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ABSTRACT.  The ,qou l r l  th i . s .s tud t 'w 'u , \  [o  t luu t t t i l u t i ve l . t ' cvu lu t t tc  thc  i t rd iv idua l  u t rd  i r t t c ru t ' t i ve  e l lec ts

o . f ' v tcc r l  con t ro l ,  r t i tn tge t t . f . c r t i l i : .u t io t t ,  a t t t l  sced. \our (e  o r t  Doug lus- . l i r (Pseudotsuga rnenz ies i i ) . surv ivu l

and grov,l l t  in a rungc o.f ,si ta.s utt t l  grow'ing cortdi l ion.r in vyc,slent Orag,ttr t .  Wccd cttntrolw'o.s the dontirtunt

I 'uc to r  i t t . t ' ' l uenc i t rg .s t ' c t l l i n ,q ,surv iy 'u l  aud growth  und uccout r tad , fo r  19c /o  o f  the  e . rp la i r ted  vur iu t i t t t t  i t t

.seedli t tg t ,olumc ut ' tar 2 vr. Nitrogen.lert i l i : .ut iott  l tud no ct ' lcct whctt uscd in con.junction w' i th w'aatl

<'ontnt l  ond u ne,qul ivc elfcct w,hatr usctl  without vletd t 'onlrol.  Scedlin,q,s f  ron a:;ccd rtrchurd source were

.signi l icuntl t ' lur,qcr in diuntctcr und volunrc thatt tho.ya.f ' rom u n' i ld locul . \our(( u.f ier two grovtir tg

scd.ron.\,  but : ;econd-t 'cur haight.s vrcra ,similar l l t r  the two .;cedl i trg tvpas. I tr i t ial  .seedling.sl;c u'ct.s

pos i l i ve l t ' c r t r rc lu tc t l  v ' i th  Kntu ' th  re t ( .  Wc. \1 . .1  .  App l .  For .  l1 (2 ) :00  00 .

Douglas- f i r  surv iva l  ancl  growth in  wcste rn Oregon is  l i rn-
ited by competit ion from associatcd vegetation fbr l imited
si te resources (Zedakcr  l9 l3 I ,  Wagner l9U9),  and can be
fur ther  reduced by the prcssures o l 'deer  browse (Hartwel l

1973).  Si lv icu l tur is ts  can rnanipulate s i te  condi t ions through
vegetation control and/or t 'crti l ization to increase seedling
growth and surv iva l .  P lant ing stock select ion (s ize)  can a lso
af f 'ect  seedl ing growth and surv iva l  (Newton et  a l .  1993).

Numerous prior studies havc examined the ef f ects of weed
contro l ,  so i l  f 'er t i l izat ion,  and seed source indiv idual ly  and in
combination. Only one has exanrined ellbcts of all three
treatments interactively (Brown 1970); this study dcrnon-
strated a three-way interaction in Pinu.; .rr'1va.r'/ris L. seed-
lings among seed provenance. soil f 'erti l i ty. and soil rnoisture
level, with the latter most afl 'ecting seedling growth.

The objective of this study was to quantify the effects and
determine the relative importance of weed control. nitrogen
ferti l ization, and seed source, including any interactions, on
the survival and growth of Douglas-fir outplants in a range of
site conditions. To accomplish this objective, we used facto-
rial experiments on three sites that evaluated survival and
growth of comparably sized genetically selected or local wild
Douglas-fir nursery stock with and without heavy herb com-
petit ion and with and without nitrogen ferti l ization.

NorE: This is Paper 303u olthe Forest Rcscarch [-aboratory, Oregon State
Univcrs i ty ,  Corval l  is .

Study Sites

We conducted the study in the central Oregon Coast
Range ,  in  Be nton County west  of  Corval l is ,  Oregon (44"N,
123'W), an area characterized by walm winters with heavy
prccipitation and warm dry summers. The three study sites,
whiclr collectively span much of the range of Douglas-fir
product iv i ty  in  th is  area,  inc luded:  (  l )  a  re lat ive ly  droughty
Willarnette Valley site in Oregon State University's McDonald
Rescarch Forest, (2)a rnoderately productive forest site in the
Wi l lamette Val ley fboth i l ls ,  in  Oregon State Univers i ty 's
Paul M. Dunn Research Forest, and (3) a highly productive
site in the mid-Coast Range near Summit, Oregon, on prop-
erty belonging to Starker Forests, lnc. Table I l ists the site
characteristics. The Dunn Forest and Summit sites were in
recently harvested Douglas-fir stands. The McDonald Forest
site was on abandoned state nursery beds now fully occupied
by a combination of exotic and native grasses and herbs as
well as patches of Himalaya blackberry (Ruhus procerus
Muell.). Herbs, grasses, and f 'erns (Polystichum munitum and
Pteridium uquil inum) were the main forms of associated
vegetation on all sites and were consistent within sites (Table

2). The soil on all sites was of silty clay loam types, but among
the sites it varied by series. The McDonald Forest soil was of
the Bellpine series, derived fiom Spencer sandstone, and was
covered with 20 cm off-site loam. The dense cover was
mostlv mixed srasses. The Dunn Forest soil was of the Price-
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Table 1. General si te descript ions (fert i l i ty data recorded prior to fert i l izat ionl.

Annua l
p rec i p i t a t l on  Doug lasJ i r  S l ' 60

S i t e  E leva t i on  ( Johnsga rd  1963 )  %  So i l  N  o /o  So i l  P  (Knezev i ch  1975 )  Dom inan t  cove r

McDona ld  Fo res t  120  m  945  mma 0 .137  0 .095  42  m  Pe renn ia l  g rasses ,  H ima laya
b ackberry

Dunn  Fo res t  185  m  1270  mma 0 .202  0 .083  48  m  B  g l ea {  map le  sp rou t s ,  swo rd  f e rn
S u m m i t  3 6 5  m  1 9 0 5  m m  0 . 2 9 0  0 . 1 1 1  5 5  m  B  g l e a f  m a p l e  s p r o u t s ,  s w o r d  f e r n ,

orac Ken

a Summer  mois tu re  de t  c r t  o t ten  exceeds 325 mnr  (Johnsqard  1963) .

Ritner  complex.  der ived f iom Si le tz  River  basal ts .  The Sum- grouped into b locks in  an approximate 2 x 4 arrangement

mi t  so i l  was associated wi th the Apt  ser ies,  dcr ived f rorn Tyee wi th in areas of  s imi lar  in i t ia l  condi t ions.  On steep s lopes

sandstone/s i l ts tone (Knezevich 1975).  where an envi ronmental  gradient  was l ike ly ,  the b locks
were or iented pcrpendicular  to  thc s lope and paral le l  to

Mater ia ls  and MethOds 
each other  to min i rn ize p lot  to  p lot  var iat ion wi th in b locks
u  l r  i l e  r r r i r x  i r n  i z  i ng  v i r r i u ( i on  i . l  r n ( )n ! l  b l ock  s  (S tee l  und  To r r i e

Experimental Design l9tt0).
The exper imenta l  design was a randornized cornplete The three f i rc tors in  the exper iment  were weed contro l

b lock,  23 factor ia l ,  wi th three repl icates at  each s i te  f i l r  a  (cornplete lV1 vs.  none l ( ; ) ,  n i t rogen l 'er t i l izat ion (uscd F1 vs.

tota l  o f  9 b locks ' : 'nd- /2 p lots .  Thc l i  t reatments created by not  used 1 ' l ; ) ,  and seed source (sced orchard S1 vs.  wi ld  local

the factor ia l  design were randomly assigned to 3.6 rn t  Sg) .  The exper i rncnta l  uni t  was the l .ncan of  28 seedl ings on

l l .0  m plots wi th in each b lock,  wi th an untreated buf fer  each p lot .  The ent i re exper iment  was repeated wi th three

str ip  at  least  2.0 m wide between adjacent  p lots .  Plots wclc repl icat ions on each s i te .

Table 2.  Common plant  species associated wi th the three s i tes. l

Common  name

Woody species
B rg lea f  map le
Himalaya blackberry
Sa la l
Snow berry
Ocean spray
Western hazel
Wi ld b lackberry

Herbs
Bedstraw
Bu l l  t h i s t l e
Canada th ist le
Clover
Common daisy
Dove's foot  geranium
Fa l se  sp rkena rd
Woodland groundsel
G roundse l
L O l U S

Pa th f rnde r
Pu rp le  r r i s
Sheperd s purse
Sow-thist le
Star f  lower
Sweet col t 's  foot
Tansy ragwort
Var i - ieaved col lomra
Wild carrot
W i l d  g i nge r
Wi ld pea
WindJlower
Wood nemophi la
Ya r row

Ferns
Sword-fern
Western bracken

Grasses
Reed ' s  cana ry  g rass
R ipgu t  g rass
Velvet  grass

Sc  en t r l i c  name

Ace r ntac rophy l/unr Pursh
Rribus proceru.s Muell.
G au lth e ri a siral/on Pursh
Syrnphoncarpos a/bus (L.) Blake
Holodtscus disco/or  (Pursh) Maxrnr
Corylus cor nuta Marsh
Rubus  u r s tnus  Cham.  &  Sch lech

Galiurn strt.
C t r S t L t t t 1 | t t l g d t c  1 ! 6 y 1 1  " c 1 9  e

CirsiLtn arvense (L ) Scop.
Trifolturn sp.
Engeron sp.
Gerantun nolle L
Stnt lactna rd.en tosa tL )  Dert
Senecro sylvattcus l.
Senecio vulgarts L
Lotus sp
Ade n oca u lon brcolor look.
/ r /s  te/)ax Dougl .
Capsella bursa-pastorts (L.) Moench
Sonchus oleraceus L.
Tr ienta I i s lattf ol t a Hoak.
Pelasrtes fngrdus (L.) Fries
Senecio jacobaea L.
Col I om ia h eterophyl I a look .
Daucus carota L.
Asarum caudatum Ltndl.
Vicia anertcana Muhl
Anemone sp.
Nemophila parwf lora Dougl.
Ach i llea nt i I lef ol t u nt L

Polyst ichum muni tum (Kaul f  . )  Presl
Pteridiunt aqutltnum (L.) Kuhn

Phalaris arundtnacen l.
Bromus r4yidus Roth
Holcus lanatus L

3
3
3

2 3
2

2 3
1 2 3
1 2 3

2
2

3
3
3

2
3
3

2 3
2
2

3
3

3

3

S i t e '

2 3

2 3
3

a  N o m e n c l a t u r e  a f t e r  G i  k e y  a n d  D e n n i s  ( 1 9 8 0 ) ,  H i t c h c o c k  ( ' 1 9 7 1 )
b  S i t e :  1  =  M c D o n a l d  F o r e s t ,  2  =  D u n n  F o r e s t ,  3 =  S u m m i t .
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Seedling Sources
The Douglas-fir plug-l transplants used fbr this study

were grown from two seed sources: genetically improved and
local wild seed collections. The genetically improved seed
was developed by the Burnt Woods Tree Improvement Coop-
erative at the J.E. Schroeder seed orchard, near St. Paul, OR.
This seed was derived from open-poll inated crosses among
progeny of l6l superior trees located within the same seed
z<>ne (252) as the local wilcl source. The seed orchard stock
was grown at the Industrial Forestry Association (lFA) nurs-
ery in Toledo, WA. The local wild seed was collected fnrm
within seed zone 252 and did not represent any level of
genetic selection. Nursery stock from this seed source was
not available fiorn the IFA nursery in Toledo, so the wild
plug-l transplants were obtained fronr thc D.L. Phipps State
Nursery,  near  Elkton,  OR. Hence,  the rc  was some possib i l i ty
of confirunding between genetics and nursery regirne. How-
evcr, the size ranges of seedlings fmnt bolh nurscrics were
similar, avcragin-r1 54 cm ht x 6 mm diarn at l-5 crn abovc
ground.

Treatments
Al l  seedl ings welc p lanted wi th in I  wk of  each other  in

February 1992;  each p lot  conta ined 2t3 seedl ings i l t  l  spxci l tg
of  0.5 m x L0 m. Plant ing was donc bkrck by b lock ancl  s i te
by s i te .  To acc<lrnpl ish cornplete wced contro l ,  1 .37 kg/ha
hexazinone (Velpar  L@) herbic idc was broadcast  appl ied
af ter  p lant ing,  at  a volunre rate o l '92 l /ha,  wi th a handheld 3.6
m boorr  powered by a pressur ized backpack spraycr .
Reinvading hcrbs in  the weeded p lots were con(ro l led in  the
subsequcnt  year  wi th d i rected spot  appl icat ions.  Ni t r<tgen
f'erti l izer was applied by broaclcasting 220 kg/ha urca pril l
(46-0-0)  wi th a handheld rotary d ispenser in  a 3.6 m swath.
Ferti l izer and weeding trcatrnents were perfirrmed on March
18,  1992,  and again on March 25,  1993.  On each s i te ,  an
electr ica l ly  charged l8 gaugc wirc ,  suspcnded |  .0  rn ot f  the
ground wi th f iberg lass poles.  was wound arnong a l l  p l< l ts  to
discourage deer browsing. The wircs we rc clectrif ied during
May and June of each year with a Jolt e lcctric f 'e nce controller
(mode l  4 (XnB .  IAAB U .S .A . ,  I nc . ,  Be l l evue ,  WA) .  To  p re -
vent  wi re sh<lr t  c i rcu i t ing.  vcgetr r t ion growing beneath the
wire was contro l led wi th a s ingle d i rected appl icat ion o l '
glyphosate in the spring ol'each ycar. Clarc was taken to avoid
t reat ing unwceded p lot  vegetat ion in  th is  proccss.

Measurements

Douglas-Fir and Cover Measurements
Seedl ings were measLrred shor t ly  af ter  p lant ing (spr ing

1992 )  anda t  t heend  o feach  g row ing  season  (Augus t  1992 .
1993 ) .  Measu remen ts  i nc luded  seed l i ng  he igh t  (nea res t
cm),  d iameter  at  l5  cm (nearest  rnm),  and v igor .  Vigor ,  a
qua l i t a t i ve  measu re ,  was  quan t i f  i ed  on  a  f i ve -po in t  sca le
(  I  = most  v igorous.  5 = dead) based on seedl ing color  and
general  appearance.  From the height  and d iarneter  mea-
surements,  s tem volume was est imated by us ing the for-
mula for  a cone:

V o l u u r e  = n x l :  . l t l 1 2
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wnere

r1 = dii imeter at l5 cm

h = total height

Volume, diameter, and height increments were calculated
at the end of each growing season from yearly diff 'erences in
seedling dimensions. Occurrences of deer browse, lammas
growth, and herbicide damage were also noted in the fall of
each year.

Percent cover by herbaceous fbrbs and grasses was esti-
tnated on a half-nteter radius around each seedling in the fall
of 1992l, in the fall of I 993, because of the relative homoge-
nei ty  o l - thc vcgetat ion wi th in the p lots ,  i t  was est imated as a
percentage oftotal plot area. Percent overtopping was calcu-
lated with the cone occlusion method described by Howard
and Newton (  1984).

Xylem Water Potential and Soil Moisture
Predawn and rnidday xylem water potentials were mea-

sured with a Scholander pressure chamber (Waring and
Cleary 1967,  Ri tch ie and Hincklcy I97-5)  f iom current-year
shoots of three randomly selected seedlings per plot. These
measurements were made in rn id-July  1992 and mid-August
1993 to obta in rnaximutn c()nt rast  in  watcr  regimes between
wecdcd and unweeded t reatments.  ln  1992,  p lot  so i l  moisture
was rneasurcd gravirnetrically at the tinte of thc xylem water
potcnt ia l  rneasurements;  so i l  moisture was not  measured in
1993 bccause of  an abnornra l ly  wet  su lnrne r .

Nutrient Content
A bascl ine analys is  of  mineral  so i l  n i t rogcn and phospho-

rus wils donc firr cach site at the time o1'planting (February,
1992) by us ing a c<lmposi te of  s ix  subsamples taken f rom the
top 30 cnr  o l ' rn incra l  so i l  a t  each s i te .  Tota l  lb l iuge n i t roge n
and phosphorus we rc mcasured as per Bremnerand Mulhaney
(19U2) t i r r  each t reatmcnt  and s i te  at  the end of  the second
growing seAson (Octobcr  1993).  In  order  to make these
measurenlents. lbliagc sarnples were taken fiom the current
year 's  growlh o l '  an upper whor l  la tera l ,  exc luding any
lammns shoo{s,  on the southeast  s ide of  each surv iv ing
seedling. These samples werc bulked by treatment across
blocks on each site fbr a total of 2rl sarnples. In order to
dctermine whether nitrogen l 'erti l ization resulted in dilution
of at least one other nracronutrient, total nitrogen and phos-
phorus were determined with a standard micro-kjeldahl di-
gest ion mcthod,  wi th nutr ient  concentrat ions calculated on a
dry weight  basis  (Lavendcr  1970).

Statistical Treatment

Seedling diameter and vigor data were transfbrmed using
natural logarithms to approximate normality and constant
variance. Some additional variables, based on probabil ity,
were transforrned by the arcsine square root (Sabin and
Stafford 1990). Treatrnent ANOVAs were carried out by
using plot averages weighted by the number of surviving
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seedlings in each plot. Differences in response were sub-
jected to analysis of covariance (ANCOVA) lbr main and
interaction effbcts according to the fbllowing model (Steel

and Torr ie  1980):

Yi1kt,, = m + Li + B(L)ii + Wk + Ft + WFkt +.S,, + WE,,,

+ FE,,r + WFSkt,,, + LWit, + LFit + LWF,r, + L5,,,,

+ LWSik,,, + LFSit,,, * b(Xii*t,,, - r:..) + LWF'Sikt,,,

where

Dunn Forest and Summit sites showed signs of herbicide
damage in the second growing season and were eliminated
fiom the analysis. As a result, second-year survival is re-
ported only firr the McDonald site on the assumption that an
undeterrnined percentage of mortality on other sites wits
caused by second-year spot residues of hexazinone.

Results

Weed Control
Weeding (as cornpared wi th no weeding)  made a h ighly

s igni f icant .  posi t ive d i f f 'erence in seedl ing surv iva l ,  growth,
v igor ,  and xy lern water  potcnt ia ls  (P < 0. (X) l ) ,  as wel l  as in
plot  so i l  moisture (P < 0. (XX) l ) .  A lone,  weeding accounted
for 1()(/o of all explained varialion in seedling volume at age
2 (Figurc l )  and for  s i rn i lar  percentages of  var iat ion in  the
other grou,th pararneters. Table 3 i l lustrates the relatively
strong effbct of weed control on seedling growth compared
wi th the two other  e xper imenta l  factors.  Among s i tes,  weed-
ing el'f 'ects varicd in degree of signil ' icance. For example.
weed control irnprovecl stent volunte increntent most signifi-
cant ly  on the best  growing s i te  (Surnmit ) .  a l though that  was
not where thc grcatest increase in relative growth occurred.
Surv ival  was i rnproved most  s igni f icant ly  on thc poorest
growing s i tc  (McDonald Forcst)  (Table 4) .

Fertilization
Fert i l izat ion s igni f icant ly  increased the average f i t l iar

nitrogen concentration in both years, bul had ntl effect t ln
l i r l iar  phosphorus conccntrat ions.  I t  reduced seedl ing sur-
v iva l  and predawn xy lern water  potcnt ia ls  in  the f i rs t  ycar ,
cspccia l ly  on unweeclcd p lots .  Seconcl -ycar  height  and height
growth were s igni f ican{ ly  (P < 0.05)  lcss in  f 'er t i l izec l  p lots
than in unfcr t i l izcd p lots  (Tablc 3) ,  cspecia l ly  in  unweeded

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

=  b lock  ( i  =  | , 2 ,3 )

= error  (a)  (b locks wi th in s i tes)

W = weed control (k = 0. l)

F = f 'er t i l izer  (1 = 0,  I )

S - seed source (ril = 0, I )

b(Xi,p1,,, - 1..) = ctlvariate denoted by X

LWf'S = error fb).

Sitc terrns were tcsted against error (rr); all rernaining
terms were tested against  error  (b) .  When a s igni f  icant
covariate was not fbund, the covariate terlrl was ornitted I 'rotn
the model. Signil ' icant diff 'erenccs between nteans wcrc de-
termined by using Bonf'erroni's protected Lcast Signil ' icant
Di f fbrence (LSD) procedurc (Mi l l iken and Johnson l9 l l4) .

Foliar nitrogen and phosphorus data wcrc analyzecl by
ANOVA wi th the fb l lowing model :

Y,,r, - nt + Li + W i + f'-* + WF6 + 5) + W'Sl + Ir'si/

+ WFS i*r + LWFSiikl

where

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

W = weed control (i = 0, I )

F = f 'erti l izer (ft = 0, I )

S - seed stlurce (1 = 0, I )

LWFS = error (rt).

All terms in the model were tested against err<tr (o).

Multiple l inear regression rnodels were developcd on an
indiv idual  seedl ing basis  to re late seedl ing surv iva l ,  s ize,
growth, and vigor to the various cornbinations ol' weed
control, f 'erti l izi it ion, and init ial seedling dimensions repre-
sented by the vzrrious treatments. The models explaining the
most variance were selected with the stepwise procedure

descr ibed by Neter  et  a l .  (1989).  Several  seedl ings at  the

E u o
t)
b s 0
E
E
e 4 0
(l)

E
-= 30
o

b 2 0
6

1 0

0- 
McDonald Dunn Summit

Forest Forest
Figure 1. Site x weed control interaction for stem volume
increment after 2 growing seasons. Vert ical l ines above bars
represent one standard error. Bars with the same letter are not
s ign i f i can t ly  d i f fe ren t  a t  the  95% conf idence leve l  us ing
Bonferroni 's LSD.
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Table 3. Means for second-year growth data by main effect (no main interactions were signif icant).

Weed contro l Fert i  I  izat ion Seed source

w r

8 2 5
2 7 . 9

1  5 . 9

7 . O

5 . 3

49 .5
5 0 . 1

WO va dIt l ,
7 4 . 1

2 0 . 5
1 3 . 1

4 . 6

6 . 0

28.7

3 0 . 3

Fo

7 7 . 3
2 3 . 5
1  3 . 5
5 . 1
6 0

3 2  1
33.2

% dnIs r S O

He igh t "  ( cm)
He igh t  i nc remen t  ( cm)

D iame te r  (mm)

D iame te r  i nc remen t  (mm)

Hergh t :D rame te r
6 ?

Vo lume"  ( cm" )

Volunre ncrement (mm3)

7 4 . 4  3 . 4

2 0 . 8  1 1 . 5

12 .5  12 .8b
4 . 5  1 3  3
6 . 1  _ 4 . g o

2 5 . 9  3 7 . 1 b
2 6 . 9  3 6 .  1  

b

6 8 .  9
1 6 1

1 0  . 7
2 . 7

6 . 7
1  8 . 6

1 3 . 4

1 g . 7 b

7 3 . 3 b

4 8 . 6 b

2 5 9 . 3 b
- 2 0 . 9 b

2 6 6 . 1  
b

3 7 3 . 9 0

, 4  . 1 "
- 1 2 . 8

1 F

- 9 .  8

0 . 0
- 1 0 . 6

- 8 . 9

7 7 . 0

2 3 . 2

1 4 . 1

5 . 1

5 . 8

3 5 .  5

3 6 . 6

a Ad lus ted  fo r  n r t ia l  seed l rng  he tgh t .
o  P  <  0 . 0 0 1 .
c  P  <  0 . 0 5 .
( r  P <  0  0 1 .
e  Back  t rans tormed l ron t  the  na tura l  log .

p lo ts .  On s i tes  w i th  h igh  so i l  n i t rogen (Dunn Fores t  and

Surnmit),  second-year seedling diarneter growth tcnded to be

less  in  f 'e r t i l i zed  p lo ts  than in  un l ' c r t i l i zed  p lo ts  (F igure  2) .

In  the  f i rs t  year ,  there  was s ign i f i can t  (P  <  0 .05)  negat ive

in te rac t ion  be tween f 'e r t i l i za t ion  and weed cont ro l .  Fer t i l i za -

t ion  inc reascd compet i t ion  to  the  ex ten t  tha t  surv iva l  and

growth on unweeded plots werc reducecl tnore than on plots

w i t h  l i t t l e  c o v c r  ( F i g u r e  3 ) .

Seed Source

F i rs t -year  seed l ing  d ia rne ter  i tnd  vo lu lno  were  s ign i f i -

cantly larger l i rr  the secd orchard seed source than l i t l  the wild

loca l  seed source  a f i c r  account ing  t i r r  in i t ia l  d ia rnc ter  and

volunre. By the r:nd ol ' the second ycar. the seed orcharcl

seed l ings  were  la rger  and ths te r  g rowing  in  d ia rnc tc r  and

vo lunre  than the  w i ld  seed l ings  (Tab lc  3 ) .  bu t  the  c l i l l l re  nce

had decreasecl in degree o1'mean scprrat ion. Secd source hacl

no  e f f 'ec t  on  sced l ing  he igh t .  bu t  the  seed orchard  sced l ings

had a  lower  he  igh t - to -c l ia t t te tc r  ra t io  than the  w i lc l  secd l ings

a l ie r  account ing  lb r  the  i  n i t ia l  hc igh t - to -d ia r t tc tc r  ra l io .  Seec l -

l ings frorn tht:  seed orchard sor- lrce slrowed gre ate r vigttr than

the  w i ld  seed l ings .  There  w i ts  no  in te rac t ion  be tween seed

r , iource  and weed cont ro l  o r  l c r t i l i z i t t ion ,  ind ica t ing  th i t t  the

gains from the seed orchard source werc addit ive .

Role of Init ial  Diameter and Overtopping Competitors

The response nrode ls  (F igure  z l )  regress ing  sccd l ing  xy-

lem water  po te  n t ia l  aga ins t  cs t i rna ted  c t l ve  r  and ovcr l r rpp ing

assoc ia ted  inc reas ing  seed l ing  s t ress  w i th  inc reas ing  leve ls

o f  herbaceous compet i t ion .  The rnodc ls  descr ib ing  seconc l -

year  seed l ing  he igh t  and d ia rne ter  assoc ia tcd  in i t ia l  seed l ing

d imens ion  w i th  seed l ing  s ize  over  t i rne  .  A l though vo lu rne

was assoc ia ted  w i th  in i t ia l  seed l ing  d iameter  in  the  response

mode ls ,  a  s t ronger ,  and negat ive ,  vo lu rne  ass t te  ia t i t ln  was

Table 4. First-year survival by site and weed control treatment. a

Weed contro l  t reatment

Conrplete None

9 6 . 8  a
9 5 . 3  a
9 6 . 6  a

McDona ld  Fo res t
Dunn Forest
S u m m  t

a Across  rows,  means fo  lowed by  the  same le t te r  a re  no t  s rgn l t  can t ly
d  f fe ren t  a t  the  95% conf idence eve us ing  Bonter ron i ' s  ad jus ted  LSD.
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wi th  over topp ing  vcgeta t ion ,  wh ich  was a lso  fbund to  reduce

sccd l ing  d ia rne ter  g rowth  wh i le  inc reas ing  seed l ing  he igh t -

to-di lrneterrat io. Ave rage predawn moisture stress explained

rnos l  o f  the  var ia t ion  in  the  o ther  g rowth  var iab les .

F i rs t -year  sccd l ing  he igh t  g rowth  was dependent  on  an

in te rac t ion  be twcen brows ing  and lamntas  growth ,  wh ich  is

d iscussec l  e lsewherc  (Roth  and Newt< ln ,  in  p repara t ion) .

Sccorrd-year height was negatively af l 'ected by the deer

browse in  the  sccond growing  season.

Discussion

I t  is  roLr t ine to ohservc bcncl ' i ts  o l 'weeding.  Our obser-
vu t i ons  he re  pu t  weed ing  i n l o  pe rspec t i ve  w i t h  o the r  con -
t r i bu t i ons  o l '  i n tens i ve  cu l t u r i ng .  Th i s  expe r i r ncn t  eva lu -
ated wccd contro l ,  n i t r< lgen fc l t i l izat ion,  and secd source
in a l 'actor ia l  c les ign that  idcnt i l ' ied the par t ia l  contr ibu-
t i ons  o l '  e r ch .  Weed  con t ro l  ( i . e . ,  absencc  o l '  eompe t i ng
cove r )  provecl  substant ia l ly  to  be the dorninant  I 'actor ;  i t
i n l ' l uenced  a l l  co rnponcn ts  o l ' seed l i ng  su rv i va l  and  g row th
rncasured.  to  a nruch grcater  degrcc than the two other
I ' ac to rs .  Th i s  f i nc l i ns  i s  cons i s ten t  w i t h  o the  r  s im i l a r  f ac to -

0.10

0.05

McDonald Dunn
Forest Forest

Summit

Figure 2. Second-year diameter increment demonstrat ing site x
fert i l izer interaction. Vert ical l ines above bars represent one
standard error. Bars with the same letter are not signif icantly
dif ferent at the 95% confidence level using Bonferroni 's LSD.
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Complete None

Weed Control
Figure 3. First-year survival demonstrat ing weed control x
fert i l izat ion interaction. Vert ical l ines above bars represent one
standard error. Bars with the same letter are not signif icantly
dif ferent at the 95% confidence level using Bonferroni 's LSD.

r ia l  exper iments  in  wh ich  one fac to r  p rovec l  dorn inant
( R e e d  e t  a l .  1 9 u 3 ,  B r a n d  a n d  J a n u s  l 9 [ i 8 ) .

Weed Control

Weed contnr l  inc rcascd sccd l ing  surv iv l l  and  growth

rates by reducing thc arnount of '  associatccl vcgetation ancl

thereby  conserv ing  so i l  n ro is tu rc .  Th is  suppor ls  thc  work  o1 '

Newton and Prees t  (  l9 t i t3 ) ,  Sands anc l  Narnb ia r  (  19 t34) .  and

Narnb ia r  and Zed (  l9 lJ0) .  Sccd l ing  d ia r t tc tc r  was  r t tos l  scns i -

t i ve  to  over topp ing  vegeta l ion  (F igure  .1 ) .  Seed l ing  he igh t

and vo lumc wcrc  r -nos t  respons ive  to  p redawn xy lem water

po ten t ia l  ( tp ) ,  wh ich  was re la ted  to  weed ing .  Th is  i s  suppor ted

100 4

Figure 4. Response surface for second-year stem diameter vs.
percent overtopping and init ial  diameter.

by Eissenstat  and Mi tchel l  (1983) and Chan (1984) who
found that Douglas-fir seedling diameter was a sensitive
indicator of competit ion, especially overtopping. Newton
and Preest ( 1988) showed xylem water potential to be related
to all seedling growth parameters. Conservation of water is
related to eff 'ective length of growing season in summer-dry
climates. Mobil ity of nutrients is related to abundance of soil
sofut ions.  War ing (1972),  Brand and Janus (1988),  and
Sutton ( 1975) speculated that the positive eff 'ect of vegetation
control on fir l iar nitrogen was related to the uptake of nutri-
ents not uti l ized by the vegetation (i.e., removal of adominant
sink). Removal of coverthat depletes water and hence lmmo-
bi l izes nutr ients a lso prevents l ight  in tercept ion.  Thus,  weed
control contributes to each class of resource. Gains in abso-
lute stem volume growth were the greatest on the best sites
and where the weeds were controlled. The good survival seen
on the Summit site reflects both the greater rainfall on that site
and the greater surnrner cloud cover with reduced water
dcnrand. Morcovcr, the total f irst-year herb density was least
on that site because ol' the closed-canopy nature of the
preceding stand and the short t ime between harvest and time
of  p lant ing.

Ferti l ization

The negative eff 'ect of nitrogen f'erti l ization is probably
due to the greater abil ity of weeds to benefit from nitrogen,
cornpared with conif 'ers. These sites typically do not show
ni t rogcn del ' ic icnc ics dur ing thc sccdl ing stage (Newton,
tunpubl ishcd obscrvat ions) .  Ni t rogcn incrcased ovcr topping
ancl soil m<listure dcpletion in relation to increascd weed
clensi ty .  Others have rcpor ted s imi lar  scedl ing responses to
f 'cr t i l izat ion (Srni th c t  a l .  1966.  Wal tcrs et  a l .  1966,  Brockley
I9lJu) and have noted the same interaction effbcts between
weeding and l 'er t i l izat ion.  War ing (1912) f i rund that  the
cl' l 'ccls ol ' l 'erti l ization depend on the degree to which vegeta-
t ion is  conl ro l led;  War ing (1912\  and Squire (1977) both
observed that t 'erti l ization can stimulate growth of associated
vegetat ion,  leading to accelerated deplet ion of  avai lable soi l
nroi st u re.

The lack of  seedl ing response to f 'er t i l izat ion on the
weedecl  p lots  was unexpected.  Even though fer t i l izat ion
increased fo l iar  n i t rogen concentrat ions,  the absolute
gmwth rates of  f 'er t i l ized seedl ings were lowcr than those
f i r r  unfer t i l ized se edl ings.  Conce ntrat ions in  weeded p lots
were presumably a l lwi th in the p late au of  maximum growth.
We also observcd that  as fo l iar  n i t rogen concentrot ions
increased,  phosphorus concentrat ions decreased.  Van den
Dr iessche (1980) found a s imi lar  phosphorus depression
pat tern in  a nursery t r ia l  wi th Douglas- f i r .  Gi l l  and Laven-
der  (  I  983 )  found a poor growth response of  urea- f 'er t i  l ized
western hernlock in  the Coast  Range of  Oregon;  a l though
fb l iar  n i t rogen content  was s igni f icant ly  increased,  the
concen t ra t i ons  o l ' phospho rus ,  ca l c i um,  magnes ium,  man-
ganese,  i ron,  a luminum, and boron were reduced.  In our
study,  i i l though lo l iar  phosphorus concentrat ions decreased
as n i t rogen levels increased,  both remained wi th in the
range considered by Landis (1985) to be adequate for
seedl ing growth.  Therefore,  the lack of  response to the

8 8 0
cl

=e
f

;, 60
.E
6
(l,
(l,
a

1 8

e
9 1 6
L
q,

o,
E 1 4
(5

i5
L

s 1 2
E
F . ^
u  I  l ,o
o
U)

wJAF i l ( l )  1996 67



ni t rogen t reatment  may instead have been due (a)  to  lack

of  def ic iency,  or  (b)  to  a change in soi l  chemist ry  due to the
pH ef fects of  the fer t i l izer .  which in  turn in f luenced the

form of  n i t rogen or  avai labi l i ty  of  other  nutr ients in  the
soi l  (Otchere-Boateng and Bal lard I97u) .  The NH-1* t 'onn

of  n i t rogen is  rapid ly  accumulated in  seedl ings.  and at

h igh concentrat ions can resul t  in  reduced growth or  death
(Schaed le  199  l ) .  G i l l  ( 198  l )  f ound  tha t  add ing  L r re i i  t o
western hernlock stands a l tered the st t i l  pH enou-{h to

damage the rnycorrh izal  roots.  Elevated pH resul led in
increased NH,1+ and NOj-  concentrat io t ls  and decreased
amoun ts  o f  ca l c i u rn ,  t n i t gnes iu tn ,  and  po tass ium.

Seed Source
In th is  s tudy the t rue genet ic  c f ' fect  could not  be quan-

t i l ' ied because of  confounding bctween the sccd sot l rces

and the d i l ' l 'erent  nurscr ies in  which the scccl l ings werc
g rown .  Howeve r ,  sccd  sou rce  (o r  poss ib l y  nu rse  r y  cu l t u l a l
r eg i rne )  d id  i n f l uencc  seed l i ng  g row th  ra tes  i n  an  add i t i ve
manner to the othcr  exper i rncnta l  factors.  a l though n<r
synergis t ic  ef fect  wi th weed conl r t t l ,  as has been l i runcl  in
sou the rn  p ine  (Duba  c t  a l .  19u .5 ,  Sh i ve r  anc l  Rhcney  1992 ) ,

was obscrved.  l 'hc sced orcharc l  source had a greater

in l ' luence on d iarnctcr  i tnc l  vo lu l t tc  gr t lwth t l ran ot l  he ight
growth dur ing both growing sc l tso l ts .  Howcvcr .  the rc-
sponsc  i n  he igh t  g row lh  i s  usL ra l l y  no t  cxpcc ted  t rn t i l  t hc

th i rd year  af tcr  outp lant ing becausc t t l '  the e l ' l 'cc ts  o l '
p lant ing shock.  In  v icw t l t 'c lccreascd propor l ior ra l  i l i l ' l ' c r -
enccs betwccn seed sourccs l l ' t lnr  thc I ' i rs t  t t l  thc sccol lc l
ye  a r .  one  mus t  cons ide r  t hc  nu rse ry  r cg i rnc  as  a  po tcn l i a l l y

ma. jor  c<lnt r ibutor  to  thc t lbscrvcd e l ' l .cc ls .

In i t ia l  Seedl ing Size
In  t h i s  s tudy .  t hc  re la t i onsh ip  be twecn  i n i t i a l  seec l l i ng

sizc and seecl l ing s ize a l ' ter  two gr t lwi t tg  sc i tsot ls  is  nt l tab lc
rcgarc l less of  t rcr l l .nent  appl ied.  l t r  o thcr  cxpe r i t t te  t r ts  i t t i
t i a l  seed l i ng  s i zc  has  becn  pos i t i ve l y  r c l a ted  to  l ong - t c r t . n
g row th  o f  Doug las - f i r  uvc r  a  range  o l '  s i t e  conc l i t i ons  and

co rnpe t i t i on  l evc l s  ( l , ong  and  Car r i e r  1993 .  Newton  c t  a l .
1993 ) .  l n i t i a l  seed l i ng  hc igh t  i s  re la ted  to  seed l i ng  ab i l i t y

to cscape thc c l ' l 'ects  of  dccr  browsc ancl  t tvc l ' topping

vege ta t i on .  I n i t i a l  seec l l i ng  c l i an re te r  i s  r c l a tec l  t o  sccd l i ng
ab i l i t y  t o  genc ra te  roo t  vo lu tne ,  wh i ch  he lps  t he  sced l i ng
reach  l a rge  r  vo lu t t t es  o l '  so i l ,  ga in ing  access  to  so i l  t l l o i s -
t u re  i n  t hc  p resence  o l ' he rbaceous  vcge ta t i on .  S i ze  i s  a l so
re lated to leal '  area,  thc photosynthct ic  organ.  Long and
Carr ier  (  1993) posi t ivc ly  i tssociatcd increasing root  l l l l tss

w i th  seed l i ng  su rv i va l  unde r  cnv i r t t n t t t en ta l  s t ress ,  and
Rose  e t  a l .  ( 199  l )  showed  tha t  roo t  v t l l u r r t c  was  a  s i gn i f  i -

cant  factor  in  thc surv iva l  and growth of lhrce seed sourccs
of  Douglas- f i r  over  2 growing seasot . ts .

The resul ts  o l '  th is  s tudy indicate th i i t  ear ly  contro l  o f
herbaceous compet i t ion in  con. iunct ion wi th large p lant ing

stock is  the s i lv icu l tura l  t reatment  that  rnost  contr ibr . r tes to
Douglas- f i r  growth,  through enhancement of  rcsol t rce
avai labi l i ty .  Seed source select ion may or  may not  have
inf luenced growth,  depending on the degree of  conl 'ound-
ing of  nursery in f luences (unmeasured) .  Ni t rogen f 'er t i l i -
zat ion should be approached caut iously  in  new planta-
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t ions,  as the response may be negl ig ib le or  negat ive i f  i t

upsets the compet i t ive p ic ture.  so i l  chemist ry ,  or  seedl ing
nutr ient  balance.  I1 '  used,  n i t rogen f 'er t i l izer  should be

appl ied only on def ic ient  s i tes.  and in conjunct ion wi th
wecd contro l  and wi th other  soi l  amendments as needed to
r ra in ta in  ba lanced  seed l i ng  nu t r i t i on .
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