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Bare-root Douglas-Ti seedlings were planted by 
four methods in late Februay and late Mach on a 
hot, south-facing slope in northwestem California. The 
four techniques were: standard planting, deep planting 
at two diffexenf depths, and shding of the lower 
stem. After 10 growing seasons, thexe were no signifi- 
cart differences in suwivd attribubble to plan'cing 
technique or planting date. Hei-feiglit gowih showed no 
response to planting method, but did show responsa to 
planting date. 'Frees planted in February averaged a 
foot t d e r  thm Ulose planted in March, but ate precise 
reason for this difference could not be phpoiwted. 

Oxford: 174.7 HJseudofsuga menziesif m. mepzzierfi: 
232.4231-1-232.324 + 56l.lj  
Repieval Terms: Pse~dotstigu menziesii vx. menziesii; 
pimiir~g depth; planting date; seedling survival; height 
increment. 

Hot, sou&-facing clearcut blocks planted to 
Douglas-fir (Pseudoabtsuga menzlesia' Wirb.1 Fraraco 
var. menziesii) are often difficult to regenerate in 
nodwestem C a l i f o ~ a .  The combination of high 
temperatures and s er drou&t often reduces sur- 
vival to unacceptable levels. Vzious methods to irn- 
prove s u ~ v d  and growth have been tried over the - 
years, with varying degrees of success. 

One such test was starled on f i e  Gasquet Ranger 
District, Six Rivers National Forest, in February and 
March 1965. The study involved the testing of plant- 
ing techniques that have been successful elsevvhere in 
improving either suMval or growth of planted trees 
of other species under conditions of heat or drou@t. 

The four treatments tested were: (1) deep planling 
(buMng one-quarter of the stem); (2) very deep 
planting (bupying one-half of the stem); (3) stem 
shielding (shading the lower portion of the stem and 
surrounding soil with a curved shield of heaw-gauge 
aluminum foil); and (4) control (normal planting 
depth and no stem shielding). The plmting stock was 
2-0 Douglas-fir which averaged 8 to 10 inches (20 to 
25 cm) tall and was root-pmned to about 10 inches 
(25 cm). 
h addition to testing four plmthg methods, two 

planting dates-lde February and late March-were 
dso tested. The first of these was well witkin lkre 
normal planting season, but the second could be 
some~~hat  risky (because of soil drying) at lower ele- -3% 
vations in a dry year. Thus, the March plarating date 
was tested to determine its possible hflraence on smr- 
vivd or subsequent height growth of seedlings. 

The results of this study at the end of three grow- 
ing seasons were reported eerlie~.' At "Lat time, none 
of the IjlmtL~g t e c h i q e s  had caused si@ficant dif- 
ferences in tree suwivd (itwas exceblent on d plots). 
Several &eatments, however, seemed to improve 
height growth. 

A revisit to the plots at the end of 10 grovsiglg 
seasons and an analysis of the data show that. . . 



@ Survival was not significantly affected by any of 
the planting treatments tested. 

@ Trees that were deep plmted showed a height 
advantage after three growing seasons, but not after 
10 seasons. 

Planting In February resulted in sipificantly 
greater height growth than did planting in March. 
Planting dates and lengh of storage were necessarily 
confounded in this study, however, so that the reason 
for the height advantage of February planting c m o t  
be precisely identified. 

STUDY SITE 

The planting site was a clearcut block situated on 
the sou&-facing Rank of a minor east-west ridge 
where elevation is about 2000 feet (610 m). Slope 
percent averaged 50 to 55. Before logging, the study 
site had supported a mixed stand of Douglas-fir and 
sugar pine (Binus ZamberZiana Doud.), with patches 
of young knobcone pine (Pinus attenuata Lemm.). 
Some tanoak (Lithocapus densiJ40ms [Nook & 
Arn.] Rehd.) was also present. 

The soils in this area are umapped, but those on 
the study site resemble the Neuns series derived from 
Greenstone igneous rock. The upper foot is a brown, 
moderately gravelly loam, with a pH of 5.6 to 5.8. 
The subsoil is more finely textured, but also gravelly. 
Lirnited sampling showed no bedrock d t h i n  4 feet 
(1.2 m) of the soil surface. 

Climatic data are not available for the study site 
itself, but long-tern weather records have been main- 
tained at the Gasquet Ranger Station, 3 miles to the 
northwest. The Station is, however, about 1800 feet 
(549 m) lower in elevation than the study site. The 
precipitation at Gasquet averages about 90 Po 95 
inches (229 to  241 cm) a year, with nearly 84 percent 
of the total falling during the 6 months from October 
firou@ March. June through August is the dry 
season, averaging only a little over 2 inches (5 cmn) s f  
precipitation. 

The study design was a split-plot, randomhed 
block layout \with three replications. The effect of 
planting dates was tested on the main plots, and of 
planting meLhods on the subplots. Each subplot con- 
sisted of a row of 20 seedlings hand-pla~ted by a 
two-man crew. Each man planted half of the trees on 
each subplot. 

Mter 10 g o ~ g  seasons, survivd was still good 
for all tredmelills. Of the 24 subplots, seven had no 
mod&@ recorded since the h e  they were planted. 

h a d d i ~ o n d  11 sstabplots had 95 percent stlfivd, 
and five had 90 percent. Only one subplot had a sur. 
vivd of less than 90 percent-tIris one receiving the 
very deep plmting treatment in hhrch and having a 
survival of 80 percent at the end of 10 growing sea- 
sons. The good sufival on nearly all plots can prob- 
ably be attributed mainly to careful planting by two 
expekenced, conscienlious glmters who were aware 
of the fact that the plan~thg was for research pm- 
poses. Survival on replar production planting jobs at 
that time was around 60 to 70 percent after the first 
gro&g season. 

On blocks 1 and 2, most of the mortality occuned 
during the first 3 years after planting. On block 3, 
morLality was about equdy  divided between the first 
3 and the last 7 years. 

For all blocks and both planting dates combined, 
10-year survival for the control treatment averaged 95 
percent. Survival for the stem-shielded trees also aver- 
aged 95 percent. Sul-srival for the deep-planted trees 
averaged 96.7 percent, and for the verg.-deep-planted 
92.5 percent. These differences are not statisticdy 
significant. Therefore, results on survival after 10 
years are essentially the same as those after 3 years. 

Trees planted in February averaged a foot taller 
than those planted in March (5.2 vs. 4.2 feet) (1.58 
vs. 1.28 m) (table I). Analysis of variance indicated, 

Table 1-Heights of  Douglas-fir trees after 10 flowing 
seasons, by plan~ng method and &re, northwestern 
California 

5.1 (1.55 m) - - 

1.5-14.9 2.735 
1.0-12.6 2.081 

4.7 (1.43 m) - - 
Very deep planting: 

0.8-12.6 2.574 
0.8-11.0 2.298 

Control: 
1.3-10.9 2.237 

4.5 (1.37 m) - - 
All methods: 

5.2 (1.58 m) - - 
4.2 (1.28 m) - - 



however, that this difference was not statistic;CUy sig- 
nificant at the 5 percent level of probability (not sig- 
nificmt, in fact, until about the 13 percent level). 
Trees in the control treatment had the shortest aver- 
age height among the four methods tested. The stem- 
shaded trees had the greatest average height, but ex- 
ceeded the control trees by only 0.5 foot (0.15 m). 
As was true for planting date, analysis of variance 
indicated "cat differences among planting methods 
were not statistically significant. 

The tremendous range in heights within each com- 
bination of planting date and planting method is espe- 
cially striking. In each of the eight methodldate com- 
binations, the difference in height between the short- 
est and tallest of the survivors was at least 7 feet 
(2.13 m). In one treatment combination (deep plant- 
ing in February) it was more than 13 feet (3.96 m). 
On four of the treatment combinations the shortest. 
tree was less than 1 foot (0.30 m) tall, and on the 
other four it was between 1.0 and 1.5 feet (0.30 and 
0.46 m). At the other extreme, the tallest tree was 
over 9 feet (2.74 m) tall on all treatment combina- 
tions except one (7.9 feet E2.41 m] on the control 
planting in March). The tallest tree in the entire study 
was 14.9 feet (4.54 m), and is on one of the subplots 
deep-planted in February. 

The data suggest a possible relationship between 
tree height and distance from the ridgetop. Although 
numerous exceptions can be found, the shorter trees 
more often occur near the ridgetop and the taller 
ones farther downslope. For example, in the upper 
half of the plantation (i.e., the upper half of all 24 
subplots) only eight trees are more than 7 feet (2.13 
m) tall. By contrast, in the lower half of the plmta- 
tion, 61 trees exceed this height. 

Trees less than 2 feet (0.61 m) tall are more uni- 
formly distributed, but these also seem to be some- 
what influenced by slope position. There are 30 such 
trees in the upper half of the plantation and only 19 
in the lower half. Mortaliw seemed less influenced by 
position on slope; 14 dead trees were found in the 
upper half of the plantaLion and 11 in the lower half. 

The study was not designed t o  test for a possible 
correlation between tree height and distance from the 
ridgetop. Fudhemore, the confimration of the ridge- 
top is such that precise measurements would be 
rather arbitraw. Nevertheless, it seemed worthwhile 
t o  do an analysis of covariance to  see whether treat- 
ment differences mi@ be simficant when the in- 
fluence of position on slope was removed. 

Rather than using distance from ridgetop, I used 
distance from the upper edge of the plantation as the 
covariate, since it was a clearly idem~fiable reference 

line. With the influence of position on slope thus ne- 
moved, plmting date was found to be siMficant at 
the 1 percent level of probabMty, but p lan~ng  
method still failed to  achieve si@ificmce-even at the 
5 percent level. This 'latter f m h g  was not su~nising, 
since differences among the means for planting 
meLhods were relatively small. 

DISCUSSION 

Lest too much importance be placed on the rela- 
t i o n s ~ ~  between height growth and position on 
slope, it should be pointed out that the entire planta- 
tion occupies only a slight segment of the total slope 
-all trees are within about 200 feet (61 m) of the 
ridgetop. Thus, no generalizations are appropriate 
concerning tree height growth relative to slope posi- 
tion within, say, an entire clearcut block-not even a 
small one. Only the near-ridgetop environment was 
represented in this study. 

That trees generally grow better with increasing 
distance from the ridgetop is not a new discovery. It 
is well known that ridgetops are more exposed to 
desiccating winds, and often have less soil moisture, 
fertility, and soil depth than locations lower on the 
slope. Apparently, in the general ridgetop sricinity, 
planting spots even a short distance downslope are 
considerably more favorable than those near the top. 

The very skort trees were more uniformly dis- 
tributed on the slope than were the tall trees. %his 
difference suggests that, in addition to slope location, 
other factors influenced tree size and vigor. Some of 
the very small trees have sparse or chlorotic foliage, 
which may indicate a localized nutritional or patho- 
logical problem. Other possible explanations are poor 
p lanhg  of some trees 6-shaped roots, for e x q l e )  
or subsurface ananimal damage. 

al damage to aerial parts appeared to  be ia- 
consequential. The trees had, in fact, been individual- 
ly protected from deer duling the first three growing 
seasons by a 4-foot-Iri& (1.2-m) cylinder of poultry 

ediately after plantkg. 'This net- 
t h g  was removed at the end of the third grovving 
season because it was then beginniag to interliere with 
lateral shoot deveielopment, and also because browsing 
pressure on nearby unprotected n a t u d  seedlings did 
not seem to be serious. 

d thou& the trees planted in February averaged 
greater height growth than those planted in March, 
the reasons for this superiority c m o t  be pinpointed. 
This is because the two groups of see&gs not only 
were plaPlLed on different dates, but also were sub- 
jected to different storage periods prior to planling. 
Both groups were lifted at the nursery on the s m e  



day -iy F e b m ~  to asuse that ai?l trees wodd be fully 
domant when lifted. The trees slated for Febmary 
glmrmthg were outplmted the next day, but those 
slated for March plmting were cold-stored for 5 
weeks before outplmting. Thus, either the later plant- 
k g  date, the 5 weeh of cold storage, or both may 
have been responsible for the poorer height groweh of 
the March-planted trees. 

Cold storage per se does not necessuily have an 
adverse effect on the suMval or subsequent growth of 
bze-root s e e b g s .  Hn an Oregon study, Zaerr md  
Lavender2 noted that storage of 2-0 Douds-fir seed- 
h g s  for up to 9 weeks caused no si&cmt reduc- 

"lion in first-year sumivd if trees were oulplmted on a 
site e s s e n ~ d y  free of vegetative cornpatition. This 
was the type of site used in the study reported here. 

NOTES 
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