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Abstract.--First-year field perfornmance of 48 Dougl asfir seedling
sanpl es fromsix nurseries and nine seed sources was anal yzed in rel ation
to nursery neasurenents of seedling norphol ogy, phenol ogy, and
vigor. Height at lifting accounted for 84 percent of the variation in
first-year field height, while root dry weight and stemdi aneter at
lifting had the highest correlations with first-year height growth (r? =
0.43 for both). A conbination of phenological, norphol ogical, and
physi ol ogi cal characteristics yielded the best predictions of field
performance (e.g., root dry weight at lifting conbined with two vigor-
test neasurenents accounted for 63 percent of the variation infirst-year
height growth). Al correlations of nursery characteristics with first-
year field survival were non significant. First-year height growth
and frequency of multiple leaders in the fiel d were negatively

related (r? = 0.16).

| NTRODUCTI ON

Hi gh-qual ity seedlings are necessary for
successful reforestation. Because norphol ogical
characteristics of seedlings are easy to neasure,
nost nurseries grade their seedlings according to
those criteria (R tchie 1984, Thonpson 1985).
Recently, however, the physiological condition of
a seedling has been enphasized as an inportant

determi nant of its ability to survive and grow in

the field (Duryea 1984, Ritchie 1984, Duryea
1985), and
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nurseries and reforestati on organi zati ons are exan ni ng
nore closely the use of physiological qualities
(e.g., root growh potential, frost hardiness,
stress response, or vigor) as well as traditional
nor phol ogi cal neasurenents i n assessing field
performance potenti al .

The objective of this study was to inves-
tigate the rel ati onshi ps of Douglas-fir
(Pseudot suga nenziesii) first-year field per-
formance to nursery neasurenents of seedling
phenol ogy, norphol ogy, and vi gor.

MATERI ALS AND METHODS

Data for this study were originally gath-
ered during an investigation of top-pruning
effects on the norphol ogy, physiology, and field
performance of Douglas-fir (Duryea and Om,
unpubl i shed). In 1983, two-year-old bareroot
seedlings were selected at six nurseries in
central California, Oegon, and southwestern
Washi ngton (fig. 1). Four plots (averaging 3.7 X
1.2 m of unpruned seedlings were sel ected from
each of two seed sources at each nursery. Seed
zones ranged in elevation from305 to 1219 m
(table 1). Because one seed source was conmon to
four of the nurseries, nine seed sources were
represented in the study. Forty-eight sanples
were used for conparing seedling characteristics
to field



performance (12 nursery and seed source
conbi nations x 4 plots).
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Figure 1. Locations of nurseries (+) and
planting site (%).
Table 1. Nursery and seed zone characteristics and |ifting and
planting dates for the twel ve nursery and seed source
conbi nati ons
Seedbed density
Seed Elevation in seedlings Lifting Planting
Nurseryl zone in ft (m) Owner of stock per ft2 (m2) date dates
1 030 1000 (305) Washington Dept. of 22 (237) 2/7/84 3/14/84 - 3/27/84
430 1000 (305) Natural Resources 24 (258) 1/10/84  3/14/84 - 3/27/84
2 . 270 1500 (457) International Paper Co. 22 (237) 2/14/84 3/28/84 - 4/11/84
461 3500 (1067) Willamette Industries 20 (215) 2/14/84 3/14/84 - 3/27/84
3 270 2000 (610) Medford District, BLM 30 (323) 1/17/84 3/28/84 - 4/11/84
062 1500 (457) Eugene District, BLM 22 (237) 1/17/84 3/14/84 - 3/27/84
4 270 2500 (762) Medford District, BLM 34 (366) 1/11/84 3/28/84 - 4/11/84
492 3500 (1067) Umpqua National Forest 26 (280) 1/11/84 3/14/84 - 3/27/84
S 270 2000 (610) Medford District, BLM 21 (226) 1/31/84 3/28/84 - 4/11/84
072 1000 (305) Coos Bay District, BLM 22 (237) 1/31/84 3/14/84 - 3/27/84
6 525 4000 (1219) Tahoe National Forest 34 (366) 1/24/84 3/14/84 - 3/27/84
524 2500 (762) Plumas National Forest 48 (517) 1/24/84 3/14/84 - 3/27/84

1! See figure 1 for nursery locations.



OSU Vi gor Test

A separate sanple of 20 shippabl e seed ings
per plot was used for seedling quality eval uation
in the OSU vigor test (McCreary and Duryea 1985).
Seedl i ngs were randomy divided into two groups of
10. One group was given a 15-mnute stress
treatment (root exposure at 30°C and 30% rel ative
hum dity), and the other was |eft unstressed
(McCreary and Duryea 1985). Two- nonth greenhouse
survival and the number of seedlings that had
broken bud after one nonth were recorded for both
groups.

Fi el d Performance

Seedl ings were planted on one site at the

OSU McDonal d Forest in Corvallis, Oegon (fig. 1)
over a one-nonth period in spring 1984 (table 1).
Seedl i ngs from each nursery sanple were pl anted
as two randomy assigned 10-tree row plots at 1.2
x 1.2 mspacing (960 seedlings total). Vexar®
tubes were placed over all seedlings i mediately
after planting.

Inthe fall of 1984 (one season after
pl anti ng), survival, total height, 2+0 height, and
stemcondition (nultiple or dom nant |eader) were
recorded for each tree. First-year height growth
was determ ned by subtracting 2+0 height from
first-year height.

Dat a Anal yses

Sanmple neans for all field traits were
cal cul ated by averagi ng over the two 10-tree row
plots (20 seedlings). Coefficients of sinple
deternmination (r? were conputed on nursery and
field means for all sanples (N = 48). In addition,
a stepwi se regression procedure (SAS Institute,
Inc. 1985) was used to devel op rel ati onshi ps between
the independent (i.e., nursery phenol ogy and
nor phol ogy, OSU vigor test) and dependent (i.e.,
field performance) variables, and for these a coeffi-
cient of multiple deternmination (R® was cal-
culated. To remain in the nodel, independent
vari ables had to cause a reduction in the suns of
squares of the dependent variable at the 0.05
| evel of significance. Before analysis, all
proportions were transfornmed to arcsine square-
root values (Steel and Torrie 1980).

RESULTS

First-year Field Survival

Correl ations of all independent variables
with first-year field survival were nonsignificant (P >
0.05, table 2). Uniformy high survival anpng all
sanples nade it difficult to detect significant
rel ati onshi ps. Mean survival was 90 percent (s.e.
= 1% and ranged from 70 to 100 percent. Because

survi val

varied little anong sanpl e neans, no adequate
regressi on nodel coul d be derived.

First-year Height

First -year height was significantly
correlated (P < 0.01) with several independent
variables (table 2). Coefficients of
determination ranged from 0. 14 (budbreak of
unstressed seedlings) to 0.84 (height at lift-
ing); budset date and weeks to budset were also
significantly correlated with first-year hei ght (r? =
0.35 and 0. 64, respectively). Average first-year
hei ght was 43 cm (range 29 to 62 cm s.e. = 1.34

cm .

The best regression equation for predic-
ting first-year height included height at
lifting, shoot:root ratio, and weeks to budset,
and accounted for 90 percent of the variation
in first-year height. However, variation in
height at lifting al one could account for 84
percent of the variation in first-year height.

First-year Height G owth

Ni ne of the 14 independent variables were
significantly correlated with first-year height growth
(table 2); root weight and stemdi aneter at
lifting had the highest correlations (r? = 0.43 for
both; fig. 2). Again, weeks to budset had a
hi gher correlation (r?=10.18, P < 0.01) than
budset date (r? = 0.02, P > 0.05).

The best regression equation for predic-
ting first-year height growth accounted for 78
percent of the variation and included root
wei ght, stemdianeter, survival and budbreak of
unstressed seedlings (OSU vigor test), shoot
wei ght, weeks to budset, and frequency of
multiple leaders at lifting. Root weight
conbi ned with unstressed vigor-test survival and
budbr eak accounted for 63 percent of this
variation; stemdianeter in the sane conbination
accounted for 57 percent.

Because weeks to budset only accounted for
an additional three percent of the variation in
first-year height growth when entered into the
nodel, we deleted this variable to explore the
rel ati onshi ps anong the others; and, because the
remai ni ng variables could be classified as either
physi ol ogi cal (OSU vigor test) or norphol ogi cal,
we investigated each class of independent
vari abl es separately. Wen only morphol ogi cal
vari abl es were consi dered, the best regression
equation involved root wei ght al one and accounted
for 43 percent of the variation in height growth.
When only physiological traits were anal yzed,
bot h budbreak and survival of unstressed seedlings
contributed significantly to reducing the suns of

squares (R® = 0.32).



First-year height and height growth were
positively correlated (r? = 0.26, P < 0.01)
First-year height growth averaged 7 cm(s.e
0.3 cm and ranged from3 to 12 cm

Frequency of Miltiple Tops After One Year

After one year in the field, only four
i ndependent vari abl es were significantly correl ated
with the proportion of multiple-leader seedlings
(table 2); first-year height growth , and
mul tiple-leader frequency in the field were
negatively related (r® = 0.16, P < 0.01). Mean
frequency of seedlings with nultiple |leaders in
the field was 21 percent (s.e. = 2% and ranged
fromO to 61 percent.

The best predictive regression equation
included the proportion of multiple-Ieader
seedlings at lifting, weeks to budset, and
height at lifting, and accounted for 46 percent
of the observed variation in nultiplel eader
frequency in the field

DI SCUSSI ON
Significant correlations between nursery
characteristics and field performance suggest that a

vari ety of phenol ogi cal, norphol ogi cal

and physi ol ogi cal nursery characteristics could
be used for predicting seedling quality for the
sanples in this study. Several of these

rel ati onshi ps previously have been confirned.
Thonpson (1985) indicated that norphol ogi ca
characteristics such as seedling height, stem

di ameter, dry weight, and bud length are
significantly correlated with the field
performance of nany conifer species. MCreary and
Duryea (1985) reported significant correlations
bet ween the OSU vigor test and field performance

In our study, norphol ogical variables were
consistently the best predictors of field
performance. Al though the best regression .node
for predicting first-year height included other
vari abl es, height at lifting accounted for 84
percent of the variation. Sinilarly, conbining
root weight or stemdianeter with OSU vigor test
measurenents yi el ded significant regression
equations for first year height growth. However,
of the inportant seedling-quality indicators in
this study, stem dianeter appeared to be one of
the nost practical because of its ease of
nmeasur enment .

Hei ght at lifting was not significantly
related to first-year height growth (r? =

0.05). Because it is reasonable to expect

Tabl e 2. Coefficients of determination (r? relating first-
year field performance wth nursery budset and wi t h nmor phol ogy

and OSU vigor test at lifting.

First-year field performance

Height Multiple
Nursery Survival Height growth leader
variable (%) (cm) (cm) (%)
Weeks to budset 0.04 0.64%% 0.18%% 0.01
Morphology at lifting
Root weight (gm) 0 0.26%% 0.43%x% 0
Shoot weight (gm) 0 0.59%% 0.25%% 0.02
Total weight (gm) 0 0.50%% 0.32%x% 0
Height (cm) 0.05 0.84%* 0.05 0.10%
Stem diameter (mm) 0 0.42%% 0.43%% 0
Number of branches 0.01 0.21%x 0.01 0.06
Terminal bud length (mm) 0.01 0.18%x 0.13% 0.04
Shoot:root ratio 0 0.20%* 0.08% 0.23%%
Multiple leader (%) 0 0.03 0 0.21%x*
OSU vigor test at lifting
Unstressed seedlings
Survival (%) 0.06 0.05 0.10% 0.07
Budbreak (%) 0 0.14%% 0.08% 0.02
Stressed seedlings
Survival (%) 0.01 0.02 0.03 0.19%x%
Budbreak (%) 0.01 0.08% 0 0.08

* Significant at P < 0.05
*% Significant at P < 0.01



that future growmh potential is nore closely
related to first-year height growth than to hei ght
at lifting, the latter seemed relatively

uni nportant for assessing the field growth
potential of seedlings in this study. If superior
first-year height growth translates into growth
superiority in later years, the seedling traits
nost inportant to consider for long-term
performance are those which, either alone or in
conbi nation, best predict first-year height

grow h.

Al t hough weeks to budset (length of grow ng
season) was correlated with first year height (r?
= 0.64) and height growth (r?0.18), it may not
be useful as an indicator of seedling quality
because of the tine required for nmeasurenent. In
addi ti on, when conbined with the other
i ndependent variables in the best nodels, weeks
to budset only accounted for 2 to 3 percent of
the variation in firstyear height and hei ght
growt h. However, weeks to budset was consistently
a better predictor of field performance than
budset date, probably because budset date is
strongly influenced by the nursery environment.
The nurseries in this study were geographically
distant; seedlings in nurseries farther north

woul d naturally have earlier budset dates because
of climate and cultural practices that induce
earlier seedling dornmancy. Weeks to budset is

| ess influenced by differences in nursery

envi ronnent because it is essentially a neasure
of growi ng season | ength, and, although grow ng
season length al so varies somewhat anpng
nurseries, the predictive ability of this

vari abl e appeared to be better than that of

budset date

As w th phenol ogi cal characteristics, OSU
vigor test variables require nore tinme for
measur enent t han do nor phol ogi cal character -
istics; and, in contrast to previous reports
(HcCreary and Duryea 1985), we found poor
rel ati onshi ps between O8U vigor test variabl es and
field performance. This may be due to
confoundi ng effects of planting dates and storage
intervals for the twelve nursery and seed source
conbi nations; the tine interval between stress
tests and actual planting date nmust be m nim zed
(McCreary and Duryea 1985), and that interva
ranged fromone to three nonths in this study.
Anot her possi bl e explanation is the | ack of
variability in vigortest neans. For exanple,
average grow h-room survival of unstressed

seedl i ngs was consi st-
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ently high (average 97% range 50 to 100%,
which made it difficult to devel op strong
relationships with the dependent vari abl es
(McCreary and Duryea 1985).

The significance of nmultiple | eaders as an
i ndicator of seedling quality is largely unknown.
Reports in the literature suggest that apical
domi nance is apparent in nultiplel eader seedlings
after two growing seasons in the field (Lanquist
1966, Dierauf 1976, Webb and Reese 1984). Three
years after outplanting, survival of white spruce
(Picea glauca), black spruce (Picea nariana),
and jack pine (Pinus banksiana) differed little
between trees with single | eaders and those with
multiple leaders at lifting (Webb and Reese 1984).
Webb and Reese (1984) al so indicated that
mul tiple-leader trees may have field hei ght
growth simlar to that of single-leader trees. In
our study, the nursery multiplel eader condition
was positively correlated, and first-year height
growt h was negatively correlated, with the
occurrence of multiple |l eaders after the first
growi ng season in the field. The long-term
retention of nmultiple |leaders and its effect on
field performance remain to be investigated.
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