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ARTTFICIAL SHADE IMPROVES SURVIVAL OF PLANTED DOUGLAS-FIR AND WHITE FIR SEEDLINGS

Ronald S. Adams, John R. Ritchey, W. Gary Toddd/

ABSTRACT

Artificial shading of Douglas-fir and white fir planted seedlings measurably
inereased survival as shown by five Califormila Division of Forestry studies con-
ducted in northern Califcornia. Tests were made on & variety of sites; from critical
valley exposures to those of mild coastzl climate. It was shown that survival
of shaded seedlings was two Lo three times greater than unshaded ones. The greatest
differences in swrvival, of course, were on the more crifical sites.

Douglas—fir (Pseudotsuga menziesii [Mirb] France) and white fir (Abies concolor
[Gord. & Glend.] Lindl) are classed respectively in Baker's (1950) tolerance tables,
as 'Intermediate" and "tolerant" in the amount of shade they enjoy for establishment
and growth in the forest. TFowells (1965) indicates that white fir seedlings need
a partially closed canopy under whilch to develop, and envirormmental conditions in

arge clearings Inhibit regeneration. Douglas-fir develops bhest in its early stages
when the environment is partlally protected from full sunlight. Logically, then, it
could be expected that shading should improve survival of planted Douglas—fir and
vhite fir seedlings.

A number of observations and results of testing artificial shade for Douglas-fir
and ponderosa pine have been published over the years, (Show, 1930; Person, 1937;
Isaac, 1938; California Stats Roard of Forestry, 1955: Maguire, 1955; Franklin, 1963),
but there appears to have been little testing in replicated plots with measured shade,
nor have there been tests using white fir. Duffield (1962) stated that the value of

1/ Ronald 8. Adams, Forester IIT, Regeneration Silviculturist, C.D.F., Sacramento;
John R. Ritchey, Forestsr II, Nursery Forester, Ben Lomond Nursery, Santa Cruz;

W. Gary Todd, Associave Svate Forest Ranger, C.D.F., St. Helena, formerly Forester II,
Nursery Forester, Ben Lomond Nursery. These studies would not have been possible
without the assistance of a number of other foresters in the employ of the California
Division of Forestry, who helped lay out plots, rlant, and make survival counts.
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seedlings were tested.

the need for shading studies, particularly for true firs

by the California Division of Forestry in the last five
: convineingly confirm the fact that artificial shade lmproves swrvival of
Jouglas-{ir and white fir planted seedlings.

reforestation study areas:

The studies were located on two coop—

the Forest Creek Burm, Calaveras County, and

Gualala Redwoods, Sonoma County; and at two of the Dﬁvision S nurseries:
*“1j Santa Cruz Countj, and Davis Headquarters, Yolo County.
in table 1 below.

Ben

Information on the

Site information where artificial shading of Douglas-fir and white {ir

Appro¥. mean

Approx. mean max. tempera- Criginal
Elev., ann. rainfall ture May to Vegetatlon
Study Site (f£.) (inches) Oct.(deg.I") Soil Cover
Forest Creek Burn, 4,800 54 76.1 Cohasset loam  Mixed conifer,
Central Slerra Approx. pH 6.0 ponderosa and
Nevada [Mountains sugar pine,
white fir and
Douglas-fir
Gualala Redwoods 1,400 75 T4.6 Huge clay loam Douglas-fir
(8 mi. from coast) Approx.ph 6.0  and redweod
Ben Lomond Nursery
(7 mi. from coast) 2,600 60 72.7 Sheridan sandy California
loam pH 6.2 live ocak,
madrone, and
redwood
Davis Headquarters 35 16 83.9 Yolo clay loam Grass and
Nursery, Sacramento pH 8.0 heros

Velley

The shading of whitfe fir was fested on the Forest Creek Burn and at the Ben Lomond
Nursery. Shading Douglas-fir was tested on the Gualala Redwoods Study, and at the
Ben Lomond and Davis nurseries.



hadss for all studies were provided by shingles from five to seven inches wide,
In the ground on aspproximately the scuth-southwest slde of each seedling,

four or five inches from its base. A portion of from elght to ten inches of

h shingle w2g above mrowid, and slanted so that the top was directly over the

g (Mgs. 1 and 2). Maguire (1955) pointed out the Importance of placing

de ip such z pesitlon, since the most severe radiation and soll surface temper-

ures goewr sbout 2:00 p.m. He recommended that shingles ve placed 27° west of

outh, which zpproximates the south-southwest direction used in these studies.

3 |-k
-
&n
il
or o
o
ety (I
4

W

\,
i) L s
QO Q

'

0

2
3,
&
]

|

0 [a_;{ o (D

= of the szedlings were irrigated at any time.

ghaaed -0 Douglas-{ir Fig. 2, Inserting a shingle to afford
& study plof at the Davis shage for a 1-0 Douglas-fir seedling
Nursery, Yole Courity. at e Davis Nursery.

Horest dresel Bum

Bothh 1-0 =nd 2-0 age classes were used in the Forest Creek Burn study. These
were haspl-planted in early December 1961, using Corson planting tocls. The last
survival count wes made October 31, 1963 (fig. 3). The 1-0 planting consisted of
10 trees each in 8§ plots, and the 2-0, 10 trees each in 20 plots. In each plot,
half of the trees were selectsd at rendom for shading. During the two growlng
seasons, practically no ¢ompeting vegetabion invaded the plets. Swrvival results
are summaErized in table 2. Since the 1-0 and 2-0 were planted in blocks with slight-
ly different exposures, survival comparison of the two age classes was not possible.
Algo, there was an insufficient number of 1-0 seedlings planted to indicate s sta-
tistically significant survival difference between those shaded and not shaded.



Fig. 3. Checking survival of white
fir shading study on the Forest Creek
Burn .

Table 2. Second year survival of shaded and unshaded 1-0 and 2-0
white fir seedlings planted in the Forest Creek Burn
RFeforestation Study.

1-0 2-0&/

—————— percent- - - - - ~ -
Shaded 80 87
tnshaded 50 64

a/ Difference is significant at the .01 level.

Ben Lomond Nursery

There were two objectives in mind for the test of 1-0 white fir at Ben Lomond.
Cne was the effects of shade, fhe other, twc planting times. The planting times
were early February and late March, 1964, 4 Labin-square design was used to test
the fowr treatments (fig. U). Twenty-five trees were planted in each plot. The
plots were located nesr the nursery beds, bub removed sufflclently so none of the
cultural nursery treatments affected the test. A "Little Beaver" soll auger was
used to prepare planting holes. Invading vegetation was removed periodically dur-
ing the season by hand-hoeing. Survival counts were made approximately once each
month through the last of Decsmber, 1564, Table 3 shows the results of the test.

_j_



Flg. 4, White fir 1-0 shading study
plots at the Ben Lomend Nursery.

Table 3. Tlrst year survival of winter and spring
planted, shaded and unshaded, 1-0 white
fir at the Ben Lomond Nursery.

Winterd/ Springd/

————— percerit- = - - -
Shizded 84 89
Unshaded 64 us

a/ Difference is significant at the .05 level.
b/ Difference is significant at the .0l level.

It will be noted that there were no sigiificant differences between winter and
spring plantings, but shading dnproved sirvival considerably. Figure 5 graphically
conpares survival of the Tour test varizbles. The sharpest decline in survival, as
might be expected, was from the lsst of June wntil the last of September.
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Teble 4, July 1963, survival of shaded and unshaded 1-0 and
1 ougla slanted

-1 Douglas-fir trees planted in Gualala Redwood
Reforestation Study in December 1961, and March 1962.
Fall Spring?/
1-0 1-1 1-0 1-1
——————— rereent - - = = - = = =
Shaded®/ 15 14 34 72
Unshadeda/ i 5 30 32

a3/ Differences greaber than 12.5 percent between any figures

in columns or rows are slgnilficant at the .05 level.

Differences in survival hetween shaded and unshaded stock was not significant
except for spring-planted 1-1. Age class seemed to make 1ittle difference in re-
sults except between spring-planted, shaded, 1-0 and 1-1. Spring planting for
shaded and unshaded and 1-0 and 1-1 combined was betker than fall. Severe sheep
browsing undoubtedly had an effect and, in fact, may have confounded some of the
results. As might be expected, 1-0 stock appsarsd fo be more severely damaged than
1-1.

—7-



rnd and Davls Nurseries

]

Studies abt the Ben Lomond and Davis nurseries were nearly identical, except for
selection of treatments wlthin plots. Shading of two age classes of Douglas-fir were
agaln compared, this time, 1-0 and 2-0. Stock from the same seed source was used in
pboth locations. Planting at Ben Lomond was done in mid-February 1963, and at Davis,
two weeks later. As wlll be seen in fable 1, the sites are quite different. Again,
plots were suficlently removed from nursery growing areas to prevent influences from
nursery culftural practices affecting tests. Plot design consisted of a Latin~square
with 5 trees each in 16 plots. The Little Beaver soil auger was used to prepare the
planting holes. Competing vegetation was periodically removed by hand-hoeing. Sur-
vival counts were made at Davis every {wo weeks from mid-May through the last of
October 1963, and in December 1963. The following season they were made once a month
from the first of August through the first of October. At Ben Lomond, counts were
made the first of each of the following months in 1963: April, August, and December.
Table 5 shows the results of shading at each nursery. Figure 7 compares survival
of the four treatments at the Davis Nursery, from mid-May 1963, through October 1964.

Tavle 5. First year survival of shaded and unshaded 1-0 and 2-0 Douglas-fir planted
at the Ben Lomond and Davis Headquarters Nurseries.

Benn Lomend j T Davis
Survival count date 11-29-63 12-23-63 10-5-64
1-0 i
1-08/ 2-08/ 1-08/ 202/ 108 2-08/
————————————— percent - - - - - - = - - - - -~ -
Shadeal’ 96 92 63 86 34 75
UnshadedS/ 34 95 2 25 0 3

Differences in columns are significant at fhe .01 level.

Differences between the Davis shaded age classes are significant at the .01 level.
Differences between the Ben Lomond unshaded age classes are significant at the

.05 level and between age classes in the Davis 12-23-63 count at the 401 level.

oo
N

It will be ncted that the more critical site at Davis emphasizes the difference
between survival of 1-0 and 2-0 stock, and shading and no shading., There was no
difference in the two age classes under shade at Ben Lomond.
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SUMMARY AND CONCLUSIONS

The fMve studies in which artificial shade was tested provides conclusive evi-
dence tnat shading of planted Douglas-fir and white fir seedlings was beneficial.
It is particularly recommended that this procedure be used for Christmas tree
plantings, since mere intensive practices are warranted in such operations. Costs
of shading are estimated to be no more than 3 to 4 cents a tree.

The economic advantages of shading are presented in fable 6. Planting costs

are assuned to be 9 cenfts a tree, and shading a maximun of 4 cents a tree.
Assumed survival of unshaded stock is 50 percent, and shaded 80 percent.

Table 6. Comparative costs of shading and no shade based on individual surviving

trees.
planting shading total survival  cost/surviving
cost/tree cost/tree cost percent tree
Unshaded .09 _— .09 50 J180
Shaded .09 .0l .13 80 162

'he assumptions in table 6, of course, 8o not take into account additional re-

planting costs and added 1nterest charges on the capitalized investment of replanting.
Slde benefits of the five studies indicate that in favorable sites of mild

climate, 1-0 shaded stock survives as well as 2-0. On more critical sites, however,

wrere there is cometing vegetation, south siope aspects, hkigh soil temperatures,

and pessibillities of anlmal damage, older age classes should be used.

-10-
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