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ABSTRACT 

Germination and ea r l y  growth on r o t t e n  wood and duff under 
several shade l eve l s  were observed f o r  Douglas-f ir, Si  tka spruce, 
western hem1 ock, western redcedar, 1 odgepol e pine, Pac i f i c  s i  1 ver  
fir, and red alder.  Nut r ients  were more abundant i n  d u f f  than i n  
r o t t en  wood. Seedlings usual ly  were la rger  and more abundant on 
duff-covered r o t t e n  logs than on duff-covered mineral so i  1 under 
dense coastal stands. Duf f  accumulations were t h i cke r  on logs 
and over r o t t e n  wood embedded i n  the s o i l  than over mineral s o i l  
alone. Shade 1 i m i  ted r oo t  growth more than he ight  growth, and 
seed bed d i f ferences l i m i t e d  he ight  growth more than r o o t  growth. 
A l l  con i f e r  species responded s i m i l a r l y  t o  the seed bed and shade 
di f ferences tested, and type o f  organic seed bed probably does no t  
a f f e c t  species composition o f  f o r e s t  regeneration under l i g h t l y  
thinned she1 terwoods i n  coastal Oregon. Preserving d u f f  accumul a- 
t i ons  under shaded condi t ions benef i ts ea r l y  growth o f  a1 1 coni fer  
species. 

Keywords : Seed germination, growth factors .  



INTRODUCTION 

Shelterwood cutting i s  increasing in coastal forests,  largely because i t  
p reserves  scenic values better than clearcutting. It  a lso c rea tes  regeneration 
conditions quite different f rom those created by clearcutting- - there i s  l e s s  
light, l e s s  exposed mineral  soil, and m o r e  organic seed bed mater ial .  Most 
of the fores t  floor remains covered with accumulations of duff and rotten wood 
af ter  shelterwood cutting. These accumulations vary in distribution, depth, 
and state of decay. They a r e  not always equally suitable seed beds. Seeds and 
seedlings of coastal t r e e  species vary in physiological character is t ics  and re -  
quirements,  and each may respond differently t o  different seed beds. Knowledge 
of seed bed- species relationships i s  nqeded to  facilitate seedling establishment 
and growth and to  control species composition under shelterwood canopies. 

Germination and ear ly  growth on organic seed beds have been studied in 
severa l  regions. In eas te rn  Canada, balsam f i r  (Abies baZsamea (L. ) Mill. ) and 
white spruce (Picea gZauca (Moench) Voss) seedlings often grow on rotten logs 
and stumps but not on surrounding duff (Place 1955). However, undisturbed 
duff i s  a better seed bed than mineral  soil for Douglas-fir (Pseudotsuga menziesii 
(Mirb. ) Franco)  on central  Montana clearcuts  (Hatch and Lotan 1969). MacBean 
(1 941) found that duff supported 40 percent of the western hemlock ( Tsuga 
heterophyZZa (Raf. ) Sarg. ) seedlings on a logged a r e a  on Vancouver Island. 
When adequate moisture i s  supplied, hemlock seedlings grow ta l le r  on duff than 
on either rotten wood o r  mineral  soil in Bri t ish Columbia (Sutton 1954). West- 
e r n  hemlock reproduction i s  bet ter  than that of red  alder  ( AZnus mLbm Bong. ), 
Sitka spruce ( Picea sitehensir (Bong. ) (Carr .  ), or  western redcedar ( Thuja 
pzicata Donn) on organic seed beds in coastal Bri t ish Columbia (Day 1957). It 
i s  a lso bet ter  than Sitka spruce reproduction on the organic st ed beds of south- 
eas te rn  Alaska (Taylor 1935). Other organic seed bed-species relationships 
and rotten wood-duff differences a r e  l e s s  evident. However, small-  seeded 
species a r e  l e s s  successful than large-seeded ones on exposed duff seed beds 
(Haig, Davis, and Weidman 1941), and shade benefits the germination and sur -  
vival of most  species  on most  seed beds in Bri t ish Columbia (Garrulan 1955). 

In the three studies presented here ,  organic seed beds and coastal Oregon 
t r e e  species were  compared to determine seed bed-species relationships. 

FIELD OBSERVATIONS 

General  observations in coastal Oregon forests  indicated that seed bed 
relationships a r e  influenced by shade. In heavy shade ( less  than 10 percent full 
sunlight a s  measured by a Weston Model 756 illumination m e t e r l / ) ,  most  coastal 
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Oregon conifer seedlings occur on rotten logs, not on the duff-covered fores t  
floor. Rotten logs also a r e  bet ter  seed beds than forest-floor duff in  moderate 
shade (10 to 40 percent full sunlight). Both rotten logs and forest-floor duff a r e  
excellent seed beds in light shade (40 to  60 percent full sunlight). Both a r e  un- 
satisfactory seed beds in full sunlight. 

Pa i red  plot observations were  used t o  compare the occurrence and 
heights of native Sitka spruce and western hemlock seedlings on rotten log and 
fores t  floor seed beds in  moderate shade. These plots were established in 
stands l e s s  than 6 kilometers f rom the ocean at Cascade Head Experimental 
Fo res t  near  Otis, Oregon. A rotten log comprised one rectangular plot in each 
pair.  A second plot was established by marking off an  equal a r e a  on the forest  
floor 1 .2  me te r s  away. A coin flip determined offset direction perpendicular 
t o  the long axis of the log. The two plots in  each pair were  of equal size and 
shape, but s izes  and shapes differed among pa i rs  a s  log s izes  and shapes dif- 
fered. All spruce and hemlock seedlings l e s s  than 2 m e t e r s  ta l l  were  counted 
on each plot, heights of the tallest  seedlings of each species on each plot were 
measured,  and the a r e a  of each plot was calculated. The resulting height and 
density data were subjected to analyses of variance. Both species  were  ta l le r  
and more  numerous on rotten logs than on the fores t  floor (table 1). 

Tab1 e 1 . --Average seedling density and heights of t a l l e s t  seedlings on 

moderately shaded seed beds, by seed bed type and species 

- - - Centimeters - - - 

Seed bed 

Rotten logs 16 .8  52.1 44.7 55.1 
Adjacent f o r e s t  f l o o r  10.3 23.0 24.9 43.9 

Density d i f fe rences  f o r  both seed beds and species a r e  h igh ly  s i g n i f i c a n t  
( p  = 0 .99) .  

2! Height  d i f fe rences  f o r  seed beds are  s i g n i f i c a n t  ( p  = 0.95)  and for  
species, h igh ly  s i g n i f i c a n t .  

~ h o r n b u r ~ h , Z /  working in the Cascade Mountains of Washington, noted 
that small  hemlock seedlings reach maturity only on those rotten logs which 
have a solid, undecayed core surrounded by a thin shell of rotten wood. This 
limitation of seedling maturation to a specific log condition was not observed 

Average number o f  seed1 ings 
per  square m e t e r y  

Z' Dale A .  Thornburgh. Dynamics of the t rue fir-hemlock fores ts  of the west 
slope of the Washington Cascade Range. 21 0 p. , 1969. (Unpubl. Ph. D. thesis  on file 
a t  Univ. Wash. , Seattle. ) 

Average height  of 
t a l l  e s t  seed1 ingz/  

Spruce Spruce Hem1 oc k Hem1 ock 



in  coastal Oregon. Both seedling and mature  hemlock and Sitka spruce t r e e s  
were found on logs with both solid cores  and co res  in several  stages of decay 
(fig. 1). 

Figure 1. -Three hemlocks growing on a 
completely rotten log. The smallest 
seedling at left (roots exposed) is 18 
years old and 2 meters tall. The middle 
tree is &centimeters d.6.h.. and the 
large tree at right is 60-centimeters 
d. b. h. 

Logs on which seedlings were growing were  compared with the surround- 
ing fores t  floor to determine why the logs made better seed beds in moderate 
and heavy shade than the forest  floor. Apparently moisture differences between 
fores t  floor duff and rotten wood were not responsible. Although rotten wood 
retained m o r e  moisture than duff, both remained moist throughout the summer 
in the heavily shaded a r e a s  where seed bed differences were  most  evident. Nor 
did log elevation above the surrounding forest  floor s eem to be responsible fo r  
the log-forest floor difference. Occasional hemlock seedlings were found grow- 
ing on the level forest  floor in heavy shade but only over buried pieces of rotten 
wood (fig. 2). The forest  floor duff seemed thicker over  these buried pieces of 
rotten wood than over the adjacent mineral  soil. Reexamination of the rotten 
logs showed that those logs supporting seedlings also had thick duff accumula- 
tions. Accordingly, paired measurements  of duff thickness on rotten wood and 
minera l  soil were made in 50 shaded areas .  The duff varied greatly,  but accu- 
mulations were significantly thicker over buried pieces of rotten wood and on 
the tops of rotten logs where seedlings occurred than they were  over mineral  
soil. Duff apparently decomposes more  slowly over rotten wood than i t  does 
over mineral  soil. 



Figure 2. - Uprooted 
roots embedded in 

hemlock seedling 
buried rotten wood 

with 

LABORATORY EXPERIMENTS 

Methods 

To tes t  organic seed beds under controlled conditions, rotten Douglas-fir 
wood and hemlock duff were collected on the Cascade Head Experimental Forest .  
Each mater ia l  was air-dr ied,  screened through 8-millimeter mesh, blended to  
insure uniformity, and chemically analyzed. Clay pots were filled with weighed 
quantities of the seed bed mater ials ,  then immersed  in water t o  the pot collars.  
After both rotten wood and duff seed beds were  saturated, equal numbers of 
seeds (all of the same species) were  placed on the seed bed surface in each pot 
(fig. 3 ) .  Douglas-fir, Sitka spruce, lodgepole pine, western hemlock, we s te rn  
redcedar ,  Pacific s i lver  f i r ,  and red alder  seeds f rom low-elevation coast 
sources were  used. Each seed bed- species combination was replicated five 
t imes. All pots were covered with polyethylene to prevent drying of seeds. 
They were  then placed in a growth chamber set for 16-hour, 20" C. days and 
8-hour, 8"  C. nights. A combination of incandescent, cool white, and warm 
white fluorescent lamps provided 1, 500 foot-candles of light a t  the seed bed 
surfaces.  

Figure 3. -Seed beds in the growth chamber. 
Polyethylene pot covers kept the seeds 
moist, and the pots were watered from 
below by filling the lower containers. 



Seed beds were  kept moist by watering f rom below until germination was 
complete and then watered regularly f rom above. Germinating seeds were  
counted every 3 days, and the total numbers of germinating seeds in each seed 
bed were compared by analyses of variance. Germination ra tes ,  a s  determined 
by the number of days required for  germination to be 50 percent complete in 
each pot, were also compared by analyses of variance. 

The seedlings were grown for  16 weeks in the growth chamber,  then 
harvested, ovendried, and weighed. Seedling survival, based on the number 
of germinating seeds, was compared among seed beds by analysis of variance 
for  percentages based on unequal numbers (Cochran 1943). Total weights of 
the la rges t  seedling in each pot were  also compared among seed beds by analy- 
s e s  of variance. Scheffe'tests (Snedecor and Cochran 1967, p. 271) were used 
t o  compare species survival on each seed bed, and Tukey t e s t s  (Snedecor 1956, 
p. 251) were  used to compare species weights. 

A second growth chamber experiment was conducted under identical con- 
ditions, but with additional nutrients to see if seed bed differences were related 
t o  nutrient deficiencies. The seed bed mater ia l s  were initially saturated in 
nutrient solution,?/ and equal quantities of this  solution were  added weekly until 
the seedlings were  harvested. Growth periods, harvesting, data gathering, and 
statistical analyses were  identical in the two experiments. 

RESULTS 

Nitrogen content in hemlock duff (1.239 percent) was s ix t imes  grea te r  
than in  rotten Douglas-fir wood (table 2). Extractable phosphorus (648 par t s  
pe r  million) was seven t imes  greater .  These nitrogen and phosphorus contents 
also greatly exceed the 0.1 to 0. 3 percent nitrogen and 10 to  200 par t s  per  
million available phosphorus found in virgin forest  soils (Wilde 1946). Other 
nutrients a lso were  more  abundant in duff than in  rotten wood o r  a forest  soil. 

The germination ra tes  of a l l  species were  slower on duff than on rotten 
wood in the f i r s t  growth chamber experiment, but Douglas-fir was delayed 
significantly longer than the other species.  Variations in seed lot viability make 
among-species comparisons of germination percentages statistically invalid. 
Within-species comparisons (table 3) show that seed bed mater ia l s  did not affect 
germination percentages. 

Within- species survival cornparis ons show that Douglas- f i r  survived 
bet ter  on rotten wood in the f i r s t  experiment, and red  alder survival was better 
on duff. Survival of the other species was not affected by seed bed material .  
Comparisons of survival among species showed no significant species differ- 
ences on either duff o r  rotten wood. 

1 .6 g r a m s  Ca(N03)2 ,  1 . 0  g r a m  KN03, 0 .5  g r a m  MgSO4. and 0 . 3  g r a m  
KH2P04 pe r  l i t e r  of H20.  



Table 2.--ChenricaZ rmaZyses of seed bed mater ia ls  used i n  the grmth chmber and i n  the f i e l d  

Growth chamber: 

Seed bed 

Hemlock d u f f  1.239 1,337 648 950 828 2,340 1,585 
Doug1 a s - f i  r wood .212 123 90 240 218 925 425 

Fie1 d: 
Hemlock d u f f  1.096 1,230 325 635 61 4 1,750 2,325 
Doug1 as-f  i r wood .I04 72 45 21 0 21 0 700 275 
S i t ka  spruce wood .I35 129 45 245 21 5 940 530 

Hem1 oc k wood .098 72 50 140 108 1,220 550 

Total, 
nitrogen- 

l1 Kjeldahl  . 
Color imetr ic ,  a f t e r  pe rch lo r i c  ac id  oxidat ion.  

Sodium bicarbonate ex t rac t ion.  

F1 ame emission a f t e r  perch lor ic  ac id  oxidation. 

5' Ammonium acetate ex t rac t ion.  

6' Atomic absorption a f t e r  pe rch lo r i c  ac id  oxidat ion.  

Phosphorus 
2/ Total- I Ex t rac tab l2 '  

Potassi um 

r o t a l V  I Exchangeabl&' 

Total  6/ 
c a l c i u ~  

Tota l  61 
magnesi 



Tab1 e 3. --Average seed g e d n a t i o n ,  survival of gemninated seedlings, and weight of largest seedling i n  

a grmth chamber, by s p e d e s  and seed bed material 

Average Average surv iva l  of Average weight o f  

Species germi nat ion germi nated seed1 i ngs- la rges t  seedling 

Rotten Si  g n i f  i cancep1 Rotten S i  gni f i  cance2/ Rotten Signi f icance Duff Duff Duff wood o f  dif ference- wood o f  dif ference- wood o f  dif ference- 21 

Red a lder  80 82 

Douglas-f ir  56 78 

S i  tka spruce 42 40 

Lodgepol e pine 92 92 

Western hem1 ock 79 84 

Western redcedar 74 94 

P a c i f i c  s i l v e r  fir 28 40 

1' Based on number germi nating. 

2' S t a t i s t i c a l  s ign i f icance o f  seed bed difference--NS = no t  s ign i f i can t ,  * = s i g n i f i c a n t  (p = 0.95). 

** = h igh ly  s i g n i f i c a n t  (p = 0.99). 



Seedlings of a l l  species were  heavier on duff than on rotten wood. Alder 
seedlings were significantly heavier than all  others on duff, lighter than al l  
others on rotten wood. Douglas-fir and Pacific s i lver  f i r  seedlings were signif- 
icantly heavier than al l  others on rotten wood. 

When nutrients were  added in the second growth chamber experiment, no 
seed bed-induced differences in germination ra tes  were  observed. Sitka spruce 
germination was bet ter  on rotten wood than on duff, but the germination of other 
species was not affected by seed bed mater ia l  (table 4). 

Adding nutrients did not significantly affect the relative survival of red 
alder,  western redcedar,  o r  Pacific s i lver  f i r  on the two seed beds--red alder  
survival was again bet ter  on duff, and the survival of western redcedar and 
Pacific s i lver  f i r  remained unaffected by seed bed mater ials .  However, the 
added nutrients did significantly a l te r  the relative survival of all  other species. 
They al l  survived bet ter  on duff than on rotten wood when nutrients were  added. 
The added nutrients improved growth on rotten wood, but seedlings grown on 
duff were  again heavier than those grown on wood. 

Alder seedlings germinating on duff were  quite different f r o m  those 
germinating on rotten wood. The germinating seedlings produced abundant root 
ha i r s  on the duff, and the young roots were  unbranched. No root ha i r s  were 
produced on the rotten wood, and the young roots branched while s t i l l  above the 
seed bed surface. Root development remained different on different seed beds 
a s  the alder seedlings grew larger--root  nodules were  produced on duff, but 
not on rotten wood. These differences in alder  germination and root develop- 
ment occurred in  both experiments. 

FIELD EXPERIMENT 
Methods 

Seed bed mater ia l s  were  collected, prepared, and sampled a s  done in 
the growth chamber experiments, except that th ree  species of rotten wood were 
used--Douglas-fir, Sitka spruce, and western hemlock. Rotten log species 
were  identified by using a field key (Minore 1966). Rotten wood was then col- 
lected f rom several  logs and blended to  yield a uniform composite sample for  
each of the three  species.  Hemlock duff was used a s  a fourth seed bed mater ial .  
The four seed beds were  combined with three  shade intensities in a completely 
random, split-plot design in which shade t reatments  were  the main plots, and 
seed beds were  the subplots. 

The seed beds and shade t reatments  were established in a level field on 
the Cascade Head Experimental Fo res t  at  an elevation of 50 meters .  Each sub- 
plot consisted of a 15-centimeter-deep hole 30 centimeters in diameter. This 
hole was lined with a bottomless cylinder of copper window screen,  then filled 
with one of the seed bed mater ials .  There  were  15  holes for each of the four 
mater ials .  They were  spaced 1. 2 m e t e r s  apart .  Hardware cloth cones were  



Table 4.--Average seed germination, survival of germinated seedlings, and weight of lmges t  seedling 

with added nutrients i n  a growth chamber, by species and seed bed material 

Average Average su rv i va l  ofll Average weight of 
germination germinated seed1 i ngs- 1 argest  seed1 i n g  

Species 
Rotten Significancezl Duff Rotten S i  gni f i  cancezl Duff Rotten S ign i f i cance Duff wood o f  d i f ference- wood o f  d i f ference- wood o f  d i f ference- 21 

Red a lde r  88 90 

Douglas- f i r  76 76 

S i t ka  spruce 38 74 

Lodgepol e p ine 96 94 

Western hem1 ock 96 96 

Western redcedar 88 90 

P a c i f i c  s i l v e r  fir 46 44 

1' Based on number germinating. 

21 S t a t i s t i c a l  s ign i f i cance  o f  seed bed difference--NS = n o t  s i g n i f i c a n t ,  * = s i g n i f i c a n t  (p = 0.95), 

** = h igh l y  s i g n i f i c a n t  (p  = 0.99). 



placed over each of the 60 filled holes to provide protection f rom rodents and 
b i rds  (fig. 4). These hardware cloth cones alone provided the light shade 
t reatment  of 79 percent full sunlight.4/ Porous Saran  plastic shade-screen 
mater ial  placed over the hardware cloth provided the moderate and dense shade 
t reatments  of 43 percent and 2 percent full sunlight, respectively. Seed bed 
mater ia l s  and shade t reatments  were  randomly distributed, and each seed bed- 
shade combination was replicated five t imes.  

Figure 4. -Artificial seed beds in the field. 
Light, moderate, and heavy shade con- 
ditions were obtained with the hard- 
ware cloth and shade screen cones 
shown here. 

In November 1967, the seed beds were  seeded with s ix species: Douglas- 
f i r ,  Sitka spruce, lodgepole pine, western hemlock, western redcedar ,  and 
Pacific s i lver  f i r .  With the aid of a plastic template, 10 seeds of each species 
were  sown on each of the 60 subplots in  the same random order .  They were 
loosely covered with 1 centimeter of seed bed mater ia l  immediately af ter  sowing. 

The seed beds were  not watered, but soil between the subplots was 
cultivated during the spring and summer  of 1968 to prevent weed growth. Seed- 
lings were counted monthly to determine germination percentages. The survi- 
vors  were harvested in October, when the following counts and measurements  
were made for each subplot: (1) Number of surviving seedlings, (2) height of 
ta l les t  seedling of each species,  (3) root length of ta l les t  seedling of each 
species,  and (4) ovendry shoot, root, and total weights of ta l les t  seedling of 
each species. These data were then subjected to analyses of variance. Indivi- 
dual t reatment  averages were compared by ScheffBtests.  

Results 

Within-species differences in germination and survival on the four seed 
beds were  smal l  (tables 5 and 6), but initial germination was bet ter  on rotten 

3' All shade intensities were  measured  a t  noon on a cloudless day with a Weston 
Model 756 illumination me te r  reading at 4, 700" K. 

10 



Table 5.--Average seed g e d n a t i o n  i n  the field,  by species, seed bed material, 
1 / and shade treaknent- 

Shade treatment Average, 
Species and seed bed a l l  shade 

L i g h t  Moderate Heavy treatments 

Douglas- f i r :  
Duf f  
Dougl as- f  i r wood 
Spruce wood 
Heml ock wood 

Average, a l l  seed beds 

S i  t ka  spruce: 
Duf f  
Douglas-fi r wood 
Spruce wood 
Heml oc k wood 

Average, a1 1 seed beds 

Lodgepol e p ine : 
Duf f  
Dougl as- f  i r wood 
Spruce wood 
Heml ock wood 

Average, a1 1 seed beds 

Western hem1 oc k : 
Duff  
Dougl a s - f i  r wood 
Spruce wood 
Hemlock wood 

Average, a1 1 seed beds 

Western redcedar: 
Duf f  
Dougl a s - f i r  wood 
Spruce wood 
Heml ock wood 

Average, a1 1 seed beds 

P a c i f i c  s i l v e r  fir: 
Duf f  
Dougl a s - f i r  wood 
Spruce wood 
Heml ock wood 

Average, a l l  seed beds 

Analysis o f  variance ind i ca ted  s i g n i f i c a n t  d l  f ferences among shade and 
seed bed treatments b u t  no s i g n i f i c a n t  seed bed-shade o r  species-shade i n t e r -  
act ions. I nd i v idua l  treatment averages were n o t  compared. 

11 



Table 6.--Average s w v i v a t  of gernrinated seeds i n  the f ie ld ,  by species, 
1 / seed bed materiat, and shade treatment- 

Dougl a s - f i  r: 
Duf f  
Douglas-fi r wood 
Spruce wood 
Heml ock wood 

Species and seed bed 

Average, a l l  seed beds 

Si t ka  spruce: 
Duf f  
Douglas- f i r  wood 
Spruce wood 
Heml ock wood 

Average, a1 1 seed beds 

Average, 
a1 1 shade 
treatments 

Shade treatment 

Lodgepol e pine: 
Duf f  
Dougl as- f  i r wood 
Spruce wood 
Hem1 ock wood 

Average, a l l  seed beds 

L i g h t  

Western hem1 ock: 
Duf f  
Douglas- f i r  wood 
Spruce wood 
Heml ock wood 

Average, a1 1 seed beds 

Moderate ' 

Western redcedar : 
Duf f  
Dougl as- f  i r wood 
Spruce wood 
Heml ock wood 

Heavy 

Average, a l l  seed beds 

P a c i f i c  s i l v e r  fir: 
Duf f  
Dougl as- f  i r wood 
Spruce wood 
Heml oc k wood 

Average, a l l  seed beds 

l' Disproport ionate subclass frequencies , percentages based on unequal num- 
bers, and unequal variances made s t a t i s t i c a l  analyses o f  these data imprac t ica l .  



Douglas-fir wood than on other seed beds. Duff produced the ta l les t  and heaviest 
seedlings (tables 7 and 8). Root lengths were  not significantly affected by seed 
bed mater ial  (table 9 ) .  

Germination of all species was poorest in heavy shade and best in light 
o r  moderate shade (table 5). Survival was poorest in heavy shade and best in  
moderate shade (table 6 ) .  Shading did not significantly affect seedling heights 
( table  7), but i t  did affect root lengths--roots were  shorter  in heavy shade 
(table 9). Total seedling weights were also affected by shade intensity. Seed- 
lings of a l l  species  except lodgepole pine were  heaviest in light and moderate 
shade and lightest in heavy shade. Lodgepole pine seedlings were  heaviest in  
light shade and lightest in moderate and heavy shade. 

Inherent growth differences made species comparisons difficult, but 
lodgepole pine and Douglas-fir seemed best able to utilize light shade. Pacif ic  
s i lver  f i r  seemed best able to tolerate  heavy shade and was leas t  affected by the 
seed bed differences. 

The contrasting effects of seed bed and shade on seedling heights and 
root lengths constitute the most important resul ts  of this field experiment. All 
species  responded similarly.  Seedling heights were  significantly affected by 
seed bed but not by shade. Root lengths were  affected by shade but not by seed 
bed. These contrasting responses to shade and seed bed t reatments  resulted in 
higher shoot- root rat ios  for heavily shaded duff than for  the other t reatment  
combinations. Higher shoot-root rat ios  benefit seedlings growing in shady, 
moist habitats by increasing photosynthesis per  unit of total  seedling weight 
(Borman 1958). The observed occurrence of heavily shaded native coniter seed- 
lings only on thick duff accumulations may be the result  of a seed bed-induced 
higher shoot-root rat io  that i s  essential  for  survival in low light conditions. 



Table 7.--Average height of largest surviving seedling i n  the f ie ld ,  by species, 

seed bed material, and shade treatmen& 

Shade treatment Average, 
Species and seed bed a1 1 shade 

L i g h t  Moderate Heavy treatments 

Douglas-fi r: 
Duf f  
Rotten w o o a  

Average, a1 1 seed beds 18.2 6.7 5.41 -- 

S i  t ka  spruce: 
Duf f  2.2 3.5 2.0 
Rotten w o o 8  - - 1.6 2.0 

m 
1.3 - 

Average, a1 1 seed beds 11 .8 2.5 2.01 - - 

Lodgepol e p i  ne : 
Duf f  

21 
8.4 6.1 4.0 

Rotten wood- - 4.7 - 4.2 - 4.3 

Average, a l l  seed beds 16.6 5.2 4.2) -- 

Western hemlock: 
Du f f  21 Rotten wood- 

Average, a1 1 seed beds 12.8 3.01 -- - - 

Western redcedar: 
Du f f  

21 Rotten wood- 

Average, a l l  seed beds p.2 2.81 - - - - 
P a c i f i c  s i l v e r  fir: 

Duf f  
2/ Rotten wood- 

Average, a1 1 seed beds 13.0 3.2 2.7) - - 

l1 Averages w i t h i n  the  same rec tang le  are  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

21 Average, a l l  3 wood species. They d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  



Tab1 e 8. --Average weight o f  largest surviving seedling i n  the field,  by species, 

1 / seed bed materiat, and shade treatment- 

Doug1 as- f  i r: 
Duf f  

2/ Rotten wood- 

Species and seed bed 

Average, a1 1 seed beds r. 370 .2501 UEl - - 

Si  t ka  spruce: 
Duf f  

2/ Rotten wood- 

Average, a1 1 seed beds 1.024 .028J m -- 

Average, 
a l l  shade 
treatments 

Shade treatment 

Lodgepol e p i  ne: 
Du f f  

2/ Rotten wood- 

L i g h t  

Average, a l l  seed beds 1.21 6 .Ol0] - - 

Western heml'ock : 
Duff  

21 Rotten wood- 

Moderate 

Average, a l l  seed beds r. 036 .0421 - - - - 

Heavy 

Western redcedar: 
Duf f  

2/ Rotten wood- 

Average, a l l  seed beds 1.034 .031j - - - - 

P a c i f i c  s i l v e r  fir: 
Du f f  

2/ .I85 .I37 .025 
Rotten wood- .093 .I22 ,028 - 
Average, a l l  seed beds 1.139 1 3 0 (  - - 

1' Averages w i t h i n  the  same rectangle are n o t  s i g n i f i c a n t l y  d l  f f e r e n t  . 
21 Average, a l l  3 wood species. They d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  



Table 9. --Average root length of Zargest surviving seedling i n  the f i e ld ,  

1 / by species, seed bed mateAaZ, and shade treatment- 

Douglas-f ir :  
Duf f  
Rotten woo&' 

Average, a1 1 seed beds 

Average, 
and shade 
treatments 

Species and seed bed 

S i  t ka  spruce: 
Duf f  

2/ Rotten wood- 

Average, a l l  seed beds 

Shade treatment 

Lodgepol e p ine : 
Duf f  

21 Rotten wood- 

Average, a1 1 seed beds 

Heavy L i g h t  

Western hemlock: 
Duf f  

21 Rotten wood- 

Moderate 

Average, a1 1 seed beds 

Western redcedar: 
Duf f  

21 Rotten wood- 

Average, a l l  seed beds 

P a c i f i c  s i l v e r  fir: 
Du f f  

21 Rotten wood- 

Average, a l l  seed beds 

- - 

Averages w i t h i n  the  same rec tang le  are n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

Z1 Average, a l l  3 wood species. They d i d  no t  d i f f e r  s i g n i f i c a n t l y .  



SUMMARY AND DISCUSSION 

Nutrients a r e  more  abundant in duff than in rotten wood. Coastal t r e e  
seedlings grow la rger  in  duff than in rotten wood, even when ex t ra  nutrients a r e  
added. However, seedlings a r e  usually l a rge r  and more  abundant on rotten logs 
than on the duff-covered forest  floor under coastal conifer stands where there  
i s  l e s s  than 40 percent full sunlight. This apparent paradox seems to  be the 
resul t  of differential duff accumulation. Duff layers  accumulate on both rotten 
logs and soil, but they a r e  thicker on those rotten logs that support seedlings 
than they a r e  on minera l  soil. 

Where more  than 40 percent full sunlight occurs  under coastal stands, 
duff-covered soil and rotten logs s e e m  to be equally suitable seed beds. This 
apparently resul ts  f rom bet ter  root growth--seedling roots grow longer in light 
shade than in  heavy shade. The ex t ra  nutrient concentrations present in the 
thick duff layers  that accumulate over rotten wood s e e m  to  be essential  where 
heavy shade l imits  root growth and l e s s  important where light shade does not 
l imit it. 

The germination and ear ly  growth of coastal t r e e  species a r e  not affected 
differently by differences in organic seed beds, with two minor exceptions. 
Douglas-fir seed germination i s  delayed longer than that of other species on 
duff, and alder seedlings germinating on rotten wood do not develop root h a i r s  
o r  nodules. 

Field observations indicate that neither rotten wood nor duff-covered 
soil a r e  good seed beds where complete removal of the overstory provides full 
sunlight. Such sun-loving species a s  red alder  a r e ,  therefore,  not usually 
found on duff seed beds, even though they grow well on duff when supplemental 
moisture i s  supplied. Organic seed beds a r e  most  important in  shaded condi- 
tions such a s  those that prevail  under a lightly thinned shelterwood stand. 

Type of organic seed bed probably does not affect the species  composi- 
tion of forest  regeneration under a lightly thinned shelterwood stand in coastal 
Oregon. Where light shelterwood cutting will resul t  in  a shaded seed bed, duff 
accumulations should be preserved whenever possible. This will benefit a l l  
conifer species by providing extra  nutrients for  the short-rooted seedlings pro- 
duced under low light conditions. 
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