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Role of lammas growth in recovery of
Douglas-f i r  seedl ings f rom deer browsing,
as inf luenced by weed control ,  fer t i l izat ion,
and seed sourcet

Br ian E.  Roth and Michael  Newton

Abst rac t :  Th is  s tudy  exanr incc l  the  c l ' l ' cc ts  o l 'wecd cont ro l ,  n i t rogcn l 'e r t i l i z r t ion ,  and seed source  on  lammas
growth  (sccond f lush ing)  in  Doug las  l - i r  (Pser rdor . tu ,q t t  rncn : i t " t i i  (M i rb . )  F ' ranco)  sccd l ings .  I t  a lso  asscssed the
occur rcncc  o t -c lcc r  h rows ing  as  rc la ted  to  thcsc  s i l v icu l tu ra l  t rca tmcnts  and exanr incd  thc  ro lc  o t ' lammas growth
in  sced l ing  recovcry  and cscapcntcn t  l ' ro rn  dccr  b rows ing .  Wccd cont ro l  s ign i l ' i can t ly  inc reascd thc  occur rence
o l ' lammas growth ,  p rcsumably  bccausc  o l 'g rca tc r  so i l  mo is tu rc  and nu t r i cn t  ava i lab i l i t y .  N i t rogcn t ' c r t i l i za t ion
decrcascd la tnn tas  growth  s ign i l ' i can t ly .  u t  l cas t  in  par t  by  l 'avor ing  wced growth .  I -ammas growth  was no t
in l ' l uenccd by  sccd  soLr rcc . ' l ' hc  inc reased lanr rnas  growth  assoc ia ted  w i th  wccd cont ro l  mcd ia ted  the  c f l ' ec ts  o f
dcer  b rowse.  A l though nru l t ip lc -ycar  hnrws ing  occur red  r -norc  co ln f f lon ly  on  wecdcd than unwecded seed l ings ,
a l ' te r  two growi r rg  scasons  wccdcd sced l ings  tha t  wcre  rcpeatcd ly  h rowscd wcrc  tw icc  as  la rgc  as  nonbrowsed,
nonwcedcd sccd l ings .  C)n  onc  s i tc ,  s tock  o l 'w i ld  o r ig in  was rnore  heav i l y  b rowscd than tha t  I 'n rm a  seed orchard

R6sum6:Clc t te  i t r . rdc  por tc  sur  l cs  c l ' l ' c ts  du  cont r r l l c  dcs  nrauv l i scs  hcrhcs .  dc  la  l c r t i l i sa t ion  azo tdc  e t  de
I ' t r r ig inc  dcs  gra incs  s t t r  la  poussc  d 'd td  t le  sc rn is  dc  Dor . rg las  tax i l i r l i d  ( l ) . t t ' u r lo t ,sL tgu  t r tcn i ias i i  (M i rb . )  F ranco) .
Nous uvons  dga lc r - r rcn t  dva lu i  I ' occur rencc  c lu  b rou t  par  les  ccr l ' s  cn  l i l nc t ion  dc  ces  t ra i tcn lcn ts  sy lv ico lcs  c t
exant ind  lc  16 lc  quc . joue la  poussc  d 'd td  dans  la  surv ie  des  se  rn is  su i tc  au  brou l  par  les  ccr l ' s .  I -c  t ra i temcnt  dcs
tnauva iscs  hcrbes  a  augmentd  s ign i l ' i ca t i vc rncn t  l ' occur lc r rcc  dc  la  poussc  d 'd td ,  p rdsun l6 lncn t  cn  ra ison  dc
I 'augmcnta t ion  t l c  l ' h r . r r l id i td  c lu  so l  c t  t l c  la  d ispon ih i l i td  dcs  6 ldnrcn ts  nu t r i t i l ' s .  l -a  I ' c r t i l i sa t ion  azo tdc  I  causd
unc d i rn inu t ion  s ign i l ' i ca t i vc  dc  lu  poussc  d ' f td  i i  causc ,  du  rno ins  par t i c l lenren t .  c le  la  cnr issancc  accruc  dcs
mauva iscs  hcrbcs .  l - 'o r ig ine  t l cs  g r -u incs  r r 'a  p i l s  in l ' l ucncd la  poussc  d 'd td .  t , ' e l ' l ' c t  bcnd l ' iquc  c lu  t ra i tement  dcs
mauva iscs  hcrbcs  sur  la  pousse d 'd td  a  a t tdnr . rd  I ' c l ' l c t  du  bnru t  par ' l cs  cer l ' s .  B icn  qr . rc  l c  bnru t  rdpdtd  pendant
p l u s i c u r s  r l t n d c s  s c  s o i t  t n a n i l c s t e t  p l u s  s o u v c n t  a v c c  l c s  s c r l i s  t r a i t c s  c o n t r e  l e s  r n a u v a i s c s  h c r b c s  q u ' a v c c  l e s
aut rcs  scmis .  les  sc t - t t i s  l ru i tcs  c t  su . ic ts  i  un  brou t  r6pdtd  d ta icn t  dcux  l i r i s  p lus  g ran t ls  quc  lcs  scmis  non t ra i t6s
c t  non broL t tL is ,  apr is  dcux  sa isor ts  t l c  c ro issancc .  D lns  un  c lcs  s i tcs ,  l cs  scnr is  na turc ls  6 ta icn t  p lus  b rou t is  c lue
ccux  provcnant  d 'un  vcrgcr  i r  g ra i r rcs .

l T r a d u i t  p a r  l a  R d d l c t i o n l

In t roduct ion

Retbrestation in the Coast Range ol' Orcgon is hanrpe red not
on l y  by  i n tense  co rnpc l i t i on  f r on r  assoc ia te t l  vegc ta t i on
but also by herbivory by coastal blacktail dccr (Odocoileu.t
h e m i o n u s  c o l u m b i u n u . r '  R i c h a r d s o n )  ( H a r t w e l l  I 9 7 3 ) .
B r o w s i n g  r e d u c e s  n e t  a n n u a l  h e i g h t  g r o w t h .  l e a v i n g
seedl ings susccpt ib le to fur ther  browsing and over topping
by weeds (Ruth 19,56;  Mi tchel l  1964:  Crouch 1969;  Di rnock
1970 ;  Gour ley  e t  a l .  1990 ) .  La rn rnas  g row th .  con r rnon l y
ref 'er red to as second f lushing,  can increasc annual  height
g r o w t h  a n d  t h u s  m a y  h c l p  s e e d l i n g s  o l ' D o u g l a s - f i r
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'  Paper  3039,  Fores t  Rcsearch  Labora tory ,  Orcgon Sta te

(  P. \ (ud()1. \ugu t r t t , t t : . ie .s i i  (Mirb. ;  Franco)  rccover  f ronr  or
cscape the cf f 'ects  o l '  deer  browsing (Gour ley et  a l .  1990)
and over topping.  Thus.  s i lv icu l tura l  t rcatrnents that  increase
larnnras growth rnay accelerate refore stat ion.  This paper
descr ibes a 1992-1993 f ie ld s tudy that  assessed the occur-
rence of  lantmas growlh and deer browsing as re lated to
weed contro l ,  n i t rogen f 'er t i l izat ion,  and seed source selec-
tion. Specific study ob.jcctives were the fir l lowing: (l) to test
firr dil ' f 'erences in Iammas shoot production and deer brows-
ing as related to f 'erti l ization, weed control, and seed source
sclect ion in  a l l  cr t rnbinat ions;  ( l i )  to  ident i fy  envi ronmen-
t a l  v a r i a b l e s  a s s o c i a t e d  w i t h  l a m m a s  g r o w t h  a n d  d e e r
b rows ing ;  ( l i i  )  t o  t es t  f o r  r e l a t i onsh ips  among  seed l i ng
sizc,  v igor ,  lamntas growth,  and deer browsing;  and (yr)  to
determine the corre lat ion bctween lammas and subsequent
seed l i ng  g row th .

Definit ion of lammas growth
Lammas  g row th  i s  t he  seconda ry  m idsumrne r  f l ush  o f
height growth fiorn the newly fitrrned terminal bud. Named
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af ter  the Lammas Day harvcst  fest iva l  in  England,  which
takes p lace dur ing the per iod when th is  type o l '  growth
occurs (Rudolph 1964),  larnmas grc lwth was observed as
ea r l y  as  t he  t imes  o f  Theoph ras tus  (Theoph ras tus  l 9 l 6 )
and  i n  t h i s  cen tu ry  has  been  s tud ied  i n  rnany  no r thc rn
con i f e r s  (Tab le  l ) .  La rnmas  g row th  i s  a  l i r rm  o l '  " f ' r ee
g row th , "  wh i ch  as  de l ' i ned  by  Jab lanczy  ( l L ) l  l ) ,  i s  t he
simul taneous in i t ia t ion and extensic ' rn of  s tenr  uni ts  wi thout
interrupt ion fo l lowing " f ixed" or  predetermined growth.
In th is  paper,  lanrrnas growth rc f 'c ls  only  to f ree growth
that occurs afier cessation ol'predeternrined growlh, a point
at  which bud scale lormal ion ternporar i ly  hal ts  shoot  exten-
s ion.  Lammas growth should not  be conl 'used wi th sy l lep-
s is ,  which is  def ined by Spi i th  (1912) as the devekrpmcnt  of
a la tera l  shoot  f ro ln conrponcnts not  conta incd prcv iously
i n  a  r cs t i ng  bud .  La rnn ras  g r -ow th  i s  i n l ' l uenced  by  env i -
ronnrenta l  condi t ions such as soi l  rnois t r . r re,  n i t rogen I 'er
t i l izat ion.  and physical  bending (Bi . isgen ancl  Mi inch 1929;
Carve l l  l t ) - 56 ;  Soko l cv  and  A r t yushcnko  1957 ;  Rud i l l ph
l 9 - 5 U ;  W a l t c r s  a n d  S o o s  1 9 6 | ;  S n r i t h  a n d  A l l c n  1 9 6 2 ;
W a l t e r s  a n d  K o z a k  1 9 6 7 :  C o u l t s  a n d  P h i l i p s o n  1 9 7 6 :
Newton and Preest l9tlt3. Hallgren and Helrns 1992). gcnetic
va r i a t i on  ( ' f h i i r nm le r  l t ) - 5 t3 ;  Ruc lo lph  l t ) 6  I ;Wa l te rs  and
Soos  196  |  :  Ha l l g ren  and  He l rns  l 9c )2 ) .  and  t rec  s i zc .  age  ,
and  v ig r r r  (Wa l te rs  and  Soos  196  I  ;  Jab lanc t . y  197  l ) .

Select iv i ty  of  browsing:  a rev iew
Cror , rch (  lc)69)  s tates that  Inanagen)ent  pract ices such as
p lan t i ng .  weed  con t ro l  w i t h  he rb i c i des ,  and  f c r t i l i z i ng  a l l
great ly  in l ' luence the degrec o l 'darnagc l ' rorn browsing by
dee r .  I n  Newton ' s  (  l 97u )  s tudy ,  c l cc r  wc rc  obsc rvcc l  t o
b rowsc  on  93c / r  o f 'wcs t c rn  hc rn lock  sced l i ngs  i r r  u r cu r
c leared o l 'brLrsh by brushblading and burning.  but  on only
l 3o / r ,  r . t l  seed l i ngs  i n  unc lea rec l  a reas :  Hya t t  (  l t ) 92 )  con -
f i r m e d  t h i s  f i n d i n g .  B o r r e c c o  c t  a l .  (  1 9 7 2 )  f o u n d  t h a t ,
a l t hough  dec r  usagc  wrs  g rc i l t cs t  i n  i r r e  as  whc re  hc rba -
ccous  vcge ta t i on  was  ren roved  by  b roadcas t  app l i ca t i on
of  at raz ine.  browsing o l '  Douglas- l ' i r  seedl ings wlr  nol  s is-
n i f i can t l y  g rea te r  i n  t hese  a reas .  M i t che  l l  (  1964 ) ,  on  t he
other hand, showed that seedlings f 'rce of cover were lnore
l ike ly  to be browsed by deer than secdl ings protccted by
vegetat ion or  logging s lash.  In  f ic ld  t r ia ls ,  Oh ct  a l .  (1970)
and Crouch and Radwan ( l9ul )dcr .nonstr r tcd that  n i l rogen
I ' e r t i l i za t i on  o l '  Doug las - f i r  i nc reased  bo th  g row th  ra tes
and the occurrence of deer browse. Presurnably thc incrcasc
in browsing ref lects increases in  succulent  shoots.  Radwan
e t  a l .  (  1974 )  showcd  tha t  t he  l i r r r n  o f '  n i t r ogcn  L rsed  i n
nursery f 'erti l ization had no el'f 'ect on deer preference upon
outp lant ing.

D imock  e t  a l .  ( 1976 )  de rnons t ra ted  subs tan t i a l  d i f f ' e r -
ences in deer pref'erence among superior phenotypcs within
a local  race of  Douglas- f i r .  Hahn and Smith (  1983) noted
tha t  dee r  p re fe r red  l a rge r  ba re - roc l t  Doug las - f i r  s tock
two to one over  smal ler  conta iner ized stock,  and Dimock
(197 1) Ibund that under controlled conditions and within the
height range of 10.-5 t<t 22.5 cm, taller Douglas-fir seedlings
were browsed more readi ly  than shor ter  ones.  However,
Newton  and  B lack  (1965 )  f ound  tha t  w i t h i n  t he  he igh t
range  o f  l 0  t o  I  l 5  cm,  t he  chance  o f  dee r  b rowsc  was
inve rse l y  re la ted  to  seed l i ng  he igh t  and  tha t  t he  l a rge r
seedlings outperfilrrned the srnaller ones in height increment.
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Study si tes

The  th ree  s tudy  s i t es ,  MacDona ld  Fo res t ,  Dunn  Fo res t ,
and Sunrrnit, are in the Oregon Coast Range below 200 m
elevation and within 30 km west to northwest of Corvall is.
Soi ls  are c lay loams der ived f rorn basal t  ( two s i tes)  and
a rapid ly  wcather ing s i l ts tone (one s i te) .  The s i l ts tone s i te
receives about  l7(X)  mm ra inta l l .  the others l l00-1200 mm,
w i th  U77c  o f  t he  p rec ip i t a t i on  occu r r i ng  i n  t he  6  w in te r
rnonlhs.  Growing seasons are warm and dry,  and winters
are mi ld,  wi th terrperature r r in ima seldorn below 12"C.
(The lowest  tempcrature local ly  recorded was 24"C).

Methods

I lxperimental design
' l ' hc  

cxpcr i r rcn ta l  dcs ign  was a  randomizcd cornp lc te  b lock ,
2 ' l ' a c t o r i a l ,  w i t h  t h r c c  r c p l i c a t c s  a t  e a c h  s i t e  f o r  a  t o t a l  o l
n inc  b locks  and 72  p lo ts .  The c igh t  t rea t rncn ts  c rca tcc l  by  thc
I 'ac to r ia l  dcs ign  wcrc  ranc lo rn ly  ass igned to  exper imenta l  un i ts
(3 . ( r  x  l l .0  rn  p lo ts  conta in ing  l : l  Doug las- l ' i r  sced l ings)  w i th in
e a c h  h l o c k ,  w i t h  a n  u n t r c a t c d  b u l l t r  s t r i p  a t  l c a s t  ? . 0  n r  w i d c
bc tween ad . iaccn t  p lo ts .  P lo ts  wcrc  - { roupcd in to  b locks  in  an
approx in ra tc  two by  l i ru r  a r rangcr rcn t .  (Jn  s tce  p  s lopcs  whcrc
an cnv i ronnrenta l  g rad ien t  was  l i kc ly .  thc  b locks  wcrc  o r icn tcd
pcrpcndicular to thc slopc and paral lcl  to cach othcr to nrinimizc
p l o t  t o  p l o t  v a r i a t i o n  w i t h i n  b l o c k s  w h i l c  n r a x i n t i z i n g  v l L r i a -
t ion  ar long b locks  (S tec l  and Tor r ic  19130) .

' l 'hc 
thrcc lactors in thc cxpcrirncnt wcrc wcetl  control (cont-

p l e t c  ( W , ) ,  v s .  n o n e  ( W , , ) ) .  n i t r o g e n  l c r t i l i z a t i o n  ( u s c d  ( F , )  v s .
n o t  u s c d  ( F , , ) ) .  a n d  s c c d  s o u r c c  ( s c e d  o r c h a r d  ( S , )  v s .  w i l d
l o c a l  s o u r c c  ( S , , ) ) .

Seedling s<lurces
Thc I )oug las- l ' i r  p lug  I  t ransp lan ts  uscd l i r r  th is  s tudy  were
l : rown l l ' o rn  lwo sccc l  sources :  gcnet ica l l y  i rnprovcd and w i ld
s tock .  

' l ' hc  
gcnc t ica l l y  improvcc l  sccc l  was  dcvc lopcd by  thc

Bunrt Woods Trcc Inrprovcrnent Crxrpcrativc at thc J.E. Schroedcr
sccd orchar t l ,  ncar  S t .  [ ' au l ,  Oregon.  Th is  sccd  was dcr ivcd
l ' r -onr  opcn po l l ina tcd  c rosscs  a lnong progcny  o l  l6 l  supcr io r
trccs locatcd within thc sarnc sccd t.one (252) as the wild stock
source .  Thc  sced orchard  s tock  was grown a t  thc  IFA nurscry
in 

' folcclo. 
Washington. Thc wilcl  local sccd was col lected l iom

w i t h i n  t h c  l o c a l  s c c d  z o n c  ( 2 5 2 )  a n d  d i d  n o t  r e p r e s e n t  a n y
lcvc l  o l '  gcnc t ic  se  lec t ion .  Nurscry  s tock  l ' rom th is  sccd  sourcc
was no l  avr i lab lc  l ' rom thc  IFA nurscry  in  To lcdo,  so  the  w i ld
s tock  p lug- l  t ransp lan ts  were  ob ta incd  l ' rom the  D.L .  Ph ipps
Sta tc  Nursery ,  ncar  E lk ton ,  Orcg .  Hcncc ,  there  was some con-
l iruncl ing bctwccn sccd suurcc and nursery regirne. Howcver, thc
sizc rangcs ol '  scedl ings l ' ronr both nurscrics wcrc sirni lar, aver-
ag ing  -54  cm in  hc igh t  X  6  mm in  d ianre ter  a t  l -5  cm above
gmurrcl.  so any conl irunding would be l imited to prcl i l i ing con-
d i t ions  in  the  nursery ,  mic ro f lo ra .  and hand l ing  or  s to rage.

Treatments
A l l  s c c d l i n g s  w c r c  p l a n t e d  w i t h i n  I  w e e k  o f ' e a c h  o t h c r  i n
Fcbr r . ra ry  1992:  cach p lo l  con ta ined 28  seed l ings ,  l4  o f  each
seed source. at a 0.5 x 1.0 m spacing. Planting was done block
by block and sitc by sitc. Tir accomplish complete weed control,
1 . 3 7  k g / h a  h c x a z i n o n e  t V c l p a r  L ' t  h e r b i c i d e  w a s  a p p l i e d ,  a t
a  vo lume ra te  o f  92  L lha ,  w i th  a  hand-he ld  3 .6 -m boom pow-
ered by  a  p rcssur ized  backpack  sprayer .  Re invad ing  hcrbs  in
thc  weeded p lo ts  were  cont ro l led  w i th  d i rcc ted  spot  app l i ca-
t ions  o i  hcxaz inone a t  l -5  g /L .  N i t rogen fe r t i l i ze r  was  app l ied
by  broadcas t ing  220 kg /ha  urea  pr i l l  (46 :0 :0  N P K)  w i th  a
hand-he lc l  ro ta ry  d ispcnscr  in  a  3 .6 -m swath .  Fer t i l i ze r  and



938

Table l .  L i tcrature re l 'erencing mul t ip le f lushing in  nor thern coni l 'er  specres

Spec ies Re ference

A b i e s  c o n t o l r t r  P h i l l i p s  l 9 l l l  W a l t e r s  a n d  S o o s  1 9 6  l ;  H a l l g r e n  a n d
( G o r d .  &  G l e n d . )  H e l m s  1 9 9 2
L i n d l .

Ab ie .s  gnut t l i s  (Doug l .  ex  Wal te rs  an t l  Soos  196 I
D .  D o n )  L i n d l .

Ah ies  mugn i . l ) r 'a  A .  Mur r .  Ha l lg rcn  and Hc l rns  1992

P i c c u  u l t i c s  ( L . )  K a r s t .  W a l t c r s  a n c l  S o o s  l 9 6  l '  M o L r l a l i s  1 9 7 5 :  W i i l i s c h  a n d
M u h s  I t ) 1 3 6

Piccu  g luuc t r  (Mocnch)  Voss  Wat t  and McGrcgor  l tXr3 :  N icns tacc l t  1966:  Jab lanczy  l97  l

P icc t t  tnar iunr r  (Mi l l . )  BSP Wat t  lnc l  McGrcgor  l9 ( r3 ;  Po l la rd  anc l  Logan 1911,  l9 l6 ' .
l -ogan and I ' }o l la rd  1975

Pi<cu pur tgurs  E ,ngc l rn .  Young anc l  Hanovcr  l97E

Picc t t  , s i l t  hcn .s ls  (Bong. )  Wood anc l  l , i r rcs  l9 -59 ;  Wal tc rs  un t l  Soos  l9 ( r l ,  Cout ls  anc l
C a r r i i r e  P h i l i p s o n  1 9 7 ( r :  ( ' a n n c l l  a r r d  J o h n s t o n c  l 9 7 l l l  M i l l a r d

ancl Proc 1 992

Pinu : ;  bunk .s iuna l .amb.  Honcy  19 ,14 .  Soko lcv  u r rd  Ar tyushcnko 19 .57 :  Thomus
l 9 5 l l '  R t t d o l p h  1 9 6 ' 1

P i r t L t . s t ' t t r t t o r l r r D o u g l . ' l ' h i i n t r n l c l ' 1 9 5 8 : T l r o r r r p s o n  1 9 7 ( r

P inu ,s  n ron t ico la  Dor " rg l .  cx  Wal tc rs  anc l  Soos  l9 ( r I
D .  D o n

Pinus  rcs ino ,su  A i l .  K ie  nho lz  l9 l l .  194  |  ;  Junrp  l9Jur r .  l93 l3b '  Honcy  l9 '1 .1 :
Carvc l l  l9 -56 ;  l - i t t l c l . i c ld  1956;  ' l ' hon tas  

l9 -58 :  McClabe
lnd  l -ab isky  1959:  Wat t  l96  l ;  Wal t  and McGr-cgor '  l9 ( r3

I ' i t tu .vs tn tbus  L , .  Honcy  l9 :1 ; l :  Pau l  l i ) -571 McClabc  and l -ab isky  l9 -5 t ) ;
S a n t a r r . r o u r  1 9 6 0 ;  W a t t  l 9 6 l :  W a t t  a n d  M c G r c s o r  1 9 6 3 ;
Owston I96 fJ

P i r tu : ;  sy lv t ' s t r i s  L .  I )owns and Bor thwick  1956 '  Soko lcv  and Ar tyushcnko
1 9 5 7 :  S z c z c r b i n s k i  a n d  S z y n r a n s k i  1 9 5 7 ;  K o v a l c n k o
1 9 6 0 ;  W r i g h t  a n d  B u l l  l 9 6 l ;  A l d e  n  1 9 7  I

Pseudotsugu ncn: . ie . t i i  B i i sgen and Mt inch  1929;  Wal tc rs  and Suos l9 ( r l ;
( M i r b . )  F r a n c o  S m i t h  a n d  A l l e n  1 9 6 2 ;  W a l t c r s  a n d  K o z a k  1 9 6 7 ;

I -avcndcr  and C leary  197 '1 ;  Marcc t  1975;  Car lson  and
Pre is ig  l9 l l l :  Wcbcr  l9 f l3 .  Newton and Prccs t  l9 l l t l ;
G o u r l e y  c t  a l .  1 9 9 0

Tsugu he teru tph l l la  Wal te rs  and Soos 196 l ;  M i tchc l l  1965
(Raf . )  Sarg .
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R o t h  a n d  N e w t o n

F ig .  1 .  Wecd cont ro l  X  l 'e r t i l i za t io r r  i r r t c rac t ion  on  the  occur rcncc  o l ' lamrras  g lowth  on  thc
th ree  s tudy  s i tes .  Vcr t i ca l  bars  represcnt  I  SE o f  the  nrean.  Thc  sarnc  lc t tc rs  w i th in  s i tes
dcnotc  s ta t i s t i ca l l y  s im i la r  va lucs  us ing  Bon l 'e r ron i ' s  LSD a t  7 r  <  0 .05 .

Complete
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' l ah le  2 .  ANOVn tab lc  l i r r  t c r rn i r l r l
shoot  l c r rg th  in  t t . rc  scconc l  g rowing

Complete None

Weed Control

l l r rn  rnas
sc l tson .

Complete

l ' i g . 2 .  R c s p o n s c  s u r l ' u c c  o l  l a n u n a s
anc l  b ror .vsc  in  ycu t -  l .  cu lcu la tcc l  on

growth  vcrsus  v igor
a  p l o t  b l s i s .

Sourcc ' l ' d l Mcan  sc l r r a l c  l )

L
B ( I - )
w
F
W X F
S
W X S
F X S
W X F X S
L X W
L X F
I , X W X F
I - X S
I , X W X S
I - X F X S
L X W X F X S
Error

2
6
I
I
I
I
I
I
I
2
2
2
2
2
2
2

1 ' )

3 29.1.9 0. (X)0I
.199..1 0.(XX)7

1.5 9u l  .7  0.0(x)  |
I  |  26 .2  0 . (X )  I  I

2 .10.3 0.  | ]9-5
I  l 9 . l  0 .28 .15
21.6 0.62-1t3
6.1 0.1.t0-5 I
I .() 0.71t | -5

I  0 8 1 . 7  0 . ( x x ) 2
2u9 .1  0  0 (192
101 .1  0 .3562
52.1 0 59n7

30 ) . . 1  0 .0615
5 1 .7 0.60,15
.1:1.0 0.6509

1 0 1  . 5

E 1 5
E

E
;
; 1 0
(I'

E
E(o
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100

Note: I)ata arc blsct l  on plol n)cans u'cighlcd l)) '
nur rbcr  o l  surv iv in , r  scc t l l i ngs .

' r ' l - .  s i t c ,  B ,  bkrck :  W.  weet l  con t ro l :  l i .  le  l t i l i za t ion :
S,  seed source .

wecd ing  t rca tments  wcrc  pcr fo r rncd  on  March  l l J .  1992.  and
aga in  on  March  25 ,  l9 t )3 .  On cach s i tc ,  a r r  c lcc t r i ca l l y  chargcc l
l8 -gauge w i re .  suspcndcd 1 .0  rn  o l ' l '  the  gror . rnd  w i th  I ' i he  rg lass
p o l c s .  w a s  w o u n d  a m o n g  a l l  p l o t s  t o  d i s c o u r a g c  d c c r  l ' r o n t
en tc r ing .  Thc  w i res  wcre  c lec t r i f i cd  dur ing  May and . lunc  o l '
each year  w i th  a  Jo l t  e lec t r i c  l ' encc  cont ro l l c r  (n todc l  . t rO(X)8 .
I A A B  U . S . A . ,  I n c . ,  B c l l c v L r c .  W a s h . ) .  T o  p r c v c n t  w i r e  s h o r t
c i rcu i t ing ,  vegeta t ion  growing  bcncath  the  w i rc  was cont ro l led
wi th  a  s ing lc  d i rcc ted  app l ica t ion  o f  g lyphosatc  in  the  spr ing  o f
cach year .  Care  was takcn  to  avo id  t rea t ins  nonwccdcc l  p lo t
vcgc ta t ion  in  th is  p rocess .

Measurements

I) r t u,q I u s -.l i r u tt d t tty e r nt c u.\ u re tn e tt I s
Seedlings wcrc nlcAsurccl short ly alter planting (spring 1992) and
at  thc  cnd o l 'e rch  growing  scason ( fa l l  1992,  1993) .  Measure-
rne nts incluclccl seecl l ing height (ne arcst crn), diameter at l-5 cm
( n e a r e s t  n r r r i ) .  a n c l  v i n o r .  V i g o r .  a  q u a l i t a t i v e  m c a s u r c .  w a s
quant i f i cd  on  a  l ' i ve -po in t  sca lc  bascd on  sccd l ing  co lo r  and
gene ra l  appcarancc .  The ra t ing  sca lc  was as  fb l lows:  I  ,  t rcc
with long f ir l iage. lanrmas srowth; 2, healthy. green tree with no

Vtgor 
e * J

Fo':.J'
uo.oto"-

etcellent{__ 

^ 4\
poor)

Q""*



9 4 0

Tab le  3 .  S tcm vo lume o f
trcatment and number of
and fe r t i l i za t ion .
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surv iv ing  seed l ings  a f ie r  two growing  seasons by  weed cont ro l
years  lammas growth  occur rcd ,  averag ing  across  seed sourcc

Cor rp lc te  weed c0nt ro l No wced cont ro l

l-anrmas
growth

N o .  o f
seed I  i  ngs

Avg.  s tem
v o l .  ( c r n t )

No.  o1 '
seed I  i  ngs

Avg.  s tc r r
v o l .  ( c t n ' )

Nc i thcr  ycar
One ycar
Both  years

1 4 6  i l 0 . 1 )
-534 (37.  |  )
l 3 -5  (9 .4 )

270  (  1 t3 .7 )
3 3 4  ( 2 3 . 2 )
2 l  ( r . 5 )

20.Oe
2 9 . 1 d
26.5d t '

44 .1  c
64.0h
'74.2u

Notc :  Thc  numbc r  o l  s ccd l i ngs  i s  ou t  o f  a  t o t a l  o l  l , 140  su rv i v i n - s  sccd l i nus .  PL ' r ce  n t r ge  s  o l  t o t a l

su r v i v i ng  secd l i ngs  a re  i n  pa re ' n theses .  Fo r -ave l r l l c  s t cn r  vo l un l c .  va l ucs  l i r l l owed  hy  t hc  s i lmc  l e t t e r s

a re  no t  s i gn i l i can t l y  d i f l e r cn t  us i ng  Bon l c r ron i ' s  ad . j us ted  LS I ) .

Tab le  4 .  S tcnr  vo lumc o l ' surv iv ing  sccc l l ings  a l tc r  thc  sccond growing  scason by  wced
contnr l  t rca t rncn t  anc l  numbcr  o l ' yc l t rs  b rowscd,  avcrag ing  across  sccd  sourcc  anc l
l ' c r t  i l i za t ion .

Curnp lc tc  wccc l  con t ro l No wccc l  con t ro l

Ycars
browscd

No.  o f '
secd  I  i  ngs

nvg.  s tcn t
v o l .  ( c r n t )

No.  o l '

s ccd  I  i  ngs

Avg.  s te ln
v o l .  ( c n r t )

Nc i thcr  ycar
Onc ycar
Both  ycars

2 3  |  (  r 6 . 0 )
2 6 3  ( i l J . l )

3 2 t  ( 2 2 . 3 )

14.0u
6l l .  l r r
18.7 lt

237  (  16 . -5  )
241  ( l 6 . l l
1 1 1  ( 1 0 . 2 )

2 '7.2c
23.2c
21.1 t

Note :  The  number  o f  seed l i ngs  i s  ou t  o l  i r  t o t a l  o l  l . l 40  su rv i v i ng  sced l i ngs .  [ ) c r ccn t l l r c s  o l  l o t a l

su r v i v i ng  seed l i ngs  r r c  i n  p l r r cn thcses .  l r o r  avc ragc  s t c r l l  vo l u r t t c .  r ' l t l r t c s  l i r l l owcd  hy  t he  s l u l l c  l c t l c r s

a r c  no t  s i gn i t i can t l y  d i l l e ren l  us i ng  Bon fe r ron i ' s  ad . j us t cd  l ,S I ) .

more than minc l r  d isco lo ra l ion ;  3 ,  t rcc  s tun te  d ,  scve |c  yc l low-
ing, up Lo 50a/r, dcf ir l iat ion; ;1, loss of ' ternrinal and scvcrc clcl i)-
l ia t ion  (>507o) :  .5 ,  dead.  From thc  hc igh t  and d iamctc r  tnca-
surcments ,  re la t i ve  s tcnr  vo lumc was cs t in ra ted  by  us ing  the
u n i v e r s a l  I ' o r n r u l a  t ' o r  a  c o n c .  i . c . .  v o l u n r e  =  r r l ) ( h l l l ) .  l i r r
wh ich  our  measurcmcnts  wcrc  t / ,  d ia rne ter  a t  l5  c r l .  anc i  h ,
t o t a l  h e i g h t .  V o l u m e  ,  d i a r n e t c r ,  a n d  h c i g h t  i n c r e m e n t s  w c r e
ca lcu la ted  a t  the  cnd o f  cach g lowing  season l ' rom ycar ly  d i l -
t 'erenccs in sccdl ing dimensions. Occurrcnccs oi dccr browsing.
lammas growth, and hcrbicidc clamagc wcre also notecl in thc l i t l l
ol  each year.

Pcrccnt covcr by herbaceous lbrbs and grasses was estintated
on a  0 . -5 -m around each sccd l ing  in  the  l 'a l l  o l '1992;  in  thc  t i t l l
o f  1993,  because o l  thc  rc la t i vc  hornogene i ty  o l  thc  vcgc ta-
t ion  w i th in  the  p lo ts ,  i t  was  es t imatcd  as  a  perce  n tage o l ' to ta l
p lo t  a rea .  Percent  ovcr topp ing  was ca lcu la ted  w i th  thc  conc
occ lus ion  method dcscr ibed by  Howard  and Ncwton (  l9U4) .

Xr-lem woter potentiul und soi l  moislLtre
Predawn and midday  xy lem water  po ten t ia ls  wcre  measured
using a Scholandcr pressure chamber (Waring and Cleary 1967,
R i tch ie  and H inck ley  197-5)  f rom cur ren t -year  shoots  o f  th rcc
r a n d o m l y  s e l e c t e d  s e c d l i n g s  p e r  p l o t .  T h e s e  m c a s u r e m e n t s
were  madc in  mid-Ju ly  1992 and mid-August  1993 to  ob ta in
m a x i m u m  c o n t r a s t  i n  w a t e r  r e g i m e s  b e t w c c n  w c e d e d  a n d
unweeded t rea tments .  ln  1992,  p lo t  so i l  mo is tu re  was mea-
surcd  grav imet r ica l l y  a t  the  t imc o f  thc  xy le rn  water  po ten t ia l

rncaslrrenlcnts: soi l  nroisturc wAS l lot nrcasured in l9c)3 bccausc
o l 'an  ahnornra l l y  wc t  sun l l rc r .

Ntr lr i tnl  (()nlenl
A  b a s c l i n c  a n a l y s i s  o l ' n r i n e r a l  s o i l  n i t r o g c n  a n d  p h o s p h o r u s
was donc  f i r r  each s i tc  a t  thc  t in rc  o f 'p lan t ing  (February  1992)
us ing  a  cornpos i te  o l ' s ix  subsar rp les  takcn  I ' ro rn  thc  top  30  c rn
o l 'n r inc ra l  so i l  a t  each s i tc .  To ta l  l i r l i agc  n i t rogen and phos-
phorus werc bascd on lbl iagc saniplcs taken l iom cach treatment
and sitc at thc cnd ol ' thc second growing scason (October 1993).
Fo l iagc  samplcs  wcre  taken f rom thc  cL l r ren t  year 's  g rowth  o f
an  uppcr  whor l  la te ra l ,  cxc lud ing  any  lammas shoots ,  on  the
southcas t  s idc  o f ' cach  surv iv ing  secd l ing .  Samples  were  bu lkcd
by trcatment across blocks on cach site lbr a total of 24 samples.
Tota l  n i t rogen and phosphorus  were  de ter rn incd  w i th  a  s tan-
darc l  rn ic ro -K jc ldah l  d iges t ion  mcthod and a tomic  absorp t ion
spcc t rophotometer .  w i th  nu t r i c -n t  c ( )ncent rx t ions  ca lcu la ted  on
a dry weight basis (Lavender 1970). This was done to determine
whcthcr  n i t rogen fe r t i l i za t ion  rcsu l ted  in  d i lu t ion  o f  a t  leas t
r ) n c  r ) l h c r  r n x c r 0 n u t r i c n l .

Analys is

Di l ' l ' e renccs  in  t ree  s tem growth ,  lammas growth ,  and lcvc l  o f
dccr browsing were detected by analysis ol'covariance (ANCOVA)
lbr rnain and interaction elfbcts according to the model below.
based on  p lo t  averages  we igh ted  by  the  number  o f  surv iv ing
sccd l ings  in  each p lo t  (S tee l  and Tor r ie  l9 t lO) :



Roth  and  Newton

Yijrru,= F * Li + B(L)ij + Wk + I''t + WI'-kt + 5,,,

+ wsl,,, + Fs/,,, wFSk!,,, + Lwit + LF-it + LWFikl

+ LSi,, ,  + LWSik,,,  + LFSit, , ,  + p(Xi,(/ , , ,  -  x..)

+ LWI-Sik!, , ,
where

L  i s  s i t e  ( t  =  1 , 2 , 3 )

R i s b l o c k ( l =  1 , 2 , 3 )

B(L)  i s  e r ro r  c  (b locks  w i th in  s i tes )

IV' is weed control ( t  = 0, I  )

F  i s  f -e r t i l i ze r  (1  =  0 .  I  t

S is sccd sor"rrce (r 'rr  = 0. I  )

9 (X, i ^ , , , ,  
-  X . . )  i s  covar ia te  de  no tcd  by  X

LWFS is  e r ro r  b

S i t e  t c r m s  w c r c  t c s t e d  a g a i n s t  c r r o r  r /  a n d  a l l  r c r n a i n i n g
tc rms were  tes ted  aga ins t  c r ro r  D.  C lovar ia tcs  tcs tcd  inc l r - rdc t l
in i t ia l  sccd l ing  s izc  and su l round ing  covcr .  Whcn a  s ign i l ' i can t
covariatc was not l i rund. thc covltr iatc tcnn wlls lcl ' t  out ol ' thc
rnodc l .  Severa l  sccd l ings  a t  thc  Sunrnr i t  and I )u r tn  l io rcs t  s i l cs
showed s igns  o l '  hc rh ic idc  darnage in  thc  scconc l  g rowing  scu-
son and wcrc  c l im ina tcd  I ' ronr  thc  ana lys is .

Frcclucncy ol '  occurrcttcc ol '  browsing rt td ol '  lat l t t t i ts growth
wi th in  p lo ts  wcrc  t rans l i r rn rcd  by  r rcs inc  -  squ l l rc  roo l  I ra l ts -
I ' o r n r a t i o n .  T h i  s  s a t i  s l ' a c t o r i  l y  n o r n t a l  i z c d  c l i s t l i  b u t i o n s  l i r r
ANOVA tcs t ing  (Sab in  and Sta l ' l i ) rd  1990) .  I le igh t  inc rc t t t cn t
was no l  t rans l 'o rmcd.  S ign i l ' i can t  c l i l ' l ' c rcnccs  bc twccn tnerns
wcrc  dc tc rmined by  us ing  Bon l ' c r ron i ' s  p ro tec te t l  leas t  s ign i l -
i can t  d i l le  re  nce  ( l ,SD)  p roccdurc  (Mi l l i ke  n  anc l  Johnson 19134) .
Mu l t ip lc  l inear  rcgrcss ion  nrode ls  wcrc  c lcvc lopec l ,  bascd on
wc igh tcd  mcans l l ' onr  ind iv idua l  p lo ts .  to  rc la tc  l r tn tnus  shoot
prodr . rc t ion  and probab i l i t y  o l '  dccr  b rowse to  thc  var ious  lcvc ls
o l '  wced cont ro l ,  l c r t i l i za t ion ,  and in i t ia l  sccd l ing  d i t t t c t ts io t rs  re  p
rcscn tcd  by  thc  var ious  t rca t l rcn ts .  Thc  rnoc lc ls  cxp la in ing  thc
nros t  var iancc  werc  choscn w i th  thc  s tcpwisc  sc lcc t ion  procc
d u r c  ( N c t c r  c t  a l .  1 9 1 3 9 )

Fesul ts

Lammas growth
Wced contro l  s igni f icant ly  incrcased lanr tnas shoot  growth
(p < 0.000 I  ) ,  presurnably thr< lugh increasecl  s<l i l  rnois ture
(Table 2). Weeding akrnc accounted l i lr about two-thircls ol
a l l  exp la ined  va r i a t i on  i n  l amrnas  g row th .  Fe r t i l i za t i on
wi th urea incrcased cornpet i t ive cover  and reduced lamrnas
g row th  on  unweeded  p lo t s  a t  a l l  s i t es  (7 r  <  0 . (X ) l u ) .  Fe r -
t i l i za t i on  had  l i t t l e  e t f cc t  when  the re  was  no  c ( )n tpe l i l i o r t
(Fig. l). Seed source had negligible effLct on lantrnas shoot
production. Frequency of lammas growth in the two grow-
ing seasons afl 'ected stem volumc rcsponse to weed control
(Table 3). Table 3 also shuws total surviving trees out of the
1004  t rees  o f  each  sou rce .  Su rv i va l  i n  t he  weedcd  p lo t s
was 8 l . l  versus 62.3o/c,  in  the nonweeded p lots,  ref lect ing
the occurrence of  le thal  water  s t ress in  nonweeded p lots.
This level  of  s t ress would l ike ly  expla in a lower f reqr . rency
of  la te-season growth.

Regression analysis of 2nd-year plot averages, wcighted
by number of surviving seedlings, showed 2nd-year lammas
growth  to  be  nega t i ve l y  re la ted  to  t he  cu r ren t  season ' s
predawn xylem tension and positively related to the previous
year's vigor. The effect of vigor is a rel-lection of thc pre-
v ious year 's  water  s t ress and is  shown in F ig.  2.

941

Fig. 3. Perccntages of deer browse during two growing
seasons by  s i te  and s i l v icu l tu ra l  t rea tment .  Ver t i ca l  bars

1 2 3 4 5 6 7 8
No Weed Control Weed Control

Treatment

Deer browsing
Browsing by deer was h ighly  var iable among years,  t reat-
nrcnts.  and s i tes (F ig.  2) ;  t .nost ,  howevcr ,  occurred dur ing
the  l ' i r s t  f l ush  o f  g row th ,  w i t h i n  3  weeks  o f  bud  b reak .
Second-year browsing was negatively related to the amount
o1'sunrunding herbaceous cover and positively related to the
occurrcncc ol' browsing thc previot-ts year. The single-strand
e lect r ic  l 'ence funct ioned through thc per iod of  maximum
browsing act iv i ty  but  fa i led to keep the deer out .  We are
uncerta in whether  l 'enc ing in f luenced the level  of  damage.

Frequency of browsing by deer influenced stem volume
by reducing net height increment. Of the surviving seedlings
that were browscd twice, those in weeded plots werc twice
as  l a rge  as  t hose  i n  nonweeded  p lo t s .  Among  seed l i ngs
browsed only once,  those in weeded p lots were c lose to
th ree  t imes  the  s i zc  o f  nonweeded  seed l i ngs  (Tab le  4 ) .
Whereas there was a tendency for  two-t ime browsing to
increase in cornplete ly  weeded p lots and for  browsing to
cause more loss in  weeded than nonweeded p lant ings,  the
net  increase in growth in  weeded p lots versus nonweeded
was always significant (p < 0.05) despite browsing. Indeed,
under competit ion, growth was poor enough so that degree
of  browsing made l i t t le  d i f fbrence in 2 years.

A l t hough  au toco r re la t i on  be tween  b rowse ,  l ammas
growth ,  and  seed l i ng  s i ze  and  v igo r  p reven ts  comp le te

1 0 0

\o

q)
( / ) A O

3 - -

-o 40

o z v

0

20

represent  I  SE o f  thc  mean.

1oo- MacDonald Forest

Treatment

1 Unweeded
Unf ertilized
Wild Seed

2 Unweeded
Unlertilized
Seed Orchard

3 Unweeded
Fertilized
Wild Seed

4 Unweeded
Fertilized
Seed Orchard

5 Weeded
Untertilized
Wild Seed

6 Weeded
Unlertilized
Seed Orchard

7 Weeded
Fertilized
Wild Seed

8 Weeded
Fertilized
Seed Orchard
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Fig .  4 .  Hc igh t  inc rcmcnt  o l '  b rowscd and Lrnhrowscd sccc l l ings
by  ycar ,  lanr rnas  growth .  and wccd cont ro l  t rca t rnent .
Ver t i ca l  bars  represent  I  SL ,  o l '  the  nrean.  

' l ' hc  samc lc t tc ls
w i t h i n  g r a p h s  d c n o t c  s t a t i s t i c a l l y  s i n r i l l r  v a l u c s  r . r s i n g
Bon l 'e  r ron i ' s  I -SD a t  2  <  0 .05 .

No Weed Control

Complete Weed Control

Year 1

turr
Nonbrowsed Browsed

Year 2

Nonbrowsed Browsed

scpara t ion  o l  thcsc  e  l l ' ec ts  l r 'onr  cach o lhc l  whcn conr l )a r -
i n g  l r c a t n r c n l s ,  s c v e r a l  t r c n d s  w c r c  a p p a r c n l  i n  t h i s  s t u d y .
[ ) c e r  p r c l ' c r c n t i a l l y  b r o w s c t l  w i l d  t y p c  s c c t l l i n g s  o r r  l h c
D u n r r  F o r e s t  s i t c  ( 7 r  <  0 . 0 ( X ) l )  c l L r r i n g  t h c  l ' i  r s t  u l o w i n s
scason,  b r . r t  thc  pa t tc rn  was no t  rc1- rcu tcd  l i r l  o thc l  s i t cs  o r '
i n  t h c  2 n d  y e a r  ( F i g .  l ) .  T h c l c  w a s  a  s i g n i l i c a n t  i n t e l u e t i ( ) n
bc twccn dccr  bnrwsc  unc l  lanr rnus  growth .  DLr l ing  thc  I ' i r -s t
g rowing  scason.  la r t t r t l r s  .u rowth  l i r l l ow i r r ! .  b r -owsc tcndcc l
t o  o c c u r  r n o s t  l r c q u e  n t l y  o n  t h c  n r o s t  v i g o r o L r s  s c c d l i r r g s
( F i g . 2 t .  F o r  s e c d l i n g s  i n  w e e d c r l  p l o t s .  l a r n n r a s  g r o w t h
I i r l low ing  browse co l l lpcnsatec l  l i l r  los t  he  igh t  g rowth  duc
to the browsing, to thc cxlcnt that at thc crrd of thc ?ncl ycar' .
b r o w s c d  s c c c l l i n g s  w i t h  l a n r r r t a s  g l o w t h  w c r c  l s  l a r g c  a s
n o n b r o w s e d  s e e  d l i n g s  w i t h o u t  l a r r t t t a s  s l r o o t s  ( t r i g .  ; 1 ) .

[ -ammas growth  in  the  prev ious  growing  se i rson d ic l  no t
s ign i f ' i can t ly  rec luce  cur rcn t  year  hc igh t  s rowth  f i r r  any  o1 '
t h e  s i t e s .  i n  e i t h c r  w c c d c d  r l r  u n w c c d c d  p l o t s  ( F i g . 5 ) .  T o
p r e v c n t  c o n f o u n d i n g  o 1 ' t h c s c  d a t a  d u c  t o  r n u l t i p l e - y c a r
b r o w s i n g .  s c c d l i n g s  n o t  b r o w s c c l  i n  y c a r  I  a n d  b r o w s c c l
s e e d l i n g s  i n  y e a r  2  w e r e  e x c l u d e d  l l ' o n r  t h i s  a n a l y s i s .

Discuss ion

Weed control
Weed  con t ro l  was  the  s ing le  l nos t  i n f l uen t i a l  f ac tu r  i n
lanrmas and tota l  seedl ing growth.  expla in ing over  I0 t i rncs
the variaticln contributcd by thc ncxt most importi lnl l 'aclor.
In  wcstern Oregor-r ,  where sumnrer  droLrght  is  conrrnon.
the soil moisture conserved through weecl control is enough
to  t r i g -ee r  l ammas  g row th  (Newton  and  Ove r ton  1973 ) ;
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n i t r o g c n  f c r t i l i z a t i o n  i n  a d d i t i o n  t o  w e e d i n g  i s  u n n e c e s -
sary .  Bccause weed ing  inc reases  lanrmas growth ,  i t  a lso
c o u n t e r a c t s  t h e  p r o b l e r r  o f  d c c r  b r o w s e  ( G o u r l e y  e t  a l .
l9c )0) .  A l though wccd ing  may increase brows ing  th rough
g r e a t e r  s c c d l i n g  c x p o s u r c  ( M c D o n a l d  a n d  R a d o s e v i c h
1992) .  v igorous  wccd- f l ' ee  seed l ings  have a  h igher  p ropen-
sity l i rr  larr.rrnas ancl total gnrwth and thus greater recovery
anc l  ne t  g rowth  po ten t ia l  than nonweeded seed l in -es .  A lso .
because lanrnr - rs  shoots  a rc  ra rc ly  b rowscd by  deer ,  the
sccond-l ' lLrshing rncchanisrn that weeding appears to encour-
agc  a l lows sced l i r rgs  an  escape fn r rn  the  reach o f  b rows ing
r lecr  and recovcr i r rg  vcgc ta t ion .

l 'e r t i l i za t ion
N i t r o g c n  l ' c r t i l i z a t i o r r  l r a d  n o  p o s i t i v e  e l ' f e c t  o n  l a m m ; . r s
growth .  p robah ly  bccause n i tn lgen w l rs  no t  a  l in r i t ing  nu t r i -
c n t  i n  o L r r  s t u d y  s i t c s .  I r c l t i l i z a t i o n  d i d .  h o w c v c r ' .  s p u r  t h c
s r o w l h  o l  a s s o c i a l c c l  v e g c t a t i o n .  T h u s ,  i n  s o i l  c o n d i t i o n s
tha t  lec lL r i r -c  n i t roqcn lc r t i l i za t ion .  i t  shoLr ld  be  done in  con-
j L r n c t i o n  w i t h  w c c d  c o n t r o l .  O r c l i r r a r i l y .  w e e d  c o n t r o l
i n c r c a s c s  r r i t n l g c r r  a v a i l a b i l i t y ;  h c n c e .  I ' c r t i l i z a t i o n  a t  t h i s
t i r r r c  n r a y  b c  r c c l u n d a n l  o r  c v c n  1 o x i c .

Seed source
Al thoLrgh thc  sccd  orcharc l  secd sourcc  grcw s ign i f  i can t ly
laslcr in r l iarrrcter tharr thc wild local sccd sourcc. sccd sourcc
hacl no cl ' lcc1 on lanrnras growth occurrcncc. Appalcntly, f i rr
thcsc  two po1 ' r r la t io r rs  o l '  low-c lcva t ion  [ )oug las- l ' i r ,  l ' i e ld
cnv i ronrncnta l  conc l i t io r ts  p lay  a  r ruch  la rger  ro le  than gcnet -
i cs  w i th  r -e  gard  to  lunrnras  ar rc l  lo ta l  g rowth .  BecaLrse  the
r -c la t i vc  cont r ib r - r t ion  o l '  sccd  sourcc  dccrcascc l  in  thc  2nd
ycar. wc cal l l () t  prccl ict a longcl tclrn cf ' f  cct.

' l i r  
sunrna l i zc ,  hccur - rsc  la rnnras  growth  in  the  ls t  ycar

d i d  n o t  r c d u c c  g l o w t h  t h c  l i r l l o w i r r g  s c a s o n  a n d  a c t u a l l y
lcstolecl hcight losscs l lont dccr browsc i tr  the same sei lson,
our .  l ' i nc l i r rgs  s r - rsges t  tha t  thc  ah i l i t y  to  sccond f ' lush  rnay  bc
a  c les i rab lc  t ra i t  i r r . juvcn i l c  l )oug las- l ' i r  p rov idcd  thc  la rnrnas
shoots  harc lc r r  o l ' l ' bc l i l r c  la l l  lh ls ts .  In  car ly  s t r . rgcs  o l ' s tand
r lcvc lo l . l rnc r r t .  thc  l in r i t cd  losscs  rcsu l t ing  l ' r ' onr  dc lcc ts  in
s tc rn  l i l l n r  ( i . c . .  n rLr l t ip lc  tops)  c luc  to  la r t . tn tas  g rowth  w i l l
bc  o f ' l ' sc t  by  thc  inc lcascd secd l ins  g rowth  ra tc  assoc ia ted
wi th  sccond l ' l us l r ing .  In tens ive  wced cont ro l  i s  n ruch  tnorc
e l ' lec t i ve  thar r  l ' c r l i l i za t ion  or  genet ic  sc lec t ion  in  ob ta in ing
t h c  b e r r c l ' i t s  o l ' D o u c l a s - f  i r  l a r n r n a s  g n l w t h .
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