























~ OAK SEEDLING DEVELOPMENT ~
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and a good indication of ripeness is when the fruit will pull easily from the cap, except,
of course, for species whose cap encloses the acorn like Q. lyrata, macrocarpa, or
dentata. Though I do not endorse the mauling of trees, sometimes limbs are a little
toohigh and high jump maneuvers and umbrella handles have been resorted to pulling
branches lower to gain access to the previously unattainable acorns. This, of course, is
followed by an apology to the tree in mention, an explanation that you are assuring it of
its future ancestry and, depending on your religion, a hug, extending your arms around
the bole of the tree.
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Once you have collected your acoms, there is the matter of handling and
storage to attend to. A successful procedure is to put your acorns directly into a small
plastic "zip-lock" freezer bag with proper identification written on the outside of the bag.
After the harvestitis a good idea to "float" the acorns in water to separate the sound seed
from ones that are dried out, hollow, or damaged by weevils. The viable seed will sink
to the bottom. The acorn caps are buoyant, and must be removed before the float test
if they have not already fallen free. Remove the hollow seed that floats at the top and
drain the water. Dry the excess moisture from the outside of the acorn and place back
in the bag with moistened peat. Itis very important that the peat not be too moist or the
acorns will eventually rot; too dry and the seed might dry out. To avoid the build-up of
fungus and mold in the bag with acomns collected from the ground, it is beneficial to
cleanse the seed with a 10 percent bleach solution. For long term stratification, a
fungicide may be applied to the surface of the acorns, but personal experience has not
revealed a lasting brand to span the entire winter without enventual mold build-up.

Long-term storage can be avoided when one directly sows their acorns in
prepared beds in autumn. When doing this, however, adequate protection must be
provided to avoid acorn consumption by squirrels, chipmunks or mice. One-half inch
mesh wire cloth, used for guttering covers, is probably the best material for this, and
should be left on for an entire growing season until the leaves drop off in early winter
(use care when removing this wire mesh from evergreen or semi-deciduous species that
hold their brown leaves on until spring). An investment in this material can save a lot
of future heartache and anxiety. Be sure to apply the mesh carefully, withno gaps . ..
the ingenuity and engineering of predators getting to a "free" meal is astonishing, and
larger-holed material such as one-inch chicken wire has proven to be ineffective. It
might make one smile at first, and say "how cute" or "how clever," but after the firsthole
in the ground indicating a stolen acorns, the predator doesn't stop atone, and will remove
your entire harvest.

When sowing in beds, it is best to place the acorn on its side, not vertically.
The depth of the sowing should be gauged by the length of the acorn or up to two times
its length. In my beds, I fill the top portion of the area with complete sand. This makes
it easier to make "drills" by pulling a trowel againt a straight-edge. Where you have
made a groove, space the acorns apart in these gutters and cover by pushing the sand
back over and even applying more sand. This makes for a neat and orderly sowing of
acorns and well worth the effort. The pure sand at the top of mix facilitates easy weeding
once the acorns have germinated. Since the oaks' roots go deep into the soil, beyond the
layer of sand, the nutrient defficient sand has no bearing on the development of
seedlings. The sand has a tendency to dry out quickly, so keep the beds well watered
until the acorns establish themselves or apply a layer of coarse vermiculite to the top,
which retains moisture effectively. Proper labeling (and spacing from similar species)

will avoid confusion later.

Bed sowing is probably the easiest and most effective way of growing
oaks,but sometimes various shipments of acorns may not arrive until late in the winter
and, in areas of cold winter, the ground may be frozen solid. When this occurs, it may
be necessary to store and stratify the acorns in the refrigerator. The acorns of the white
oak group usually need no period of cold stratification and have been known to have
their radicles emerging on the ground in autumn, as seen with Quercus alba. It will not
harm the acomns if they are put into cold storage or even frozen; additionally, these
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emerging radicles can be clipped back to induce the formation of several lateral roots
rather than a single taproot. This will be of aid later when the trees are transplanted to
their permanent home. Members of the black oak family need a period of cold
stratification in a medium of moist peat; and usually, three months is sufficient.

When storing acorns in plastic bags, one can sometimes "play" with the timing
and force the early germination of acorns. I have stored my acorns in a cooler and left
them outside in the colder months of the winter, so they go through their cold
stratification (I believe it helps with both groups and unifies germination). Special
acorns and species I pull out of the cooler and bring into a heated facility with
supplementary light (optional). I sow these acorns in the special long pots which allow
the optimum growth of the roots. Sowing acorns in shallow pots is useless, because the
taproot will simply spiral at the bottom of the container. Sowing acorns as a group in
large 5-gallon containers, 10 to 30 per pot, also can be done. Just remember to protect
your acorns as with the bed sowing. Apply mesh or use plenty of mouse traps with cats
on guard. Even in the most sealed area, mice will gain access and plunder the rewards.
In my experience, even saplings that I forced in February and had 6 to 12 inches of
growth were bitten in half by chipmunks and the acorn subsequently dug out of the pot,
when place outside the greenhouse. Fortunately most of the specimens had adequate
root systems from which to recover.

At times, growing a tree from an acorn may seem a "perilous journey," but it
isarelatively easy task thatis of greatreward. Thereis nothing that can match the feeling
of hope and promise when collecting acorns in autumn. Like with many things, there
may be no obvious reason why one seed germinates and another does not, but we will
leave the explanations to the mystery and beauty of nature, which we come closer to
when dealing with this enchanting group of trees.

I have not intended this article to be
an abosolute guide to collection, stor-
age, and growing of oaks: and, in-
deed, there is much that can be added.
This, I hope, may stimulate others to
share their experiences and know-
ledge, so that we may all be enlighted
and fulfilled with our efforts to grow
oaks.

Quercus acutissma.
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From Acorn to Tree: Ecology of the Engelmann Oak

by Earl W. Lathrop and Chris D. Osborne
from Fremontia , July 1990
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Research on natural regeneration of Engelmann oak (Q. engelmannii),
conducted over the past three years on the Santa Rosa Plateau, Riverside County,
California, by the author and his associates at Loma Linda University may give greater
insight into the ecology of this fascinating species. Work has focused on three main
phases limiting natural regeneration: acorn production; acorn germination; and seed-
ling/sapling establishment and survival; as well as pertinent characteristics of the
mature tree.

The overall acorn yield for sixteen Engelmann oak trees on the Santa Rosa
Plateau Preserve, monitored over the 1987-1988 acorn seasons, was highly episodic,
averaging 88.4 acorns per square meter of canopy per year. No acorns were produced
either year for three of the trees sampled, two trees produced no acorns in 1987, and two
other trees no acorns in 1988. The great variability in acorn production was primarily
the consequence of differences between trees and, to a lesser degree, spatial effects.

For example, one tree accounted for more than eighty percent of acorn yield
in the valley and one tree had greater than fifty percent of the yield on the hills. No
temporal comparison proved statistically significant. The frequency, magnitude, and
variability of these yields are the same order as obtained from other native California
oaks. The suggestion that annual differences in climate may be the principal force
causing the highly episodic patterns in acorn production patterns seems plausible.
However, there was no consistent correlation between fourteen weather variables and
relative acorn abundance in a study of five native California oaks. Acorn yields for all
five species showed pronounced "boom" and "bust" years, but with the exception of blue
oaks (Q. douglasii) and valley oaks (Q. lobata), interspecific patterns did not show any
significant correlation with each other. These results, coupled with the lack of
significant correlation with climatic differences observed between hills and valleys on
the Santa Rosa Plateau over this time period, suggest that the climate is not likely the
primary factor responsible for the difference seen in acorn harvest patterns at this
locality.

Griffin states that when both cattle and deer are excluded, the acorn supply
often exceeds the capacity of rodent predators, but that the seedling supply seldom
exceeds the capacity of rodent predators. Field observations of acorn persistence on the
ground, bird and maminal activity, acorn caches, and small mammal trapping records
suggest that predation of Engelmann acorns on the Santa Rosa Plateau is not presently
intense. Combining mean acorn production and germination frequency, we obtained a
mean viable acorn production rate of 40.9 acorns per square meter under canopies per
year of the sixteen sample Engelinann oaks over a two-year period. Griffin received
similar results of thirty-four viable acorns per square meter per year from four valley
oaksovera period of nine years. Thus, if the production levelof viable valley oak acorns
on the Hastings Reservation (Griffin's study area) is suificient to permit sustaining
regeneration, as suggested above, it seems probable that the same is true for Engelmann
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Quercus engelmannii at the L.A. County Arboretum, California.

oak regeneration on the Santa Rosa Plateau. Such results have been used to support
the popular contention of McClaran that oak regeneration is not significantly
hindered by lack of viable acorn production. Thus establishment of Engelmann oak
seedlings is probably more dependent on favorable site conditions where acorns
drop or are carried, rather than sheer number of acorns.

Acorn Germination

To test for acorn germination and viability, about ninety acorns were collected
from thirteen randomly selected acorn-bearing Engelmann oaks in November 1987.
After stratification treatment, the acorns were tested for potential viability in buckets of
water. Acorns which floated were considered to be non-viable due to presumed
endosperm destruction by insects or rotting. Acorns which sank tended to be free of
insect holes, with their endosperm intact, and thus, viable. Of the 1,638 acorns sampled,
44 percent sank and 56 percent floated. Both sets of acorns were then tested for
germination in vermiculite trays. Percentage germination for sinkers and floaters was
82.7 and 18.3, respectively. Snow reported an overall germination rate of 69 percent for
150 Engelmann oak acorns compared to 60 percent germination for 180 coast live oak
acorns. Snow also indicated that Engelmann oak acorns had a higher tolerance to
moisture stress during germination than did coast live oak (Q. agrifolia). Field
germination of Engelmann oak occurs in early winter on the Santa Rosa Plateau,
compared to late winter and spring for coast live oak germination.

The high germination frequency variability experienced among the different
trees sampled was reflected in the fact that acorns from low yield trees, low sinker/
floater ratios (less than 1.0) and small average sizes (less than one inch) all yield
significantly lower germination rates than their counterparts. However, no statistically
significant pattern of acorn relationship to habitat and aspect could be detected.
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Seedling/Sapling Establishment and Survivorship

The most critical periods in the life of any plant, even in long-lived woody
species such as oaks, are germination and seedling stages. Aside from potential
adequate acomn production and germination, many factors are involved in oak seedling
establishment once the acorns are on the ground and germinated. Factors which are the
most important in the lack or success of establishment and survival likely depend on:
site conditions; intensity of predation of acorns and seedlings; and the various adapta-
tions of a species.

Site Conditions

Temperature, moisture, and cover are all important factors in germination and
establishment of seedlings at the location where acorns fall. Acorns falling to the ground
exposed to full, day-long sun have little chance of germination due to moisture loss on
air drying. Seedlings may be intolerant of high temperatures, even in open grass litter,
unless shaded most of the day. Griggs, former manager of the Santa Rosa Plateau
Preserve, reported that over 75 percent of Engelmann oak seedlings he observed in a
survey were growing full shade, with the remainder in half shade at, or just outside the
dripline of the tree, receiving some amount of direct sunlight. He found no Engelmann
oak seedlings more than one meter outside the dripline of amature tree. A similarsurvey
Osborne, in 1989, reported first-year Engelmann oak seedlings nearly always occurred
under shade of trees and not more than ten feet outside the closest canopy. Increased
affinity for direct sunlight increased with increasing seedling/sapling age. Engelmann
oak seedling survival was higher in the unshaded location than in the shade. Spcimens
located in full sun were often within the dripline zone of the tree -- an area often occupied
by vigorously growing seedlings and saplings. Apparently, the soil under the dripline
receives greater quantities of water than surrounding soils. The extra moisture here may
account for better survival even though the soil under the canopy is generally in better
condition. Pocket gopher (Thomomys bottai) activity is thought to be greater under the
main canopy as compared to the periphery. Therodent activity aerates soil and generally
makes it more fertile, but at the same time causes more damage to seedlings and saplings.
Even though the soil under the dripline may be more compact and less aerated, rodent
activity may be less here, allowing better overall survival. Several researchers
(Bartolome, Muick and Bartolome, and Griffin) have noted this affinity between
saplings and the canopy's edge.

Whether acoms fall on bare ground or in deep litter also makes a difference
in seedling survival. Acorns germinating on the surface have a more difficult time
pushing their root radicle into the soil, in comparison with germinating acorns buried
inlitter or soil. The self-planting mechanism of Engelmann oak, described by Snow in
1972 as the elongation of the stalks of first leaves (cotyledonary petioles) carrying the
embryonic root (radicle) and shoot (plumule) out of the acorn and down into the soil,
may make it better adapted to more exposed habitats and bare ground than coast live oak,
which lacks this mechanism. This phenomenon has also been reported for Marah
(Cucurbitaceae) and in other oaks, especially white oaks.

The apparent lack of seedlings and saplings indicates that favorable condi-
tions for oak seedling establishment are rarely met on the Santa Rosa Plateau woodland.
Seedlings are so scarce that random sampling does not work for locating seedling/
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sapling sample test sites. Individual examination of every tree in a finite population,
however, may locate one tree out of every 80 to 100 mature trees which have adequate
seedlings/saplings for studies. These are trees, sometimes called "nurse trees," which
evidently had a good acorn yield. plus favorable site conditions for germination at the
time of seedling establishment. Thirty-nine Engelmann oak "nurse trees," used as study
sites on the Santa Rosa Plateau, averaged from 50 to about 100 seedlings per tree, plus
occasional saplings.

Acorn and Seedling Predation

Predation plays a major role in both seedling establishment and survival.
While many of the California acorn harvesters consume the acorns they pick, some of
them are effective in dispersal and burial. Acorn burial in leaf litter is important for
protection from predation, from drying, and for good radicle penetration into soil in
deciduous oak woodlands. Acorns in lower elevation oak woodlands of southern
California cannot rely on these same conditions for burial. Here, the seed caching
activity of the California ground squirrel (Spermophilus beecheyi) and the Californiajay
(Aphelocoma coerulescens) is the primary means of acorn burial. Badgers and coyotes,
while doing a lot of damage at oak seedling sites by digging holes to get at pocket
gophers, may inadvertently bury acorns. The same is true for pocket gopher mounds and
skunk (Spilogale putorius) diggings. The California acorn woodpecker (Melanerpes
formicivorus) harvest oaks acorns from a potential seedling site, eating them as they
mature on the tree and caching them in storage trees and wood. However, unless
dropped in litter along the way, the practice of storing acorns in trees would not
contribute to seedling establishment by burial in soil.

Buried acorns are also less subject to predation by deer (Odocoileu hemionus),
cattle, and small rodents such as deer mice (Peromyscus sp.) woodrats (Neotoma
Juscipes), and ground squirrels. Once an acorn has germinated under favorable
conditions and a seedling established, oak regeneration from here on will depend on a
host of factors for survival, such as temperature, moisture, drought, fire, seedling
predation, and destruction by animals, insects, and disease.

It is thought that the lack of oak regeneration in central coastal California has
been due to cattle grazing, both by oak browse and taking acorns. Our cattle impact
studies on the Santa Rosa Plateau were overshadowed by concurrent high mortality due
to drought. During a June 1987 survey of three study sites set up with tagged oak
seedling fall 1986 (236 on grazed pasture and 205 on adjacent non-grazed pasture),
survivorship appeared to be about 50 percent among seedlings protected from cattle and
ten percent among unprotected seedlings. By the fall 1987 monitoring, however, total
fatalities were 92 percent in grazed and 91 percent in non-grazed savanna, evidence that
dehydration was overshadowing the grazing experiment. Our cattle grazing experiment
was moved to another location the next year, and the fall 1988 monitoring showed that
cattle were having anegative impacton seedling survival, with 82 percent total mortality
in grazed savanna as opposed to 32 percent in non-grazed. Percent mortality for
Engelmannoak seedlings atthis site, in non-grazed control, was 90 percentdehydration,
four percent rodent browsing, and six percent insect damage. The grazed savanna
showed 41 percent mortality due to dehydration, 56 percent due to cattle grazing, and
three percent insect damage.
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Frequency and density comparisons of oak/size categories with respect to
grazing regime suggest cattle profoundly limit seedling survival on grazed areas on the
Santa Rosa Plateau. Oak seedlings older than one year were about six time more
frequent and thirty times more abundant inside the Santa Rosa Plateau Preserve (four
years removed from grazing) than outside. A similar survey by Griggs also implicates
cattle as amajor detrimental influence on oaks at this locality. Increases in oak seedlings
older than one year on the preserve, compared to the adjacent grazed oak savanna,
suggest that the removal of cattle is permitting improved regeneration. Only five
seedling/sapling study sites out of a total of 39 had a high ratio of saplings to mature
trees. These five sites were in a remote area of the Santa Rosa Plateau where cattle had
been excluded for approximately fifteen years.

Deer, when present in sufficient numbers -- even in the absence of cattle-- can
also have a marked inhibitory effect on oak regeneration in California according to
Snow, Griffin and White. Results of an experiment on Engelmann oak seedlings tagged
within and outside three deer exclosures in non-grazed savanna on the Santa Rosa
Plateau during the 1987-88 seasons was inconclusive, with about equal numbers of
mortalities in and outside the exclosures. Dehydration may have overshadowed the
effect of deer grazing, or there may have been insufficient numbers of deer in the area.
However, we found deer damage at other seedling/sapling study sites, mainly from
browsing of saplings and browsing or trampling of seedlings. Many young seedlings

Quercus engelmannii. Detail of leaves.

had neatly cut (browsed) stems, indicated browsing by some small (or larger) mammal,
including, from our field observations, the probability of pocket gophers browsing
seedlings from the ground surface. They, of course do most of their damage by root
killing many small seedlings, and even saplings up to one-inch basal diameter.
Unfortunately, browsed seedlings and saplings are seldom restored by resprouting.
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Species Adaptation for Establishment and Survival

The adaptive feature of Engelmann and coast live oaks, which coexist in
southern oak woodland on the Santa Rosa Plateau, relate to their habitat distribution
patterns; Engelmann oak is found more often in exposed drier savanna and coast live oak
in more moist dense woodland habitats. Some of the more important adaptive features
of Engelmann oak seedlings which help their establishment and survival are: drought
tolerance of acorns (less sensitive to moisture loss on air drying); ability to germinate
with little or not additional water uptake; self-planting mechanism; drought-deciduous-
ness of seedlings; good initial recovery (resprouting) ability following "stem death" of
young seedlings; and delayed shoot development.

By comparison, coast live oak is not drought deciduous, but evergreen, more
sensitive to moisture loss upon drying, lacks a self planting mechanism, has less
recovery ability, and has rapid shoot development following germination -- all adaptive
features conducive to establishment and survival in more mesic habitats. Coastlive oak,
however, also has two drought, or drought avoidance, adaptations that are lacking in
Engelmann oak. Snow reported, in a laboratory experiment, that the drought killing
point for Engelmann oak seedlings was at a lower soil moisture tension (100 bars)
compared to 250 bars for coast live oak. However, the greater recovery ability and other
drought tolerant adaptations of Engelmann oak tends to show better overall drought
resistance than does coast live oak. Snow reported that coast live oak also has a higher
root-shootratio (1.78) than Engelmann oak (1.35). The coastlive oak may have adegree
of drought avoidance because of its greater root extent; however, the Engelmann oak
may offset the lower root-shoot ratio by its drought deciduousness, which is lacking in
coast live oak.

Delayed shoot development after germination in Engelmann oak may allow
it more time for root development before moisture stresses are imposed by transpiring
leaf surfaces, which may allow it to become established in more open dry habitats.
Engelmann acorns may germinate and send down roots, but in a dry summer shoots may
never appear above ground, but do so the second year from an already established root
system. Delayed shoot development is an adaptive mechanism which coast live oaks
apparently lack.

At the first signs of drought stress in Engelmann oak seedlings, leaves tend
to dry up, often resulting in abscission of the leaves. Leaves of coast live oak seedlings,
under the same conditions, will become dry but usually will stay on the stem even after
resprouting. In our study an Engelmann oak seedling shoot was determined dead when
all of the leaves on a shoot were dried or absent. This sample then would be listed as
"stem dead," meaning the leaves were either dead or dropped but the below ground parts
could possibly still be alive. A total of 1,872 Engelmann oak seedling/sapling deaths
were were were tabulated within this phase of our study on the Santa Rosa Plateau in
1987-88. However, 35 percent of these "stem dead" samples subsequently resprouted.
Factors responsible for the original mortality among these 1,872 Engelmann oak
samples were: dehydration (69.5 percent); mammal browsing (23 percent); wildfire (5.7
percent) and insect damage (1.5 percent).

Dehydration accounted for at least half of the mortality occurring each of
ourspring and fall monitorings of Engelmann oak seedling sites over the past three
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years. A wildfire of August 18, 1988, however, accounted for the mortality of 87.4
percent of 199 Engelmann oak seedling/sapling samples at three experimental plotson
Mesa de Colorado of the Santa Rosa Plateau Preserve. Regeneration by resprouts at
these fire sites, however, was considerably higher than the average from non-burned test
sites. Resprouting frequencies of Engelmann oak seedlings were significantly higher
during winter and spring seasons, when soil moisture conditions were more favorable,
than during summers. However, following a June 14, 1989, prescription burn at the
Santa Rosa Plateau Preserve, resprouting of fired-killed seedlings at eight Engelmann
oak testsites was relatively high the remaining part of the summer. MR. Snow, reporting
on a test burn in the oak woodland on the Santa Rosa Plateau, stated that the Engelmann
oak seedlings resprouted more quickly and completely after burn treatments than did
coast live oak.

Engelmann oak may exemplify the fugitive species syndrome--not faring well
against the stiff competition within mesic habitats but effectively persisting where its
competitors cannot. The scarcity of Engelmann oak seedlings under mature trees on the
Santa Rosa Plateau, even when acorn production levels may be high enough not to be
a limiting factor, suggests that a sharp loss in viable acorns accompanies seedling
establishment. Advancement to the older seedling and sapling stages appears to be
accompanied by further precipitous losses. Mortality tended to be initially high in very
young seedlings but tapered off in later years. Apparently this trend reflects the more
stable survivorship of progressively older oak samples. As young Engelmann oaks
approach the sapling stage, their survival rates tend to improve and increase in stability.
The relatively young, ephemeral seedlings often experience high mortality but have the
ability to subsequently resprout, atleast during the first several years of life. Resprouting
is less frequent in older seedlings and saplings, but better overall survival in older
seedlings tends to balance this out. It appears then, that both younger and older
Engelmann oak seedlings have similar overall survival abilities, which may help them
develop into the more enduring sapling stage, the next step to becoming a mature oak
tree. More field research is needed to determine how many times, and for how long, a
seedling will resprout from its "live" root after experiencing stem death, on its way to
becoming a sapling. Numerous Engelmann oak seedling samples in our study under-
went two and three consecutive stem-death resprout cycles. Griffin indicates that
California seedling oaks tend to lose vigor the more they resprout and eventually give
up. However, regeneration by this means may prove to be an asset to the overall survival
of Engelmann oak seedlings.

Nearly all the Engelmann oak seedling and sapling samples in test plots on the
Santa Rosa Plateau appear either to be growing slowly or essentially not growing at all.
After three years of monitoring, 32.3 percent of the 538 seedlings tagged in spring 1986
continue to survive, and the mean seedling height increased from three to five inches.
Similarly, one-year old Engelmann oak seedlings tagged in spring 1987 grew from a
mean of three and one-half to four and one-half inches in two years, an increase of only
one inch. However, much of the slow growth of samples tagged in 1987 is partly
accounted for by the high frequency of "stem death" resprout cycles which occurred
within this group. Initially, tagged Engelmann oak samples of various ages included
2,232 seedlings and 62 saplings. From the 2,232 originally tagged seedlings, 33 had
become sapling size by fall of 1988. Likewise, only one of the original 62 saplings
achieved tree status by this time. Total overall mortality of these original 2,232
Engelmann oak seedlings was approximately 72 percent by fall 1988. All but one were
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alive up until a wildfire of August 1988 that killed 42 of the total. Subsequently, 40 o
killed saplings recovered by resprouting as of spring 1989: two of these later died of
dehydration the following summer. Seedlings stem-killed by this fire also recovered by
resprouting, but not to the same extent that the saplings did. Thus, assuming wildfires
to be infrequent on the Santa Rosa Plateau, cak regeneration is in progress here, but
presently the rate may be too slow to maintain existing stands. Bartolome e al. suggest
that oak regeneration occurs episodically and that decades of virtually no regeneration
may separate the rare good years needed to maintain the stand. While natural
regeneration in oak woodlands would be the preferred method of replacing oaks lost to
natural mortality, old age, or urban development, artificial establishment of oaks may
be necessary to maintain the heritage of the oak savanna hillsides, so beloved by
Californians.
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