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ABSTRACT 

T h i s   r e p o r t   i s   a n   u p d a t e   o f  a s t u d y   i n i t i a t e d  i n  1971 t o  assess  the 

e f f e c t s   o f   c a t t l e   g r a z i n g  and seeding  wi th a grass-legume  mix  on s u r v i v a l  and 

growth o f  lodgepo le   p ine   (P inus   con tor ta   Doug l .   var .   la t i fo l ia  Engelm.) 

seedl ings,   p lanted  on a c l e a r c u t  i n  t h e  Engelmann spruce  (Picea  engelmanni 

Par ry )  - subalpine fir (Aoies  lasiocarpa (Hook.) Nut t . )  zone i n  southern 

B r i t i s h  Columbia.  Pine  growth  parameters,  tree  and  shrub  density,  understory 

botanical  composit ion,  and  forage  production were  measured 12 yea rs   a f te r   t he  

grass m i x  was sown and 13 yea rs   a f te r   t he   p ine  was planted. 

Seeding d i d   n o t   a f f e c t   p i n e   d i a m e t e r   a t   b r e a s t   h e i g h t ,   b a s a l   a r e a ,  or 
volume, b u t   h e i g h t  was moderately  suppressed.  Presence o f   g r a z i n g   b e n e f i t e d  

pine  growth,  apparently  by  reducing  competit ion  from  herbaceous  vegetation. 

Pine  growth was best on  p lo ts   g razed  bu t   no t  seeded. Tremoling  aspen  (Populus 

tremuloides  Michx.)  and  wi l low  (Sal ix  spp.)  had become major  competitors with 

the  p ine  sapl ings,   and  brush  densi t ies were h i g h   f o r   a l l   t r e a t m e n t s .  Seeded 

species  occurred more f requent ly   on  the seeded p l o t s ,   b u t   t h e i r  combined  cover 

never  exceeded 15%. To ta l   fo rage  p roduc t ion   had  dec l ined  on ly   s l igh t ly   s ince  
‘Hmrr t he   f i r s t   yea rs   f o l l ow ing   seed ing ,  but composi t ion  o f   product ion  had  sh i f ted 

away from  grasses  towards  shrubs  and  forbs. 

Ca t t l e   g raz ing  and  seeding were compatible with lodgepole  p ine 

regenera t i on .   Fac to rs   con t r i bu t i ng   t o   t h i s   compa t ib i l i t y   i nc luded   the  

establ ishment   o f   lodgeple  p ine  pr ior   to   grass  seeding,  and  good graz ing 

management which promoted  even u t i l i z a t i o n   o f   f o r a g e  and  minimized  seedling 

i n  j u r y .  

Key  Words: lodgepole  p ine,  Pinus  contorta,  Engelmann spruce-subalpine fir 

zone, coni fer   growth,   botanica l   composi t ion,   forage  y ie lds,  

ca t t le   g raz ing ,   g rass- t ree   compet i t ion  
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INTRODUCTION 

Pub l ished  in fo rmat ion  on i n te r - spec i f i c   compe t i t i on  between  domestic  grass 

and con i fe r   seed l i ngs  or sapl ings,  with or without  grazing, i s  very  sparse. 

Most o f   t h e  work  has  emphasized c o m p e t i t i o n   f o r   s o i l   m o i s t u r e   a t   t h e  

establishment  and  immediate  post-establishment  period (1-5 years).   Avai lable 

s o i l   m o i s t u r e   o f t e n   i s   l i m i t i n g  on   ha rves ted   f o res t   s i t es   a t   t h i s   s tage  and 

can  be  the  source o f  severe  competit ion  between  grasses  and young con i fe r  

seedl ings  wi th   shal low  and  poor ly   developed  root   systems.   L i t t le   research  has 

assessed  long-term  ef fects (10 or more years) o f  domestic  grass  competit ion on 

coni fer   growth.  

Two f u l l  growing seasons a f te r   p lan t i ng ,   La rson  and Schubert  (1969) showed 

r o o t  and top  growth were s i g n i f i c a n t l y   g r e a t e r  when ponderosa  pine  (Pinus 

ponderosa  (Dougl.))  seedlings were  grown without  competit ion  from  grass. 

The au thors   cau t ioned  tha t   the   he igh t   g rowth   o f   ponderosa  p ine   fo r   the   f i r s t  

1-2 y e a r s   a f t e r   o u t p l a n t i n g   i s  a poo r   i nd i ca to r   o f   compe t i t i on ,  because  most 

o f   the   g rowth   dur ing   these  years  i s  on   t he   roo t  system. 

1 

Wheeler " e t   a l .  (1980) found no s ign i f i can t   d i f f e rence  i n  h e i g h t   o f  Douglas- 
" fir (Pseudotsuga menziesi i   (Mirb.)  Franco) o r  ponderosa  pine  seedlings 12 

years  fol lowing  planting,  whether  plots  had  been seeded t o  grass or  l e f t  

unseeded. The seedlings were t a l l e r ,  however,  on p l o t s   s u b j e c t e d   t o   g r a z i n g .  

Apparent ly   g raz ing   by   ca t t le   reduced  t ransp i ra t iona l   sur face   o f   fo rage  p lan ts  

t o   t h e   p o i n t  where mois tu re   s t ress  was re la t ive ly   un i form  between seeded  and 

unseeded p l o t s .  I n  an Oregon study, s o i l   m o i s t u r e   a t   d e p t h s   o f  5 and 12 

inches (13 and 30 cm, respec t i ve l y )  was greater  on  p lots  grazed  by sheep than 

on  ungrazed  plots.   Douglas-f i r   seedl ings grew more rap id ly   under  a c a r e f u l l y  

cont ro l led  graz ing  reg ime  and  the i r   he ights   averaged 27% greater  on  grazed 

p l o t s  10 yea rs   a f te r   g raz ing   s ta r ted   (Hendr i ck  and  Keniston  1966).   Addi t ional  

ind i rec t   ev idence  o f   reduced  mo is tu re   compet i t ion   f rom  g raz ing  was reported  by 

Baron (1962) who observed  greater   ponderosa  p ine  surv iva l   on  p lo ts  with grass 

spec ies   se lec t i ve ly   g razed  by   ca t t le .  

1Nomenclature  throughout  the  paper  follows  Hitchock  and  Cronquist  (1981). 
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Cleary  (1978), however, repo r ted   t ha t   he igh t   g rowth   o f   Doug las - f i r  

seedl ings  grown  on  grazed  s i tes was s tun ted  u n t i l  t h e   t r e e s  were about 1 m ( 3  

f t)  t a l l ,   b u t   t h e r e a f t e r   t h e   g r o w t h   r a t e   p a r a l l e l e d   t h a t   o f   t r e e s  grown  on 

ungrazed  s i tes.  However, 10 yea rs   a f te r   p lan t i ng ,   Doug las - f i r  2+0 and 2+1 
bareroot  seedings  produced  greater  height  on  ungrazed  than  on  grazed  areas. 

C la rk  and McLean (1978)  found that  lodgepole’   p ine  (Pinus  contorta  Dougl .  

v a r .   l a t i f o l i a  Engelm. ) he ight   growth  poss ib ly   had  been  rest r ic ted  by  grass 

compet i t ion where  no grazing  occurred. However, i t  also  appeared  that  average 

he igh t   o f   seed l i ngs  with domestic  grass  and  clover  competit ion  and  grazing was 

s i m i l a r   t o   t h e  average  he igh t   o f   seed l ings  with grazing  and  no  seeding 

competit ion; i n  o ther  words, grazing  and  seeding were i n t e r a c t i n g  so t h a t   t h e  

ef fect   of   grass  compet i t ion was no t   as   ser ious   as   o r ig ina l l y   suspec ted .  I n  a 

separate  study,  Clark  and McLean (1979)  found that   seedl ings  growing with no 

grass  compet i t ion were s i g n i f i c a n t l y   t a l l e r   a f t e r  5 years  than  seedl ings 
growing i n  compet i t ion with seeded grass. Also, t h e   t o t a l  biomass o f  

seedl ings  on unseeded p l o t s  tended t o  be  greater   than  that   o f   seedl ings  on 

grass-seeded p l o t s .  The s imu la t i on   o f   g raz ing ,   i . e . ,   c l i pp ing   o f   f o rage ,   had  

no s i g n i f i c a n t   e f f e c t  on lodgepole  p ine  seedl ings  surv iva l  o r  t o t a l   s e e d l i n g  

mass. 

C a t t l e  sometimes in ju re   t ree   regenera t ion   by   b rows ing  and  trampling. 

Browsing i s  uncommon i f  c a t t l e  have  access t o  abundant  and  palatable  green 

fo rage ,   bu t   i nc idence   o f   i n ju ry   i nc reases  when use i s  heavy (Cassady ” e t   a l .  

1955; Edgerton 1971;  Pearson ” e t   a l .  1971; Cur r i e  ” e t   a l .  1978).  Despite  an 

abundance o f   pa la tab le   f o rage ,  however, c a t t l e  browsed  the  tender  annual 

growth o f  ponderosa  pine  and  lodgepole  pine i n  Washington p lantat ions  (Monfore 

1983) . 
Trampl ing   usua l ly   causes   the   g rea tes t   in ju ry   to  young  seedlings  (Baron 

1961; Edgerton 1971; Adams 1975).  Repeated  trampling  from  over  use o f  forage 

was blamed fo r   h igh   ca t t l e - re la ted   mor ta l i t y   obse rved  i n  some lodgepole  p ine - 
Engelmann spruce  (Picea  engelmanni  Parry)  clearcuts i n  B r i t i s h  Columbia  (Clark 

and McLean 1978) ,   bu t   i nc idence   o f   i n ju ry  was low when pastures were grazed 

intensively  for   only  short   durat ions.   Other  researchers  have  concluded  that  

ca t t le   g raz ing   can   be   compat ib le  with forest   regenerat ion,   prov ided good 
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" 

Currie " e t   a l .  1978). 
I t  is well documented that  forage  production is  inversely  related  to 

conifer  basal  area,  percent crown cover, and stem density  (Pase and Hurd 1958; 

Young " e t   a l .  1967; Basile and Jensen 19711, which increase  as  the  forest  
regenerates. Less i s  know of  the long-term forage  yield  response  to  seeding 
and grazing on clearcuts,  i n  par t icular   to  composition of forage  over  time and 
longevity  of  seeded  species.  Understory  production peaked about 11 years 
a f t e r  logging on an unseeded lodgepole  pine  clearcut i n  Montana (Basile and 
Jensen 1971). Maximum production  for  forbs and grasses  occurred a t  about 10 
and 13 years,  respectively,  while shrub  production  increased  over  the  entire 
time (17 years)  studied.  Resident  vegetation  (mostly b u l l  t h i s t l e )  
contributed most t o  herbage  production  the f i rs t  few years  following  seeding 
on a grand f i r  (Abies  grandis  (Dougl.)  Forbes) - Douglas-fir  clearcut i n  
Oregon, b u t  a f t e r  about 10 years, 90% of  the  production came from seeded 
species (Krueger 1983). Herbaceous yields  decreased  greatly  about 18 years 
after  seeding on cattle-grazed  pastures where sh rubs  had  become dominant. 

Vorr For a more thorough  review  of tree-forage-livestock  interactions,  readers 

are  advised  to  consult Nordstrom (1985) who has completed a detailed review of 
literature  pertaining  to  temperate-forest  range i n  North America w i t h  emphasis 
on British Columbia. 

A s tudy  was in i t i a t ed  i n  the  early 1970's to   assess   the  effects  of  grazing 
and seeding on conifer  establishment and growth on a number of clearcuts i n  
southern British Columbia. The  work reported  herein is a snythesis of data 
collected from one lodgepole p ine  - Engelmann spruce  clearcut (Area 1 of  the 
s t u d y  reported by Clark and McLean [1978]) 5 and 13 years  following  lodgepole 
pine  planting and 4 and 12 years  following  domestic-grass  seeding. 



- 4 -  

METHODS 

A 130 ha  c learcut  (Community Lake)  located 26 km n o r t h e a s t   o f  Kamloops a t  

1340 m e leva t i on  was p lan ted  with lodgepole  pine  and Engelmann spruce  dur ing 

s p r i n g  1971. The whole  area, with the   excep t ion   o f  20-ha (100 m w ide)   con t ro l  

s t r i p   r u n n i n g   t h r o u g h   t h e   m i d d l e   o f   t h e   c l e a r c u t ,  was a e r i a l l y  sown with a 

Fo res t l and   m ix   a t   t he   ra te   o f  4.5 kg /ha   du r ing   l a te  1972. An exclosure, 

encompassing bo th  grass-sown  and unsown p o r t i o n s   o f   t h e   a r e a ,  was constructed 

i n  1972 within t h e   a r e a   p l a n t e d   t o   l o d g e p o l e   p i n e .   D e s c r i p t i o n s   o f   t h e   s i t e  

(Area 1) and  composition o f  the  seeding  mix were inc luded i n  the  1978  study 

repo r t .  The s t o c k i n g   r a t e  was 0.7 ha  per  animal un i t  month (AUM) for   about  1 

month's  duration  between  1973  and  1976.  Cattle  have  grazed season l o n g  i n  t h e  

p a s t u r e   a t  1.2  ha per  AUM s ince  1976. 

I n  1972, e i g h t  permanent p l o t s  were randomly  located i n  seeded  and 

unseeded areas o f   t h e   p a s t u r e   t o  assess  seedl ing  condi t ion and he igh t .  P l o t  
s i z e  was determined  by  the  area  occupied  by 25 p lanted  lodgepole  p ine 

seedlings. I n  1976, t o t a l   h e i g h t s  were  measured f o r   a l l   s u r v i v i n g   p l a n t e d  

seedl ings  occurr ing i n  t h e   p l o t s  and, i n  add i t i on ,   seed l i ng   he igh ts  were 

measured i n  seeded  and cont ro l   a reas   o f   the   exc losure .  The number o f  
seedlings  observed was 73, 94,  147, and 131 f o r   t h e  ungrazed 

(exclosure)-seeded, ungrazed-unseeded,  grazed-seeded,  and  grazed-unseeded 

areas,  respect ively.  I n  1984, he igh ts  and diameters a t   b reas t   he igh t   (dbh )  o f  

55 sap l ings  were  measured i n  each  area.  Trees were  measured i n  c o n t r o l  and 

seeded areas  adjacent t o   t he   exc losu re ,   ra the r   t han   f rom  the   p lo t s   es tab l i shed  

i n  1972, t o   l e s s e n  any poss ib le   s i t e   d i sc repanc ies .  I n  each  seeding-grazing 

treatment  combinat ion,   three  plots  measur ing 5 x 20 m were e s t a b l i s h e d   t o  

determine  t ree  densi ty ,   botanica l   cover  and frequency, and forage  product ion 

(Fig.  1). P l o t s  were  spaced t o   a l l o w  1.5 m between p l o t s  and a t   l e a s t  5 m f o r  

area  boundaries,  i.e.,  sides o f   exc losu re  or  seeded-unseeded in te r faces .  To 

es t imate   dens i ty ,   ind iv idua ls   o f   each  con i fe r   spec ies  were assigned t o  one o f  

the   fo l low ing   ca tegor ies :   seed l ing   ( less   than 0.5 m t a l l ) ,   r e p r o d u c t i o n  

(greater   than 0.5 m t a l l   b u t  dbh less   t han  2.5 cm) and sapl ings  (dbh  greater  

than 2.5 cm). Only  stems o f  deciduous  species  greater  than U.5 m t a l l  were 
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7-7 grazed study area 
L-d - 5x20rn plot 
* pasture  perimeter - control strlp bcundry 

Seeded 

Cont 1-01 
L """_ J 

Seeded 

FIGURE 1. Exper imental   layout  used fo r  sampling i n  1984. 
Diagram i s   n o t  t o  sca le.  
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counted.  Cover o f  understory  species was estimated with Daubenmire's  (1959) 

c lover-c lass  system,  and  for ty 0.1-m frames  were  recorded  per  plot.  

Current  year's  growth was cl ipped  f rom  two  randomly  located 1-m frames  per 

p l o t   t o  assess  production. Herbage was separated  in to   major   forage  c lasses 

and  then  oven-dried t o  a  constant  weight. 

2 

2 

I n d i v i d u a l   t r e e  volumes  were calculated  from  an  equation  developed  by 

Kovats   (1977)   and  are  for   the  ent i re  stem, inside  bark.   Basal   area was 

c a l c u l a t e d   f o r   a l l  stems f o r   t h e  1984  data. 

The experiment,  a 2 by 2 f a c t o r i a l   s e t   o u t  i n  a  non-randomized way,  was 

analyzed with a two-way ana lys i s   o f   va r iance  (ANOVA) t o  examine e f f e c t s  o f  

seeding  and  grazing  on  pine  growth,   t ree  densi ty,   understory  cover  and 

frequency,  and  forage  yields. Because the re  was on ly  one exclosure,   there was 

n o t   t r u e   r e p l i c a t i o n  i n  the  experiment.  Consequently,  the  sub-sampling 

v a r i a t i o n  among i n d i v i d u a l   u n i t s ,  e.g., among t h e  55 t rees  per   t reatment  i n  

1984, was used  as  the error term i n  the   ana lys i s .  With a s i n g l e   r e p l i c a t e ,  i t  

may be  argued  that   apparent  d i f ferences among t r e a t m e n t s   r e f l e c t   s i t e  

d i f fe rences .  I n  th i s  s t u d y   t h e   p o r t i o n   o f   t h e   f i e l d   s e l e c t e d   t o   r e p r e s e n t   t h e  

grazed  area was s i m i l a r  i n  slope,  aspect,  and  topography t o   t h e   e x c l o s u r e ,  and 

the  area encompassed by  the  exclosure  and  grazed  area  boundaries were 

homogeneous, so s i t e   d i f f e r e n c e s ,  i f  any,   should  be  s l ight .   P la tes 1 - 3 

d e p i c t   t h e  appearance o f  seed  and  unseeded po r t i ons   o f   t he   enc losu re  between 

1973  and 1983. 

Because the   poss ib le   impacts   on   con i fe rs   o f   seed ing  i n  the  presence o f  

c a t t l e  i s  the  pr imary management concern, t ree   g rowth  means o f  seeded-grazed 

and  native-grazed  areas were  compared with i n d i v i d u a l   d e g r e e   o f  freedom 

contrasts .  



- 7 -  

PLATE 1. Exc losu re  2 years a f te r  t h e  p i n e  was p l a n t e d   a n d  1 year f o l l o w i n g  
s e e d i n g  (1973). A grass-legume  mix was sown on the l e f t ,  the r i g h t  
s ide was n o t  seeded. 

PLATE 2.  Exc losu re  4 years a f te r  the p i n e  was p l a n t e d   a n d  3 years f o l l o w i n g  
s e e d i n g  (1976). Left side i s  seeded; r i g h t  s i d e d  is c o n t r o l .  
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PLATE 3 .  Exclosure 13 years  after  the  pine was planted and 12  years fol lowing 
seeding (1983). Left  side is seeded; r i g h t  s ide is unseeded. 
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RESULTS 

Lodgepole  Pine  Growth 

P ine   he igh t   da ta   co l lec ted  i n  1976, 4 years  af ter   seeding,  indicated a 

s i g n i f i c a n t   i n t e r a c t i o n  between  seeding  and  grazing. Seeded (;=1.25 m, 

SE = 2.78) and  unseeded (;=1.20 m, SE=2.95) a r e a s   d i f f e r e d   v e r y   l i t t l e  when 

grazed,  but  pine were much t a l l e r  i n  t h e  unseeded (:=1.62 m, SE=3.48) than 

seeded (!=1.39 m, SE=2.89) por t ion   o f   the   exc losure .   Seed l ings  i n  t h e  

exclosure were ta l ler   than  those  on  the  grazed  areas.  

E igh t   yea rs   l a te r ,  i n  1984, pine  heights  f rom  the  grazed and ungrazed 

a r e a s   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   n o r   d i d   s e e d i n g   i n t e r a c t  with graz ing  

(Table 1). Height was the  on ly   p ine  growth  parameter   s ign i f icant ly   repressed 

by  domestic  grass  competit ion.  Trees  on seeded p l o t s  averaged  about 4% 

shor te r   than  on   the   con t ro ls ,  a d i f f e r e n c e   s i m i l a r   t o   t h a t   o b s e r v e d  i n  1976. 

Tree  height was the   so le   parameter   no t   s ign i f i can t ly   a f fec ted   by   g raz ing ;  

diameter,  basal  area, and  volume  were greater  on  grazed  plots.  Presumably, 

removal of  understory  growth  by  grazing  reduced  competit ion  between  herbaceous 

and woody species.   Seeding  by  grazing  interact ions were no t   de tec ted   f o r  any 

parameters.  Individual  degree o f  freedom t e s t s   i n d i c a t e d   t h a t   t r e e   h e i g h t s  

and  volume  were s i g n i f i c a n t l y   g r e a t e r  on native-grazed  than  seeded-grazed 

areas  but  dbh  and basal   area were not .  

'W 

Tree and Shrub Density 
Deciduous tree  (mostly  Populus  tremuloides  Michx.)  and  large  shrub 

popu la t i ons   f a r  outnumbered con i fe r   dens i t y   13   yea rs   a f te r   p lan t i ng  

(Table 2). Natu ra l   regenera t i on   o f  Engelmann spruce and Douglas- f i r  was 

abundant with spruce numbers equal ing or  exceeding t o t a l  number o f   p i n e  stems 

(bo th   p lan ted  and natural ly  regenerated).   Douglas-f i r   has  establ ished more 

recent ly   than  spruce  s ince  on ly   seedl ings  o f   Douglas- f i r  were  observed. Few 

pine  seedl ings  and  reproduct ion were present. 

Seeding d i d   n o t   s i g n i f i c a n t l y   i n f l u e n c e   t r e e  and  shrub  densi t ies  and  there 

were  no seeding  by  graz ing  in teract ions  but   there were some d i f ferences with 

grazing  (Table 2). Douglas- f i r   dens i ty  was s i g n i f i c a n t l y   h i g h e r  i n  t h e  
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TABLE 1. Average lodgepole  pine  growth i n  r e l a t i o n   t o   s e e d i n g  and graz ing  

treatments 13 years   fo l low ing   p lan t inga 

Basal  area Volume 
Factor  Height (m> Dbh (mm) (m2/haIb  ($/ha )b 

Seeding' 

Seeded '7 
Unseeded 

Grazincf 
Grazed '7 
Ungrazed 

SE Main  factors  (n=110) 

Seeding x Grazingc 

Seeded-Grazed x 
Seeded-Ungrazed x 
Unseeded-Grazed '7 
Unseeded-Ungrazed 

SE I n t e r a c t i o n  (n=55) 

* 

4.49 

4.67 

NS 
4.60 

4.57 

0.056 

NS 

4.44 

4.54 

4.75 

4.59 

0.079 

NS 

70 

73 

* 
74 

69 

1.2 

NS 

72 

68 

77 

70 

1.7 

NS 

3.8 

4.2 

it 

4.3 

3.7 

0.13 

NS 

4.1 

3.6 

4.6 

3.8 

0.19 

NS 

13.93 

15.58 

* 
15.97 

13.54 

0.614 

NS 

14.63 

13.23 

17.32 

13.84 

0.874 

' , / I  

-, , 

a Tree age equals   years  fo l lowing  p lant ing  p lus  three.  

b Basis: 960 stems per  hectare.  

C * = s i g n i f i c a n t   a t  5% l e v e l ;  NS = non-s ign i f i can t .  
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'*MI*#* TABLE 2. Tree  and  shrub  density  (stems  per  hectare) i n  r e l a t i o n s h i p   t o  

seeding  and  grazing  treatments 13 years   a f te r   l odgep le   p ine  was 
p lan ted  

Species 

Standard Errors 
Seeding means Grazing means F a c t o r s   I n t e r a c t i o n  

Seeded Unseeded Grazed  Unyrazed (n - 12) (n = 6 )  

Coniferous 

P ine   sap l ings  1 250 

Spruce  reproduct ion 817 

Spruce  seedlings 1 933 

Douglas-f i r   seedl ings 1 334 

To ta l   con i fe rous  stemsb 2 334 

"W* Deciduous 

Trembling aspenb 5 400 

Willowsb 3 367 

Total   deciduous stemsb 9 533 

1 317 

1 000 

1 250 

750 

2 667 

4 967 

3  933 

10 184 

1 517 

7 00 

1 083 

667 

2 367 

4  784 

4  050 

9 350 

1 050a 63 

1 117 158 

2 100 307 

1 417a 203 

2  634 273 

5 583 516 

3 250 472 

10 367 1 120 

90 

224 

434 

28 7 

386 

730 

667 

1 584 

a Grazed  and  ungrazed means d i f f e r   s i g n i f i c a n t l y   a t   t h e  5% l e v e l .  

b All stems > 0.5 m. 



- 12 - 
exc losure ,   bu t   dens i ty   o f   p ine   sap l ings  was h igher   on  grazed  p lo ts .   Poss ib ly  

unequal  establishment o f   n a t u r a l   r e g e n e r a t i o n  soon a f t e r   l o g g i n g   r e s u l t e d  i n  

the  sapl ing-densi ty  d i f ferences  observed  between  the  protected  and  grazed 

areas. 

.I, I I I 

By 1984, compet i t ion  f rom woody p l a n t s   f a r  exceeded that  from  herbaceous 

species,   both  nat ive  and seeded.  Because graz ing  and  seeding  treatments  had 

minor  inf luence  on  shrub  and  coni fer   reproduct ion  densi t ies,   compet i t ion from 

these  sources  probably  would  be  similar  on a l l  areas. It i s   n o t  known when 

brush  species became aggressive  competitors, however t rembl ing  aspen was very 

abundant  as ear ly   as  1976, 4 years  a f ter   seeding  (P late 2). 

Understory  Composition 

Cover  and  frequency o f  herbaceous  vegeta t ion   d i f fe r   on ly   s l igh t ly   be tween 

grazed  and  ungrazed  areas 12 years  af ter   seeding  (Table 3 ) .  Twinflower 

(L innaea  boreal is  L. ) and hawkweed (Hierac ium  a lb i f lorum Hook. ) were 

s i g n i f i c a n t l y  more abundant  on  protected  than  on  grazed  areas.  Seeding  had 

l i t t l e  long- term  ef fect   on  occurrence  o f   nat ive  spec ies.   Shiny- leaf   sp i rea 

( S p i r a e a   b e t u l i f o l i a   P a l l . )  was t h e   o n l y   p l a n t   s i g n i f i c a n t l y  more abundant  on 

t h e  unseeded plots.  Three  seeded  species,  orchard  grass  (Dactylis  glornerata 

L.), t imothy  (n leum  pratense  L . ) ,   and  a ls ike  c lover   (Tr i fo l ium  hybr idum  L. ) ,  

occurred more f requent ly   on   the  seeded p l o t s   b u t  were present   a lso   on   the  

contro l   areas.  Combined cover o f  domestic  grasses  and  clover  never  exceeded 

15% and usua l l y  was less   t han  lo%, even  on  the seeded plots.  Seeding  by 

g raz ing   in te rac t ions   occur red  with three  species,   th imbleberry (Rubus 

p a r v i f l o r u s   N u t t . )  showy aster  (Aster  conspicuus Lindl.), and wh i te   c love r  

(Tr i fo l ium  repens L.), a l l  of which were more common on  the  grazed-seeded 

p lo t s .   B road- lea f   l up ine   (Lup inus   l a t i f o l i us  Agardh.) was the  dominant 

herbaceous  species  regardless o f  seeding or grazing  treatment.  Pinegrass 

(Calamaqrostics  rubescens  Buckl. ) , a nat ive  sodformer,   prov ided  equal   cover   on 

seeded  and contro l   areas.  I n  another  clearcut  study  (Krueger  1983)  pinegrass 

was a lso  unaf fected  by  seeding,   but   un l ike  the  present   s tudy,   nat ive  spec ies 

were reduced  on seeded p l o t s  and  grasses  dominated  the  understory  14-20  years 

a f t e r  seeding. 

*h 
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-1' TABLE 3. Averages percent  understory  cover and frequency  of  major species 

for  seeding and grazing  treatments  12  years  after  seeding 

Species 

Seedinq Grazing 
Seeded Unseeded Grazed  Ungrazed 

Cover/Freq.  Cover/Freq. Cover/Freq.  Cover/Freq. 

Graminoids 

Calamagrostis  rubescens 
Carex  concinnoides 
Dactylis  glomerata 
Phleum pratense 

Forbs 

Arnica  cordifolia 
Aster c i l i o l a t u s  
Aster  conspicuus 
Cornus canadensis 
Epilobium  angustifolium 
Fraaaria  virainiana * h a  ' - d 
Hieracium albiflorum 
Linnaea boreal is  
Lupinus l a t i f o l i u s  
Pe tas i tes   f r ig idus  
Taraxacum of f i c ina l e  
Trifolium hybridum 
Trifolium  repens 

Low s h r u b s  - 
Rosa s p .  
Rubus parvif lorus  
Spiraea  betul i fol ia  
Vaccinium membranaceum 

12/28 

4/34 
3/50 

Tb/7 

6/39 
6/4 7 
3/15 

10/61 
9/53 
2/16 
2/17 

10/38 
36/96 
8/23 
2/34 
3/25 
2/13 

3/17 
4/17 
2/15 
1/8 

10/54 
2/10 
T / l C  
T/5c 

3/22 
6/48 
1 / 6  

11/70 
6/50 
1/11 
2/18 

16/52 
25/89 
4/30 
2/35 
T/ 6c 
1 /5 

1 /9 
T / 3  

10/49C 
1/11 

10/44 
2/12 
2/18 
2/38 

5/30 
7/50 
4/19 
9/56 
9/53 
2/16 
1/8 
4/20 

34/94 
4/32 
2/41 
2/15 
3/17 

3/17 
3/16 
6/28 
1 / 5  

12/38 
T/6 
2/16 
1/17 

4/30 
5/45 
T / 3  

11/75 
7/49 
1/4 
3/26c 

22/7lC 
27/91 
4/26 
2/28 
1/16 
T / 1  

1 /9 
1/3 
7/36 
1/13 

a  Average based on six t ransec ts  per treatment.  Forty O. ln?  p l o t s  were sampled 
per  transect.  
T = Trace < 1% cover. 

C F test for   fac tor   s ign i f icant   a t  5% level for  both  cover and frequency. 
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Forage  Yields 

Herbage y i e l d s   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   a c c o r d i n g   t o   s e e d i n g  or  
graz ing   h i s to ry ,   a l t hough  shrub y i e l d s  appeared  higher  on  seeded  plots  and 

pinegrass  product ion seemed greater  on  grazed  areas  (Table  4) .   High 

v a r i a b i l i t y  may have masked dif ferences  between  treatments. 

T o t a l  herbage  product ion  inside  the  exclosure was s i m i l a r  t o  the   lowest  

y ie lds   ob ta ined i n  t h e  f i r s t  5 years  fo l lowing  seeding  (Table 51, which 

suggests   that  canopy c losu re   has   a f fec ted   unders to ry   y ie lds   on l y   s l i gh t l y ,  if 
a t   a l l .  Data   a re   no t   ava i lab le   fo r   the   g razed  a reas  i n  the  ear ly   years.  The 

compos i t ion   o f   p roduc t ion  changed g rea t l y ,  however. F ive   years   a f te r   seed ing  

(1977),  domestic  species  dominated seeded p l o t   y i e l d s  and  pinegrass was an 

impor tant  component o f   t h e   c o n t r o l   p l o t s   ( F i g .  2). By 1984, domestic  and 

nat ive  grasses  comprised  less  than 4 and 1% r e s p e c t i v e l y   o f   t o t a l   e x c l o s u r e  

y ie lds .  Shrubs  and fo rbs   i nc reased   to  compensate fo r   the   g rass   losses ,  
espec ia l l y   on   the  seeded p l o t s .  In 1984, a s ing le   fo rb   spec ies ,   b road- lea f  

l up ine ,   con t r i bu ted  more t h a n   h a l f   t h e   t o t a l   y i e l d  on  most p l o t s   i n s i d e  and 

outs ide  the  exc losure.  A tendency f o r  shrubs t o  dominate  production  over  t ime 

has  been  observed i n  o ther   c learcu t   s tud ies ,   bu t  i n  those  cases  forbs  peaked 

within t h e   f i r s t  10 yea rs   a f te r   l ogg ing   (Bas i l e   and  Jensen 1971; Krueger  1983). 

'Y, , 
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-, TABLE 4. Herbage y i e l d  (kg/ha  oven-dry  weight) means and  s tandard   e r ro rs   fo r   the  

seeding  and  grazing  treatments 12 years  after  seeding.  There were  no 
s i g n i f i c a n t   d i f f e r e n c e s   a t   t h e  5% l e v e l .  

Standard Errors 
Seeding means Grazing means Fac to rs   I n te rac t i on  

Forage  group Seeded Unseeded Grazed  Ungrazed (n = 12) (n = 6 )  

Seeded speciesa 41 10 35 15 11.7 16.6 

Native  grass 40 84 113 11 43.0 60.8 

Lupine a 70 81 5 971 714 88.3 124.8 
Other  forbs 193 199 205 186 38.6 54.5 
Shrubsb 555 275 309 521 107.7 152.3 

Tota l   p roduc t ion  1699 1383 1634 1447 128.4 181.6 

a  Grass  and c lover .  
"'Hu" b  Current  year's  growth,  leaves,  and  twigs. 

TABLE 5. Tota l   product ion  o f   herbage  (kg/ha  oven-dry  weight )  i n  seeded  and 
unseeded po r t i ons   o f   t he   exc losu re  1, 2,  3, 5,  and 12 y e a r s   a f t e r  
seeding 

Years a f t e r  sowing  (year) Seeded 
~ ~ ~~ 

Unseeded 

1 (1973) 2240a 1173 
2 ( 1974) 1752  1662 
3 ( 1975) 2728 1219 

5 ( 1977) 
12 ( 1984) 

2296 
1782 

1261 
1112 

a  Yields for  the   1s t   th rough  5 th   year   a f te r   sowing   a re   ca lcu la tea   f rom means 
o f  f i v e  9.6-ft2 frames  while  those for 1984 a re   ca l cu la ted  from means of  
s i x  1-m2 frames. 
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seeded 
species 

Seeded plot 6 years  after seeding 

.:.,. .. .... Seeded pbl I2 years  after seeding 

[IIIIIIID heeded plot 6 years after seeding 

Unseeded plot I2 years after seeding 

Native 
grass 

Forbs Shrubs 

FIGURE 2. Percentage o f  t o t a l  herbage  production o f  major  forage  classes on 
seeded p l o t s  6 and 12 years   a f te r   seed ing  and  on  unseeded p l o t s  6 
and 12 years  post  seeding. P l o t s  were l oca ted  i n  the  exclosure.  
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CONCLUSIONS 

Twelve  years a f t e r  seeding,  there i s  evidence of   on ly   minor   lodgepole  p ine 

suppression  from  competit ion with seeded grasses. With t h e   e x c e p t i o n   o f  

height,  no  growth  parameters were s ign i f i can t l y   reduced   on  seeded p l o t s .  

Domestic  grasses  probably  provided more compe t i t i on   t han   na t i ve   vege ta t i on  

e a r l y  i n  the   s tudy ,   bu t   the   t ree   seed l ings   appeared  to  overcome t h i s  

disadvantage once t h e  seeded grasses  declined.  Growth o f  lodgepole  p ine i n  

compet i t ion  with grass  might  have  been  less  favourable i f  the  pine  had  been 

p l a n t e d   a f t e r  and not  before  grass  establ ishment.  Baron  (1962)  observed  that 

ponderosa  p ine  estab l ished  successfu l ly   on a hard   burn  when p lan ted  or  d i r e c t  

seeded simultaneously with grass,  but  establ ishment became progress ive ly  

poorer   as  p lant ing or seeding was delayed. 

Grazing  appears to   bene f i t   t r ee   g rowth   by   reduc ing   compe t i t i on   f rom  bo th  

n a t i v e  and  seeded understory  species. Good graz ing management i s   r e q u i r e d   t o  

ensure  even  use o f  forage  and t o  m in im ize   seed l i ng   i n ju ry .   Ca t t l e  damage t o  

p ine   seed l ings  was neg l ig ib le   (about  2% m o r t a l i t y )   d e s p i t e  heavy s tock ing  
IW I r a t e s  i n  t h e   f i r s t  4 years o f   t h e   s t u d y   ( C l a r k  and McLean 1978). The l i g h t  

degree o f  damage  was a t t r i bu ted   t o   t he   sho r t   g raz ing   pe r iod   wh ich   m in im ized  

repeated  t rampl ing  of   the  seedl ings.   Other  lodgepole  p ine - Engelmann spruce 

c lea rcu ts  i n  B r i t i s h  Columbia  received  extensive  cat t le damage, usua l l y  

because o f  pro longed  graz ing  per iods  and  over   use  o f   forage  (Clark   and McLean 

1978; McLean and Clark  1980). The authors recommended tha t   c lea rcu ts   shou ld  
be   i n tens i ve l y   g razed   f o r   on l y   sho r t   pe r iods   o f   t ime ,   pa r t i cu la r l y   du r ing   t he  

1s t   year   o f   t ree   es tab l i shment ,  and grazing  should  be  on a r o t a t i o n a l   b a s i s  i f  

possible.  Other  practices  that  promote  even  use o f   f o res ted   range   i nc lude  

removal or  o r i e n t a t i o n   o f   l o g g i n g   s l a s h   t o   p e r m i t   l i v e s t o c k  access,  use o f  

s teers,  o r  rep lacemen t   he i fe rs   i ns tead   o f  cows and  calves,   construct ion o f  

d r i f t  fences,  and  prudent  location o f  water  and s a l t  (Wood 1972). 

I n  th is   s tudy ,   lodgepo le   p ine   ob ta ined maximum volume when graz ing  was 

present  but  seeding was absent. It cannot  be  est imated  whether  the  present 

spread i n  volume o f  about 16%  between t h e  seeded  and  unseeded p o r t i o n s  o f  t h e  

grazed  pasture will remain   s ta t i c ,  or whether fu r the r   reduc t i on   o f   g rass   and  
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other  herbaceous  growth with t ime will r e s u l t  i n  increased  g rowth   o f   t rees  i n  '1,s 

t h e  seeded-grazed  areas.  Since mean volume f o r  unseeded-grazed p l o t s   i s  

conspicuously  higher  than  the  other  three  treatment  combinations,  and  because 

the re  i s   v i r t u a l l y  no  di f ference  between seeded  and c o n t r o l   p l o t s  when the re  

i s  no  grazing, i t  appears tha t   t ree   g rowth  was enhanced under  the  grazed- 

unseeded treatment  regime  rather  than  suppressed with seeding. These r e s u l t s  

suggest   tha t   the   long- te rm  e f fec ts   o f   compet i t ion  from  seeded  and n a t i v e  

vegeta t ion  were s i m i l a r ,  but that   graz ing  reduced  compet i t ion more on n a t i v e  

p lo t s   t han   on  seeded  ones. Th is  i s   d i f f i c u l t   t o   e x p l a i n  i n  view o f  equal or  
heavier  use  on seeded plots  (unpubl ished  data)  observed i n  t h e   f i r s t   y e a r s   o f  

the  study.  Perhaps  increased  resistance o f  domestic  grasses t o  d e f o l i a t i o n  

r e s u l t e d  i n  quicker   resumpt ion  o f   growth  and  concomi tant   compet i t ion  fo l lowing 

herbage  removal. 

C a t t l e   d i e t   o b s e r v a t i o n s   c o l l e c t e d   a t   t h e   s t u d y   s i t e  between 1977 and 1979 

(Quinton  1984)  indicated  that  grasses,  forbs,  and  shrubs  comprised 59, 33 ,  and 

9% o f   t h e   d i e t   r e s p e c t i v e l y .  These va lues   were   s im i l a r   t o   p ropor t i ons  o f  

t o t a l  annua l   p roduc t ion   p resent   a t   tha t   t ime.  The s h i f t  i n  produc t ion  away 

from  grasses  towards  shrubs i n  recent   years   shou ld   resu l t  i n  reduced  carry ing -1 lit 

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

accordingly,  even  though 1984 yields  suggest  herbage  y ie lds  have  diminished 

o n l y   s l i g h t l y .  

Management recommendations  would  be  premature, b u t   t h e  above r e s u l t s  

suggest   poss ib le   p rac t ica l   app l i ca t ions .  I n  s i t u a t i o n s  where na t ive   fo rage 

meets l ivestock  requi rements,   graz ing  might   be  used  to   maximize  t ree  growth.  

However, i n  cases where na t i ve   vege ta t i on  i s  inadequate  because  of 

p a l a t a b i l i t y ,   q u a l i t y ,  or quan t i t y   f o r   l i ves tock ,   seed ing  may be  des i rab le.  

Krueger  (1983)  suggests t h a t  because a f u l l  understory  cover will develop if 

seeding i s  absent,  seeding o f   pa la tab le   spec ies  i n  con junc t ion  with graz ing  

could  be  used  to  reduce  compet i t ion  between  understory  vegetat ion  and  planted 

t ree  s tock.  

Caution must be  exercised i n  e x t r a p o l a t i o n   o f   r e s u l t s   f r o m   t h i s   p r o j e c t   t o  

other  areas  and  coni fer   species.  The present  example i s  on l y  a s m a l l   p a r t   o f  

a much la rger   popu la t ion   o f   seed ing-graz ing-con i fe r   in te rac t ions .  However, 
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uu*” the  results  do  indicate  possible long-term effects of seeding  and  grazing  on 

lodgepole  pine  productivity,  while  providing  data  on long-term yields  of 
forage  on  logged  areas  sown  with  domestic grasses. 
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