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2 cm (0.8 in) long had already developed roots 37 cm (145 in) long. By the time that valley. oak
seedlings had fully expanded leaves, the main taproot had attained a length of 86 cm (34 in).

This long, stout taproot confers some survival advantage to valley oak seedlings. Since most food
reserves are stored in the roots, seedlings are often able to resprout after the loss of their shoots due
to desiccation, browsing, or other causes. Furthermore, in deep, noncompacted soils, the long valley

oak taproot may be able to exploit soil moisture reserves that are not depleted by annual grasses and
forbs.

adaptability, microsite variation in environmental or soil factors, and/or damage by various agents.
Whether by their nature or location, some seedlings appear to have a better chance of surviving to
maturity than others.

expected attrition. This should allow natural selective pressures to operate and result in the survival
of the best-adapted or best-situated trees,

FACTORS LIMITING NATURAL AND ARTIFICIAL REGENERATION OF VALLEY OAK

Despite the fact that acorns germinate readily when well-covered with litter or soil, natural
reproduction is often exceedingly scanty. This fact was noted near the turn of the century by
Sudworth (1908), who thought that poor seedling establishment was due to the fact that very few
acorns became buried under the prevailing cultural conditions. Since then, various studies have
shown that a variety of agents can deplete the acorn supply or contribute to poor acorn germination.

After germination, additional factors may limit the survival of valley oak seedlings in rangeland
settings. :

We have identified the principal factors known to limit natural and artificial reproduction of valley
oak i

from our review of the literature and past restocking projects. These factors are summarized
below. We also discuss techniques that have been or could be used to overcome these limitations.

Physical factors affecting acorn viability

Valley oak acorns, like acorns of other oaks that have no inherent dormancy, lose viability as they
lose moisture. If Quercus acorns are collected when they still show some green color, they will be
respiring and their moisture content will. be in excess of 50% (Gordon and Rowe 1982). Griffin
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Although acorns may sustain some damage and still germinate, damage to the acom embryo will
reduce the food reserves of the young seedling, and may reduce seedling vigor. Acorns that are not
destroyed by insect feeding may still be rendered nonviable by decay organisms that infect through

Acorn consumption by vertebrates

Acorns serve as either a major or supplemental source of food for many vertebrate animais that
utilize oak woodlands. In California, at least 30 species of birds (Verner 1980) and 37 species of
terrestrial mammals (Barrett 1980) reportedly include acorns in their diets. Large grazing animals,
especially deer, pigs, and cattle (de Nevers and Goatcher 1990, Duncan and Clawson 1980, Rossi
1980) may consume a high percentage of the acom crop as it falls. Small mammals may also be
important acorn consumers, although their relative significance apparently varies between locations.
Ground squirrels (Spermophilus beecheyi) are frequently cited as important acorn consumers in oak
planting projects and experiments. Other rodents that have been reported to prey on planted acorns
include gophers, wood rats, mice, voles, and rabbits (Knudsen 1987, Griffin 1976, Adams 1987),

Acorn foraging by some vertebrates may not be completely detrimental to valley oak reproduction.
Animals that bury acorns, including jays, magpies, and squirrels, may actually have a role in aiding oak
regeneration (Griffin 1971). Buried acorns are less subject to desiccation, as noted above, and are
less likely to be consumed by deer or other large vertebrates. Many of these cached acorns may not
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be consumed, especially in bumper crop years, and will effectively be planted. Acorn woodpeckers
also store large quantities of acorns for later use, but because they are stored above ground in
granary trees, they are largely unavailable for reproduction (Koenig 1980).

For restoration projects, it is desirable to determine the potential for acorn loss prior to planting, and
adjust planting specifications accordingly. Burying acorns in widely spaced sites to a depth of
approximately 5 cm (2 in) provides a significant degree of protection against grazing animals, birds,
mice, and low populations of other rodents (Griffin 1971, McCreary personal communication).
However, if populations of acorn consumers are high, the planting is especially dense, or if some loss
of acorns cannot be tolerated, protective caging (discussed below) or other vertebrate control
measures will be required.

Seedling herbivory

Agents that attack emerged valley oak seedlings fall into two general categories: those which feed
primarily on the acorn, and those which feed primarily on the seedling. The first category includes
several of the acorn-eating vertebrates discussed above. These animals uproot young seedlings in
their efforts to get at the attached acorn. Ground squirrels are the most serious in this regard,
although scrub jays and other vertebrates may also cause damage of this type. An unprotected
planting of valley oak transplants was completely destroyed in less than a month by high populations
of ground squirrels in Cheseboro Canyon (Tables 3 and 4). Protective caging above and below
ground and the use of older planting stock without attached acorns have been used to reduce damage
of this type.

The second category of seedling herbivores feed primarily on the shoots, leaves, or roots of the
developing seedling. The severity of damage may range from inconsequential to lethal. Cattle and
deer often browse heavily on the foliage and young shoots of various oaks, including valley oak, and
have limited the growth of seedlings at several of the restocking sites we examined. Although a
vigorous young valley oak may withstand the loss of most of the shoot by resprouting from the base,
repeated browsing of the shoot can deplete the seedling’s energy reserves and eventually result in its
death. Sublethal levels of browsing pressure severely reduce seedling growth, and saplings may
remain in a highly-branched, shrubby form for many years (Griffin 1971, Rossi 1980). In the Pope
Valley, we have observed that cattle use the larger branches of valley oak shrub-saplings to scratch
themselves, causing additional damage to the tallest shoots. Some of these shrub-like saplings may
eventually grow to a height that allows them to escape browsing, and finally develop into a tree form.

Various small mammals may also be included in this second category of seedling herbivores, but the
significance of their impact on seedling growth and survival is more variable from location to
location. For example, while Griffin (1980) reported extensive seedling destruction by gophers in the
Carmel Valley, others (Knudsen 1987, Bush and Thompson 1989) found that seedling losses due to
gophers were relatively minor. Gophers were not a limiting factor at any of the restocking sites we
evaluated, and we have observed valley oak saplings growing in the middle of active gopher colonies.
It is unclear whether gophers aggressively seek out valley oak seedlings, but it is obvious that they
pose a problem in some areas. Although mice and voles have also been blamed for seedling and
acorn losses (Knudsen 1987), there is not enough information to make a definitive statement about
the potential destructiveness of these small rodents to valley oaks.

Various researchers have observed defoliation of young oak seedlings by grasshoppers or caterpillars.
These problems have been most intense in experimental trials where seedlings are grown very close
4ogether in small plots and where the ground around the seedlings has been cleared of vegetation.
These cultural conditions may favor damage by migrating insects such as grasshoppers. Our survey of
restocking projects irdicated that defoliation by grasshoppers or other insects was not a significant
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problem in past regeneration efforts. Heavy infestations of scale (mostly oak pit scale,
Asterolecanium sp.) were observed on seedlings at several sites, but the effect of these infestations on
seedling growth and survival is not known, :

Soil moisture

Competition for soil moisture may be an important factor limiting natural regeneration in many
areas. Over the past two centuries, the species composition of the herbaceous layer in California’s
oak woodlands has been dramatically altered. Introduced Mediterranean annual grasses and forbs
have largely replaced native perennial bunchgrasses in the oak understory (Gordon et al 1989).
There is experimental evidence to support the widely-held belief that introduced annual grasses and
taprooted forbs deplete soil moisture more rapidly than native perennial grasses (Danielsen 1990,
Gordon et al 1989).

Competition for soil moisture can reduce valley oak seedling growth and survival. Knudsen (1987)
noted that survival of natural valley oak seedlings increased as grass density decreased. Adams et al
(1987) found that increased competition from weeds responding to fertilizer applied at planting
resulted in significantly less seedling emergence than occurred in non-fertilized controls. In various
trials, Adams (personal communication) obtained greater survival and growth of valley oak seedlings
when annual weeds were controlled with herbicides. In greenhouse experiments, Danijelsen (1990)
found that the growth of valley oak seedlings was depressed more by the introduced annual grass
Avena fawua than by the native perennial bunchgrass Stipa pulchra, but valley oak seedlings grown
without any competing vegetation grew the most. Griffin (1971) obtained 100% seedling
establishment from valley oak acorns planted in cleared plots during a drought year (1967-68), while
all seedlings died by May in adjacent grassy plots (Tables 3 and 4).

winter annuals completely hid young oak seedlings by spring. However, even though competition for
soil moisture may be more intense in the presence of annual grasses, it does not always preclude
natural regeneration of valley oak. We have observed unassisted valley oak reproduction at various
locations in northern California in the presence of introduced annual weeds.

Competition for soil moisture by herbaceous vegetation is not the only factor that limits available soil
water. The severity of moisture deficit depends on the interaction between: .
-competing vegetation, including species composition and density;
-water input, including precipitation, natural surface and subsurface flow, and irrigation;
-s0il characteristics, including soil type, water-holding capacity, depth, and compaction;
-site factors, including potential evapotranspiration (ET), slope, aspect, and shading.

The degree to which soil moisture limits valley oak reproduction may be quite variable from location
to location. Therefore, it may be possible to adjust the intensity of weed control and moisture
conservation inputs to account for the degree of soil moisture deficit that is anticipated at the site.
For example, soil moisture is not likely to be critically limited at a site such as Windsor, where the soil
is a deep clay loam and annual rainfall is high relative to annual ET, (Table 2). Incontrast, at Lopez
Lake, annual ETy, is far in excess of annual rainfail and soil water holding capacity is low due to sandy
soil texture. Differences in soil moisture availability may in part explain why two year old seedlings at
Windsor are virtually as tall as five year old seedlings at Lopez Lake (Table 4).
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CULTURAL INPUTS USED IN ARTIFICIAL REGENERATION
Transplanting versus direct seeding

Transplants have frequently been used in restocking projects (Table 3). Transplants have several
advantages: »
-their availability is not dependent on the current year's acorn supply, which may range from
abundant to nearly nonexistent;
-their viability and condition can be assessed at the time of planting;
-they are visible inmediately after planting.

However, transplants also have several disadvantages relative to direct-seeded acorns:
-the dominance of the taproot is usually destroyed, and root form may be poor, rendering the
seedlings less drought tolerant;
-transplants require space for propagation and care in the nursery, and so are more costly to
produce; '
-transplants are more difficult to store and transport than acorns;
-transplants available commercially are often not derived from local seed sources unless
special provisions are made far in advance; ,
-soil-borne pathogens or insect pests may be introduced with the transplants;
-transplants require more effort and care in planting, and normally require some irrigation.

The amount of care required for successful establishment generally increases with the size of the
nursery stock used. Of the plantings we reviewed, the largest planting stock was used at the
Bicentennial Grove site (Table 3). This project also had extremely poor survival in its first two
growing seasons, due to the use of rootbound trees, poor planting technique, late planting date, and
inadequate irrigation. However, the oldest project we reviewed, John Brown Pond (Table 3), was
successfully established with container-grown trees.

In an experimental plot, McCreary (personal communication) found that after two years, direct
seeded acorns outgrew transplanted seedlings. At two planting sites along the Sacramento River,
direct-seeded valley oaks from pregerminated acorns were more vigorous 6 months after planting
than transplants (Sid Jones personal communication). Most of the planting sites we visited were
restocked with transplants (Table 3), and only one of the extant direct-seeded planting sites (Lopez
2) was more than 2 years old.

Although it would appear that valley oaks can be successfully established from either transplants or
direct-seeded acorns, at this point there is not enough evidence to indicate a distinct survival
advantage for one method over the other. Since there is little evidence to suggest that transplanting
provides enough benefits to outweigh its liabilities, we recommend direct planting of acorns as the
preferred method for restocking valley oaks in most low-input situations. '

Seedling Protection

Various types of exclosures have been used in oak restocking projects to reduce acorn and seedling
destruction caused by herbivores. Construction and installation of these exclosures add significantly
to the cost and time required for restocking. To minimize costs, seedling protection should be
tailored to exclude the particular herbivores present at the planting site. Furthermore, if populations
of herbivores are quite low or their distribution is spotty, it may be possible to forego protection
entirely or restrict it to certain areas. The advantages and disadvantages of the most commonly used
exclosures are reviewed below.


















































































