepole  pine (Red Rock) t issues 
as a f fec ted  by condi t ion ing and fe r t i l i ze r   t rea tmen ts .  

Conditioning  Standard  Shallow 
Treatment s ign i f i cance  

F e r t i l i z e r   r a t e  0 1.25 2.50 0 1.25  2.50 
( g 4-12-8/plant) Cond F e r t  CxF Error Ms 

Needles N 

P 

K 

Ca 

Mg 

Stems N 

P 

K 

Ca 

Mg 

Roots N 

P 

K 

Ca 

Mg 

1.33 2.07 1.89 1.25 1.65 1.79 ** ** * 0.0350 

0.15  0.16 0.16 0.13 0.14 0.14 ** - - 0.0002 

0.63 0.66 0.70 0.55 0.60 0.62 ** * - 0.0044 

0.32 0.33 0.35 0.33 0.34 0.36 - ** - 0.0006 

0.11 0.12 0.13 0.11 0.12 0.13 - ** - 0.0001 

0.63 1.13 1.09 0.76 1.01 1.12 - ** * 0.0147 

0.12 0.13 0.12 0.11 0.12 0.12 ** * - 0.0001 

0.59 0.63 0.58 0.48 0.50 0.57 ** - - 0.0052 

0.20 0.20 0.20 0.21 0.23 0.20 - - - 0.0004 

0.13 0.13 0.13 0.13 0.13 0.13 - - - 0.0002 

0.74 1.36 1.34 0.80 1.23 1.39 - ** - 0.0153 

0.13 0.13 0.13 0.12 0.13 0.13 - - - 0.0001 

0.42 0.45 0.46 0.42 0.42 0.41 * - - 0.0008 

0.24 0.29 0.28 0.27 0.30 0.28 - - - 0.0036 

0.10 0.10 0.10 0.11 0.11 0.10 * - - 0.0001 

- = n o t   s i g n i f i c a n t  * = 5% s ign i f i cance   l eve l  ** = 1% s ign i f i cance   l eve l  
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TABLE 10. Nutr ient   content  (% dry   we igh t )   o f   in te r io r   Doug las- f i r   t i ssues  as 
af fected by condi t ion ing and f e r t i l i z e r  treatments. 

Conditioning  Standard  Shallow 
Treatment s ign i f i cance  

F e r t i l i z e r   r a t e  0 1.25 2.50 0 1.25 2.50 
( g  4-12-8/plant) Cond F e r t  CxF Error Ms 

Needles N 

P 

K 

Ca 

Mg 

Stems N 

P 

K 

Ca 

Mg 

Roots N 

P 

K 

Ca 

4 

1.50 2.04 2.29 1.24 1.89 2.19 

0.24 0.26 0.26 0.21 0.22 0.24 

1.27 0.96 0.96 1.02 0.96 0.93 

0.76 0.71 0.75 0.72 0.72 0.70 

0.15 0.15 0.15 0.16 0.16 0.17 

0.73 1.04 1.31 0.59 0.98 1.13 

0.15 0.15 0.17 0.12 0.14 0.14 

0.53 0.47 0.49 0.39 0.44 0.40 

0.32 0.30 0.31 0.31 0.32 0.29 

0.10 0.10 0.10 0.09 0.10 0.09 

0.77 1.03 1.29 0.86 1.00 1.34 

0.16 0.17 0.17 0.14 0.15 0.15 

0.44 0.43 0.41 0.41 0.43 0.40 

0.47 0.51 0.51 0.49 0.60 0.69 

0.11 0.10 0.09 0.10 0.10 0.10 

- ** - 0.0695 
** - - 0.0008 
- ** - 0.0197 
- - - 0.0023 
* - - 0.0001 

* ** - 0.0320 
** ** - 0.0003 
** - ** 0.0016 
- - - 0.0013 
- - - 0.0001 

- ** - 0.0253 
* - - 0.0004 
- - - 0.0010 
** ** ** 0.0036 
- - - 0.0001 

- = n o t   s i g n i f i c a n t  * = 5% s i g n i f i c a n c e   l e v e l  ** = 1% s ign i f i cance   l eve l  



- 17 - 

in te r io r   Doug las- f i r .   Bo th  stem  increases  occurred a t  Campbell  River: N 

i n  Si tka  spruce and K i n   i n t e r i o r  spruce. I n  the   fo l iage ,   on ly  Mg o f  
i n t e r i o r   D o u g l a s - f i r  was increased  by  shal low  condi t ioning. The l a t e  

a p p l i c a t i o n   o f   f e r t i l i z e r   i n c r e a s e d   t h e   p e r c e n t   n u t r i e n t   c o n t e n t ,   b u t  

here,   too,   except ions  occurred.  Interact ions  between  condi t ioning and 

f e r t i l i z e r ,  caused  by t h e   f a i l u r e   o f   t h e   s t a n d a r d - c o n d i t i o n e d   s t o c k   t o  

respond t o   f e r t i l i z e r   a p p l i c a t i o n ,   a r e   n o t  uncommon.  The shal low 

condi t ioned  s tock  can  respond  pos i t ive ly  - the  N c o n t e n t   o f   t h e   t i s s u e s   o f  

Douglas-f i r ,   Si tka  spruce,  inter ior   spruce  (Surrey),   and  lodgepole  p ine; 

or negat ive ly  - P c o n t e n t   o f   i n t e r i o r   s p r u c e   f o l i a g e  and r o o t s   a t  Campbell 

River, K con ten t   o f   coas ta l   Doug las- f i r   roo ts ,  and K c o n t e n t   o f   S i t k a  

spruce stems. Reductions i n  nu t r ien t   con ten t  i n  bo th   cond i t ion ing  

treatments was con f ined   t o  K content i n  t h e   f o l i a g e   o f   i n t e r i o r  

Doug las- f i r ,   the   fo l iage  and roo ts   o f   i n te r i o r   sp ruce   (Sk im ik in ) ,   and   t he  

r o o t s   o f   i n t e r i o r   s p r u c e  (Red Rock). 

I mc., 

Discussion 

Shal low  condi t ioning  improved  the RGC o f   f e r t i l i z e d ,   u n s t o r e d   s t o c k   o f  a l l  
species  except  for   the  lodgepole  p ine and i n t e r i o r   s p r u c e  grown a t  Red Rock. 

Coastal   Douglas-f i r  was l i f t e d   a t   t h e   b e g i n n i n g   o f  November, a t ime 

considered t o  be too  e a r l y  t o  a l low adequate cold hardening i n  seedlings so 

that   they  can  wi thstand  s torage  a t  2OC (Duryea  and  Lavender 1982; van  den 

Driessche 1983). The RGC of  the  standard-condit ioned  stock  did  not  improve i n  

s torage,   suppor t ing  th is   hypothes is ,   nor   d id   shal low  condi t ion ing  improve  the 

RGC o f   s to red   coas ta l   Doug las - f i r .  Where coas ta l   Doug las- f i r  i s   n o t   s t o r e d  

( i .e . ,  autumn p lanted) ,  a s i g n i f i c a n t  improvement i n  i t s  RGC can  be  obtained 

with shal low  condit ioning  combined with l a t e   f e r t i l i z e r   a p p l i c a t i o n .  

Although October/November l i f t i n g   i s   a l s o  considered t o  be e a r l y   f o r   t h e  

o ther   con i fe rs  used, the  standard-conditioned  stock  improved i n  RGC f o l l o w i n g  

storage -- an i n d i c a t i o n   t h a t  some cold  hardiness  had  developed.  Storage 

reduced  the RGC of some species  that  were shal low  condit ioned, but on ly  i n  the  

case o f  lodgepole  p ine was the  RGC of   s tored  shal low-condi t ioned  s tock  less 
v *,d’ 
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than  that   o f   s tored  s tandard-condi t ioned  s tock.  I n  most  cases, RGC o f   s to red  

shal low-condit ioned  stock was be t te r   than  tha t   o f   s to red   s tandard-cond i t ioned 

stock. 

Shallow  condit ioning  causes a drop i n  the  N and P conten t   o f   P inus   rad ia ta  

f o l i a g e  (Van Dorsser and Rook 1972; Benson and  Shepherd  1977; Donald  1983)  and 

caused reduc t ions  with the  species  used i n  t h e s e   t r i a l s .   S i m i l a r   r e s u l t s  have 

been recorded  for   the N and P conten t   o f   Doug las- f i r   fo l low ing   s tandard  

cond i t i on ing  i n  l a t e  summer (van den Driessche  1983).  This  drop i n  n u t r i e n t  

l e v e l  causes a ye l l ow ing   o f   t he   f o l i age ,   wh ich   i nd i ca tes   t ha t   t he   cond i t i on ing  

i s  h a v i n g   t h e   d e s i r e d   e f f e c t .   L a t e   f e r t i l i z e r   a p p l i c a t i o n  changes the  t rend, 

improv ing  the  nut r ient   content  and improving  the RGC of   seedl ings  (Donald 

1983). 
Stupendick (1977) has shown that   P inus  rad iata  growing in a n u t r i e n t -  

d e f i c i e n t   s i t u a t i o n  i s  unable t o  respond to   sha l low  cond i t ion ing ,   the  RGC 

be ing much more poor  than  that   of   seedl ings  g iven  an  adequate  nutr ient  

supply. I n  t h e   t r i a l s   d e s c r i b e d   h e r e ,   t h e   l a t e   a p p l i c a t i o n   o f  1.25 g 4-12-8 

per  seedl ing  improved  the RGC o f   b o t h  Red Rock species  ( lodgepole  p ine and 

in te r i o r   sp ruce )   rega rd less   o f  which condi t ion ing  t reatment  was used. The 

response i n  most  cases was quadrat ic ,  with t h e  2.5-9 l e v e l   n o t   d i f f e r i n g  

s i g n i f i c a n t l y  from  the 1.25-9 l e v e l .  

The quan t i t y   o f   nu t r i en t   app l i ed   pe r   seed l i ng   us ing  1.25 g 4-12-8 complete 

f e r t i l i z e r  was 50 mg  N, 150 mg P, and 100 mg K; or ,  with a s t o c k i n g   o f  200 

seed l ing  m-2, 100 k g  N, 300 k g  P, and 200 kg K/ha. These ra tes   a re   h igh ,  

bu t  N leve ls   are  s imi lar   to   those  used  by  o ther   researchers i n  Nor th  America: 

on Douglas- f i r  van  den Driessche  (1982)  used  up t o  175 kg  N/ha i n  one 

experiment,  and up t o  240 kg N/ha i n  another  (van den Driessche  1983) ; and  on 

Picea  glauca Mullin and  Bowdery (1977) used  up t o  122 kg  N/ha, wh i le  Armson 

(1963)  used up t o  136  kg N/ha. Phosphorus  and K a p p l i c a t i o n   r a t e s  were 

s ign i f i can t l y   h ighe r   t han   no rma l l y  used i n  North  America,  probably  because  the 

r a t i o s  were based on South  Afr ican  data  (Donald 1972) where s o i l  P and K 
l e v e l s  - p a r t i c u l a r l y  P - are much lower  than i n  B r i t i s h  Columbia.  Most of  

t he  above researchers  used  lower  quanti t ies o f  P and K than  of N, no t   h ighe r  

as  used i n  t h e   t r i a l s   r e p o r t e d  i n  th i s   s tudy ;  however, van den Driessche 

(1983)  used 524 k g  P/ha  and 240 kg  K/ha i n  h i s   t r i a l .  
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The technique  of  prescribing  fertilizer  per  seedling  rather  than  per  area 
i s  based on the  hypothesis  that  nursery  plants must be regarded s i n g l y  and 
that   their   individual  espacement is of major importance.  Seedling espacement 
was not  part o f  t h i s  t r i a l ,  and  bed densi t ies ,   par t icular ly   a t  Red Rock,  were 
much higher  than  are customary i n  South African  nurseries where  bed density 
seldom exceeds 175 m-2. The  number of  usable  seedlings were taken from the 
latest  available  stock-taking  surveys  for  the beds i n  which t h e   t r i a l s  were 
s i ted .  Red  Rock had over 400 seedlings m-*, Skimik in  had about 300, while 
b o t h  Campbell River and Surrey had l e s s  than 200 seedlings m-’. 

Rock, w i t h  over 400 seedlings m-*, kil led over 90% of the  plants and it was 
only w i t h  difficulty  that  apparently  healthy  seedlings  could be found for RGC 

measurement, laboratory  enumerations, and field  planting. The 2.5-9 level  
a lso caused some mortality a t  Sk imik in  w i t h  300 seedlings m- . A l l  

treatments were divided i n  half and applied a t  weekly i n t e r v a l s   a t  Surrey and 

The salt  concentrations of the 2.5 g 4-12-8 per  seedling  treatments a t  Red 

2 

‘h*- Campbell River. No mortality was recorded at   e i ther   nursery.  
There i s  good evidence that  seedling  density  influences  plant growth, the 

highest   densit ies g i v i n g  large numbers of cu l l s  and poorer f i e l d  performances 
(Van Dorsser  1969; Benson  and Shepherd 1977; M u l l i n  and Bowdery 1977; Bowles 
1981; van  den Driessche 1982). British Columbia i s  already us ing  lower 
densi t ies ,  and therefore  the 50 mg N per  seedling  appears  to be an acceptable 
amount. Phosphorus and K l eve ls   a re  l i k e l y  t o  need considerable  modification, 
however. Recent work i n  South Africa  indicates  that 35 mg P per  seedling is  
optimum for Pinus  radiata ,  and tha t  K should  not be added because it i n h i b i t s  

RGC (Donald 1983). 

By and large,  t h e  s ignif icant  n u t r i e n t  response to  treatment i n  the 
tissues  of  these British Columbia species was a s  expected. Shallow 
conditioning reduced the  percent  nutrient  content below tha t  of  standard 
conditioning and la te   fer t i l izer   appl icat ion  corrected it .  Shallow 
conditioning  following la te   fer t i l izer   appl icat ion  that   increased  the  nutr ient  
content  over  that  achieved by the  standard  treatment was probably due t o  
greater  root  activity i n  the newly developed root system. Not only is the 

“1 ’ 
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percent N and P o f   t h e   r o o t  system  improved, e.g. i n  Si tka  spruce,   but   the 

t o t a l  N and P content i n  t h e   t i s s u e  i s  a lso  greater   (Table 11) even though  the 

to ta l   d ry   we igh t   o f   S i t ka   sp ruce  was decreased  by  shallow  conditioning. 

Percent K con ten t   o f   t i ssues  was reduced i n  severa l   ins tances  fo l lowing 

t h e   a p p l i c a t i o n   o f   f e r t i l i z e r s   c o n t a i n i n g   t h i s  element,  and  increased i n  
others. The reasons fo r   t h i s   i ncons is ten t   response   a re  unknown. I n  the  case 

o f   S i t ka   sp ruce  stems, t h e   t o t a l  K content  of   shal low-condi t ioned  stock stems 

was no t   reduced  by   fe r t i l i ze r   app l i ca t ion   (Tab le  121, suggesting a d i l u t i o n  

e f f e c t .  However, with Douglas- f i r   roots ,   both  the  coasta l  and i n t e r i o r  

v a r i e t i e s  showed a drop in percentage and t o t a l  K c o n t e n t   f o l l o w i n g   f e r t i l i z e r  

app l i ca t i on .  I t  i s   p o s s i b l e   t h a t   t h e   q u a n t i t i e s   o f  K app l ied  were too   h igh  

and t h e   n e g a t i v e   e f f e c t  was due t o   r o o t  damage i n h i b i t i n g   u p t a k e .  
Several  authors have repor ted  a drop i n  shoot  length  and  shoot d ry  weight 

fo l lowing  s tandard  condi t ion ing  (Shoulders 1963; Duryea and Lavender 1982; 

Tanaka " e t   a l .  1976; van den Driessche 19831, and i t  i s  an  accepted phenomenon 

with shal low  condi t ion ing (Rook 1971; Van Dorsser and Rook 1972; Benson and 

Shepherd 1977).  I n  the  present  experiment, a l a c k   o f   r e d u c t i o n  i n  he igh t  

growth  and  root   co l lar   d iameter ,  and a f a i r l y   l i m i t e d   r e d u c t i o n  i n  dry  weight,  

indicates  that   shoot  growth  had  already  stopped  before  condi t ioning  t reatments 

commenced. All f o u r   n u r s e r i e s   h a d   r e s t r i c t e d   i r r i g a t i o n   p r i o r   t o   b e g i n n i n g  

these t r i a l s   a t   t h e  end o f  Ju l y .   A l though   i r r i ga t i on  was recommenced, i t  

appears l i k e l y   t h a t   t h e   w a t e r   s t r e s s  had  induced  early shoot dormancy. Blake 

WW,,'. 

" e t   a l .  (1979) have shown the   he igh t   g rowth   o f   Doug las - f i r   d id   no t  recommence 
fo l lowing  induced  water   s t ress i n  mid-July, even though  the  p lants  were 

subsequently  well  watered. Tanaka " e t   a l .  (1976),  working  wi th  Douglas-f i r ,  
a l s o   f a i l e d   t o   r e g i s t e r  a height  response t o  standard  condi t ioning  over  the 

J u l y   t o  October  period.  Their  treatments  did, however, s t i m u l a t e   r o o t   d r y  

weight. 

The fa i l u re   o f   sha l l ow   cond i t i on ing   t o   improve   t he  RGC a t  Red Rock i s  

considered t o  be due t o   t h e   i n a b i l i t y   o f   t h e  Marsh rec ip roca t ing  wrencher t o  

s t r e s s   t h e   p l a n t s   s u f f i c i e n t l y .  The RGC o f   t h e  Red Rock p l a n t s  was already 

much h igher   than  tha t   o f   the  same species grown a t   o the r   nu rse r ies ,   ye t   bo th  

i n t e r i o r   s p r u c e  and lodgepole  pine  responded  well t o   t h e   l a t e   a p p l i c a t i o n   o f  



- 21 - 

TABLE 11. Tota l  N and P content o f  Si tka  spruce roots (mg) 

Conditioning 

Fertilizer ra te  
(g  4-12-8/plant) 

Standard 

0 1.25  2.50 

Shallow 

0 1.25  2.50 

~ 

N 

P 

13.6 

2.2 

~~ 

14.6 17.8 

~ ~~~ 

13.2  24.4  28.5 

2.7 2.9  2.1 3.3 3.6 

TABLE 12. Total  K content of Si tka  spruce stems (mg) 

Conditioning 

Ferti l izer ra te  
( g  4-12-Wplant) 

Standard 

0 1.25  2.50 

Shallow 

0 1.25 2.50 

K 11.2 11.1 11.2 7.5 9.7 9 . 3  



1.25  g f e r t i l i z e r .  I n  other  words, RGC can  be  improved  by  treatment, i n  t h i s  

case 1.25 g  4-12-8 per  seedl ing,   but   perhaps  also  by  proper ly  appl ied  shal low 

condi t ion ing.  

Conclusion 

Shal low  condi t ioning combined with l a t e   f e r t i l i z e r   a p p l i c a t i o n  has 

cons iderab le   po ten t ia l   to   improve  the  RGC o f   t h e   c o n i f e r s  grown i n  B r i t i s h  

treatment does not  improv%/as RGC* h o k v e r ,   f o r   S i t k a  spruce, i n t e r i o r  

Douglas-f i r ,  and the   i n te r i o r   sp ruces ,  RGC o f  stored, f e r t i l i z e d  

shal low-condit ioned  stock i s  as  good  as, or bet te r   than,   tha t  of  the   s to red  
standard-conditioned plants. More work is required  to  determine  optimum 

n u t r i t i o n   f o r   t h e   d i f f e r e n t  spec ies ,   pa r t i cu la r l y  with r e g a r d   t o  P and K 
l eve ls .  

1 

Page 22 should  read: 

Conclusion 

Shal low  condi t ion ing combined with l a t e   f e r t i l i z e r   a p p l i c a t i o n  
has  cons iderable  potent ia l   to   improve  the RGC o f   t h e   c o n i f e r s  
grown i n  B r i t i s h  Columbia. I n  the  case o f   coas ta l   Doug las - f i r  
the  t reatment  does not  improve  cold  hardiness (as measured  by 
the  RGC fo l low ing   s to rage) ;   bu t   fo r   S i tka   spruce,   in te r io r  
Douglas-f i r ,  and t h e   i n t e r i o r  spruces, RGC o f   s t o r e d ,   f e r t l i z e d  
shal low-condit ioned  stock is as  good as or  b e t t e r   t h a n   t h a t   o f  
the  s tored  s tandard  condi t ioned  p lants .  More  work i s  requ i red  
to   determine optimum n u t r i t i o n   f o r   t h e   d i f f e r e n t   s p e c i e s ,  
p a r t i c u l a r l y  i n  r e g a r d   t o  P and K l eve l s .  
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FIELD PERFORMANCE 

Methods  and Ma te r ia l s  

Table 13 summarizes the   p lan t i ng   s i t e   i n fo rma t ion .  A l l  s i x   nu rse ry  

var iab les  were c a r r i e d   f o r w a r d   i n t o   f i e l d   p l a n t i n g s ,  where an a d d i t i o n a l  

s p l i t - p l o t   v a r i a b l e  was added. The s p l i t - p l o t  was p lan t ing   t ime -- autumn 

1979 and sp r ing  1980, for   the  two  coasta l   spec ies,   Douglas- f i r  and S i t k a  

spruce;  and  depth o f   p l a n t i n g  -- nurse ry   l eve l  and 5 cm deeper  than  nursery 

l e v e l ,  i n  the  remaining  species. The f i e l d   p l a n t i n g s  were the re fo re  2 x 3 

f a c t o r i a l s   p l u s   s p l i t - p l o t ,   l a i d   o u t  i n  randomized  blocks, each with s i x  

r e p l i c a t i o n s .   P l o t s   c o n s i s t e d   o f  two s t r a i g h t   l i n e s   o f  25 t r e e s   r u n n i n g   a t  

r i g h t   a n g l e s   t o  a base l i n e .  The sub-plot whose t rees  were t o  be  planted 5 cm 

deeper  than  normal was decided  by  tossing a coin. Because o f   v igo rous  

regrowth o f   n a t u r a l   v e g e t a t i o n ,   o f t e n   i n c l u d i n g   n a t u r a l   r e g e n e r a t i o n   o f   t h e  

~” t e s t   s p e c i e s ,   p l a n t e d   t r e e s   a r e   f r e q u e n t l y   d i f f i c u l t   t o   l o c a t e   a f t e r  a year. 
To s i m p l i f y   t h e i r   l o c a t i o n  and i d e n t i f i c a t i o n ,  a c o l l a r   o f  12-gauge galvanized 

wire, 9.5 cm i n  diameter, was placed  around each p lan ted   t ree .   The i r   l oca t i on  

cou ld   then  be   de termined  fa i r l y   eas i l y  with a metal   detector.  

Su rv i va l  and he igh t   o f   i n te r i o r   Doug las - f i r ,   t he   i n te r i o r   sp ruces ,   and  

lodgepole  p ine were  measured i n  October 1981, and Si tka  spruce was measured i n  
March 1982. Lodgepole  pine was again measured i n  1983. I t  has  not been 

poss ib le   t o   eva lua te   t he   coas ta l   Doug las - f i r   t r i a l .  All data was sub jec ted   to  

ana lys is  of  variance. 

Resul ts  

S u r v i v a l   a f t e r   f i e l d   p l a n t i n g  

Table 1 4  summarizes t h e   s i g n i f i c a n t   s u r v i v a l  responses.  Survival o f  

i n t e r i o r   s p r u c e   r a i s e d   a t   S u r r e y  was s l i g h t l y   b u t   s i g n i f i c a n t l y   i m p r o v e d  

by  shal low  condi t ion ing and  by deep plant ing.   Shal low  condi t ioning  had  no 

e f f e c t  o n   t h e   s u r v i v a l   o f   t h e   o t h e r   t r i a l s .  Deep p lant ing  improved  the 

1s t   yea r   su rv i va l  of shal low-condi t ioned  lodgepole  p ine  ra ised  a t  Red Rock. 
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TABLE 13. D e t a i l s   o f   p l a n t i n g   t r i a l s   d e r i v e d   f r o m   c o n d i t i o n i n g / f e r t i l i z e r  
t r i a l s .  

Nursery  Species  Date l i f t e d  Date F i e l d   L a t  (N) Elev 

f rom  nursery  Planted  Si te & Long (E) (m) 

Red Rock Pinus  Oct. 1979 May 1980 F o r t  S t .  54O 30' 760 
contor ta  James  124O 10' 

Red Rock Picea  Oct. 1979 May 1980 F o r t  S t .  54O 30' 760 
glauca James  124O 10' 

Skimikin Picea  Oct. 1979 June 1980 Sicamous 50° 50'  1600 
engelrnannii 1 1 8 O  44' 

Skimikin Pseudotsuga  Oct. 1979 Apr. 1980 T r i n i t y  49O 23' 800 
rnenziesii  Valley 1180 44' 
var . glauca 

Campbell  Pseudotsuga Nov. 1979 Nov. 1979 Tree Farm 50° 32' 305 
River  menziesi i  Apr. 1980 L i c .  36 1 2 5 O  25' 

**I 

Campbell Picea Nov. 1979 Nov. 1979 Carnation 48O 56' 50 
R i v e r   3 3 3 i e n s i s  Jan. 1980 Creek 125O 00' 

Campbell Picea Nov. 1979 May 1980 For t   S t .  54O 30' 760 
River  glauca James  124O 10' 

Surrey  Picea Nov. 1979 June 1980 Dawson  540 SO' 762 
glauca Creek 1200 45' 
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TABLE 14. S u r v i v a l   o f  2+0 nursery  stock as af fected  by  condi t ion ing,   depth 
o f   p l a n t i n g ,  and l a t e   f e r t i l i z e r   a p p l i c a t i o n  

Species Var iab le  Combining f e r t i l i z e r   l e v e l s  SE LSD 
(p  G .OS) 

I n t e r i o r  Standard 98.6 
spruce  condi t ion ing 0.44 
(Surrey)  Shallow 

cond i t i on ing  99.8 

0.90 

I n t e r i o r  Normal  depth 98.7 
spruce 0.38  0.77 
(Surrey) Deep p lan ted  99.7 

Lodgepole  Normal  depth 95.4 
p ine  1.50 
(shal low- 
condi t ioned 
on ly )  Deep p lan ted  98.8 

3.06 

F e r t i l i z e r   r a t e s  
Species Type o f  ( g  4-12-8/seedling) SE LSD 

Condi t ion ing 0 1.25 2.50 (pG 0.05) 

S i t k a  
spruce  Both 98.0  90.2  94.2  2.90  5.92 
(autumn 
p l a n t i n g   o n l y )  
Lodgepole 
pine  Both 99.7  98.2  95.1  1.66  3.42 
(Red Rock) 
I n t e r i o r  
spruce  Both 98.5  94.7  89.7  1.94  4.00 
(Red Rock) 
I n t e r i o r  
Douglas-f ir   Shallow 100.0 98.0  95.7  1.15  2.36 
(Skimikin) 
I n t e r i o r  
spruce  Shallow 99.2  98.8  74.9 2.73 5.62 
(Skimikin) 
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The l o w   r a t e s ,   b u t   n o t   t h e   h i g h   r a t e   o f   l a t e   f e r t i l i z e r   a p p l i c a t i o n ,  

reduced  the  survival   of   autumn-planted  Si tka  spruce  raised  at   Campbel l  

River. The h igh   ra te   reduced  surv iva l   o f   lodgepo le   p ine  and i n t e r i o r  

spruce  ra ised   a t  Red Rock. The ra te   a l so   reduced   the   1s t   yea r   su rv i va l   o f  

sha l l ow-cond i t i oned   spec ies   ra i sed   a t   Sk im ik in .   Su rv i va l   o f   i n te r i o r  

sp ruce   ra i sed   a t  Campbell  River and at   Surrey was n o t   a f f e c t e d   b y   l a t e  

f e r t i l i z e r   a p p l i c a t i o n ,   n o r  was the   surv iva l   o f   s tandard-cond i t ioned 

p lan ts   ra i sed   a t   Sk im ik in .  Time o f   p l a n t i n g ,  autumn or spring,  had no 

e f f e c t  on the   su rv i va l   o f   S i t ka   sp ruce   ra i sed   a t   Campbe l l   R i ve r .   A f te r  3 

years,  no  treatment  dif ferences were s ign i f i can t   fo r   lodgepo le   p ine ,   the  

mean s u r v i v a l   f o r   t h e   t r i a l   b e i n g  90.8%. 

Height  increment 

S h a l l o w   c o n d i t i o n i n g   s i g n i f i c a n t l y   r e d u c e d   t h e   f i r s t   f i e l d  season 

increment o f  lodgepole  pine and t h e   i n t e r i o r  spruces  (Table 15). It had 

no e f f e c t  on the   1s t   yea r   i nc remen t   o f   i n te r i o r   Doug las - f i r  or on the  

increment o f   S i t k a   s p r u c e   a f t e r  2 years.   Af ter  3 years,  the  current  year 

(1982) he ight   increment   o f   lodgepole  p ine was no t   a f fec ted   by  

condi t ioning,  a l though  the  shal low-condi t ioned  plants were s t i l l  

s ign i f i can t ly   smal le r   than  those  tha t   rece ived  the   s tandard   t rea tment  

(Table 16). 

L a t e   f e r t i l i z e r   a p p l i c a t i o n  i n  the  nursery  increased  the  1st   year 

he ight   increment   o f   lodgepole  p ine and the   i n te r i o r   sp ruces  grown a t  

Skimikin and Red Rock (Table 15). The i n t e r i o r  spruces grown a t  Campbell 

R i v e r   r e s p o n d e d   s i g n i f i c a n t l y   t o   t h e  2.50-9 l eve l ,   on l y  when shal low 

c o n d i t i o n e d .   I n t e r i o r   D o u g l a s - f i r   p l a n t e d   a t   T r i n i t y   V a l l e y  was severe ly  

browsed  by  grouse. The  mean increment o f   t h e   f i v e   t a l l e s t   p l a n t s   p e r   p l o t  

were analysed because i t  seemed l i k e l y   t h a t   t h e s e  had no t  been  browsed. 

L a t e   f e r t i l i z e r   a p p l i c a t i o n  i n  the  nursery  s ign i f icant ly   improved  the 

he igh t   o f   t hese   p lan ts  i n  the  1st   year  (Table  15).  

A f t e r   t h e  second growing season ( f i r s t  enumeration),  height  increment 

o f   S i t k a  spruce  that   had  received  the  s tandard  condi t ion ing was 
w I ,  

s i g n i f i c a n t l y   r e d u c e d   b y   t h e   l o w   r a t e   o f   l a t e   f e r t i l i z e r   a p p l i c a t i o n ,   b u t  
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TABLE 15. Condi t ioning and l a t e   f e r t i l i z e r   e f f e c t s  on f i r s t   f i e l d  season 
height  increment (cm) o f  2+0 bareroot   coni fer   s tock 

F e r t i l i z e r   r a t e  
Condit ioning  regime SE LSD (g  4-12-8/seedling) SE LSD 

Species  Standard  Shallow  (p G0.05) 0 1.25 2.50 (p G.05) 

Lodgepole  pine 9.7 8.2 0.4 0.8 8.3  9.5 9.1 0.5 0.9 

In te r i o r   sp ruce  

Surrey 6.7 6.0 0.2 0.4 - - - 
Sk imik in  7.7 6.2 0.3 0.6 6.4 7.6 6.8 0.4 0.8 

Red  Rock 5.2 4.5 0.3 0.6 4.4  5.3 4.8 0.3 0.7 

Campbell 
River* 8.3  7.5  0.2 0.4 6.9  7.4 8.1 0.6 0.9 

' " 

Douglas- f i r  - - 5.9  8.5 8.3 0.4 1.0 

Sitka  spruce** - - 22.3 18.6 21.7 1.0 2.9 

* F e r t i l i z e r  response for   shal low-condi t ioned  p lants  only. 
* * F e r t i l i z e r  responses f o r  second f i e l d  season increment on standard-conditioned 

p l a n t s  only .  



- 28 - 

TABLE 16. Height  increment (cm) of   lodgepole  p ine for  t h e   t h i r d   f i e l d   g r o w i n g  
season  as a f fec ted   by   cond i t i on ing  and f e r t i l i z e r .   ( T o t a l   h e i g h t  
a t  3 years  given i n  parenthesis.) 

Condi t ion ing  t reatment   Fer t i l izer   ra te  (g   4-12-8/seedl ing)  Means 
0 1.25  2.50 

Standard 

Shallow 

9.8 9.4 10.3 
(35.6) (37.7) (37.3) 

8.9 10.2 9.9 
(33.5)  (36.4)  (36.5) 

9.8 
(36.8) 

9.7 
(34.9)  

~ 

Means 9.3  9. a 10.1 
(34.6) (36.9) (36.0) 

Var iable Height  increment To ta l   he igh t  
SE LSD SE LSD 

'.Ill'' 

(pG .OS> (p G .OS> 

Cond i t ion ing  NS* 

F e r t i l i z e r  NS 

C x F  0.6 1.2 

0.7 1.3 

0.8 1.6 

NS - 

*NS = F r a t i o  i n  analyses o f   v a r i a n c e   n o t   s i g n i f i c a n t .  
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not  by  the  h igh  rate.   Shal low-condi t ioned  stock was no t   a f fec ted .   La te  

f e r t i l i z e r   a p p l i c a t i o n   c o n t i n u e d   t o   i m p r o v e   ( a l t h o u g h   n o t   s i g n i f i c a n t l y )  

he ight   increment   o f   shal low-condi t ioned  lodgepole  p ine  a f ter  3 years. 
Both   cond i t ion ing  and f e r t i l i z e r   t r e a t m e n t  gave s i g n i f i c a n t  responses when 

t o t a l   h e i g h t  was analysed, however (Table  16). 

Deep p l a n t i n g   s i g n i f i c a n t l y   i m p r o v e d   f i r s t   f i e l d  season he igh t  

increment o f   a l l   i n t e r i o r  sp ruce   t rees ,   e i t he r   d i rec t l y ,  as with p l a n t s  

r a i s e d   a t   S k i m i k i n  and Red Rock, or i n d i r e c t l y   t h r o u g h   i n t e r a c t i o n  with 

cond i t i on ing  or f e r t i l i z e r   a p p l i c a t i o n ,  as with p lan ts   ra i sed   a t   Su r rey  

and  Campbell  River  (Table 17). Fe r t i l i ze r   i nc reased   the   he igh t   i nc remen t  

o f  deep-p lanted  shal low-condi t ioned  p lants   ra ised  a t   Surrey i n  a l i n e a r  

manner, wh i le  i t  increased  deep-planted  standard-conditioned  plants and 

a l l  normal ly   p lan ted   p lan ts   quadra t ica l l y .  Only  deep-planted  plants  from 

Campbell  River  responded t o   f e r t i l i z e r ,  and only  standard-condit ioned 

p lants   benef i ted  f rom deep planting  (Table  17a-c). " 

Discussion 

Shal low  condi t ion ing  had  min imal   e f fect  on the   su rv i va l   o f   spec ies   used  i n  

t h e s e   t r i a l s .  Only i n  one t r i a l  was survival   improved and a l though   th i s  

d i f f e r e n c e  was s i g n i f i c a n t   ( a t   t h e  5% l e v e l ) ,  i t  was n o t   o f   p r a c t i c a l  
importance  because o f  the  excellent  survival o f  the standard-conditioned 

p lan ts .   Sha l l ow   cond i t i on ing   reduced   the   i n i t i a l   he igh t   i nc remen t   o f  

lodgepole  p ine and t h e   i n t e r i o r  spruces.  While i t  i s  poss ib le   t ha t   t he  

treatment  affected  bud  development and  subsequent  shoot e longat ion  i n  the  year 

a f t e r   p l a n t i n g ,  i t  seems more l i k e l y   t h a t   t h e   r e d u c t i o n  was due t o  a shortage 

of   s tored  photosynthate.   Shal low  condi t ion ing  great ly   s t imulates  root  

development t h a t  uses  current  photosynthate and reduces  stored  photosynthate 

i n  the  stem (Rook 1971; Stupendick 1977).  Height  growth i n  north  temperature 

con i fe rs  i s  dependent  upon stored  photosynthate  (Kozlowski and Winget  1964; 

Kruger  and Trappe  1967)  which,  because o f   t h e   d r a i n   t o   t h e   r o o t s   d u r i n g  

shal low  condi t ioning,  would  be  appreciably  less i n  the  shal low-condi t ioned 

p lan ts .  I f  th i s   hypo thes i s   i s   co r rec t ,   t hen  subsequent  growth  of 
'" 
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TABLE 17a. - The e f f e c t   o f   p l a n t i n g   d e p t h  on f i r s t   f i e l d  season he igh t  
increment (cm) of 2+0 bareroo t   in te r io r   spruce  seed l ings  

Nursery  Normal  depth Deep p lan ted  SE LSD 

Red Rock 4.7 

Sk imik in  6.7 

5.0 

7.6 

0.1 0.2 

0.4 0.0 

TABLE 17b. - The e f f e c t   o f   p l a n t i n g  depth,   condi t ioning, and f e r t i l i z e r  
a p p l i c a t i o n  on f i r s t   f i e l d  season height  increment (cm) o f  2+0 
bareroo t   in te r io r   spruce  seed l ings  

F e r t i l i z e r   r a t e  
P lan t i ng  Type of  (g  4-12-8/seedling) SE LSD 

Nursery  depth  condi t ioning 0 1.25  2.50 (pG .05) 

Normal  Standard 6.3 6.7 6.6 
Shallow 5.6  6.2 5.0 

Deep Standard 6.8 7.0 6.9 
Shallow 5.7 6.3 6.6 

w l t l *  

Surrey 0.1 0.3 

Normal 
Campbell 
R iver  

Deep 

7.0  7.7 7.7 

0.2 0.5 
7.6 0.3 0.2 

TABLE 17c. - The e f f e c t   o f   p l a n t i n g   d e p t h  and cond i t i on ing  on f i r s t   f i e l d  
season height  increment (cm) o f  2+0 bareroo t   in te r io r   spruce 
seedlings 

Planting  Standard  Shallow SE LSD 
Nursery  depth  condi t ion ing  condi t ion ing  (p  G.05) 

Normal 8.0 
Campbell 
R iver  

Deep  0.6 

7.5 

7.5 
0.2 0.3 
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shallow-conditioned  seedlings  should improve. Second-year increment  of Sitka 
spruce and 3rd year  increment  of  lodgepole  pine -- the only t r i a l s  measured 
beyond the 1st year -- do not show significant  differences i n  increment 
between t h e  conditioning  treatments.  Total  height of shallow-conditioned 
lodgepole p ine  seedlings was st i l l  significantly  less  than  that  of 
standard-conditioned  plants even a f t e r  3 years, however. 

The late  application of the  highest   fert i l izer  level  to nursery seedlings 
some 50 days p r io r   t o   l i f t i ng  reduced the 1st year  survival of  lodgepole p ine  
and interior  spruce  raised  at  Red Rock,  and in te r ior  Douglas-fir and in te r ior  
spruce  raised  at Sk imik in .  Seedling  densities  at Red  Rock and S k i m i k i n  were 
extremely h i g h  so that  the  quantit ies of fer t i l izer   appl ied i n  one application 
at   these  nurseries caused severe  root  scorch. I t  is perhaps su rp r i s ing  that  
the  survival  levels of these  seedlings were not much worse. Survival of 
plants  receiving  the 1.25-9 level d i d  not d i f fe r  from the  unfertilized  control 
i n  any of t h e  t r i a l s  except  for autumn-planted Sitka  spruce.  Seedling 
densit ies i n  the  Sitka  spruce beds were much lower and the   fe r t i l i zer  was 
applied i n  two equal does so that  root damage  was unlikely  to have caused the 
survival  reduction,  particularly  as  the  highest   fert i l ization  level d i d  not 
d i f f e r  from the  control. A reduction i n  resistance  to  winter  cold caused by 
the 1.25-9 fer t i l izer   appl icat ion cannot be ruled  out, b u t  also seems unlikely 
because plants  receiving  the  highest  level d i d  not respond i n  the same  way, 
y e t  had an increased  uptake of  nut r ien ts   (Tab le  11). Whatever  caused the  

reduced survival of these  particular  plants  also caused a reduction i n  t he i r  
height  increment, and t h u s  it seems l ikely  that   these  resul ts  were not due t o  
treatment, b u t  rather,  to  external  uncontrolled  factors. Height increment  of 
a l l   the   in te r ior   spec ies  was improved by the  late  application of f e r t i l i z e r  i n  
t h e  nursery. I n  most cases,  the  response was quadratic w i t h  the 2.50-9 level 
not g i v i n g  an additional  response above that  o f  the 1.25-9 level. 

"t 

Late fer t i l izer   appl icat ion i n  the  nursery has been t r i ed  by several 
authors w i t h  somewhat varied  results. Anderson  and Gessel (1966) reported 
height  responses  to autumn nitrogen  application (60 kg N/ha) for up t o  5 years 
after  planting  Douglas-fir. Not a l l   s i t e s  gave significant  responses, bu t  the 
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t rend i n  a l l  cases was p o s i t i v e .   S u r v i v a l  was a l s o   s i g n i f i c a n t l y  improved. 

Seedl ing  densi ty was no t   g iven  so the  amount o f  N per  seedling  cannot  be 

compared. Anderson  and  Gessel  (1966)  quote  Stoeckler and Arnemann (1960) who 

suggest t h a t  improved s u r v i v a l   i s   t h e  major  factor i n  l a t e   f e r t i l i z a t i o n  and 

tha t   g rowth   responses   a re   un l i ke ly   to   pers is t  beyond  a few years. Van den 

Driessche  (1983)  reported  a  drop i n  co ld  hard iness  (as measured by e l e c t r i c a l  

impedance) with i n c r e a s i n g   l e v e l s   o f   f e r t i l i z e r   a p p l i e d   t o   D o u g l a s - f i r ,  

p a r t i c u l a r l y  i f  the  seedl ings were tested  before  adequate  natural ly  induced 

co ld   res is tance had  developed.  Benzian " e t   a l .  (1974) repor ted  measurable 

height  responses for 3 years with S i tka   spruce  fo l low ing   la te   app l i ca t ions  i n  

the  nursery,  but  minimal  responses  from Norway spruce,  western  hemlock,  and 

lodgepole  pine;  negative  responses were obtained  from  Abies  grandis. None o f  

t he  species she tes ted  were adverse ly   a f fected f o r  su rv i va l .  
I n  t h e   t r i a l s  i n  t h i s   s t u d y ,   s u r v i v a l  was not  adversely  af fected  by  the 

l o w e s t   f e r t i l i z e r   r a t e ,  and he igh t   i nc remen t ,   a t   l eas t   f o r   t he   i n te r i o r  

species, was s i g n i f i c a n t l y  improved. It appears t h a t   l a t e   f e r t i l i z e r  

a p p l i c a t i o n  i n  the   nursery   ho lds   su f f i c ien t   p romise   to   war ran t   fu r ther  work, 

p a r t i c u l a r l y  on the  type and r a t e   o f  elements t o  be appl ied.  

WII, 

Pines   p lan ted   a t   l eas t  5 cm deeper than  they  stood i n  the  nursery,  

surv ived and  grew s ign i f i can t l y   be t te r   t han   t hose   p lan ted   a t   t he   nu rse ry   l eve l  

(Donald 1970;  Balneaves  and Cullen  1981).  This was p a r t i c u l a r l y   t h e  case 

where t h e   p l a n t i n g   s i t e s  have long   pe r iods   o f   d ry  weather. B r i t i s h  Columbia 

frequently  experiences  drought  periods i n  sp r ing  and e a r l y  summer so t h a t  deep 

p lan t i ng   cou ld  be  expected t o  be benef ic ia l .   Th is   p roved  to  be so i n  the  

present  experiments, even  though the   mo is tu re   supp ly   dur ing   the   in i t ia l   year  

was unusually  favourable. Deep p l a n t i n g   i s  more expensive,   but   the  better 

s u r v i v a l  and growth  achieved i s   l i k e l y   t o  warrant  the  cost. On gleyed heavy 

clays,  deep p l a n t i n g  may adve rse ly   a f fec t   su rv i va l ,   bu t  on adequately  drained 

s o i l s ,  i t  warrants  ser ious  considerat ion.  

No c o r r e l a t i o n  between RGC and s u r v i v a l   c o u l d  be  found i n  any of  these 

t r i a l s .   B u r d e t t  (19791, Sutton  (1980),  Burdett " e t   a l .  (1983), and 

van  den Driessche  (1983)  have  demonstrated  posit ive  correlat ions between RGC 

and f i e l d   s u r v i v a l ,  and R i t c h i e  and Dunlap  (1980) l i s t  18  studies on c o n i f e r s  



- 33 - 

where c o r r e l a t i o n  between RGC and f i e l d   s u r v i v a l  has  been good to   s t rong.  

Where s u r v i v a l  i s  h igh ,   t he   ove ra l l   qua l i t y   o f   t he   p lan t i ng   s tock  i s  good, and 

mois tu re   s t ress  i n  t h e   e a r l y  weeks a f t e r   p l a n t i n g   i s   l o w   ( a s  i n  t h e s e   t r i a l s ) ,  

t h e   r e l a t i o n s h i p  between RGC and s u r v i v a l  has  proved much more d i f f i c u l t  t o  

demonstrate  (Donald 1983). 

Conclusion 

Four  main  conclusions were  drawn f rom  the  f ie ld   per formance  o f   these 

c o n d i t i o n i n g / f e r t i l i z e r   t r i a l s :  

1. Although  shallow  conditioning  can  improve  the RGC o f   t h e   c o n i f e r s  

r a i s e d  i n  B r i t i s h  Columbia  bareroot  nurseries, i t s  value i s   l i m i t e d  

due t o   i t s  apparent i n a b i l i t y   t o   i n d u c e   e a r l y   c o l d   h a r d i n e s s .  

Surv iva l   o f   the  s tandard-condi t ioned  s tock i s   q u i t e  acceptable. 

2. L a t e   f e r t i l i z e r   a p p l i c a t i o n  i n  the  nursery  can  improve  the  ear ly 

growth o f   t he   p lan ted   t ree ,   w i thou t   adve rse l y   a f fec t i ng   su rv i va l .  

Determining  type and r a t e   o f   f e r t i l i z e r   r e q u i r e s   f u r t h e r  work t o  

p r o v i d e   s a t i s f a c t o r y   p r e s c r i p t i o n s   f o r  each species. 

3. Deep p l a n t i n g   o f   i n t e r i o r   s p e c i e s  i s  recommended as  an  inexpensive 

and e f f e c t i v e  way o f   improv ing   t he i r   f i e ld   es tab l i shmen t .  
4 .  Autumn p l a n t i n g  of Si tka  spruce appears t o  be an acceptable  technique 

fo r   p lan ta t ion   es tab l i shment  on the  west  coast o f   B r i t i s h  Columbia. 



- 34 - 

LITERATURE CITED 

Anderson, H.W. and S.P. Gessel. 1966. E f f e c t s   o f   n u r s e r y   f e r t i l i z a t i o n  on 
outplanted  Douglas-f ir .  J. o f  For. 64:109-112. 

Armson, K.A. 1963. The e f f e c t s   o f   l e v e l s  and times o f   f e r t i l i z e r   a p p l i c a t i o n  
on the  growth of   whi te  spruce  seedl ings.   Soi l   Sci .  SOC. o f  America 
27:596-597. 

Bacon, G.J. and P.J.  Hawkins.  1977. Studies on the  establ ishment  of  open 
r o o t  Caribbean  pine  planting  stock i n  southern Queensland. Aust.  For. 
40:173-191. 

Balneaves, J.M. and A.W.J. Cullen. 1981. Hand plant ing  operat ions.  I n  Proc. 
NZFS FRI symposium No. 22: Forest  nursery and establ ishment  practEe i n  
New Zealand.  Rotorua, New Zealand, March  1981. Part  2, pp. 246-270. 

Benson, A.D. and K.R. Shepherd. 1977. E f fec t   o f   nursery   p rac t ice  on  Pinus 
rad ia ta   seed l ing   charac ter is t i cs  and f i e l d  performance. 11. Nursery 
w e n c h i n g .  N.Z.A. For.  Sci. 7:68-76. 

Benzian, B., R.M. Brown, and S.C.R. Freeman. 1974. E f f e c t   o f   l a t e  season top 
dressing of  N and K appl ied t o  con i fe r   t ransp lan ts  i n  the  nursery on t h e i r  
s u r v i v a l  and growth on B r i t i s h   f o r e s t   s i t e s .   F o r e s t r y  47(2):153-184. W l ' *  

Blake, J., J. Zaerr, and S. Hee. 1979. Control led  moisture  stress  to  improve 
cold  hardiness and morphology of  Douglas-f ir   seedlings.  For.  Sci.  
25:576-582. 

Bowles, E.P. 1981. Nursery  spacing and seedl ing  qual i ty .  I n  Proc. NZFS FRI 
symposium No.  22: Forestry  nursery and establishment p r z t i c e  i n  New 
Zealand.  Rotorua, New Zealand, March  1981. Par t  2,  pp.  101-112. 

Burdett,  A.N. 1979. New methods o f  measuring root   growth  capaci ty :   the i r  
value i n  assessing  lodgepole  pine  stock  qual i ty. Can. 3. For. Res. 
9:  63-67. 

Burdett,  A.N., D.G. Simpson, and C.F.  Thompson. 1983.  Root development and 
plantat ion  establ ishment success. P lant  and S o i l  71:103-11. 

Denison, N.P. 1982. Impor tant   factors   that   in f luence  seedl ing  surv iva l  with 
special  reference  to  the  open-root  nursery system. S. Af r ic .   For .  J. 
11 7: 50-54. 

Donald, D.G.M. 1970. The e f f e c t   o f   p l a n t i n g  depth on the   surv iva l   o f   P inus  
rad iata,  P. p i n s t e r ,  and P. taeda. S. Afr ic.   For.  J. 74:17-19. - " 

. 1972. The use o f   i n o r g a n i c   f e r t i l i z e r s   f o r   t h e   p r o d u c t i o n   o f  
pines i n  the  forest   nursery.  S. Afr ic.   For.  J. 81:2-6. 



- 35 - 

. 1976. The use o f  open-rooted  seedl ings  for   a f forestat ion i n  
South  Afr ica.  S. Afr ic.  For. J. 97:l-10. 

. 1983. P l a n t   c h a r a c t e r i s t i c s   a f f e c t i n g   s u r v i v a l  and early  growth. 
- In Proc.  Faculty o f   F o r e s t r y ,   J u b i l e e  symposium, Stellenbosch,  Republic o f  
South  Afr ica,  September 1982, pp. 246-268. 

Duryea, M.L. and D.P. Lavender. 1982. Water re la t ions ,   g rowth   and  surv iva l   o f  
root-wrenched  Douglas-fir  seedlings. Can. J. For. Res. 12:545-556. 

Kozlowski, T.T. and C.H. Winget. 1964. The r o l e   o f   r e s e r v e s  i n  leaves, 
branches, stems  and r o o t s  on shoot  growth o f   r e d   p i n e .  Amer. J. Bot. 
51:522-529. 

Kruger, K.W. and J.M. Trappe. 1967. Food reserves and seasonal  growth o f  
Douglas-f ir   seedlings.  For.  Sci.  13:192-202. 

Mullin, R.E. and L. Bowdery. 1977. Effects  of seedbed dens i ty  and nursery 
f e r t i l i z a t i o n  on s u r v i v a l  and  growth of  white  spruce. For. Chron. 53:l-4. 

Ri tch ie ,  G.A. and J.R. Dunlap. 1980. Root  growth  potent ia l :  i t s  development 
and expression i n  forest   t ree  seedl ings.  N.Z.J. For.  Sci. 10:218-248. 

Rook, D. 1971. Ef fec t   o f   undercu t t ing  and wrenching on growth o f  Pinus 
" r a d i a t a  D. Don seedlings. J. Appl.  Ecol. 8:477-490. 

Shoulders, E. 1963. Root  pruning  southern  pines i n  the  nursery.  U.S. Dep. 
Agric.  For  Serv., S. For. Exp. Stn. Res. Paper No. SO-5. 

Stoeck ler ,  J.H. and H.F. Arneman. 1960. F e r t i l i z e r s  i n  fo res t r y .  Advances i n  
Agron. 12:127-195. Ci ted  i n  Anderson  and Gessel 1966. 

Stupendick, J.T. 1977. Studies o f  the r o o t  regeneration p o t e n t i a l  o f  Pinus 
r a d i a t a  D. Don seedlings. Ph.D. thesis,  Aust.  Nat.  Univ.,  Canberra,  Aust. 

Sutton, R.F. 1980. Plant ing   s tock   qua l i t y ,   roo t   g rowth   capac i ty   and  f ie ld  
performance o f   t h r e e   b o r e a l   c o n i f e r s .  N.Z.J. For. Res. 10:54-71. 

Tanaka, Y., J.D. Walstad,  and J.E. Borrecco. 1976. The e f f e c t   o f  wrenching 
on  morphology and f i e l d  performance  of  Douglas-fir and l o b l o l l y   p i n e  
seedlings. Can. J. For. Res. 6:453-458. 

Van Dorsser, J.C. 1969. Seedl ing  densi ty.  I n  Proc. NZFS FRI symposium 
NO. 9. pp. 62-64. 

- 

Van Dorsser, J.C. and D.A. Rook. 1972. Cond i t i on ing   o f   P inus   rad ia ta  
seedl ings  by  undercutt ing and  wrenching. N.Z.J. For 17:61-73. 



- 36 - 

van den Driessche, R. 1973. The p r e d i c t i o n   o f  
seedlings  by  measuring  electr ical impedance 
frequencies. Can. J.  For. Res. 3:256-264. 

f rost   hard iness i n  Douglas-f ir  
i n  stems a t   d i f f e r e n t  

. 1982. Relat ionship between spacing and n i t r o g e n   f e r t i l i z a t i o n  
o f  seedlings i n  the  nursery,  seedlings  size, and outp lant ing performance. 
Can. J. For. Res. 12:865-875. 

. 1983.  Growth s u r v i v a l  and physiology  of  Douglas-f ir   seedlings 
fo l lowing root wrenching and f e r t i l i z a t i o n .  Can. J. For. Res. 13:270-278. 

Queen’s Pnnfer for Bnfish Columbia D 
Victona. 1986 


