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ABSTRACT 

Nursery and growth room experiments were made with high,  in ter-  
mediate and poor quality (based on germination capacity and rate) seeds of 
Douglas-f ir L ? A e ~ d a h ~ a  m e d u f i  (Mirb. 1 FrancoJ , Sitka 4 h k h e ~ A h  
(Bong.) Carr. , and white (interior) spruce @, g h c a  (Moench) V O S S ~  
treated with: Captan, Benlate, and Benlate T fungfcides and t a l c  ( a l l  a p p l i e d  
as post-stratif icatfon dusts), and MBC-P (pre-stratif fcatfon seed soak) 
fungicide. 
Surrey, none of the treatments had any e f fec ts  of practical importance on 
emergence percentage or rate, early and late damping-off incidence or seed- 
l i n g  shoot growth of any seedling species or seed quality, 
effects were readily discernible at  both nurseries and for  all seed species, 
A t  Surrey, Douglas-fir shoot growth decreased and early damping-off incidence 
increased as seed quality decreased. In the growth room, germination 
capacity and germination speed of treated seeds were improved by some of the 
fungicides; these elEfects were not evident in  the f i e l d .  Must gemination 
failure -- in vitro was attributable to  seed decay, but the percentage, based 
on the  number of ungerminated seeds, of decayed seeds was seldom reduced by 
seed treatments. 

In the British Columbia Forest Service nurseries at Koksflah and 

Seed qual i ty  

& 

i 
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R6sum6 

p6pinikre e t  en chambre de croissance furent effec- 

de Douglas tax i fo l i6  ' (Pseudotaga 'menziesil. @irb.) 

France) , d'zpinette de Sitka (Picea sitchensis (Bong.) Cam.) 

t e  blanche (de 1 hterieur) (a. glauca; 'wench) VOSS) . 
semences 6taient de qualit6 Qlev$e, intemaiaire ou pauvlre [selon leur . 

t a u  et capacit6 de geminatinn) et elles furent trait6es au Captan,. au 

Bedate, au Senlate T e t  au talc ( tow appliqugs a &at poussi6reux ap&s 

et d'Ephet- 

Les diverses 

la stratification) et au MBC-P (dont les semences furent imbibQes avant 

la stratificatiai]'. D a m  les pgpinikres du Forest Service de l a  Colombie- 

Britannique.situ6es a Koksilah et Surrey, at" des traitements n'affecta 

drastiquement le pourcentage et le t u  de germination des semences, ou 

Irlncidence t a t  ou tardive de fonte ou la croissance des pousses de semis 
b 

de toutes essences ou de toute qualit6 de semences. 

inzfficacitg probablement a des doses de traitement trop basses. 

On at t r ibue  ce t te  

On put 

discerner Ies effets de l a  qualit5 des semences aux deux pepinikres et 

ceci pour toutes les essences. A Surrey, la croissance des pousses du 

Douglas taxifoli.6 a d6cru et l'incidence du t 6 t  de funte augmenta en rapport 

direct  avec l a  qualit6 des semences. Dms les chambres 2 croissance, 

certains des fungicides ont melior6 la capacite e t  l a  vitesse de germina- 

t ion des semences traitges; on n'a pas signal6 ces effets dans les p6pi- 

nihres. Les auteurs attribuent l a  plupart des Gchecs de germination a fa 
maladie; mais l e  traitement des semences a rarement reduit l e  pourcentage 

de semences atteintes, pourcentage bas6 sur  l e  nombre de semences qui n'mt 

pas gem& 
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In t r o du c t f on 

Damping-off usually occurs a t  endemic levels i n  British Columbia 
forest nurseries, but occasionally the disease  causes severe losses of 
seedlings. Early work on damping-off control  i n  the Province (11) d e a l t  with 
severa l  f ac to r s ,  such as sowing stratified vs. non- st ra t i f ied  seeds ,  and 
adjustment of soil ac id i ty .  Subsequently, fungicide treatment of seeds prior 
to sowing came i n t o  use for control  o f  pre- and post-emergence damping-off. 
I n i t i a l l y  seed treatment probably had merit, but as a r e s u l t  of severa l  
cultural p r a c t i c e  changes ( e . g .  covering sown seeds with sand r a t h e r  than 
soil. which improved seedl ing emergence), its usefulness became questionable. 
Thus, in 1971, a series of annual f i e l d  trials was begun t o  determine i f  the  
seed treatments then being used on t h e  major nursery species, Le.  pe l l e t ing  
of spruces with captan and Douglas-fir with thiram, were s t i l l  of value,  o r  
i f  newer fungicides,  application rates and methods, or a combination of these 
would increase  numbers of seedbed seedlings,  Three years of s tud ies  (9) at 
various nurseries with seeds of severa l  tree species, fungicides, and a p p l f -  
cation methods showed that none of the treatments increased the  seedling 
s tand,  primarily because fungicide-caused mortality (phytotoxici ty)  usually 
exceeded disease  losses, especially when disease sever i ty  was low. 

The problem of fungicide phytotoxici ty outweighing the benef ic ia l  
effect of d isease  control is well known (3, 13). Attempts t o  overcume i t  
usua l ly  resulted i n  extensive fungicide screening programs t o  f ind  the idea l  
(highly toxic  t o  pathogens and non-toxic to seeds) fungicide. The difficulty 
of t h i s  approach was demonstrated by Vaartaja (13) and Carlson (3) who, 
between them, screened 326 chemicals and found only six new materials suitable 
for use on tree seeds; four of these contained the already widely used fungi- 
cides captan and thiram (Arasan), Besides the  chemical i t s e l f ,  o r  its dosage 
rate, several other s o i l -  and fungicide- related f a c t o r s  a f f e c t  phytotoxici ty 
of fungicides t o  forest tree s e e d s  (14). Only one study (2) has considered 
the possibility that phytotoxici ty and disease control ,  o r  both, may vary 
according t o  seed quality (germinatfan capaci ty and rate). 
of locally sown f o r e s t  tree seeds is so diverse, it seemed likely that disease  
control and phytotuxicity might also vary according to  seed quality. Conse- 
quently, f i e l d  and growth room experiments were made t o  determfne the  phyto- 
t o x i c i t y  and disease  con t ro l  ef fec t iveness  of several fungicides on conifer 
s e e d s  of df f  f eren t qualities. 

Since the  quality 

Materials and Methods 

Fie ld  studies: These were made a t  the Koksilah and Surrey nurseries 
of the BOG, Fores t  Service. 
@&~Lld~huga menziuf i  (Mirb.) Franco], coastal form, and Sitka spruce [?kea 
bacheh'b5h (Bong.) Carr, at both nurser ies ,  plus white ( i n t e r i o r )  spruce 

ghuca (Moench) Voss 3 a t  Surrey. To determine seed quality, strat'ified 
(15) seeds from 12 seed lo t s  (B.C. Forest Service) of each species were ger- 
minated (5,6) and the germination capacity, germination value ( 4 )  , and R50 
(1) (see Appendix I f o r  formulas) of each seedlot  was calcula ted ,  Based on 
these parameters, the  seedlots were ranked, and high, intermediate and poor 
quality seed lo t s  were selected €or use (Table A, Appendix 11). 

The seed species used were Douglas-fir 
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The t reatments (all applied as pos t- s t ra t i f i ca t ion  treatments and 
by dusting the seeds, except where noted) and their app l ica t ion  rates were: 
captan 50 W (10) at 1 g per 16 g of seed; Benlate 50 W, Du Pont (10) applied 
at 42 g plus 42 g of talc U.S .P .  (to provide sufficient surface coverage) per 
12.7 Kg of seed; Benlate T, Du Pont 30% benomyl (101, 30% thiram (101, 40% 
inert ingredients ;  MBC-phosphate (8) a soluble  phosphate salt of MBC (methyl- ' 

2-benzimidazole carbamate, the breakdown product of benomyl) used as a 48-hour 
p r e- s t r a t i f i c a t i o n  seed soak (MBC-P at  1,000 PFM); t a l c  U.S.P. at 1 g to 
16 g of seed, and control, s t r a t i f i e d  seeds only. 

Each replicate of each treatment and control consisted of 100 seeds 
(sown i n  a 1-m-long d r i l l  row) rep l i ca ted  10 times i n  a randomized, split 
(once for each seed quality) block design l a i d  out along a seedbed row. 
were sown (9) during the  weeks of 22 May and 29 May 1975 a t  Surrey and Koksilah, 
respectively. The plots at each nursery were located i n  a seedbed row i n  an 
area with represen ta t ive  nursery s o i l  and received rout ine  nursery care (15). 

Seeds 

Weekly, during the early p a r t  of the  growing season, and less 
f requent ly  as emergence and damping-off declined,  counts were made of ger- 
minants and seedl ings  killed by e i t h e r  early o r  l a t e  damping-off; dead seed- 
l ings  were removed from the plots (see Appendix III for counting dates) 
statistical analyses, the  d a t a  f o r  each parameter were cumulated for the 
entire growing season, and expressed a s  a percentage of t h e  total number 
(healthy plus k i l l e d )  of seedlings that had emerged in that plot over the 
entire season. Emergence was calcula ted  by expressing a l l  germinants (healthy 
PIUS diseased) as a percentage of the number of seeds sown, and survival was 
calculated as the percentage of healthy seedlings at the  end of the  growing 
season based on the number of seeds sown. The emergence data for the f i r s t  
th ree  counting times (about 30 days) following seed sowing were used to  
c a l c u l a t e  emergence percentage, germination v d u e K c a l c u l a t i o n s  ca r r i ed  t o  
the second decimal place (417 and peak value ( 4 ) ,  and R50 values (1) for each 
treatment i n  each sub-block (one €or each seed qual i ty) .  
t o  c a l c u l a t e  all the emergence, germination and pest-caused (damping-off, 
birds, Insects) losses are given i n  Appendix I. A t  the  end of the growing 
season, shoot growth ( s o i l  l i n e  t o  tip of apical bud) was measured for six 
randomly sglec ted  seedl ings  (per species) from each treatment i n  each p l o t  of 
the s p l i t- p l o t  experimental design. 

For 

The formulas used 

For analysis of variance, the  percentage data were transformed, when 
needed (12) t o  the a r c s i n  of the  square root  while, for the  o the r  data, a log  
transformation was used to correct  for heterogeneity of e r r o r  variance, 
Treatment means were compared, using the Student-Newman-fls' test  (12) . 

Growth room studies: The materials and methods (seed species ,  
seed lo t s ,  q u a l i t i e s  and treatments) used were the  same as those f o r  field 
studies, except t h a t  germination tests were conducted in a growth room, using 
the growth room l i g h t f n g  and temperatures described by Edwards (5) and a 
version of the Jacobsen germinators (61, Each treatment and control were 
replicated four times (50 seeds p e r  r ep l i ca te )  i n  a completely random design. 
Germinants were counted d a i l y  , using the international seed t e s t i n g  rules (7) 
The germination data  were used t o  ca lcu la te  germination capacity, germination 
value, peak value and R50 parameters, 
period, ungerminated seeds were cut longi tudinal ly  and c l a s s i f i e d  as rotted, 
f i rm,  empty o r i n s e c t f i l l e d .  These data  were then expressed as a percentage 

A t  the end of the 28-day germination 
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of the ungerminated seed, A l l  da ta ,  transformed when needed t o  cor rec t  for 
heterogeneity of variances were subjected t o  analysis of variance and the means 
compared using t h e  S tudent-Newman-Keuls ' test  (12) , 

Results  

The r e s u l t s  of these s tud ies  a r e  given according t o  seed species, 
with  the field r e s u l t s  followed by those obtained i n  the  growth room, e . g ,  
Douglas-f fr,  f i e l d  r e s u l t s  (both Koksilah and Surrey n u r s e r i e s ) ,  then the 
growth room results, To f a c i l i t a t e  comparisons, the  field and growth room 
findings for each species are presented i n  successive tables. Values i n  the  
tables are €or  the  seed q u a l i t y  x fungicide response which ind ica tes  whether 
o r  nut fungicide e f f e c t s  varied with seed quality, The s i m p l e  (e.g. seed 
qual i ty) ,  the other two-factor i n t e r a c t i o n  ( t i m e  x t reatment) ,  and the  three- 
f ac to r  in te rac t ion  e f f e c t  (s) are ava i l ab le  from the  authors. To conserve 
space, t h e  behavior of individual  parameters (e , g. emergence) over t i m e  are 
excluded, Le . ,  no data are included to show the  progression of emergence, 
etc . ,  throughout the growing season, Time e f f e c t s  are shown, i n  par t ,  by 
the germination parameters such as RSom 
minimal i n  the  growth room experiments, thus these  table values are f o r  a l l  
germinants (normal plus  abnormal) , Also, for brev i ty ,  the peak value da ta  
are omitted from the t a b l e s  f o r  the field experiments. 

Numbers of abnormal germinants were 

Douglas- fir, f i e l d  results, both nurseries. A t  Koksilah (Table 11, 
none of the fungicides improved emergence, d isease  c o n t r o l  o r  seedling growth. 
The fac to r  of most interest  t o  the nurseryman was that seedling y i e l d  based 
on su rv iva l  of number of seeds sown tended t o  be improved by the t reatments,  
but these  d i f ferences  were not s i g n i f i c a n t l y  d i f f e r e n t  from the control .  
Although seed q u a l i t y  efjFects by themselves were very pronounced, none of the 
seed quality-fungicide i n t e r a c t i o n s  as determined by ana lys i s  of var iance  
were s i g n i f i c a n t  (F= 0.39). The s i t u a t i o n  at Surrey nursery (Table 2)  was 
similar t o  Koksilah, i n  t h a t  none of the seed treatments produced any 
practical e f f e c t s ,  either benef ic ia l  o r  harmful, Although captan reduced 
emergence (by 16%) and germination value,  these germination parameters were 
not significantly d i f f e r e n t  (P= .05) from those for untreated seeds. Seed 
qua l i ty  e f f e c t s  were evident  f o r  emergence responses and, c o n t r a s t i n g  t o  
Koksilah, seedling growth was re la ted  t o  seed qua l i ty .  
Surrey seedl ings  was about twice that for Koksilah (Table 1). Early damping- 
off losses tended to be grea te r  i n  p l o t s  sown with intermediate and poor 
quality seeds. 

Shoot growth of 

Douglas-fir,growth room results. Captan, Benlate and Benlate T 
increased germination capacity of high quality, but not intermediate o r  poor 
qual i ty ,  Douglas-fir seeds (Table 3). Treatment effects on o the r  geminat ion 
responses (germination value and peak value, R ~ o )  were slight, As in the 
field, dif ferences  between seed q u a l i t i e s  were readily d i s c e m f b l e ,  The 
c u t t i n g  tests on ungerminated seeds showed t h e  amount of disease  (rot) of 
poor quality seeds was reduced by the fungicides, p a r t i c u l a r l y  captan. 

S i tka  spruce,  field r e s u l t s ,  both nurse r ies ,  A t  Koksilah (Table 4 ) ,  
emergence of intermediate q u a l i t y  seeds exceeded t h a t  of high quality seeds; 
this contrasts with our -- i n  v i t r o ,  pre-experiment germination data (Table A, 
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Appendix 11) which were used t o  assign q u a l i t i e s ,  
treatments d i d  not improve emergence. Early damping-off losses were large, 
and tended t o  be higher i n  the  t r ea t ed  than i n  the  c o n t r o l  plots, but their 
s e v e r i t y  was no t  reduced s i g n i f i c a n t l y  (P=,05) by the fungicide seed- 
treatments,  
significdntly (P=,05) by t h e  fungicides, 
remaining germination parameters were affected by the treatments. 
quality had an effect on emergence and, consequently, on survival based on 
number of seeds sown. 
the expected trend for the Rso values in the MBC-P, talc and control plots, 

However, the fungicide 

Late damping-off losses did not exceed 6.9% and were not affected 
Neither shoot growth nor any of the  

Seed 

Seed quality di f fe rences  were also evident  and followed 

Emergence a t  Surrey (Table 5) adhered t o  the same pa t t e rn  as at 
Koksilah and was unaffected by the seed treatments. 
very severe,  but disease incfdence did not differ significantly (P=.OS) among 
fungicides or  between seed qualities i n  the plots with high and intermediate 
quality seeds. The MBC-P seed soak reduced early damping-off losses of poor 
quality seeds, Percentage survival, shoot growth, and the  germination 
responses such a8 R50 were b e s t  with the intermediate quality seeds, 
the  treatments caused these parameters to d i f fer  significantly from the 
control. 

Early damping-off was 

None of 

Sitka spruce, growth room results.  Gemination capacity of Sitka 
spruce in the growth room (Table 6 )  was much better than the emergence per- 
centage a t  either nursery (Tables 4 and 5). 
and peak values, and the R ~ o  data were not af fec ted  by the  seed treatments. 
The c u t t i n g  t e s t s  showed that most ungerminated seeds were rotted; however, 
these losses were not reduced by the seed treatments. 

Germination capacity,  germination 

White (interior) .spruce, f ield results, The results (Table 7) for 
white spruce, sown only a t  Surrey, showed t h a t  the seed treatments produced 
no improvement in  emergence, germination value , R50 value, disease  control ,  
final seedling stand (survival based on number of seeds sown) o r  seedling 
growth. Seed quality af fec ted  those parameters measuring emergence percen- 
tage and speed. 

I White (interior) spruce, growth room results. Germination percen- 
tage (capacity) ,  speed (peak value and R50) and t h e  parameter (gemination 
value) describing the  combined e f f e c t  on both, were n o t  a l t e r e d  d r a s t i c a l l y  
by any of  the seed treatments (Table 8). 
room wa8 15 to  20% higher than emergence in  the field (Table 7) and, 
interestingly, germination speed of poor quality seeds was faster i n  the 
field (where R50, o r  days to reach 50% germination values were attained) than 
i n  the growth room (where poor q u a l i t y  seeds f a i l e d  t o  reach 50% germination 
i n  28 days) . 
seed quality differences. No fungicide or seed qual i ty  effects were detected 
by the seed cutting test results from ungerminated seeds. 

Germination capacity in the growth 

As expected, all germination responses, except R50 paralleled 

Discussion 

This study shows that fungicide seed- treatments, f a r  the dosage rates 
used here, are of little o r  no b e n e f i t ,  regardless of the quality of the 
seeds to which they are applied (Tables 1 t o  8).  
treatments seemed to improve seedl ing emergence and damping-off control in the 

Although some of the seed 
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field (Tables 1, 2 ,  3, 5 and 7) these dif ferences  were non-significant when 
tested s t a t i s t i c a l l y .  
between-plot var ia t ion .  
(i) be of more bene f i t  t o  poor quality seeds, which are slower t o  germinate 
and thus more suscept ib le  t o  pre-emergence and the e a r l y  form of post- 
emergence damping-off, or (ii) be mre detrimental  t o  them because of their 
longer pre-emergence exposure t o  the  phytotoxic e f f e c t s  of the  fungicides,  
One of these e f f e c t s  might have occurred i f  we had used higher dosages of the 
fungicides or varied the density of the  sown seeds ( Z ) ,  as is done in nursery 
p r a c t i s e ,  t o  compensate f o r  d i f ferences  i n  seedlot v i a b i l i t y ,  The latter 
prac t i c e  may produce the same e f f e c t  as  increasing fungicide dosage. Besides 
a f f e c t i n g  emergence percentage and rate, seed quality sometimes influenced 
seedl ing growth and disease, e.g. a t  Surrey, Douglas-fir shoot length  
decreased and early damping-off increased (in several t reatments)  with 
decreasing seed quality (Table 2). 
despite the lower competition (fewer seedlings) i n  t h e  plots sown with poor 
q u a l i t y  seeds, 
were less severe a t  Koksilah (Tables 1 and 4 )  than at Surrey (Tables 2 ,  5 and 7), 

This l ack  of significance was probably caused by 
Originally we thought the fungicides would e i t h e r  

The shoot growth di f fe rence  occurred 

We do not know why damping-off losses €or a l l  seed q u a l i t i e s  

Overall, the  seed q u a l i t y  e f f e c t s  as determined i n  the growth room 
germination t e s t s  (Tables 3, 6 and 8) correlated well with the f i e l d  perfor- 
mance of s p e c i f i c  seedlots ;  however, some of the germination-detected 
responses t o  the fungicides were absent i n  the f i e l d  p l o t s ,  e,g, most of the  
t reatments  improved geminat ion  capacity of  high qualfty Douglas-fir seeds 
fn the laboratory (Table 3), but not in  the field (Tables 1 and 2 ) .  The 
seed cutting tests made followfng the growth room germinatim experiments 
showed (Tables 3, 6 and 8) t h a t ,  i r r e spec t ive  of quality, most ungerminated 
seeds were diseased. 
seeds (Table 3) neither the  pos t- s t r a t i f i c a t i on  treatments nor the pre- 
stratif ication MBC-P seed soak reduced disease  losses. 
were caused by internally-borne microbes which would not be killed by 
ex te rna l ly  applied fungicides. 
f a i l e d  t o  penetrate  the seeds. 

Moreovers except f o r  captan on poor quality Douglas- fir 

Probably these losses 

The MBC-P seed soak was either i ne f f ec t i ve  or 
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Table 1. Effects of seed treatments on germination, damping-off incidence and growth of di f fe ren t  quality 
Douglas-fir seeds at Koksilah nursery, 

1/ Seed treatments- 3/  See& 2 1  
b S D O l 2 S e  c ---- - - _ _  - 

measured 

Emergence, % 

quality Cap tan Benlate Benlate T mc-P Talc Control 

H €87  3a R84 4a R83,9a R84.6a R84 . Oa R82 . Oa 
1 S59.2a S58 3a S58 . la S58.9a S56 . Oa S60.2a 
P T36.8a T35 . 4a T33.3a T33.9a T36.8a T34.2a 

Early damping-off, % w RL7a R1 . 8a R2.6a R2 3a R1.6a U.9a 
I S6.2a R3.2a R5 . 2a S6.2a R4.6a R4 . 4a 

R3.5a R3.2a P RS3 , 7a R2.9a R2 . 7a RS4 . la 
Late damping-off, % H 

I 
P 

Survival as percentage H 
of seeds as sown 1 

P 

Shoot lengfA, mm H 
I 
P 

R1 . l a  
S3.3a 
R0.6a 

R84.7a 
S52 . 9a 
T35.2a 

R60.9a 
R52. Sa 
R39.3a 

Rsl . 6a 
R2.9a 
SO , 3a 

R81 6a 
S54 , 3a 
T34 .  la 

R63.la 
R62. Oa 
R46.5a 

R2 *2a  
R2.7a 
RO.5a 

R79 9a 
S53.6a 
T32 , 2a 

R71.8a 
R5&. la 
R52.8a 

R0.7a 
S3 .la 
RO . Oa 
R81.9a 
S53.8a 
T32 . 2a 

R63.7a 
R57 . 8a 
R53.la 

E.8a 
R4 . Sa 
so . 9a 

R80 4a 
S51.4a 
T35.0a 

R61.8a 
R49.6a 
R46. Sa 

RL3a 
R2.5a 
E.Oa 

I 

ro 
I 

R79.3a 
S55.8a 
T31.8a 

R65.2a 
R43.3a 
R39,3a 

Germination value H R26.17a R28.66a R27.48a R21.36b R26.44a R27 . 48a 
I S12.5la S12.59a SI0 . 88a S11.09a S11.5Oa S13 . 30a 
P T2 99a T3.58a T2.90a T2 . 45a T3.27a T3 . OOa 

H R12 .Oa R11,Oa R11 . 5a Rl4.2a Rll . 8a Rl1.6a 
I S18 . 3a S19.9a S20.6a S21.3a S20 . l a  S18.6a 
P S18.6a S18,6a S18.6a S18.6a S18.6a S18.6a 

R5 0 

Values are means of IO observations; reading across m e a n s  followed by the same letter are not significantly 
(P=,05) different; reading down means preceded by the same le t ter  (within each grouping of seed qualities 
for each response measured) are not significantly (P=,05) different. Data f o r  the bird and insect losses 
were minimal and are not shown, 

at the end of the growing season; the last two responses were calculated from data obtained over the  f irst  
three counts (see Appendix 111); for brevity the peak value data are not  shown. 

H=high , I-intermediate, and P=poor quality seeds. 

g' The first four responses are for data accumulated over the entire growing season; shoot growth was  measured 



Table 2. Effects of seed treatments on germination, damping-off incidence and growth of different aualitv 

2/ Response- 
measured 

Emergence, % 

Ear ly  damping-off, % 

Late damping-off, % 

Survival as percentage 

Shoot length, m 

Germination value 

R50 

31 Seed- 
quality 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
1 
P 

- 
Douglas-fir seeds at  Surrey nursery, 

-.I 

Captan 

R59 5a 
S40, la 
T12. Oa 

R l 1  . 2a 
W2.6a 
R15 . 3a 
R5.33 

R15 . Oa 
Rl0.5a 

R43 . 7a 
S23.4a 
T7 . 6a 

R119.3a 
SlOl . 4a 
T80.3a 

R10.91a 
Rl3.49a 
S3 . 83a 

R9. la 
S15.Oa 
S18.3a 

I/  
Benlate Benlate T MBC-P 

Seed treatments- 
Talc Control - 

R71 . 7a 
S44.6a 
T16 . 8a 
R14. Oa 
R27 , 8a 
R25 . Oa 
R6, la 

R l l .  7a 
Rll.6a 

R50.3a 
S25 . Sa 
T8.2a 

Rl12.6a 
RlOl . 4a 

S77. la 

R29.31a 
S13 . 09a 
T3 . lla 
R9.9b 
S16 9a 
S18.3a 

R78 . 8a 
S46.la 
T17 . 2a 
R15.8a 
S33.3a 
R20.3a 

R6.3a 
R9.9a 
R4.5a 

R59.9a 
S24 . 4a 
T10. l a  

NO8 . la 
R99.3a 
S80 , 8a 

R28.56a 
511 . 93a 
TI. l l a  

R l O .  7b 
S16.7a 
S18 3a 

R74.9a 
S48 . Oa 
T22 8a 

R13.6a 
R27,4a 
R19.4a 

R6.9a 
R7.3a 
R6.2a 

R54.5a 
S29,la 
T14.4a 

RlO4.2a 
RlOl . la 
s77.4a 

R24.63a 
S l L 3 7 a  
T1.50a 

R11. Ob 
S17. Oa 
S18 . 3a 

R70. la 
S41.2a 
T19 . Sa 
Rl3.3a 
RS22 . 6a 
R31.9a 

R6. la 
518, Oa 
RS11.9a 

R49.4a 
S23.7a 
T9 . 8a 

R l l O .  5a 
S94 . 4a 
S89 . 9a 
R30. OOa 
S10.75a 
T2 . 34a 

Rl0.2b 
S15.7a 
S18.3a 

R75 . Sa 
S43.4a 
T16 . 9a 

R13 . la 
S29 f a  
S27.8a 

R5.6a 
R13 08 
R4 . 02a 
R53.8a 
S24.3a 
T9 . 8a 

R111.8a I 

Rl01.Oa 
S83.9a 

R31.36a 
S10.48a 
T1.82a 

I 

R9.6b 
S18.3a 
S18 . 3a 

Values are m e a n s  of 10 observations; reading across means followed by the same letter are not significantly 
(P=.05) d i f f e r e n t ;  reading down means preceded by the same letter (within each grouping of seed qualities for 
each response measured) are not significantly (P=.O5) different, 
minimal  and are not shown. 
The first four responses are for data accumulated over the entire growing season; shoot growth was measured 
at the end of the growing season; the last fxo responses were calculated from data obtained over the first 
three counts (see Appendix 111); for brevity the peak value data are not  shown. 
H=high, I=intermediate, and P=poor quality seeds. 

- 
Data f o r  the bird and insect losses were 



Table  3 ,  Effects of seed treatments on growth room germination of different  quality Douglas fir seeds. 

2/ Response 
measured 

3/ Seed- 
qual2 ty 

1/ Seed treatments- 
Captan Benlate Benlate T MBC-P T a l c  Control 

Germination capacity, % H R90.8a R90. Oa R91 . Oa R87 . 5b R65.5~ R71. Obc 
I S62,3a S54.Sa S67. Oa S68, Oa S52. Oa S64.5a 

T30 . 2a T41.5a T32. Oa T37.5a T 3 1 . h  S36. Oa P 

Germination value 

Peak value 

R50 

H R15 . 57a Rl9 29a R21.69a , 

I S6  , 02ab S4 . 70a S9.44b 
P T1.40a S2.78a T1.88a 

R18,57a R6.97b R8,53b 

S1.62a S1.80a 
S8 . 45ab RS4.54a R7 , 19ab 
T2. l l a  

H R4.8a R6, Oa R6.7a R5.9a R3.Ob R3.4b 
I S2 7a S2 . 4a s3 9b S3 I 4ab R Z A a  R3 Oab 
P T1.3a S1,9a T1. Sa Tl . 5a S1.4a SI. 4a 

R12 . Oa R10. Oa R9. la RLO. Oa Rl5Aa R14.6a H 
Rl4.2a R16 . 8a Rl6. Oa Rr7 9a Rl9.4a 

I 

P 

I - rc13 I 9a - - 7.0 - 7.0 

Percentage of unger- H R86.7a R56.7a R65 . 8a R47. Oa R74.72 R58. Sa 
R96.9a S98.8a R95.2a R91.7a minated seeds which were I R l O O  Oa S94.5a 

. R62.4b R60.8b R63 . 6b R82 . 6b mouldy P S21.2a R47 b 9ab 

L' Values are means of four replicates; reading across means followed by the same letter are not significantly 
(P=,05) different; reading down means preceded by the same le t ter  (within each grouping of seed qualities 
for each response measured) are not signiEicantly different. 

2' The first four responses apply to data collected over the 28 day germination period; the data on mouldy 
weeds w e r e  from the cutting t e s t  at the end of the germination period, the firm seed data are not  given 
as they are the corollary of the mouldy seed data; the empty and insect- filled seed data were negl ig ible  
and are omitted. 

2' H= high, I=intermediate, and P=poor. 

e 5' The dash indicates that germhation had not reached 50% at the end of the test .  



Table 4. Effects of seed treatments on germination, damping-off incidence and growth of differeat qualsty 
Sitka spruce seeds a t  Hoksilah nursery. 

. 21 Response- 
measured 

Emergence, % 

Early damping-off, % 

Late damping-off, % 

Survival as percentage 
of seeds sown 

Shoot length ,  mn 

Germfna t ion value 

R5 0 

r l  

3/ Seed- 
quality 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
I 
P 

I /  Seed treatmentr 
Benlate Benlate T MBC-P Talc Control Cap tan 

R55 . 5a 
R65 . 6a 
S41.5a 

R28.8a 
R21.5a 
R23.2a 

R3.9a 
RlSa 
R2.8a 

RS41 . la 
RSO,  9ab 
S33 . Oa 
R12 3a 
RlS . 5a 
R l l ,  2a 

Rjc3.21a 
Rl2.87a 
R7.81a 

Rl8. la 
R20. la 
R19 . la 

R48. la 
S68.3a 
T30,Oa 

R28.6a 
R17 . 6a 
R25.8a 

R2.9a 
R2.5a 
R3.7a 

R36.6a 
S56 . 4a 
T21.4a 

R14, Sa 
R16 . la 
R12 3a 

R12 . 99a 
R12 a 65a 
S5 42a 

Rl7.3a 
WO.4a 
R18 . 3a 

R47 6a 
R55 9a 
S27.6a 

W 8 . h  
R23.9a 
R28.3a 

R3.9a 
R6. 7a 
R8.2a 

R36.Oa 
R42 . 6ab 
S19 Oa 

R15.3a 
R17 . 9a 
R12.3a 

Rl2.27a 
R13,29a 
S5 a 72a 

PJ7. la 
Rl9.8a 
RI8.6a 

R47.7a 
R52 . 4a 
S33.3a 

R30.9a 
R23.3a 
R22.3a 

=.Sa 
R4.3a 
R2.3a 

R33 Oa 
R38.8b 
R25 . Oa 
R12 . 3a 
Rl7.2a 
R l l .  la 

R l l .  81a 
R8 85a 
R6.29a 

Rl8.7a 
S23 . la 
Rl9,Ica 

R49.3a 
R60,3a 
S30 . 3a 
R26.3a 
R24.7a 
R24 Sa 

B3Aa 
R2.4a 
R.6- 9a 

R37.6a 
R453ab 
S21.8a 

R15,2a 
Rl7.5a 
Rl1.4a 

R13.97a 
Rl2.62a 
S6 44a 

Rl5,2a 
S20.3a 
S19 7a 

R57.5a 
R67 7a 
S32.6a 

Rl9,9a 
R14. Sa 
R26.5a 

R4.2a 
RL3a 
R2.8a 

R44.5a 
S57,Ba 
T26,5a 

R14.0a I 
R34 . Oa w 

h, 

I 
R9.9a 

Rl6.57a 
Rl4.18a 

S7. loa . 

Rl5.2a 
S20.5a 
S18.3a 

L' Values are means of 10 observations; reading across means followed by the same letter are not significantly 
(P=,05) different; reading; down means preceded by the same letter (within each grouping of seed qualities 
for each response measured) are not s ignif icant ly (P=.O5) different. Data f o r  the bird and insect losses 
were m i n i m a l  and are not  shown, 

at the end of the growing season; the last  two responses were calculated from data obtained over the first 
three counts ( s e e  Appendix 111); for brevity the peak value data are not  shown. 

2' H=high, Pintermediate, and P=poor quality seeds. 

z' The first four responses are f o r  data accumulated over the entire growing season; shoot growth was measured 



IvL. u L c ~ ~ ~ y  m e  peak value data are not  shown, - A  ---- 
3/ H=high, I=intermediate, and P=poor quality seeds . 

Table 5 .  Effects of seed treahents on germination, damping-off incidence, and growth of different quality 
Sitka spruce seeds a t  Surrey nursery, 

2/ Response- 
measured 

I /  Seed treatment- 
31 Seed- 

quality Captan Benlate Benlate T MBC-P Talc Control 

Emergence, % H 
I 
P 

R58.8a 
R54.6a 
R52 . 5a 

RS59.3a 
R63 . 9a 
S48.5a 

R61.6a 
R63 . 4a 
R54.Oa 

R61.8a 
R59.7a 
B O .  9a 

R64.2a 
RS56 6a 
S46.8a 

R63.5a 
RS52 ' la 
S48 . la 

Early damping-off, % H 
I 
P 

R54.2a 
R38.Oa 
R59.6ab 

R56.5a 
R37.3a 
R59 . 9ab 

RT2 . Sa 
R30.7a 
R56 . 8ab 

R45 . Oa 

R42 9a 
R31 8a 

R55 . 8a 
R40.8a 
R55.2ab 

RS0.4a 
R47. la 
R64.3b 

Late damping-off % H 
I 
P 

R4 8a 
R5.3a 
R4.2a 

R6.4a 
R6.9a 
R3.9a 

R8.9a 
R2.la 
RL4a 

R5.3a 
R4 . Sa 
R l .  9a 

W.8a 
R4.3a 
RO. 7a 

R4 . 3a 
R4.7a 
R8.2a 

I 
R31.4a F 

RS27.9a 
S18.3a 

Survival as percentage H 
of seeds sown I 

P 

RS27.4a 
R35 Oa 
S21 . la 

RS26.8a 
R37.la 
S19.8a 

R29.4a 
S42 4a 

. R24. la 

R33 . 9a 
R38.9a 
R30. la 

R28.2a 
R33.2a 
R21.7a 

Shoot length  H 
I 
P 

R25.5a 
S34.3a 
R21.7a 

R27.2a 
S35 . Oa 
R23 . Oa 

R27.6a 
S32.9a 
R20. Sa 

R23.2a 
S35 . 5a 
R21.7a 

R24.4a 
S34.4a 
R19.5a 

RS26.7a 
R30.9a 
S22 . 2a 

Germiaa tion value H 
1 
P 

R18.71a 
S8 . 39a 
R18.21ab 

R21.22a 
S14.15b 

RS17 . 61ab 

R22 . 48a 
S13.83b 
W1.52a 

Rl9.91a 
S10.77ab 
S13.61b . 

R25.71a 
S14.21b 
S15.82ab 

R23.29a 
S12 . 98b 
S16 . 33ab 

R5 0 H 
1 
P 

IU8.5a 
S21 . 4a 
R19.4a 

Rl8.4a 
S20 . 8a 
a 8  . 8a 

Rl8.3a 
S20.5a 
Rl8.7a 

EuL8 . 8a 
S22. Oa 
Rl9.Oa 

R17 . 3a 
S20.9a 
Rl8.9a 

R18.2a 
S21 . 8a 
Rl8.8a. 

. L' Values are means of 10 observations; reading across means followed by 
'(P=.O5) different; reading down means preceded by the same l e t ter  (within each grouping of seed qualities 
for each response measured) are not  significantly (P=.05) different .  Data f o r  the bird and insect losses 
w e r e  minimal and are not  shown. 

L' The first four responses are f o r  data accumulated over the entire growing season; shoot growth was measured 
at the end of the growing season; the last two responses were calculated from data obtained over the first 
three counts (see Appendix 111); for brevity the peak value data are not shm" 

the same l e t ter  are not significantly 

H=high, Pintermediate, and P=poor quality seeds. 



Table 6 .  Effects of seed treatments on growth room germination of di f fe ren t  quality Sitka spruce seeds. 

2/  Response- 
mea sure d 

1/ Seed treatmente- 3/ Seed- 
qual i ty  Cap tan Ben la t e Benlate T mc-P Talc Control 

Germination capacity, % H R88. Sa R93.5a R88 b 5a R90 . Oa R87 . Sa RS84 . Sa 
1 R90 . Oa R88. Oa R89.Oa R95. Oa R93 Oa R92 .Oa 
P S70.5a S73. Oa S68 , 5a S72.5a S71 Sa S77 . 5a 

Germination value H R25.59a R29.63a R24 . 96a R26. OOa R27 . 45a 9 2  b 87a 
I R23.75a S21*66a R22 , 50a S21 . Ola R2Sb56a R23.28a 
P S13.55a S17.42ab S13.90 S 18 58ab S15.30ab R20 . 14b 

Peak value 

R50 

H R8.2a R8.9a R7.9a R8.la R8.8a 
I R7.4a S6.9a R7. la S6.2a R7.h 
P SS 4ab S6 7ab S5 . 7ab RS7,2b S6 Oab 

R7 . 6a 
R7 l a  
R7 . 3b 

H R8. la R7.3a R7.7a R8.0a R7 . 3a W.8a I 

I R8 6a S8.6a RS8 . 5a R9 . Oa S8.5a R8.7a g 
P R8 . 9a RS8. la S8.9a R8. Oa S8.7a R8.Oa , 

Percentage of ungerminated H R77 , 8a R70.8a R87 . Sa R83 . 8a R96.4a R85 . 4a 
seeds which were mouldy I R83 . 9a R88 7a R79 b 8a R70 Oa R75 . Oa R65. Oa 

P R49 , Sa R80.4a . R87. Oa R89 . 7a R96 . 8a R92 7a 

L' Values are mans of four replicates; reading across means followed by the same letter are not  s ignif icant ly  
(P=.05) d i f f e r en t ;  reading down means preceded by the same letter (within each grouping of seed qualities 
for each response measured) are n o t  significantly different ,  

L' The f irst  four responses apply to data  collected over the 28 day germination period; the data on mouldy seeds 
were from the  cu t t i ng  t e s t  at the end of the germination period,  ~e firm seed data are not given as they 
are the corol lary  of the mouldy seed data; the empty and insect- filled seed data were negligible and are 
omit ted . 

- 

2' H=high Pintermediate, and P=poor. 
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Table  7. Effects of seed treatments on germination, damping-off incidence and growth of d i f f e r e n t  quality 
white ( inter ior)  spruce seeds at Surrey nursery. 

2 1  Response  
measured 

3 1  See& 
quality 

1 1  
Seed treatment &' 

Captan Benlate Benlate T MBC-P T a l c  Control 

Emergence, % H R70,6a R64 Oa R67.2a R72 7a R68 3a R71.2a 
'I S58.2a R61.7a R59 9b . S62 . 3b S47 8a S57 . 3ab 
P T32.2a S29.4a 533 . 6a T32. la T31 . 8a T31.8a 

Early damping-off, % H R31.4a R38.7a R31 . la R33 b 7a R34 Oa R29 4a 
I R42 . 6a R36 . 2a R47.3a R40.7a R50 . 4a R51 2a 
P R34 . 9a R39.7a R42 6a R50.9a R48 . la R44 la 

Late damping-off 

Survival as percentage 
of seeds sown 

Shoot length ,  mm 

Germination value. 

R50 

H R2.2a R 2  4a RO. 3a R1 . 4a R L 7 a  R1 6a 
I RO. 9a R2.3a U . 4 a  R L f a  Rl.9a R1.9a 
P RO. 8a R2.2a R2.5a R1 3a R l .  3a R3 . 5a 
H R47 . Oa R39 . 8a R46. la R47 Oa R44 . 6a R50.3a + 

S30.3ab S36.7ab S24 . 8b S28.9ab Ln I S33 2ab R38.4a 
P T20.2a Sl6.7a T19 . 8a T15.8a S17 Oa T17 la ' 

1 

H R17 9a Rl9.3a R17 . 9a Rl9.la- FKL9.la R20 Oa 
1 R21.2a RS17 . 3a . R17.9a RS16 . 3a Iu9 Oa R19 3a 
P S13 5a S14.7a S13.5a S14.3a S15.7a S14.9a 

H R27 . 67a R25 . 52a R24 &a R31 92a R31 . 09a T29 . 22a 
I S21 . 44a R24.41a R24.07a S22 61a 
P T6.93a S6.13a S7 . 83a T8.83a T7.20a T6 . 92a S17 05a 521 82a 

H Rl3.lab Rl4.Oa R13.5ab R12 . Oab R10 8b Rl1 6ab 
S16.2a S15 8a I S16. Oa R14 6a R15 . 2a S15 8a 

P S17 . 9a S19. la S19.7a T21. Ob T20,la T20. la 

Values are means of 10 observations; reading across m e a n s  followed by the same letter are not  s ign i f ican t ly  
(P=.O5) di f f erent ;  reading down means preceded by the same letter (within each grouping of seed qualities 
for each response measured) are not s ign i f ican t ly  (Pz.05) different. Data f o r  the bird and insect losses 
were m i n i m a l  and are not shown. 

at the end of the growing season; the last  two responses were calculated from da ta  obtained over the f irst  
three counts ( s e e  Appendix 111); for brevity the peak value data are not show.  

2' H=high, I=intermediate, and P=poor quality seeds. 

&' The first  four responses are for  data accumulated over the entire growing season; shoot growth was measured 

. . . . . . . . . .  . -  .- 
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Table  8. Effects of seed treatments on growth room germination of different quality white (interior) spruce 
seeds. 

2 /  Response  
measured 

Germination capacity, % 

Germiflation valve 

Peak value 

Rso 

3/ Seed4 
quality 

H 
I 
P 

H 
I 
P 

H 
I 
P 

H 
I 
Pkl 

1 /  

Seed treat=nt&' 
Captan Benlate Benlate T MBC-P Talc Control 

R93 . Sa R88.5a R87.5a R90 . 5a R87.5a R91.Oa 
S77.0ab S68.5a S66. Sa S81. Sa 
T46.5ab T41.5a T35 . 5c T50 . 5b T36. Oc T43. Sa 

S70. Oa S75. Oab 

R32.24a R33 . 18a R31 . 82a R33.91a R29.32a R32.82a 
S20..35a S16.83a S13.98a S25.02a S22 .OOa S20.55a 
T4.45a T5 . 47a T3.52a T9 I 18b T3.84a T5 . 42a 
R9.6, RlO. Sa R l O  .2a Rl0.5a R9 . 4a Rl0.la 

S7 . 7a 57 . 4a S6.9a S5 . 9a S8.6a S8.8a 
T3.5a T2.8a T3 . 7ab T2 . 8a T5 .I lb T3. Oa 

R6.9a R6.3a R6.3a R6.5a R6.5a R.6.4a g 
R7.4a R7 h a  R9.9a R6.9b R8.3a RL3a I 

I 

5 .8  - - I -. - 
Percentage of ungerminated H R87.5a R76.8a R74.4a R77.6a R79.2a R79.2a 
seeds which were mouldy I R75.5a R92 . la R88.5a 'R95.5a R89.9a R92.5a 

R88.8a R94 . 6a R97 . 5a R97.6a R99.2a P R96 . la 
Values awe means of four replicates; reading across mans followed by the same letter are not significantly 
(P=.05) different; reading down means preceded by the same letter (within each grouphg of seed qualities 
f o r  each response measured) are not significantly d i f  feren t. 

The ffrst four responses apply to data collected over the 28 day germination period; the data on mouldy 
seeds were f r o m  the  cutting t e s t  at the end of the germination period, the firm seed data are not  given as 
they are the corol lary  of the mouldy seed data; the empty and insect- fil led seed data were neg l ig ib le  and 
are omitted. 

H=high, I=intermediate , and P=poor . 
The dash indicates t h a t  gemination had not reached 50% at the end of the t e s t .  
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Appendix 1: 

Formulas used to calculate germination and pest-loss parameters from 
f i e l d  data which were co l lec ted  and cumulated over the entire growing season: 

x 100 ( I )  Germination capacity (growth room experiments) = No, of germinants 
No. of seeds sown 

(2)  Emergence, % ( f i e l d  experiments) = (FC + TDO + B + I) 
No. of seeds sown 

x 100 (3) % ear ly  damping-off = No. ED0 
FC-(No. LDO -t No. b i r d  + No. insect)  

X 100 ( 4 )  % late damping-off = No. LDO 
FC-(No. ED0 + No. bird + No, insect) 

x 100 ( 5 )  % insect losses = No. insect losses 
FC-(TDO + No.' bird) 

(6) % bird losses = N o .  bird losses 
FC-(TDO + No. insect) 

x 100 (7) % surv iva l  as percent of seeds sown = FC 
No, seeds S Q W ~  

where : 

FC = f i n a l  count of healthy seedlings. 

ED0 = t o t a l  seedl ings  killed by ear ly  damping-off. 

LDO = t o t a l  seedlings k i l l e d  by late damping-off. 

TDO = to ta l  damped-off (early and late)  seedl ings .  

insect  = to ta l  seedl ings  k i l l e d  by insects. 

b i r d  = total seedlings k i l l e d  by b i rds .  

seeds sown = number of seeds sown. 

Formulas used to calculate germination parameters froh f i e l d  and 
growth room data which were co l lec ted  in the 28 days following sowing: 

(8) Rso = days to reach 50% germination, For our f i e l d  data, counting tims 
1 t o  3 were substituted for days (see Appendix 111). 

( 9 )  Germination capacity or germination percentage = germination capacity 
a f t e r  28 days. 

(10) Germination value = MDG X PV, 
values were calculated from the data obtained a t  counting times 1 to 3 
(see Appendix LII), 

For our f i e l d  experiments the germination 
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Appendix I (Cont'd) 

(11) Peak value (PV) = peak value of germination and i s  the maximum quotient 
obtained by dividing dai ly  the accumulated number of germinants by the 
corresponding number of days, 

where : 

MDG = m e a n  d a i l y  germination and is the quotient obtained by 
dividing the accumulated total  number of germinants by the 
number of days of the t e s t  (28 days in our experiments). 

PV = as defined in 10 above. 

Note: See Allen (1) for parameter 7 ,  and Czabator ( 4 )  f o r  8 t o  10, Lower 
R50 values indicate faster gemination; higher values of the other  
parameters denote better quality seeds, 
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Appendix If 

Table A,  Seed species, 
seeds used in 

q u a l i t i e s ,  seedlots and germination parameters of 
the f i e l d  and growth room studies 

Germination parameters- a l  

Germination Germfna t ion 

t 

Seed species 
and qual i ty  b/ Seedlo t  no.- R5 0 

1__ 

capacf ty value 

Douglas-E ir 

High 315(1959) 

1255 

JO 

Intermediate 

Poor 

Sitka spruce 

High 1504 

951 

1826 

77.0 15 03 

68.0 7 e 6 5  

10.53 

17 11 In termedia te 

Poor 

White {interior) spruce 

High 2211 

11348 

1863 

79.5 16.46 9.81 

65,O 9.27 13.08 

36.0 3.77 - 
In termedfate 

Poor 

d See Appendix I; values are means of four replicates; the dash indicates that 

'' B b C e  Forest Service seedlot nunibers. 

an R value was not reached. 50 
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Appendix IT1 

Sowing and counting dates at  Koksflah and Surrey nurseries . 

Counting 
Time - 
0 (sowing) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Nurseries and dates (1974) 
Koksilah Surrey 

29 May 
17 June 
2 1  June 
28 June 
5 July 
12 July 
19 July 
26 July 

2 August 
13 August 
29  August 
23 Septeniber 
28 October 

22 May 
I1 June 
37 June 
24 June 

2 July 

15 July 

2 9  July 
6 August 
26 August 
30 September 
29 October 

a JUIY 

22 July 




