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ABSTRACT 

Hard fescue survival rates  were followed for 
6 years on four d i f ferent  pine need&? treatment 
plots. Needle l i t t e r  had a significant e f f e c t  on 
i n i t i a l  survival of fescue seedlings, but subse- 
quent losses undoubtedzy resulted from the inter-  
action of  many factors. 
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lntroductiun 

1/ 
Ponderosa p ine  (Pinus ponderosa)- o f t e n  regenera tes  i n  dense 

patches wi th  a spa r se  understory of shrubs and herbaceous vegeta t ion .  
Needle l i t t e r  i s  only one of many f a c t o r s  in f luenc ing  understory 
vege ta t ion  i n  such cases ,  b u t  i ts  genera l  importance on n a t i v e  spec ie s  
is w e l l  documented (Pase 1958 and Moir 1966). The p resen t  s tudy was 
conducted t o  determine t h e  e f f e c t  of p ine  needle  f a l l  and accumulation 
on t h e  emergence and s u r v i v a l  of p lan ted  g ras s  seedl ings .  

Methods 

f e e t  
w i th  

The s tudy was conducted nea r  Winthrop, Washington, about 2,000 
above s e a  l e v e l .  Temperature extremes vary  from 110° t o  -30" F.,  
average J u l y  temperature of about 70° F.; and the  f r o s t - f r e e  

growing season extends from May u n t i l  l a t e  September. Approximately 
60 percent  of t h e  14.5 inches of average annual p r e c i p i t a t i o n  f a l l s  
between October and February and inc ludes  about 70 inches of snow. 
The s o i l s  a r e  w e l l  dra ined ,  moderately coarse-textured Western Brown 
Fores t  S o i l s ,  i n t e g r a t e d  t o  regosols  developed from g r a n i t i c  a b l a t i o n  
till. 

The s tudy p l o t s  were loca ted  i n  dense ponderosa p ine  poles  and 
sap l ings  (3,000-4,000 stems pe r  acre)  wi th  a canopy c losure  of about 
90 percent  a s  measured wi th  a s p h e r i c a l  densiometer (Lemon 1956). 
The trees were about 55 yea r s  o ld  and o r ig ina ted  from n a t u r a l  seeding 
i n  1911 a f t e r  logging and f i r e .  Surviving t r e e s  of t h e  o r i g i n a l  s t and ,  
unmerchantable a t  t h e  time of logging,  i nd ica t ed  an above average s i t e  
I V .  Needle l i t t e r  was from 1 t o  4 inches deep, w i th  accumulations of 
about 10.5 a i r -dry  tons  pe r  ac re .  Needle f a l l  v a r i e d  s i g n i f i c a n t l y  
between yea r s  b u t  averaged about 0.5 a i r -dry  ton annual ly.  The a r e a  
was n o t  used by l i v e s t o c k ,  b u t  i t  rece ived  l i g h t  deer  use.  

Hard fescue (Festuca ovina v a r .  duriuscuZa) was hand seeded on 
ind iv idua l  3- by 3-foot t reatment  p l o t s  a t  a r a t e  of 6 pounds of l i v e  
seed per  ac re .  The experimental design cons is ted  of t h e  fol lowing 
fou r  l i t t e r  t reatments  r e p l i c a t e d  f i v e  times i n  randomized block design 
( see  f i g .  1 f o r  photograph of a t y p i c a l  block l ayou t ) :  

1/ - The source f o r  s c i e n t i f i c  nomenclature i s  Hitchcock e t  a l .  
(1955-69). 



1. Remove o r i g i n a l  l i t t e r ,  p l a n t  g ra s s  seed ,  remove 
new needle f a l l  each sp r ing .  

2.  Remove o r i g i n a l  l i t t e r ,  p l a n t  g ra s s  seed ,  a l low 
new l i t ter  t o  accumulate. 

3. Remove o r i g i n a l  l i t t e r ,  p l a n t  g r a s s  seed ,  r ep lace  
o r i g i n a l  l i t t e r ,  and allow new needle l i t ter  t o  
accumulate. 

4 .  Broadcast g ra s s  seed on undisturbed l i t t e r  and 
allow new l i t t e r  t o  accumulate. 

Figure 1.--Typical layout of one block of treatment 
plots a t  the s tar t  of the study. 

The e f f e c t s  of t h e  l i t t e r  t reatments  were evaluated by counting 
a l l  hard fescue  p l a n t s  on each t reatment  p l o t  a t  approximately t h e  
same s t a g e  of growth each s p r i n g  f o r  a 6-year per iod .  Summer and f a l l  
counts were imprac t i ca l  because of t h e  d i f f i c u l t y  of d i s t ingu i sh ing  
mature fescue  leaves  from p ine  needles .  Hard fescue  was used because 
i t  is  somewhat shade t o l e r a n t  and is  probably as adaptable t o  growth 
under dense ponderosa p ine  a s  most o t h e r  g r a s s  c u l t i v a r s .  

Emergence and s u r v i v a l  d a t a  were t e s t e d  wi th  s p l i t - p l o t  a n a l y s i s  
of va r i ance  wi th  t reatments  considered a s  whole p l o t s  and years  a s  
subplo ts .  Separate  analyses of va r i ance  were a l s o  made f o r  i n d i v i d u a l  
years .  



Results 

The o v e r a l l  a n a l y s i s  of va r i ance  ind ica t ed  t h a t  t h e r e  were h ighly  
s i g n i f i c a n t  e f f e c t s  f o r  l i t t e r  t rea tments ,  yea r s ,  and t h e  i n t e r a c t i o n  
between t rea tments  and years .  The analyses  of va r i ance  by ind iv idua l  
yea r s  showed t h a t  responses of fescue  p l a n t s  t o  l i t t e r  t reatments  were 
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  0.01 p r o b a b i l i t y  l e v e l  during t h e  f i r s t  
3 years .  During t h e  f o u r t h  yea r ,  t reatment  d i f f e rences  were s i g n i f i -  
can t  a t  t h e  0.05 l e v e l ,  and by t h e  f i f t h  and s i x t h  yea r s  none of t h e  
d i f f e rences  between treatments  were s i g n i f i c a n t .  

Tukey's t e s t  (Snedecor 1961, p. 251) was used t o  compare a l l  t r e a t -  
ment means during yea r s  when s i g n i f i c a n t  d i f f e rences  between s u r v i v a l  
r a t e s  were found. Thus, during t h e  f i r s t  and second years  a f t e r  p lan t -  
i ng ,  a l l  t reatment  means were s i g n i f i c a n t l y  d i f f e r e n t  except t reatments  
1 and 2 .  During t h e  t h i r d  and f o u r t h  yea r s ,  only t reatments  1 and 4 
d i f f e r e d  s i g n i f i c a n t l y ;  and by t h e  f i f t h  and s i x t h  years  none of t h e  
t reatment  means d i f f e r e d  s i g n i f i c a n t l y .  

Surviva l  curves ( f i g .  2)  emphasized t h e  impact of e a r l y  l o s s e s  
between f a l l  p l an t ing  and seed l ing  emergence t h e  fol lowing sp r ing  on 
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1 
,,,,, 2 
- -  3 
- -  4 

NUMBER OF YEARS AFTER PLANTING 

Figure 2.--Number of l iv ing hard fescue plants per square 
foot from seed planting through the 6-year period under 
four leve 2s o f  ponderosa pine needle aceurnlation. 



i n i t i a l  i npu t s  of fescue  p l a n t s  i n t o  t h e  experimental populat ions.  
These e a r l y  l o s s e s  ranged from a - low of 77 percent  of t h e  p o t e n t i a l  
s eed l ing  populat ion of 133 p l a n t s  per  square  f o o t  i n  t reatment  2, t o  
l o s s e s  of 80, 88, and 98 pe rcen t ,  r e s p e c t i v e l y ,  i n  t reatments  1, 3, 
and 4. The p o t e n t i a l  s eed l ing  populat ions were determined by f ind ing  
average seed weight,  and thereby t h e  t o t a l  number of seeds p lanted  
per  square foot - -af te r  co r rec t ions  f o r  p u r i t y  and v iab i l i t y - - a t  a 
seeding r a t e  of 12 pounds per  a c r e .  

Discussion 

Figure 2 shows t h a t  a l l  s u r v i v a l  curves f o r  t h e  f o u r  experimental  
hard fescue populat ions were charac ter ized  by heavy m o r t a l i t y  i n  t h e  
youngest age groups; t h i s  is  t h e  most common type of s u r v i v a l  curve 
found i n  n a t u r a l  populat ions.  There a r e  p l a u s i b l e  explanat ions f o r  
t h e  high i n i t i a l  m o r t a l i t y  r a t e s  of t reatments  3 and 4 ,  b u t  p o s s i b l e  
causes of l o s s e s  i n  t rea tments  1 and 2 a r e  much l e s s  obvious. For 
example, i n  t reatment  4 t h e  t h i c k  l i t t e r  l a y e r  might conta in  consider- 
a b l e  water  t h a t  never pene t r a t e s  t o  mineral  s o i l ,  and these  l a y e r s  
could dry ou t  s o  quickly t h a t  germinating seed l ings  des i cca te  be fo re  
t h e i r  r a d i c l e s  can reach more permanent water  supp l i e s  i n  t h e  s o i l  
below (Daubenmire 1959). Germinating seed l ings  i n  t reatment  3 may 
h a ~ e  had d i f f i c u l t y  growing up through t h e  t h i c k  l i t ter  l a y e r  before  
t h e i r  food r e se rves  were deple ted  and they could reach l i g h t  f o r  
photosynthesis .  

As previous ly  ind ica t ed ,  no at tempt was made t o  a s s e s s  t h e  e f f e c t s  
of any poss ib l e  mor ta l i t y  f a c t o r s  except p ine  needle l i t t e r .  Undoubted- 
l y ,  however, seedl ings  on a l l  t reatment  p l o t s  were a l s o  adversely 
a f  f  ec ted  by the  gene ra l ly  unfavorable growing condi t ions  t h a t  character-  
i z e  t h e  f o r e s t  f l o o r  under dense ponderosa p ine  canopies.  For example, 
numerous s t u d i e s  have shown t h a t  competition between t r e e s  and under- 
s t o r y  p l a n t s  f o r  moisture,  n u t r i e n t s ,  e t c .  is important.  Other s t u d i e s  
have shown t h a t  low l i g h t  l e v e l s  on t h e  f o r e s t  f l o o r  con t r ibu te  t o  
p l a n t s  wi th  low v igor  and reduced growth p o t e n t i a l .  However, Anderson 
e t  a l .  (1969) found t h a t  l i g h t  l e v e l s  were apparent ly above minimum 
thresholds  f o r  spec ie s  comprising t h e  herb understory i n  Wisconsin 
p ine  f o r e s t s ,  and t h a t  t h i s  l a y e r  was more responsive t o  d i f f e rences  
i n  th roughfa l l  p r e c i p i t a t i o n  than t o  d i f f e rences  i n  l i g h t .  Also, even 
though hard fescue  p l a n t s  t o l e r a t e  mild s o i l  a c i d i t y  ( the  pH on the  
s tudy p l o t s  was about 6.0) ,  t h e r e  can be  i n d i r e c t  inf luences  such a s  
soi l -borne p l a n t  d i seases  sometimes a s soc ia t ed  wi th  ac id  s o i l s .  
Ponderosa p ine  needles  a l s o  conta in  acid-forming compounds and r e s i n s  
which resist decay and a r e  low i n  e s s e n t i a l  n u t r i e n t s .  The ease  wi th  
which t h i s  m a t e r i a l  d r i e s  and t h e  l i m i t e d  involvement of i n v e r t e b r a t e s  
i n  i t s  decay o f t e n  causes humif ica t ion  charac ter ized  by d e f i c i e n t  
n i t rogen.  Thus, a s  Moir (1966) concluded, t h e  t r end  i n  herb suppression 
under dense ponderosa p ine  canopies i s  o f t e n  toward v i r t u a l  e x t i n c t i o n  
a s  t h e  e f f e c t s  of shading and so i l -n i t rogen  dep le t ion  i n t e n s i f y .  



Our r e s u l t s  i n d i c a t e  t h a t  needle  l i t t e r  had a s i g n i f i c a n t  e f f e c t  
on i n i t i a l  s u r v i v a l  of fescue  seed l ings  b u t  t h a t  subsequent l o s s e s  
undoubtedly r e s u l t e d  from t h e  i n t e r a c t i o n  of many f a c t o r s .  These 
i n i t i a l  l o s s e s  a r e  important ,  however, because they suggest  t h a t  t h i c k  
accumulations of needle l i t t e r  (and i t s  by-products) under dense 
ponderosa p ine  canopies may e x e r t  a s t rong  s e l e c t i v e  in f luence  on t h e  
eventua l  composition and cover of understory vegeta t ion .  
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The mission o f  the PACIFIC NORTHWEST FOREST 
A N D  RANGE EXPERIMENT STATION is t o  provide the 
knowledge, technology, and alternatives for  present and 
future protection, management, and use o f  forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimu lates research t o  facilitate and t o  accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for  inventory, 
protection, and use o f  resources. 

2. Development and evaluation o f  alternative methods 
and levels of resource management. 

3. Achievement o f  opt imum sustained resource produc- 
t iv i ty consistent w i th  maintaining a high quality forest 
environment. 

The area o f  research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results o f  the research wi l l  be made 
available promptly. Project headquarters are at: 

College, Alaska Portland, Oregon 
Juneau, Alaska Roseburg, Oregon 
Bend, Oregon Olympia, Washington 
Corvallis, Oregon Seattle, Washington 
La  Grande, Oregon 
- -- 

Wenatchee, Washington 



ment of Agriculture 
management of the 

Nation's forest re ds of wood, water, 
forage, wildlife, forestry research, 
cooperation with orest owners, and 
management of the ional Grasslands, it 
strives -- as d rwide increasingly 


