


At the end of the study in 1993, the number of species in the study area
had increased from 29 to 46—a 59 percent gain. The plant community
consisted of 2 species of conifer seedlings (not ponderosa pine), 4 species of
hardwoods, 9 shrubs, 23 forbs, 7 grasses, and bracken fern. Two species, both
early seral invaders, were present in 1985 but not in 1993. Species not present
in 1985 but represented in 1993 included 1 naturally seeded conifer, 1
hardwood, 1 shrub, 12 forbs, and 3 grasses. Number of species by treatment
in 1993 was:

Manual release
2-foot radius one time 21
2-foot radius three times 23
5-foot radius one time 25

5-foot radius three times 33

Mulching
3-foot square 18
Control 30

The fewer number of species in the 2-foot radius grubbed one time and the 3-
foot-square mulch probably relate to the smaller amount of treated surface
area, short time that it was disturbed, and high overall density of vegetation
present.

Ponderosa Pine

Mortality of ponderosa pine was more a steady decrease than a surge of dying
seedlings. By 1989, survival by treatment ranged from a low of 84 percent in the
mulch treatment to a high of 96 percent in three of the four grubbed treatments.
By 1993 a few seedlings had died in each treatment except grubbing to a 5-foot
radius three times. In 1993, survival by treatment was:

Grubbing to a 2-foot radius, one time 84 percent
Grubbing to a 2-foot radius, three times 93 percent
Grubbing to a 5-foot radius, one time 92 percent
Grubbing to a 5-foot radius, three times 96 percent
Applying a 3-feot square mulch 81 percent
Control 84 percent

Survival did not differ significantly among treatments during the study.
Damage to seedlings was caused by various agents. In 1984 and 1986 seedlings
were browsed by deer; in 1989 some had dead tops from a late spring frost.
However, few seedlings died from these causes. Because dead seedlings were
mostly standing upright with brown needles, mortality probably was caused
by competition and, ultimately, drought.

In April 1986, the pine seedlings were beginning to react to the treatments
and the developing plant community in them (fig. 1). Statistically significant
differences among treatments for ponderosa pine were first denoted in 1988.
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Figure |—Fonderosa pine seedlings
in the various treatments in April
1986: (A) 2-foot radius grubbed two
of the scheduted three times, (B) 5-
foot radius grubbed two of the
scheduled three times, (C) 3-foot
square mulch with only the fiberglass
strands showing, and (D) coneral,
Nate the dense herbaceous
vegetation where not grubbed, and
particularly the many half-developed
verch plants in the control.
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Figure 2—This S-year-old ponde-
rosa pine, released by grubbing a 5-
foot radius around it three times, is
growing well in diameter and heighz.

Mean stem diameter, measured at 12 inches above mean groundline, was the
first variable to show statistical significance. In 1988, mean stem diameter of
pines grubbed to a 5-foot radius three times (fig. 2) was significantly larger
than that of counterparts in the mulched treatment {table 1). In fall 1993 or at the
end of the 10th growing season, pine seedlings in plots grubbed to a 5-foot
radius both one and three times had significantly larger stem diameters than
pines in the mulched treatment. This also proved true for average pine height
in 1993, the first time that statistical significance for this variable was found.

Significant differences in needle length showed a similar trend. Mean needle
length of pines in plots released to a 5-foot radius three times was longer than
that of pines in all other treatments in both 1989 and 1993 (table 1).

Shrubs

The most abundant shrub species in the study area were from the genera Rosa,
Rubus, and Symphoricarpos, which were evenly distributed in all treatments.
After one growing season, mean foliar cover of all shrubs in the control was 3,740
ft? per acre (table 2). After five growing seasons, cover decreased to 2,000 ft? per
acre, but then increased to 3,333 ft* per acre after 10 seasons (fable 2). This
increase in cover was accompanied by an increase in density from 800 plants per
acre in 1989 to more than 5,000 plants per acre in 1993. Average height of shrubs
in the control decreased from 2.5 to 1.5 feet during the 1989-1993 period.

Average shrub density in 1993 ranged from 3,586 plants per acre in plots
grubbed to a 5-foot radius three times to more than 13,200 plants per acre in
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Table 1—Average diameter, height, and needle length of ponderosa pine seedlings by treatment, Yolla
Bolla Ranger District, Shasta-Trinity National Forests, 1984-1993

Year | Treatment Diameter Height Needle length
incies fi inches
1984 Control - 0.61 -
Standard error - 0.04 -
1986 Control 0.89 1.43 -
Standard error 0.06 0.10 "
1988 Manual release
2-ft radius one time 1.13 abl 2.56a -
2-ft radius three times 1.46 ab 3.12a -
5-ft radius one time 1.80 ab 3.64a -
5-ft radius three times 1.97 a 4.01a -
Mulching
3-ft square 1.08b 247 a -
Control 1.30 ab 3.03a -
Standard error 0.18 0.39 -
1989 Manual release
2-ft radius one time Li6a 3.25a 6.6a
2-ft radius three times 1.48 ab 397 a 7.1 ab
5-ft radius one time 1.91 ab 48la 7.8 ab
5-ft radius three times 2.18b 55la 81b
Mulching
3-ft square 1.08a 3.20a 6.7 ab
Control 1.36 ab 404 a 7.1ab
Standard error 021 (142 0.3
1993 Manual release
2-ft radius one time 3.04 ac 845a 73ab
2-ft radius three tfimes 332ac 9.19a 652
5-ft radius one time 4.18 ab 11.52b 7.1ab
5-ft radius three times 468b 1427 ¢ 77b
Mulching
3-ft square 2.64c 7.85a 6.7 ab
Control 312 ac 9.64 a 72ab
Standard error 0.28 1.12 02

"For each year, treatment means followed by the same letter do not differ significantly at the 0.05level,

Table 2 —Average density, cover, and height, with standard errors (SE), of shrubs, whipplea, bracken fern, forbs, and
grasses in the control. Yolla Bolla Ranger District, Shasta-Trinity National Forests, 19584-1993

Year Density SE Cover SE Height SE
-—--— plants/acre ------- B L.~ (s e o
Shrubs
1984 - - 3,740 923 - -
1989 800 600 2,000 1,510 2.5 0.5
1993 5,133 481 3,333 2,736 1.5 0.7
Whipplea
19841 - - - - - -
1989 600 416 867 769 1.2 0.8
1993 2,400 1,249 1,800 1,419 04 01
Bracken Fern
1984 - - 10,900 520 - -
1989 7,733 3,830 1,200 611 1.5 0.2
1993 6,533 2,095 667 406 19 0.5
Forbs
1984 - - 16,180 2,594 - -
1989 3,467 3,269 133 133 0.7 0.4
1993 137,200 78,056 1,133 1,035 1.8 0.1
Grasses
1984 - - 6,780 o11 - -
1989 34,000 9,304 3,067 2,070 2.8 0.1
1993 71,667 25,193 733 546 32 0.1

Recorded under forbs in 1984,
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mulched plots (table 3). The only statistical difference noted for density was
between the high values in mulched plots and lower values in plots of all other
treatments. In general, foliar cover was low in all treatments and did not differ
statistically among them. Average height ranged from 0.6 to 1.7 feet and also did
not differ among treatments.

Table 3—Average density, cover, and height of shrubs, whipplea, bracken fern,
forbs, and grasses by treatment, Yolla Bolla Ranger District, Shasta-Trinity National

Forests, 1993
Treatment Density Cover Height
plantsiacre f¥iacre f
Shrubs
Manual release
2-ft radius one time 5,777 al Ga 0.6a
2-ft radius three times 6,009 a 1,387 a 12a
5-ft radius one time 4251 a 665 a 09a
5-ft radius three times 3,586 a 702 a 17 a
Mulching
3-ft square 13,229 b 323a 0.7 a
Contro} 5133 a 3,333 a 15a
Standard error 1,466 1,276 04
Whipplea
Manual release
2-ft radius one time 11,555 abl 2,311a 05a
2-ft radius three times 7,857 ab Oa 05a
5-ft racius one time 1,700 a 924 a 05a
5-ft radius three times 1,257 a 628 a 05a
Mulching
3-ft square 14,843 b 1,291a 05a
Control 2,400 ab 1,800 a 04a
Standard error 2,723 1,084 0.1
Bracken Fern
Manual release
2.ft radius one time 7,857 al 231 a l4a
2-ft radius three times 693 a Oa 1.2a
5-ft radius one time 6,987 a 1,146 a 19a
5-ft radius three times 702 a 7da 16a
Mulching
3-ft square 14,843 a 968 a l6a
Control 6,533 a 667 a 19a
Standard error 5,679 537 0.3
Forbs
Manual release
2-ft radius one time 124,101 al 231 a 16a
2.ft radius three times 131,496 a 462 a 19a
5-ft radius one time 91,197 a 591 a 20a
5-ft radius three times 87,574 a 444 a 222
Mulching
3-ft square 132,939 a 645 a 13a
Control 137,200 a 1,133 a 18a
Standard error 50,204 559 0.2
Grasses
Manual refease
2-ft radius one time 113,239 a? 231 ab 23a
2-ft radius three times 97,524 a Oa 29a
5-ft radius one time 118,182 a 1,553 b 31a
5-ft radius three times 88,572 a 813 ab 3.7a
Muiching
3-ft square 137,779 a Oa 26a
Control 71,667 a 733 ab 32a
Standard error 29,071 303 0.3

'Foreach species and combination, treatment means in each column followed by
the same letter do not differ statistically at the 0.05 level.
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Whipplea

Called a subshrub by Hickman (1993), whipplea (Whipplea modesta Torrey) is a
semi-prostrate, slightly woody perennial common to cutover areas in the Klamath
Mountains and Coast Ranges in California and Oregon. It originates from
dormant seed in the soil and develops best on good sites where the A horizon has
been disturbed but not destroyed (Popence and others 1983). High levels of
organic matter and soil nutrients are optimal for this species. As a pioneer
species, whipplea is abundant and dynamic in sunlight and / or partial shade, but
becomes sparse and weak in a shady environment.

In our control plots from 1989 to 1993, whipplea increased in density from
600 to 2,400 plants per acre, and in foliar cover from 867 to 1,800 ft* per acre (table
2). Mean height decreased from 1.2 to 0.4 feet during this period. In 1993 whipplea
density ranged from 14,843 plants per acre in mulched plots to 1,257 plants per
acre in plots grubbed to a 5-foot radius three times. Whipplea density was lowest
in plots grubbed to a 5-foot radius one and three times and significantly lower
than in plots treated by mulches (table 3). Whipplea cover was generally low and
did not differ significantly among treatments. Average height in all treatments
was about 0.5 feet with little variation.

Bracken Fern

Bracken fern is found from the Arctic Circle to the Equator and is common on
every continent (Minore 1966). It is particularly adapted to disturbed areas but
retains a presence in all stages of succession. In our study, after one growing
season, bracken fern in the control averaged almost 10,900 {t* of foliar cover. Five
years later this cover had decreased to about 1,200 ft? per acre and after another 5
years had decreased further to 667 ft* per acre (fable 2). Among treatments,
bracken fern density in 1993 was highest in mulched plots (14,843 per acre) and
lowest in plots grubbed to a 2-foot radius three times (693 per acre) (fable 3).
Density was generally lowest in treatments that had been grubbed three times
irrespective of plot size. Foliar cover, in general, was low for this species. Height
ranged from 1.2 to 1.9 feet in 1993, and, like density and cover, did not differ
statistically during the study.

Forbs

The forb population in the study area was characterized by dominance of a single
species early in the study, the decline of this species, and its replacement by
many other species. Very early in the study a species of vetch (Vicia spp.) became
abundant in all treatments. It just appeared, almost overnight, probably from
dormant seeds in the soil (fig. 1D). It was a major contributor to the large amount
of cover noted in 1984 (fable 2). Diary records show that the period between 1984
and 1989 was characterized by a continuously increasing number of forb species.
Individual species often were clumpy in distribution, and plants tended to be
short and thin, with little foliar cover. A September 11, 1989 diary entry also
denoted the large decline in vetch: “Vetch is now only a remnant, and although
over 1-foot tall is not the serious competitor we originally thought it would be.”

By fall 1993, the large number of forbs in the control, including many new
invaders, had increased in density by almost 40 times and in cover by almost 9
times over values in 1989. Average height had increased by more than two times
(table 2). Among treatments in 1993, forbs were more dense in the control (137,200
plants per acre) and had more foliar cover (1,133 ft? per acre} than in any other
treatment (table 3). Forbs in both 5-foot-radius treatments had the lowest density,
an intermediate amount of cover, and were taller (2.0 and 2.2 feet) than in any
other treatment. However, at no time during the study did mean forb density,
foliar cover, or height differ statistically among treatments.
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Grasses

Like the forbs, certain species increased and declined within the 10-year study
period. Diary records indicate that cheatgrass became present very early in the
study, peaked in density and cover in 1989, and declined to a few short, scattered
plants by 1993. Other grasses, particularly three species of fescue (Festuca spp.), a
species of needlegrass (Achnatherum spp.), blue wildrye (Elymus glaucus Buckley),
and a tall brome (Bromus spp.), found the environment of the treated plots to be
favorable. These species are all perennials and mostly taller than cheatgrass.
They comprised the bulk of the grass data in 1993. As a whole, grasses more than
doubled in density in the control from 1989 to 1993, but decreased dramatically
in cover, while intreasing only slightly in height (table 2). In 1993 grasses in the
control had a lower density than in any other treatment (table 3), although not
statistically so. In general, the grasses were more dense in those treatments that
were grubbed only in 1984 and allowed to recover over time. Here, mean density
values ranged from more than 113,000 to more than 118,000 plants per acre. The
treatment with the highest density was mulching and supported almost 138,000
plants per acre by the end of the study (table 3). We noticed that the grasses were
quite dense along the edge of the mulch and leaned over it. Apparently when the
mulches decayed, the grass seeds effectively colonized the area. In all treatments,
foliar cover was low or zero, as in mulched plots and those grubbed to a 2-foot
radius three times. Like mean density, mean height did not differ significantly
among the treatments during the study.

Production and Cost
Not surprisingly, grubbing a 5-foot radius one and three times were the most

expensive treatments. Grubbing a 2-foot radius was relatively inexpensive,
regardless of number of times performed:

Treatment Laborer hours/acre Dollars/acre

Manual release

2-foot radius, one time 11 96

2-foot radius, three times 21 184

5-foot radius, one time 24 210

5-foot radius, three times 46 402
Mulching

3-foot square 15 131
Control 0 0

Discussion and Conclusions

After site preparation, the study area consisted of mostly bare ground, planted
ponderosa pines, a few hardwood sprouts, and bracken ferns. These species,
plus many more with plants from buried seeds and seeds that blew in on the
wind, quickly invaded the plantation. By the end of the first growing season,
several categories of vegetation, including shrubs, forbs, ferns, and grasses, were
well represented. Together, they supported a total foliar cover of 37,600 ft* per
acte or 86 percent of the ground surface. A species of vetch virtually exploded
throughout the plantation and was a major contributor to this total. Cheatgrass
and whipplea were just becoming established, especially in the control.

After 5 years, the makeup of the plant community was changing—probably
influenced most by the burgeoning ponderosa pines that were rapidly expanding
in height and width. Some species were declining, others were increasing. A
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notable decline was in bull thistle (Cirsium viigare [Savi] Ten.), which typically
peaks and declines after 3 or 4 years (McDonald and Fiddler 1996, Randall 1990).
Vetch and cheatgrass had also declined. A surprise was the manzanitas, which
were fewer and smaller than anticipated. An increasing category of vegetation
was forbs, both from species already present and from recent invaders.

After 10 years, the density of all vegetation, including ponderosa pines, was
223,503 plants per acre in the control and 182,345 plants per acre in the most
effective treatment (5-foot radius, grubbed three times). Corresponding total
foliar cover values (including those for ponderosa pine that were based on
seedlings in the milacre plots) were 28,266 ft? per acre in the control and 31,125 ft?
per acre in plots grubbed three times to a 5-foot radius. Of these values, 73
percent of total foliar cover in the control and 91 percent of that in the multi-
grubbed 5-foot-radius plots was ponderosa pine.

“Replacement” vegetation, which becomes established after treatment, is of
particular interest to ecologists and vegetation management specialists. It may
contain some beneficial species as in the case of the nitrogen-fixing vetch, or it
may encourage species that would become a vector for a destructive animal like
pocket gophers (Thomomys spp.). Pocket gophers can destroy a young conifer
plantation (Crouch 1986). Not only can individual species of replacement
vegetation influence future plant community composition and dynamics, but the
sheer amount of vegetation may be beneficial as well. Consequently, it is possible
that the high number of forbs, ferns, and grasses in this study interfered with the
establishment of highly competitive shrub species from seeds in the soil.

The replacement role of bracken fern in this study was limited. We and
others (Radosevich and others 1978 as an example) have noticed that plant
diversity is greatly reduced in dense bracken stands. This may be caused by both
chemical and physical interference. Chemical interference is through allelopathy,
which is a process whereby toxic metabolites from orne plant species interfere
with a critical function in the life cycle of another species. Bracken fern has
known allelopathic capability (Ferguson and Boyd 1988, Stewart 1975). This fern
also is recognized as having roots, rhizomes, and fronds that develop rapidly
(McDonald and others 1994) and fully occupy an area (Minore 1966). In this
study, bracken was present from the beginning to the end of the study, and most
abundant in treatments that had been disturbed early and then allowed to
develop naturally. In general, plant diversity and pine growth were not greatly
affected by bracken fern.

The diameters and heights of ponderosa pine in the majority of treatments,
including the control, indicate growth rates that are below the standard for
average potential crop trees (Fiske 1986). This standard, based on average
diameter and height of 10-year-old seedlings on sites of similar quality, is 3
inches and 10 feet, respectively. Only seedlings in the most intensive treatments—
the two 5-foot-radius treatments—met both the diameter and height standards.

In 1992, McDonald and others showed that ponderosa pine needle length
was a good indicator of pine growth, and thus was a useful gauge of the
treatments in the future. More specifically, 1-year-old needles, measured 2 to 4
years after treatment, were strongly related to treatment response for at least 7
years after treatment. Seven years was the longest timespan evaluated. In this
study, needles measured 4 and 7 years after the treatment was fully installed
accurately portrayed pine growth-treatment relationships. In 1989, the longest
needles were on pines in the most effective treatments (5-foot radii) and the
shortest needles were on pines in the least effective treatments (2-foot radii,
mulches, control).

Arraying the 1993 data on pine diameter and height with the data on cost of
treatment gives the forest manager a choice of biological and economical
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tradeoffs. Some managers might opt for the most intensive treatment with 10-
year-old ponderosa pine trees that averaged 14.3 feet tall and were more than 4.6
inches in diameter 12 inches above mean groundline, and believe the cost was
worth it. Other managers might opt for a less intensive treatment like grubbing a
5-foot radius only once and accepting slightly less growth at a lower cost.

A few managers might even opt to allow the plant community that was
present after logging to develop naturally. They would not plant conifer seedlings
or release those that they did plant. This do-nothing strategy has serious
drawbacks. That not one new ponderosa pine seedling was found in the entire
study area for 10 years indicates that no seed source was present or the level of
competition was such that seedlings could not become established. And because
ponderosa pine was a component of the original forest, its absence denotes an
altered ecosystem lacking a key arborescent species. Furthermore, only four
conifer seedlings of Douglas-fir and sugar pine were found, which suggests that
almost no conifers would have stocked the land. Without planting, the
community would have consisted of scattered hardwoods and a dense mass of
shrubs, ferns, forbs, and grasses. It would have been in an even more altered
condition for many years.

Manual release on different treated areas and for two treatment intensities
created several vegetative assemblages, each with different amounts of the
principal species, but with generally similar developmental potentials.
Regardless of treatment, the future plant community will likely consist of
ponderosa pines with a few scattered hardwoods, shrubs, ferns, forbs, and
grasses in the understory. It is the growth rate of the pines in the most intensive
treatments where differences will occur. Here, the pines are growing faster than
planned, which means that the ecosystem manager can achieve the desired forest
condition sooner, and that could mean enhanced habitat for animals, a higher
degree of pleasing scenery in the roadside zone, and other enhancements. Faster
growing trees close crowns sooner, shade out lower branches faster, and create a
gap in the fuel ladder between the living crown and the ground—thus lessening
the propensity for crown fires. And because these fast-growing trees will need to
be thinned sooner than expected, a supply of raw material will come from these
stands, and that raw material will be available sooner to local wood-product
industries in rural America.
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lands

* Participation with other agencies in human resource and community assistance programs
to improve living conditions in rural areas

* Research on all aspects of forestry, rangeland management, and forest resources
utilization.
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