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The Southwest Oregon Forestry Intensified Research Pro- 
gram (FIR) is a cooperative effort between the College of 
Forestry at Oregon State University and the Pacific North- 
west Research Station of the USDA Forest Service. The 
FIR Program assists foresters and other resource manage- 
ment specialists in solving complex biological and manage- 
ment problems endemic to southwest Oregon. FIR special- 
ists organize, coordinate, and conduct educational programs 
and research projects specifically tailored to meet the needs 
of this area. 

Established in October 1978, the FIR Program is supported 
jointly by Oregon State University, the Bureau of Land 
Management, USDA Forest Service, O &C Counties, and 
the southwest Oregon forest products industry. It represents 
a determined effort by the southwest Oregon forestry com- 
munity and county governments to find practical solutions 
to important forest management problems. 

The `FIR REPORT' is one of the principal methods of re- 
porting recent technological advances and research results 
pertinent to southwest Oregon, and alerts area natural re- 
source managers to upcoming continuing education oppor- 
tunities. Comments and suggestions concerning the content 
If `FIR REPORT' are welcome and encouraged. This 
newsletter is prepared twice a year and is mailed free on 
request by contacting us at this address: FIR REPORT, 
1301 Maple Grove Drive, Medford, OR 97501. 

For the FIR Staff, 

Kathryn Baker -Katz 
Research Assistant 

Ole T. Helgerson 
Reforestation Specialist 
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Because of space limitations, articles appear as extended 
abstracts. Results and conclusions presented herein may be 
based on preliminary data or analyses. Readers who are 
interested in learning more about a study are encouraged to 
contact the principal investigator or wait for formal publica- 
tion of more complete results. For specifics on the FIR 
Program, contact Steve Tesch, Adaptive FIR Project Leader. 

Adaptive FIR 

DAVE McNABB TAKES RESEARCH 
POSITION IN CANADA 

Long -time readers of the FIR Report will want to join us in 
congratulating Dave McNabb upon being selected to join 
the Alberta Environmental Centre near Edmonton as a Soil 
Physicist. Dave has been with the FIR Program since its 
inception in 1978 and has been responsible for many, long- 
term Adaptive FIR studies that include site preparation im- 
pacts on reforestation, ravel movement after logging, and 
fire as a site preparation tool. Good Luck (Bon Chance), 
Dave! 

1989 SEEDLING SURVIVAL FOR THE 
REGENERATION POTENTIAL STUDY 

This study looks at the reforestation potential of lands 
within the BLM Medford, District that were perceived to be 
difficult to reforest. The potential for artificial reforestation 
is being assessed by measuring the survival and growth of 
Douglas -fir 1-0 plugs and 2-0 bareroot seedlings planted on 
sites that represent the range of environmental conditions 
encountered on these lands. Ponderosa pine was also 
planted on sites below 2700 feet in elevation; sugar pine 
was planted on three sites, and plug -1 Douglas -fir was 

planted on one site. 

Sites were clearcut harvested and most were broadcast 
burned. After planting, competing vegetation was con- 
trolled by paper -mulching, and clipping and grubbing with 
hand and power tools so that seedling survival and growth 
would reflect reforestation potential of the sites. Douglas - 
fir seedlings were protected from browsing by plastic mesh 
tubes. Tin Pan Peak and Salt Creek received an early herbi- 
cide treatment before the injunction against application was 
handed down. 

For stocktypes planted on more than one site, the 2 -0 bare - 
root ponderosa pine survived best (Table 1). Survival of 1- 

0 plug ponderosa pine was reduced by porcupines (Miller 
Gulch, West Left Fielder) and herbaceous weeds (Limp 
Hog). For Douglas-fir, 2-0 bareroots survived better than 
1 -0 plugs. 

Based on four sites, ponderosa pine 2 -0 bareroots survived 
better than Douglas -fir after 5 years (Figure 1). For 
Douglas-fir and ponderosa pine 1 -0 plug seedlings, the mor- 
tality rate was greatest in the fast -year. Survival trends for 
Douglas-fir 2-0 bareroot and ponderosa pine 1 -0 plug seed- 
lings most closely parallel each other over 5 years while the 
curve for Douglas-fir 1 -0 plugs continues to decline. 

For sites where both Douglas -fir and ponderosa pine were 
planted, Tin Pan Peak and Texter Gulch had consistently 
higher survival than Stevens Creek, Rock Creek, or Limp 
Hog. On these latter sites, heat or herbaceous competition 
limited survival, particularly of Douglas -fir. Future analy- 
ses of seedling performance will look in detail at specific 
site characteristics, such as soil texture and rock content, 
that may influence survival and growth. 

For sites with less than 5 years of observations, Douglas-fir 
1 -0 plugs show the best overall survival, followed by the 
ponderosa pine stocktypes, the sugar pine, and lastly the 
Douglas -fir 2 -0 bareroots (Table 2). 

Fifth -year survival and growth data will be available for 
another 10 Regeneration Potential Study sites after the 1990 
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Table 1. Mean 5th -year seedling survival (percent) for sites 
in the Regeneration Potential Study planted between 1982- 
1985. 

Site 

Stocktype and species* 

1 -0 
Plug 

Aspect DF 

2 -0 
BR 
DF 

Plug 
+ 1 

DF 

1 -0 
Plug 
PP - 

2-0 
BR 
PP 

Tin Pan Peak W 88 98 90 97 

Salt Creek ** S 66 85 92 
Dutch Herman #1 N 74 84 

Hog Remains N 60 88 

Julie Creek S 40 77 
Negro Ben S 71 69 98 
Forest (Oregon) Belle S 81 

Peggler Butte S 41 45 

Rock Creek S 38 40 68 

Stevens Creek S 35 51 90 86 
Texter Gulch W 86 82 90 94 
Walker Return S 61 82 

Blue Gulch N 99 
Brandt Crossing S 67 57 92 
Buckhorn #1 S 73 68 59 
Burton Butte N 70 74 95 
Chrome Umbrella S 96 93 
Dutch Herman #2 N 89 77 

West Left Fielder W 74 81 41 

Limp Hog S 22 11 45 

Marial Ridge S 57 82 

Millcat N 83 82 67 
Miller Gulch S 25 
Myrne Return N 68 81 

Pickett Again S 83 55 83 

Rocky Ravel N 69 81 

Wolf Gap S 63 83 

Average 66 72 90 74 91 

*DF = Douglas-fir, PP = ponderosa pine 
* *Douglas -fir data are averages of shaded and unshaded 

seedlings. 
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Figure 1. Percent survival of stocktypes for which there are 
5 years of data. n= number of Regeneration Potential Study sites. 

Table 2. Mean 3rd - and 4th -year seedling survival (per- 
cent) for sites in the Regeneration Potential Study planted 
in 1986 and 1987. 

Site (Years of 
observation) Aspect 

Stocktype and species * 

1-0 
Plug 
DF 

2-0 
BR 
DF 

1-0 
Plug 
PP 

2-0 1-0 
BR Plug 
PP SP 

South Left Fielder(4) S 83 76 67 
Buckhorn #2(4) S 71 54 82 
China Ridge(4) S ' 87 74 93 
Dutch Herman #3(4) N 79 75 
Hayes Creek(4) S 93 72 
Howard Quick(4) N 46 59 
Low Crow(4) N 77 44 78 56 
Missouri Blowdown(4) N 98 94 
Old Ben(4) S 89 85 73 
Totten Creek(4) S 83 65 80 
Flume Descent(3) SW 85 71 77 
Lower Grave Creek(3) S 79 79 81 

Average 81 71 79 77 73 

*DF = Douglas -fir, PP = ponderosa pine, SP = sugar pine 

60 - 

- 

-s 
1 

u 

5 

four 

3 

- 

.. 

- 

., 



growing season. This additional information will provide a 
better picture of seedling performance across a broader ar- 
ray of environmental conditions. 

For background material on this study, see FIR Reports 
3(3):4, 4(1):1, 4(4):4, 5(2):6 -7, 5(4):4, 6(4):4, 8(4):2 -3, 
9(2):2, 10(1):3 -4, 10(4):6 -7, and 11(1):2 -3. 
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OH 

SURVIVAL RESULTS FOR FLUME 
GULCH VEGETATION CONTROL 
STUDY 

In 1987, a study was initiated at the Flume Gulch study site 
to compare the effectiveness of three different vegetation 
control treatments: paper mulch, scalping, and no vegeta- 
tion control. The treatments were designed in consultation 
with personnel from the Glendale Resource Area, Medford 
District, BLM. This site is part of the Regeneration Poten- 
tial Study. 

The site receives 5 -6 inches of dry season precipitation 
(May- September) and faces southwest on a 50 percent slope 
at an elevation of 2600 feet. Based on reconnaissance from 
neighboring, undisturbed stands, the plant association at this 
site is PSME/RHDIBEPI (Douglas- fir /poison oak/Piper's 
Oregon grape). 

After timber harvest and site preparation, Douglas-fir 2 -0 
bareroot seedlings were planted in 1987 and paper mulch 
applied to 150 seedlings (total) in three replications. The 
scalping treatment was conducted in 1988 and 1989 on an- 
other set of 150 seedlings by clearing vegetation in a 2 -foot 
radius around each seedling. 

Survival after three growing seasons was best with paper 
mulch and worst for seedlings receiving no vegetation con- 
trol (Table 1). Mulching benefits seedlings primarily by 

Table 1. First - through third -year seedling survival (per- 
cent) by vegetation control treatment at the Flume Gulch 
Vegetation Control Study. 

Year 

Vegetation control treatment 

Paper mulch Scalp No control 

1987 95 77 75 

1988 86 57 55 

1989 71 43 31 

controlling competing vegetation; scalping was not as effec- 
tive at controlling the herbaceous competition. The degree 
of herbaceous weed control offered by mulching in this 
study appears to substantially benefit planted seedlings. For 
additional information on mulching, see FIR Report 9(1):6. 
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Fundamental FIR 

MANAGING RAVELLING SLOPES 

The first report of our observations on characteristics of 
ravelling soils appeared in the FIR Report in 1985 (8(2):6- 
8). We continued to observe the ravelling process and the 
success of both natural and planted seedlings. 

In the 1988 FIR Report (10(1):6 -7) we reported that seed- 
ling density on the Umpqua site averaged 169 per hectare 
(68 per acre) in areas once covered by the original canopy, 
but only 47 per hectare (19 per acre) elsewhere. Most of 
these were natural seedlings. The adjacent stands have con- 
tinued to seed -in the harvested unit and it is now stocked 
with slightly over 370 seedlings per hectare (150 per acre) 
in the original canopy area. Little change has taken place in 

the stony areas outside of the formerly canopy covered area. 

On the Applegate site, the natural seed source is better lo- 
cated to contribute seed to the harvested unit. At last obser- 
vation, natural and planted seedlings ranged from 370 to 
1200 seedlings per hectare (150 to 485 per acre) in the area 
within the original canopy cover. This site has a slightly 
shallower gravel mantle and has a more favorable aspect 
than the Umpqua site. 

On the Sixes River site, the original stand was more evenly 
distributed. The site also has a favorable aspect and re- 
ceives approximately three times the amount of precipita- 
tion as the Umpqua site. Thus, in spite of having a deeper 
gravel mantel, regeneration has been highly successful. We 
estimate that average stocking is now about 1240 seedlings 
per hectare (502 per acre) consisting of mixed western hem- 
lock and Douglas-fir. 

Our study design did not allow a precise determination of 
seedling mortality from burial or abrasion by ravelling ma- 
terial, but it appeared to be very low. McNabb reported that 
3 years after planting, mortality from ravelling stones and 
organic debris was approximately 9 percent (FIR Report 
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10(2):3). It is possible that planted bare -root stock is more 
susceptible to burial than natural seedlings. 

Trees growing on these gravel- mantled slopes retain some 
of the ravel particles at the uphill side and gradually lose 
surface material from the downhill side. This leads to for- 
mation of a terrace- hollow profile at each tree or stump. 
During tree felling, a thin layer of sawdust is retained on 
each terrace. We took advantage of this "surface marker" 
to qualitatively evaluate ravel movement during cable 
yarding and for the following 3 years. We found that 64 
percent of stump terraces had no new rock fragments resting 
on top of the sawdust layer. Scattered rock fragments were 
found on 31 percent of the stump terraces, and on the 
remaining 5 percent of the terraces the sawdust layer was 
virtually covered with ravelling material. On the Sixes 
River site, extensive tunneling by mountain beaver appeared 
to be a primary cause of ravelling. On the two drier, inland 
sites ravelling appeared to be closely associated with 
localized soil gouging by logs during yarding. This was 
also noted by McNabb (FIR Report 9(1)1:4). Increased 
deer usage in clearcut units also is credited with 
contributing to a slightly higher post- harvesting rate of 
ravelling. 

At each of the three sites, we excavated a trench through the 
stump terrace at two or more locations at each site for a 
total of 10 trenches. Using simple surveying tools, we 
mapped the soil surface profile and any identifiable layers 
within the gravel deposits above these stumps. Tree ages at 
cutting ranged from 98 to 350 years. Stump diameter aver- 
aged .85 m (33.5 in.). Average slope of the groundline from 
immediately above the stump to immediately below the 
stump averaged 142 percent while the hillslope averaged 
only 67 percent. This is caused by buildup of ravel material 
above the stump as well as losses of surface material from 
below the stump. Some of the profiles showed two or more 
distinct layers, but other profiles appeared to be made up of 
slowly accumulated material. Average volume stored above 
the stumps was .78 m' (27 ft3). We were, however, unable 
to determine the rate of ravelling. 

In summary, we find that lands similar to these three test 
sites can be successfully regenerated, particularly if a natu- 
ral seed source is available to continue seeding -in the site 
over the first 3 or 4 years. Damage to seedlings and seed- 
ling burial appear to account for a very low percent of seed- 
ling mortality. Increased amounts of ravel material appear 
to be associated with gouges from dragging logs or from 
overturned stumps. Slash burning also releases consider- 
able material. However, most of the accelerated ravelling 
occurs within the first year after logging. Site potential for 
tree growth is strongly limited to specific areas which were 
occupied by trees in the original stand. In some cases, only 
about 50 percent of the area is under original canopy cover. 
Most surviving seedlings are within about 5.5 m (18 ft.) of 

stumps. If regeneration is to be by planting, careful selec- 
tion of micro-sites is necessary. It may be more productive 
to plant at a closer spacing in the most favorable areas and 
omit planting in areas with very low probabilities of sur- 
vival. Stocking surveys on gravel- mantled slopes must be 
designed to give accurate stocking estimates of the produc- 
tive lands within harvest unit boundaries. Perhaps a survey 
method designed to sample areas within a given radius of a 
specified number of stumps would be more appropriate than 
a random sampling of the whole unit. 

Henry A. Froehlich 
Department of Forest Engineering 

OSU (503) 737 -4005 

ECTOMYCORRHIZAE CAN REDUCE 
SEEDLING RESPONSE TO SOIL 
DROUGHT CONDITIONS 

Ectomycorrhizae form on roots of most bareroot conifer 
seedlings during the first growing season in the nursery. 
These fungi can increase a seedling's physiological toler- 
ance to soil drought. Some may persist through cold stor- 
age and be viable at the time of outplanting. But not all ec- 
tomycorrhizal fungi affect growth and performance of their 
host seedling in the same way or to the same extent. 

This Fundamental FIR study previously demonstrated that 
Rhizopogon vinicolor, but not Laccaria laccata, Pisolithus 
tinctorius, or an unknown mycorrhizal fungus, significantly 
increased the capacity of Douglas-fir seedlings to tolerate 
and recover from drought conditions. The indicator of 
drought stress response was closure of needle stomata, de- 
creasing the amount of CO2 photosynthetically fixed. The 
purposes of subsequent studies were to (1) determine if we 
could screen fungi for their capacity to form etomycorrhi- 
zae with Douglas -fir and reduce drought stress response us- 
ing photosynthetic rate as an indicator of stress, and (2) 
determine the, physiological response mechanism of this 
phenomenon. Assisting the project were Nola Mosier, Mi- 
chael Dosskey, and Dr. Larry Boersma, all of OSU. 

We screened previously identified ectomycorrhizal fungi 
supplied by colleagues and isolates of unknown fungi from 
seedlings and young trees growing on droughty sites near 
Roseburg, Oregon. Some 30 fungi were inoculated to 
Douglas-fir seedlings grown under controlled temperature 
and nutritional conditions to guarantee formation of mycor- 
rhizae. Those seedlings were then exposed to soil drought 
conditions and their photosynthesis rates were determined. 
Mycorrhizae formation varied according to fungal isolate, 
affecting the number of short roots colonized and develop- 
ment of external hyphae and rhizomorphs. Seedling 
drought response differed similarly. 
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Our studies of physiological mechanisms involved in 
drought response focused on differences in water status and 
photosynthesis rate between seedlings inoculated with fun- 
gal symbionts that reduced drought stress response and 
those that did not, i.e. Rhizopogon vinicolor, Hebeloma 
crustuliniforme, and Laccaria laccata. Rhizopogon vini- 
color increasd net photosynthesis rate and stomata! conduc- 
tance compared to the other 2 fungi; these did not differ 
from uninoculated controls. Rhizopogon and Hebeloma in- 
creased osmotic potential in the leaf symplast, but Laccaria 
and the uninoculated controls did not. The greatest amount 
of external fungal biomass was generated by Rhizopogon, 
then Hebeloma, and least by Laccaria. 

From these results, we generated a hypothesis to explain 
differences in seedling response to different symbionts. 
That is, increased photosynthesis can be explained by strong 
mycorrhizal demand for photosynthate that stimulates sto- 
mata! opening, regardless of water stress. This concept is 
supported by the correlation of amounts of external hyphal 
biomass with increased photosynthesis. Thus, we believe 
that some ectomycorrhizal fungi modify plant response to 
water stress by influencing carbon sink -source relationships. 

Our studies indicate that we can screen for ectomycorrhizal 
fungi that assist seedlings through drought conditions in the 
field. Fungi that form the most hyphal biomass establish a 
stronger carbon sink that helps maintain photosynthetic ac- 
tivity, while helping the plant acquire soil moisture. This 
combined effect could significantly improve seedling sur- 
vival and growth on dry sites. These results also fit with 
the results of outplanting studies, wherein better survival 
does occur when seedlings are inoculated with Rhizopogon 
vinicolor. 

For background information about this and related Funda- 
mental FIR studies, see FIR Reports 9(3) :8 and 10(1):5 -6. 

Bob Linderman 
USDA -ARS Horticulture Crops Research Laboratory 

Corvallis, Oregon 
(503) 757 -4544 

NUMBER AND SIZE OF DOUGLAS - 
FIR BUDS: INDICATORS OF 
POTENTIAL FUTURE GROWTH 

One of the greatest gains from vegetation management is 
derived from accurate forecasting of plantation perform- 
ance. A common difficulty in plantation assessment is 
jointly predicting competing vegetation development and its 
subsequent effect on conifer growth. Douglas-fir seedlings 

integrate a great deal of information about their current 
status and future growth potential in their bud characteris- 
tics. Thus, information needed to predict plantation per- 
formance may be readily available in seedling morphology 
parameters. 

In four southwest Oregon Douglas-fir plantations, John 
Tappeiner of OSU found that average 1985 height and basal 
area growth were strongly correlated with the number of 
buds on the 1983 terminal shoot. \ For individual Douglas- 
fir, a similar relationship existed between periodic annual . 
increment in diameter (1987 -89) and 1986 terminal bud 
number (Figure 1). Because each bud on the terminal shoot 
gives rise to 5 to 20 new buds in the following growing 
season, bud number is an important regulator of exponential 
growth for Douglas -fir. 

Y = 0.898 + 0.708 X 
r2=0.45 
n=59 

NUMBER OF BUDS ON 1986 TERMINAL 

Figure 1. The relationship between individual Douglas fir 
diameter periodic annual increment (1987 -89) and the number of 
1986 terminal shoot buds 

Three guidelines are recommended for counting bud num- 
ber: (1) place thumb and index finger on opposite sides of 
the terminal shoot and gradually move up the stem counting 
each bud (terminal shoot buds are located in a spiral pattern 
moving from the base to the tip of the stem), (2) do not 
count small ( 2 mm diameter), non -viable buds at the base 
of the terminal shoot, and (3) ignore whorl buds (located 
less than 5 mm below the terminal bud) because their num- 

ber is fairly constant (three to four). 

Terminal bud size makes a good indicator of the following 
year's potential height growth because it acts as an index of 
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the number of needle primordia stored in the bud which 
developed the year before. For example, 1986 bud diameter 
x length explains 64 percent of the variation in 1987 height 
growth of Douglas-fir (Figure 2). Most remaining variation 
in Douglas-fir height growth can be attributed to current - 
year growing conditions which can limit shoot elongation 
between individual needles. 

100 

1986 TERMINAL BUD DIAMETER X LENGTH (mm2) 

Figure 2. The relationship between individual Douglas fir 1987 
height growth and the diameter x length of the 1986 terminal bud. 

Using calipers, terminal bud size should be measured to the 
nearest mm in two directions, length (from the point of 
connection to the tip of the bud), and diameter (at the bud's 
widest point near the base). The product of bud length 
times bud diameter provides an index of height growth for 
the next year. 

These bud parameters may be worthwhile additions to 
measurements used in current plantation surveys as general 
indicators of future tree growth and vigor because (1) they 
are not specific to a given complex of competing vegetation 
or site quality, (2) very little training is required for their 
measurement, and (3) target values for these parameters are 
easily remembered when used as a general guide, e.g., a bud 
number of 15 or a bud length x diameter of 70. 

Stand development and individual Douglas -fir tree mor- 
phology and physiology in association with tanoak is spe- 
cifically addressed in the author's 1989 Ph.D. thesis. 

Timothy B. Harrington 
Department of Forest Science 

OSU (503) 737 -2244 

EFFECTS OF SITE PREPARATION ON 
SEEDLING GROWTH AND SURVIVAL 

Mechanical site preparation treatments commonly used in 
southwest Oregon to reduce planting difficulty and control 
vegetative competition can be detrimental to seedling sur- 
vival and growth. Furthermore, some of those treatments 
may actually lower the productive capacity of a site by ad- 
versely affecting chemical, physical, or biological proper- 
ties of the soil. 

In a recent completed FIR study, effects of five yarding/ 
slash treatment combinations on Douglas -fir growth and 
survival were compared on 149 progeny -test plantations. 
All plantations were fenced to exclude deer and were either 
treated with herbicides or hand -slashed to minimize vegeta- 
tive competition. The yarding and slash treatments ranged 
from cable yarding followed by broadcast burning to tractor 
yarding followed by machine piling, stump removal, and 
tilling (disking or ripping). Preharvest site quality, 5 -year 
seeding heights, survival percentages, soil- penetration resis- 
tance (a measure of soil compaction), and the occurrence of 
visible soil -humus were measured on each plantation. 

Full results will soon be published in the Western Journal of 
Applied Forestry. They indicate that mechanical site prepa- 
ration was not essential for Douglas-fir seedling survival 
where competing vegetation was controlled. Tractor yard- 
ing followed by machine piling of off -site windrows 
adversely affected the soil more than cable yarding followed 
by broadcast burning. Tilling, as carried out in this study, 
did not seem to benefit either seedling survival or seedling 
growth. Seedlings planted on soils associated with piling 
slash off -site did not grow as tall during their first 5 years 
as seedlings growing on similar sites where slash had been 
broadcast burned. 

For background information about this study, see FIR Re- 
port 6(2):6. 

Don Minore and Howard Weatherly 
PNW Forestry Sciences Laboratory 

Corvallis, Oregon 
(503) 757 -4364 

SHRUB GROWTH FROM STEM 
ANALYSIS STUDY 

Differences in site quality and plant age are often taken into 
account in predicting tree growth by using stem- analysis 
techniques, but those techniques were not applied to shrub 
species until they were used in FIR studies of 47 whiteleaf 

log 10(Y) _ -0.172 + 1.081 10910(X) ; 
r2=0.64 
n=58 í 

. 
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manzanita (Arctostaphylos viscida), 61 deerbrush 
(Ceanothus integerrimus), and 61 snowbrush (C. velutinus 
var. velutinus) shrubs. Our objectives were to describe the 
growth of each species by age and shrub vigor and to pro- 
vide equations for estimating that growth in terms of stem 
length and crown area. 

The shrubs varied in age and size, but were all open -grown 
and located in southwest Oregon. Present crown dimen- 
sions were measured, and past stem lengths for each year of 
growth were determined by dissecting the longest stem and 
counting annual rings at 10 cm intervals. Mathematical 
models were fit to describe stem length as a function of 
plant age and stem length at age 10. Stem height and crown 
area were then related to length of the longest stem in each 
species, and curves were constructed to illustrate crown de- 
velopment by age and shrub vigor. Given data on age and 
length of the longest stem for several shrubs on each site, 
the derived models can be used to predict the growing space 
that will be occupied by open -grown shrubs of each species 
at any time from ages 4 through 20. 

Specifically, the models show that whiteleaf manzanita is 
the most long -lived and upright of the three species. Deer- 
brush tends to live longer than snowbrush and continues to 
grow in height throughout life. In contrast, snowbrush 
crowns do not appreciably increase in height after age 10 
but spread widely to occupy more area than either deer- 
brush or whiteleaf manzanita. Open -grown snowbrush 
crowns close sooner, at shorter heights, than open -grown 
deerbrush crowns at any shrub spacing. Curves and equa- 
tions for whiteleaf manzanita have been published in Forest 
Science 34(4):1094 -1100. Curves and equations describing 
deerbrush and snowbrush are scheduled for publishing in a 
journal article. 

For information about this and related Fundamental FIR 
studies, see FIR Reports 8(4):7 and 8(2):8 -9. 

Don Minore, Joseph Means, and Howard Weatherly 
PNW Forestry Sciences Laboratory 

Corvallis, Oregon 
(503) 757 -4364 

PSME: A PLANTATION GROWTH 
SIMULATOR FOR DOUGLAS -FIR IN 
SOUTHWEST OREGON 

A Fundamental FIR computer model for predicting 10 -year 
development of Douglas -fir/hardwood stands in southwest 
Oregon is nearly completed. The model is called PSME, an 
acronym standing for plantation Limulator - Mixed aver 

green. Information on PSME also was presented in FIR 
Report 11(1):8. 

A preliminary version of PSME was demonstrated at the 
November, 1989, FIR Vegetation Management Workshop. 
The current version of PSME simulates growth for 3- to 10- 

year old stands using as input initial Douglas -fir size and 
associated hardwood (tanoak, Pacific madrone, or chinka- 
pin) and herb /shrub cover. Information on basal area and 
hardwood stand density before cutting also can be input to 
provide a pre- harvest forecast of Douglas -fir plantation de- 
velopment. 

PSME predicts 10 -year development of competing vegeta- 
tion cover, plus Douglas-fir height, diameter, and cover. 
The model also provides users with 10th -year estimates of 
the percent of Douglas -fir in various height and diameter 
size classes. A PSME user's guide is being prepared, and 
plans are underway to distribute the model as a Forest Re- 

search Laboratory publication. 

Timothy B. Harrington 
Department of Forest Science 

OSU (503) 737 -2244 

Current 
Research 

SHADE CAN REDUCE DROUGHT 
STRESS TOLERANCE IN PONDEROSA 
PINE SEEDLINGS 

Survival of ponderosa pine seedlings growing in manzanita 
brush was reduced during the severe droughts of 1987 and 
1988. The obvious cause is competition for available mois- 
ture with surrounding brush. An associated cause, 
however, may be the effects of shading which could be 
severe enough to reduce drought tolerance in ponderosa 
pine seedlings. I investigated the hypothesis that shading 
reduces drought tolerance by altering metabolic and struc- 
tural characteristics, using a greenhouse study performed at 
Oregon State University in 1986 and 1987. 

Specific physiology was characterized in progressively 
drought- stressed unshaded and shaded seedlings of 15- 

week -old ponderosa pine. Seedlings shaded to 10 percent 
full light were compared with unshaded seedlings to deter- 
mine the influence of limiting light on drought -stress toler- 
ance. Poorer survival of shaded seedlings was associated 
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with physiologic changes. Analyses of water relations and 
structural constituents indicated that needles of shaded seed- 
lings had significantly lower symplastic osmotic concentra- 
tion, apoplastic water content, and starch and cellulose con- 
tents than unshaded seedlings. Needles of shaded seedlings 
also had higher cell volume -to -mass ratios, with lower 
modulus of elasticity and cell wall capacitance. Shaded 
seedlings demonstrated reduced drought -stress tolerance by 
having low recovery and losing structural integrity at rela- 
tive water contents (RWC) below 60 percent. 

Free amino acids were extracted from needles and analyzed 
with high performance liquid chromatography. Concentra- 
tions of most amino acids increased in light -starved seed- 
lings. Arginine and proline accumulated to highest concen- 
trations in all drought -stressed seedlings; in unstressed, 
shaded seedlings arginine and glutamine accumulated most, 
indicating the importance of sequestering and storing free 
ammonia under high nitrogen, low light, or severe drought - 
stress conditions. 

Protein synthesis was characterized by radiolabeling with 
[3H] leucine, gel electrophoresis, and fluorography. 
Drought stress induced or enhanced synthesis of specific 
proteins; however, stress -induced proteins apparently were 
not synthesized, or synthesized to undetectable levels in 
shaded seedlings. Stress induced proteins appear to be an 
adaptive response to stress and may serve to protect cells 
against dehydrating conditions of drought. 

Unshaded seedlings demonstrated their drought tolerance 
by surviving water potentials as negative as -4.0 MPa and 
RWC below 65 percent. Changing metabolism became ap- 
parent under severe drought stress as indicated by synthesis 
of stress- inducible proteins and a sharp increase in proline. 
Drought tolerance was reduced in shaded seedlings wherein 
gene expression and metabolism in response to drought was 
altered by limiting light. These physiologic changes have 
implications for relatively shade intolerant ponderosa pine 
seedings that are planted in shelterwoods. While shading in 
this study was quite severe, mild shading, or shading such 
as that associated with shelterwoods, may also have an ef- 
fect on drought survival. 

For results from a study by Diane White and Mike Newton 
addressing competitive interactions of manzanita, Douglas- 
fir, and ponderosa pine, see Recent Publications in this is- 
sue. 

Nan C. Vance 
Genetics Project 

PNW Research Station -Corvallis 
(503) 757 -4339 

AN ASSESSMENT OF FACTORS 
ASSOCIATED WITH DAMAGE FROM 
THE 1987 WILDFIRES OF THE 
HAYFORK RANGER DISTRICT, 
SHASTA- TRINITY NATIONAL 
FOREST 

This study evaluated effects of the implementation or non- 

implementation of Fuels Management Policies on the 1987 

fires. Specifically, we launched the study to determine rela- 
tionships between the degree of resource damage caused by 
the 1987 fires and prior management activities, fuelbed 

characteristics, and site /stand factors that might be expected 
to influence fire behavior. Widely divergent views among 
resource professionals concerning effects of fuels manage- 
ment and other management activities on wildfire damage 
and the virtual absence of previous wildfire studies of this 

kind made this study necessary. 

The Hayfork District, Shasta- Trinity N.F., was selected be- 

cause (1) it contained substantial acreage representing a 
wide range of vegetation, terrain, and burning conditions 
during the 1987 wildfires; (2) adequate records of fuels 

management activities and inventories of fuel loading in 

many areas of the District were available; and (3) an opera- 
tional Geographic Information System (GIS) existed on the 

Forest that would provide a data base framework for the 
study. Uncut and partial -cut stands were compared with 
plantations because of substantial differences in stand and 
fuelbed conditions, susceptitility to fire damage, and the 

nature of available data between these two groups. 

Field checks validated predictions of soil damage made 
from aerial photos of fire -damaged trees. Damage assess- 
ment needed to be site- specific for fire rehabilitation. 
Therefore, fire- damage assessment for each uncut/partial- 
cut stand and plantation was based on post -fire aerial pho- 
tos; post -fire plantation surveys supplemented this informa- 
tion. For both uncut/partial -cut stands and plantations, fire - 
damage ratings were used as the basis of analysis; in the 

case of plantations, damage uniformity was also used as a 

dependent variable. 

Results of this study are expected to be published in 1990. 
An article by C.P. Weatherspoon in The Special Fire Edi- 
tion of the FIR Report 9(4):13 -14 addressed damage to indi- 
vidual trees. Inquiries should be addressed to the authors. 

C.P. Weatherspoon and C.N. Skinner 
PSW Experiment Station 

Redding, California 
(916) 246 -5458 or 5096 
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Continuing 
Education 

PHOTOGRAMMETRY AND AERIAL PHOTO 
INTERPRETATION 

March 12- 15,1990. Corvallis, Oregon. D. Paine is direc- 
tor of this workshop; enrollment is limited to 40. CON- 
TACT: Conference Assistant, College of Forestry, Oregon 
State University, Peavy Hall Room 202, Corvallis, OR 
97331 -5707 or phone (503) 737 -2329. 

NORTHWEST SCIENTIFIC ASSOCIATION 
63RD ANNUAL MEETING 
March 21 -23, 1990. Corvallis, Oregon. The symposium 
on March 21, titled "Environmental Disasters: The Nature 
of Recovery," will focus on the Alaskan oil spill, the Alas- 
kan earthquake, the Mt. St. Helens eruption, and the Yel- 
lowstone fire. Other highlights include the George 
Fahnestock Memorial Fire Science Symposium, student re- 
search grant awards, recognition of outstanding Northwest 
scientists, contributed papers in 14 scientific areas, and field 
trips to both the coast and Willamette Valley. The deadline 
for abstracts of contributed papers is January 31, 1990; the 
deadline for registration is March 1. For more information, 
CONTACT: Bill Emmingham, Department of Forest Sci- 
ence, College of Forestry, Oregon State University, Corval- 
lis, OR 97331 or phone (503) 737 -2244. 

VARIABLE PROBABILITY SAMPLING: 
VARIABLE PLOT AND THREE -P 

March 26 -30, 1990. Corvallis, Oregon. This course is 
offered as a service to foresters throughout the Pacific 
Northwest. Two popular methods of timber cruising will be 
covered in detail: Variable Plot Sampling and Three -P 
Sampling (Probability Proportional to Prediction). The 
course is suitable for relative beginners as well as those 
with experience who would like to brush up on the prin- 
ciples and up -to -date computation techniques using hand 
calculators and microcomputers. Field exercises using both 
techniques are an important part of the course. About one 
third of the time will be spent doing field work or analyzing 
field data. Lecture topics include: theory of variable plot 
and 3 -P sampling, statistics in forest sampling, balancing 
"measured" vs "count" plots, instruments for field work, 
field and office techniques, current trends and future devel- 
opments, and question and answer sessions. CONTACT: 
Conference Assistant, College of Forestry, Oregon State 
University, Peavy Hall, Room 202, Corvallis, OR 97331- 
5707 or phone (503) 737 -2329. 

REFORESTATION ALTERNATIVES WITH 
CONSTRAINTS ON FIRE AND HERBICIDES 

May, 1990. Newport, Oregon. Cathie Bacon is director of 
this workshop; enrollment is limited to 100. CONTACT: 
Marci Berg, COPE Program, Hatfield Marine Science Cen- 
ter, Newport, OR 97365 or phone (503) 867 -3011. 

Of Interest 
AERIAL LOGGING METHODS: THE 
NEXT GENERATION? 

A new aerial logging machine is being developed that com- 
bines characteristics of a balloon, a helicopter, and a grapple 
similar to those more commonly seen on certain skyline 
carriages. The balloon provides static lift, making the ve- 
hicle's weight neutral. A power unit with a pivoting, ducted 
fan is suspended by cables under the balloon. This compo- 
nent provides vertical lift and acceleration for both vehicle 
and payload. By using an airborne grapple, a single opera- 
tor can fly logs to a landing without needing choker setters. 
The hybrid vehicle has demonstrated a range of load carry- 
ing and cross -country flying capabilities. 

Three important features of the suspension -powered balloon 
are low production cost, reliability, and easy in -woods 
maintenance. Such features are achieved through design 
simplicity and use of materials already familiar to woods 
crews. Fuel consumption will be relatively low because 
static lift of the balloon allows the craft to hover with the 
engine near idle speed. Comparatively low capital invest- 
ment and minimum crew size (where the grapple is practi- 
cal) are also factors that will help keep costs low. Flight 
speed and payload capacity of this vehicle are intended to 
develop production rates that will be in balance with con- 
ventional support systems, landing sizes, and millyard re- 
ceiving capacities. 

Preliminary estimates indicate that the powered suspension 
balloon may have production cost advantages over helicop- 
ters for the range of typical helicopter yarding distances. 
The vehicle may also be quite competitive with long -span 
or multispan skylines because new road construction needs 
for the powered balloon would be minimal. Improved har- 
vesting economics and less road construction could lead the 
way to aerial logging of whole trees, reduced need for ex- 
tensive site preparation, and improved feasibility of market - 
ing more forest resources, e.g., wood biomass from limbs 
and tops for energy production. 

For further details on this concept, see FULL SUSPEN- 
SION LOGGING WITH A POWERED BALLOON by Mi- 
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chael B. Lambert. 1989. P.141 -152 in Proceedings of the 
International Mountain Logging and Pacific Northwest Sky- 
line Symposium, Department of Forest Engineering, Oregon 
State University, Corvallis. 

John Mann 
Department of Forest Engineering 

OSU (503) 737 -2530 

NATURAL AND PRESCRIBED FIRE IN 
PACIFIC NORTHWEST FORESTS 
New book edited by J.D. Waistad, S.R. Radosevich, and 
D.V. Sandberg. 1990. This valuable text is a comprehen- 
sive summary of what is known about fire and prescribed 
burning in the Pacific Northwest. It is designed for deci- 
sion- makers, ranging from resource managers to legislators, 
and will soon be available from the OSU Press, Oregon 
State University, Waldo Hall 101, Corvallis, OR 97331- 
6407. 

SILVICULTURAL EQUIPMENT DATA BANK 

The Silvicultural Operations Group, part of the Forest Engi- 
neering Research Institute of Canada (FERIC), has informa- 
tion on over 400 machines/tools that includes: purchase 
price, dealers, manufacturer, Canadian users, modifications, 
and a bibliography. A guide on how to obtain information 
from the data bank is available from: 

Luc Desrochers - Newsletter Coordinator 
Silvicultural Operations Newsletter 
FERIC 
143 Place Frontenac 
Pointe- Claire, Quebec 
Canada H9R 4Z7 

or phone (514) 694 -4351. 

Recent 
Publications 

Copies of the following publications are available from the 
source noted in parentheses at the end of each abstract. 
Addresses for sources are listed below: 

(OSU) - Forestry Publications Office 
Oregon State University 
Forest Research Laboratory 225 
Corvallis, OR 97331 -5708 

(PNW) - Pacific Northwest Research Station 
Alten: Publications Division 
P.O. Box 3890 
Portland, OR 97208 -3890 

(BCMF) - B.C. Ministry of Forests 
Research Branch 
31 Bastion Square 
Victoria, B.C. 
Canada V8W 3E7 

IMPACT OF SHRUB SPROUT COMPETITION ON 
DOUGLAS -FIR SEEDLING DEVELOPMENT by S.D. 
Tesch and S.D. Hobbs. 1989. Western Journal of Applied 
Forestry 4(3):89 -92. Containerized Douglas-fir seedlings 
were planted on a site subject to summer drought under 
three levels of sprout competition from greenleaf manzanita 
and canyon live oak. Seedlings were planted with 0.25 -m 

tall dead sprouts, mature shrubs slashed just before plant- 
ing, or 1 -m tall sprouts, representing an increasing order of 
competition. After three years, Douglas -fir survival did not 
differ significantly among levels of competition. However, 
percentage cover of competing shrubs was negatively corre- 
lated with conifer root and shoot biomass. Under the least 
competition, root biomass increased 25 times and shoot bio- 
mass 103 times over dry weight at planting; dry weight in 

other treatments increased less than 5 times. (OSU) 

SURVIVAL AND GROWTH OF PONDEROSA PINE 
AND DOUGLAS -FIR STOCKTYPES ON A DRY LOW - 
ELEVATION SITE IN SOUTHWEST OREGON by O.T. 
Helgerson, S.D. Tesch, S.D. Hobbs, and D.H. McNabb. 
1989. Western Journal of Applied Forestry 4(4) :124 -128. 

Two stocktypes (1 -0 container -grown plugs and 2 -0 nurs- 
ery-grown bareroots) of ponderosa pine and of Dougas-fir 
were planted on a hot, droughty, low -elevation site in south- 
west Oregon (Interior Valley Zone) to assess the potential 
for reforesting this type of site. After five growing seasons, 
bareroots survived (98 %) significantly (P < 0.05) better than 
plugs (89%); survival did not differ significantly by species. 
Douglas-fir was taller than pine, pine was larger in diame- 
ter, and the two species had approximately equal stem vol- 
umes. Bareroots were consistently larger than plugs. These 
species and stocktypes can provide good reforestation after 
5 years on an Interior Valley Zone site when seedlings are 
of good quality, are planted properly, and are given good 
weed control. (OSU) 

COMPETITIVE INTERACTIONS OF WHITELEAF 
MANZANITA. HERBS. DOUGLAS -FIR. AND PONDER- 
OSA PINE IN SOUTHWEST OREGON by D.E. White and 
M. Newton. 1989. Canadian Journal of Forest Research 
19:232 -238. Competition within a whiteleaf manzanita- 
conifer community was examined to evaluate the effects of 
(1) density of whiteleaf manzanita seedlings on manzanita 
growth variables; (2) planted Douglas-fu and ponderosa 
pine on manzanita growth; (3) various manzanita densities 
on conifer growth; and (4) native herbaceous cover on both 
manzanita and conifer growth. Early results from this study 
were discussed in FIR Report 8(1):4 -5; a related article was 
included in FIR Report 10(3):4 -5. (OSU) 
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GROWTH AND WATER RELATIONS OF DOUGLAS - 
FIR .IPSEUDOTSUGA MENZIESTT) SEEDLINGS UNDER 
DIFFERENT WEED CONTROL REGIMES by M. Newton 
and D.S. Preest. 1988. Weed Science 36:653 -662. Growth 
of Douglas -fir seedlings was increased by controlling 
grasses and broadleaf herbs with eight herbicide regimes 
during the rust three years after planting on a well drained, 
moist site in the Oregon Coast Range. The greatest growth 
occurred if weeds were controlled in the same growing sea- 
son that seedlings were transplanted to the field; smaller 
increments came from second- and third -year weed control. 
Growth increases attributable to early weed control contin- 
ued through the fifth -year, indicating that conditions during 
establishment strongly influenced later growth. Plots with 
no herbaceous vegetation had more available soil water than 
those with competing vegetation, and tree seedlings on these 
plots experienced less water stress. Increases in average 
seedling stem volume five years after transplanting were 
linearly related to the difference in observed xylem poten- 
tial during the first three growing seasons in the field and 
the xylem potential at which photosynthesis ceased. (OSU) 

ORGANON: SOUTHWEST OREGON GROWTH AND 
YIELD MODEL USER MANUAL VERSION 2.0 by A.S. 
Hester, D.W. Hann, and D.R. Larsen. 1989. Forest Re- 
search Laboratory, Oregon State University, Corvallis. 59 
p. The Southwest version of the ORegon Growth ANalysis 
and projectiON model is designed to project changes in 
young -growth forest stands of mixed conifers in southwest 
Oregon. Initial stands should have 80 percent basal area in 
Douglas-fir, grand fir, white fir, ponderosa pine, sugar pine, 
and incense- cedar. SW- ORGANON can predict develop- 
ment of both even -age and uneven -age stands. ORGANON 
is a user -friendly interactive program that will run on any 
IBM or compatible computer under the PC -DOS or MS- 
DOS operating system. The computer system should have 
two floppy disk drives or a hard disk drive and at least one 

floppy disk drive. A math co- processor is recommended 
but not mandatory. (OSU) 

USE OF MICROCOMPUTERS FOR PLANNING AND 
MANAGING SILVICULTURE -HABITAT RELATION- 
SHIPS by B.G. Marcot, R.S. McNay, and R.E. Page. 1982. 
USDA For. Serv. Gen. Tech. Rep. PNW- GTR -228, Pacific 
Northwest Research Station, Portland, OR. Microcompu- 
ters aid in monitoring, modeling, and decision support for 
integrating objectives of silviculture and wildlife habitat 
management. Spread -sheets, data bases, statistics, and 
graphics programs are described for use in monitoring. 
Stand growth models, modeling languages, area and geo- 
based information systems, and optimization models are 
discussed for use in modeling. Decision aids and expert 
systems for decision support are examined. A case example 
of an expert system that evaluates regional priorities for 
managing habitat for black - tailed deer is presented. (PNW) 

SUMMER FROST IN YOUNG FOREST PLANTATIONS 
by R.J. Slathers. 1989. FRDA Report, ISSN 0835 -0752, 
B.C. Ministry of Forests Research Branch, Victoria, B.C. 
24 p. The objectives of this report are to describe physical 
principles governing causes and occurrence of frost and ef- 
fects of frost on conifer seedlings; to identify frost -prone 
sites; and to present techniques for avoiding or preventing 
frost problems in young plantations. An understanding of 
physical principles should help foresters identify high risk 
summer frost sites and prescribe appropriate harvesting 
methods, vegetation management, site preparation, and spe- 
cies for such sites. FIR Report 10(4):2 -4 covered aspects of 
frost damage in S.W. Oregon as did the August, 1987 FIR 
workshop " Managing Frost Prone Forests of the Cascades." 
(BCMF) 
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