




































































































































In the Indiana Q. rubra breeding population, 139 incompatible grafts have been typed, 
representing a total of 47 different clones. Analysis revealed that 82% of these grafts 
could have been predicted to fail based upon gel electrophoresis analysis (unpublished 
data). Of the 805 grafts in the Indiana collection, representing 180 different clones, 17% 
were judged to be incompatible in 1992 (at age 8). 

For the Quercus section Quercus (formerly subgenus Lepidobalanus), there is a single, 
predominant phenotype across all species, and therefore not as many instances of graft 
incompatibility should be encountered. Other subgenera have not been adequately sampled 
to date. 

B. Softwood Cuttings 

Successful production of rooted Quercus cuttings is a reality. While the genus is not 
"easy" to propagate from cuttings, it still is possible to obtain commercially acceptable 
results for some species. 

Since oak is a challenge to propagate from softwood cuttings and impossible to root from 
dorn1ant, hardwood cuttings, the propagator must time the collection of cutting material 
exactly to maximize results. Optimal timing of cutting collection is a fairly narrow win­
dow of 2-3 weeks and coincides with the completion of the first flush, but before the 
onset of the second flush (LAG phase), (Teclaw and Isebrands, 1987). 

Maynard and Bassuk (1987) conducted a series of experiments with several difficult-to­
root genera including Quercus, and determined that rooting success could be enhanced 
through the use of various light-exclusio.n treatments. Stock plant shoots were grown in 
the absence of light (etiolated), banded with small strips of Velcro treated with mAin talc 
at the point where the cuttings would be struck, and then moved into the light to develop 
normally. These types of stock plant manipulations resulted in significantly higher root­
ing percentages for Q. coccinea, Q. palustris, and Q. robur. There were, however, no 
significant treatment differences detected for Q. rubra. 

Perhaps the greatest influence on rooting is stock plant age. Seedling-origin material can 
root at very high percentages (90% ), but desirable, mature trees are not so simple. Root­
ing percentages of softwood cuttings collected from mature trees are normally very low 
or nil. Furthetmore, those cuttings that do root can maintain their mature growth charac­
teristics such as slow growth rates, and possibly, plagiotropic growth habits. While trees 
older than 4-6 years will root with difficulty, the percent rooting is not only dependent 
on age alone, but also on the clone (Zaczek, 1993 ). 

Serial propagation of oak, by means of repeated grafting cycles, has been reported to 
induce "rejuvenation" in Q. virginiana (Morgan, et al.,1980) and Q. acutissima (Moon 
and Yi, 1993). In addition, the use of hedging (cutting back of stock plants in late winter 
to early spring) has resulted in robust growth and cutting material that roots at higher 
percentages (Chalupa, 1993). Hedging may not induce rejuvenation of the desired clones 
(Zaczek, 1993), but at least will arrest the maturation process. Stump sprouts from ma­
ture, elite trees in Europe also have been utilized as cutting material (Chalupa, 1993). 

Vigorous stem-cutting material is collected at the lag stage between the first and second 
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flush. Later flush material normally roots in lower percentages (Drew and Dirr, 1989).Cut­
tings are prepared in a similar fashion to other softwood cuttings: five to six inch long 
cuttings are made with 3-5 leaves per cutting. The leaves are trimmed in half. The cut­
tings then are dipped in one of several ho1n1one preparations such as IBA in talc (1.0% 
+ .01% NAA), 1.2% ffiA + EtOH 5-second dip, or 1.0% K-ffiA 5-second dip. Many 
different ho1n1one treatments have been used for oaks . Cuttings are placed under a polytent 
in a shaded greenhouse with intermittent fog or mist. Fog has been reported to be a better 
source of moisture for both Q. robur and Q. rubra. Depending upon temperature, rooting 
can occur in 5 weeks. Greenhouse temperature regimes notmally are between 18-24° C 
(65-70° F) night and 30-35° C (85-95° F) day. Rooting percentages are dependent upon 
the clone and year. 

• 

Following rooting, the stimulation of shoot growth is desired in the greenhouse. Success­
ful overwintering of the cuttings is dependent upon having an adequate carbohydrate re­
serve available to insure regrowth in the spring. In general, oak cuttings that root rapidly 
( 4-5 weeks), and early in the growing season, will be the most likely to develop new shoot 
growth and be successfully overwintered. TI:eatments employed to stimulate growth on 
later date cuttings have included: 1) 75-watt bulbs for a night interruption from 10:00 to 
2:00 until budbreak occurs, and 2) fertilization with 200 mg/1 20-20-20 once a week 
(Drew, et al., 1993). For most species, the night interruption treatment resulted in maxi­
mizing overwinter survival. In addition to stimulating new shoot growth, the propagator 
should root the cuttings into containers or else leave them in an unheated greenhouse 
overwinter to insure good survival. Disturbance of the fragile new root systems can have 
a negative impact on winter survival rates. 

For Q. rpbur, the direct incorporation of Osmocote fertilizer (15-11-l3) into a peat/sand/ 
perlite medium (1:1 :1) at a rate of 2.0 gil has been shown to result in higher rooting and 
bud break percentages (Spethman and Harms, 1993 ). Successful examples of oak species 
that have been reported to root from softwood cuttings include Q. acutissima, Q. coccinea, 
Q. palustris, Q. phellos, Q. petraea, Q. lyrata, Q. robur, Q. rubra, Q, shumardii, and Q. 

• • • vzrgznzana. 

C. Micropropagation 

There have been successful examples of oak propagation by various tissue culture tech­
niques. Auxiliary shoot multiplication in vitro has been reported for such species as: Q. 
alba, Q. rubra, Q. robur, Q. petraea, Q. shumardii, Q. lobata, Q. suber, Q. acutissima, 
and Q. serrata. 

In most cases, cultures have been derived from embryo explant material, rather than from 
mature trees. However, successful techniques have been developed in Europe for Q. 
robur and Q. petraea by utilizing stump sprouts (Chalupa, 1993). 

Since oaks are somewhat amenable to auxiliary shoot multiplication techniques, the ques­
tion then centers on rooting. Exvitro rooting is much cheaper, since the invitro step is 
avoided and both acclimation and rooting can occur at the same time. Besides Q. petraea, 
limited success was achieved for Q. robur using genetically improved seedorigin mate­
rial in Gennany (Meier-Dinkel, et al ., 1993). 
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It is important to consider, in any discussion of micropropagation technology, how tissue 
cultured propagules grow in comparison to seedling origin trees . In one example, Chalupa 
(1993) stated that, for Q. petraea at least, tissue cultured oaks derived from seeds exhib­
ited similar appearance and growth characteristics as seedlings after 8 years in the field. 

While somatic embryogenesis techniques have great potential for oaks, and some posi­
tive results have been realized, more work is needed to perfect the protocols required to 
produce repeatable results for the genus (Jorgensen, 1993) . 

Summary 

The propagation of Quercus species by various techniques remains a dynamic field of 
study for both researchers and practitioners. While the refinement of the procedures at­
tempted to date will continue, it is important to recognize the biological fact that the genus 
can be manipulated positively in most cases. Traditional seed propagation techniques 
have been developed to produce economically large numbers of seedlings that are capable 
of high survival rates in the field. Vegetative propagation of selected individuals is fea­
sible through the use of grafting and softwood cutting technologies . Tissue culture proto­
cols are being developed at a rapid rate in several laboratories, and hold great promise for 
the future propagation of superior trees for both forestry and horticultural end products. 
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Quercus stellata. Ancient Trees, Tulsa, Oklahoma, USA. © Guy & Edith Sternberg. 
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GROWING OAKS IN THE GREAT PLAINS 

by John C. Pair 

Historically, oaks have played a very important role in the history of the American fron­
tier. Not only were oaks important for building materials, barrel staves and other wood 
products, they were important landmarks and provided meeting places for commerce and 
government. For example, a large bur oak (Quercus macrocarpa) in Council Grove, Kan­
sas, now called the "Council Oak", once stood where a peace treaty was signed between 
U.S. commissioners and the Osage Indians on August 10, 1825, whereby petmanent ac­
cess was obtained across indian land establishing the Santa Fe Trail. Another was the 
"Post Office Oak," where from 1825 to 1847 a cache at the foot of this tree served as a post 
office for incoming and outgoing wagon trains. Bur oak, aptly named for the burs s~r­
rounding the acorn cap, produces one of the largest acorns in the genus Quercus, hence 
the te1m "macro" in the species epithet. It is the best adapted of all native U.S. oaks to 
prairie conditions and can often become 5 feet in diameter and 350 years of age. It was 
named the centennial oak in Kansas in 1961 because it grows throughout the state. 

Chinquapin oak (Q. muhlenbergii) also is well adapted to prairie soils and is found often 
on rocky hillsides and along stream banks. This medium-size oak is very tolerant of 
limestone soils with a high pH, and frequently reaches nearly 50 feet tall, even in the high 
plains of Texas. A closely related species, is chestnut oak (Q. montana fotmerly Q. prinus). 
This oak, often reaching in excess of 70 feet, has glossy, dark green leaves with heavily 
serrated leaf margins. Acorns are large, sweet and relished by squirrels. Native from 
Mai:fle to Alabama, it is tolerant of soils in the heartland and gro'Ys quite well on poor, dry, 
upland sites. 

Shumard oak ( Q. shumardii) belongs to the red oak group and can be found among bur 
and chinquapin oak stands in eastern Kansas. It is common near streams and along river 
bottom sites, often reaching more than 75 feet, and is sold as red oak by the lumber indus­
try. It can be a bit more difficult to grow as a straight, young tree in the nursery and does 
not transplant as successfully as pin oak (Q. palustris ). However, it is more toierant of 
high pH soils and drier sites, and fo1n1s a broad head similar to other red oaks. Pin oak 
cannot be recommended west of U.S. Highway 81 because of poor tolerance to high pH. 
Lime-induced iron chlorosis frequently causes the tree to become lemon yellow. The 
epithet "palustris" refers to wet soils to which it is best adapted, hence pin oaks are often 
planted successfully in poorly drained, clay soils where they may reach a height of 80 feet 
or more. 

Shingle oak (Q. imbricaria), although not common in eastern Kansas, is found sparsely in 
the northeastern part of the state. It can be difficult to find in the trade. The small acorns 
are quickly taken by birds and squirrels. It is somewhat slow growing, has elliptic leaves 
without lobes, and shows a tinge of fall color, some being deep maroon in a decent fall . 

An introduced species, sawtooth oak (Q. acutissima), somewhat new to our region, is fast 
growing and tolerant of drought and clay soils. Hardiness is generally limiting at -20°F, 
but a specimen is known to exist in Blair, Nebraska where temperatures drop even further. 
It is native to Japan, Korea and China. In experiment station tests of Shumard, shingle 
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and sawtooth oaks, both sawtooth and shingle oak survived well at western Kansas sites 
of Hays, Tribune and Garden City (Figure 1). Although sawtooth oak survived at all sites, 
Shumard and shingle oak grew faster at most western Kansas sites, except in the extreme 
northwest portion of the state in Colby. 

Swamp white oak (Q. bicolor) has perfo1n1ed quite well in the plains and is reportedly 
easier to transplant than white oak (Q. alba). Native from Quebec to Georgia and west to 
Michigan and Arkansas, it grows in low lying, swampy areas and along stream banks. 
Although it prefers acid soils and a moist growing environment, it tolerates drier sites and 
grows well in the park system in Wichita. Its lustrous, dark green upper leaf surface 
contrasts vividly with a whitish, tomentose lower surface; hence the term bicolor oak. 

White oak (Q. alba), notmally a forest tree, is not found in urban planting often due to its 
reputed transplanting difficulty, but it is used occasionally in parks and for street plantings 
in eastern Kansas. Native from Maine to Missouri, it grows to at least 75 feet tall with a 
massive trunk and open, rounded crown. Its species epithet "alba" or "white" refers to the 
light color of the bark. Foliage resembles the lobed appearance of English oak and often 
exhibits a reddish fall color. 

English oak (Q. robur) is a large, broadly-rounded tree widely used in Europe and surpris­
ingly adapted to the Plains states. Several large specimens growing in Kinsley, Kansas, 
attest to its tolerance as a rugged tree. Its l -inch long, shiny brown acorns are quite 
distinctive and readily distinguish it from others of the white oak group. Occasional 
powdery mildew on leaves can be unsightly and stunting. Several upright cultivars (Q. r. 
fastigiata) are available and offer handsome landscape fo1n1s. Hybrids with other white 
oaks o~casionally display a rusty red fall color. 

Water oak (Q. nigra) has been observed as far north as Wichita, although it would be more 
at home in eastern Oklahoma and Texas. The tree is almost evergreen, containing narrow, 
obovate semi-evergreen leaves which offer a near-live oak appearance. The species is 
weak-wooded and limbs can break in wind, snow and ice. 

Willow oak (Q. phellos), also a narrow-leaved species, can become a tree 40 to 60 feet 
high, even 90 feet under ideal conditions. Often suggested for wet conditions and acid 
soil, the species has been grown west of Wichita. The narrow, fine-textured foliage is 
bright green, changing to yellow and occasionally russet-red in autumn. 

Specimens of the rare and unusual Q. cerris (Turkish or Thrkey oak) are surviving near 
the civic center in Wichita. Usually unknown in North America outside arboreta and 
botanic gardens, this species resembles sawtooth oak (Q. acutissma) with its l-inch long 
acorns enclosed half their length with a cup of reflexed scales. A bit winter tender, one of 
the three specimens was damaged by cold temperatures and was removed a few winters 
ago. 

An unusual oak, native to the plains of Texas, is the well known native Texas Shumard 
oak (Q. buckleyi, fotmerly Q. texana). Sometimes it is grown as multi-stemmed trees 
with fine textured, deeply cut leaves with brilliant fall colors. This oak occasionally hy­
bridizes with Q. shumardii in central Texas where the two species overlap (2). 
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A member of the white oak group, 
and a rare evergreen which sur­
vives in the southern great plains, 
is live oak, also known as escarp­
ment live oak, scrub live oak and 
West Texas live oak (Q. 
fusiformis) . The native range of 
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the species extends as far north as 
the Quartz mountains in southwest 
Oklahoma. Seed collected there 
in the early 1980's has produced 
trees now bearing acorns at the 
Horticulture Research Center in 
Wichita. 
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Hybrids of the coast live oak (Q. 

virginiana) and Post oak (Q. 

stellata) occur on the Texas A & 
M University campus. A small 
specimen is growing successfully 
in our trials at Wichita but is a 
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Manhattan Hays Colby TribuneGarden CityWichita Other miscellaneous oaks not men­
tioned and various hybrids can be 
grown in the Plains states. Given 
good care, with the proper site and 
a little patience, oaks offer very 
durable additions to landscapes, 
park systems and other urban 
plantings, even in the prairie. 

Fig. 1. Growth and survival of oaks at six sites in Kansas. 

John Pair is a Professor of Biology at Kansas State University, Manhattan, Kansas, USA. 
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MAINTAINING OAK GROVES IN COMMUNITIES: 

Introduction 

A CASE STUDY oF FoREST GRoVE, OREGON 
by Michael R. Reichenbach 

• 

Forest Grove, Oregon, is noted for its trees. Magnificent groves of old Oregon white 
oak (Quercus garryana) blend with historic buildings and the Pacific University cam­
pus, and large giant sequoia (Sequoiadendron giganteum) are scattered throughout the 
community. All of the giant sequoia and many of the Oregon white oaks were planted 
or naturally regenerated as a result of original settlement patterns. Most of the Oregon 
white oaks in Forest Grove's older residential neighborhoods are over 120 years old, 
and many are likely to die in the next 50 to 75 years. To perpetuate Forest Grove's 
namesake, the Community Forestry Commission and the City are working to develop 
programs to protect, maintain and plant Oregon white oak. 

History 

Forest Grove, Oregon (population 14,000) is located approximately 25 miles west of 
Portland. It was settled in the mid-1800's and is named for the groves of Oregon white 
oak common to the area. A study of historic and significant trees indicates that many of 
the existing trees in Forest Grove's historic residential neighborhood either sprouted 
and grew as a result of development or were intentionally planted by the early settlers. 

Settlers in Forest Gro~e built their homes, schools and churches within the Oregon 
white oak groves. It is reasonable to assume that clearing for building and livestock 
needs during the 1800's resulted in the loss of some trees. Impacts also resulted from 
the construction of roads and buildings, thus leading to the decline and death of many 
more trees. 

By 1855, all donation land claims were taken within a 3-4 mile circle around present 
day Forest Grove. A donation land claim was one square mile. This would have lim­
ited clearing for buildings to a small portion of the land. The remainder may have been 
burned occasionally to improve pasture for cattle. Such practices are known to create 
favorable conditions for Easte~ white oak (Quercus alba). It is likely that similar 
practices in the 1800's perpetuated Oregon white oak by creating conditions favorable 
for acorn germination and seedling establishment. As the community developed, the 
original land claims were subdivided into a typical rectilinear pattern. During this 
time period, only one residence occupied each block, leaving room for the further de­
velopment of the Oregon white oaks already established. The age and location of many 
of the oaks in relation to historic buildings help substantiate that oaks naturally regen­
erated during settlement. 

Tree planting efforts in Forest Grove can be traced to the 1870's. Inspection of the oak 
trees in present day Forest Grove generally indicates that the common age of the trees 
is between 120 and 170 years old. One tree was found that could exceed 300 years. 
Age was determined by counting tree rings on stumps where tree had been removed 
and by inspecting photographs taken in the early 1900's. Discussions with local resi-
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dents revealed areas where the oaks were distributed linearly at an equal spacing. This 
strongly suggests that the trees were purposely planted. The ages of these trees were 
determined to be between 125 and 130, thus placing their planting in the late 1860's or 
early 1870's. The 1870's were also marked by the planting of giant sequoia. A pioneer 
nursery owner, John Ramsey Porter, settled in Forest Grove in 1860. He is known for his 
travels to the Sierra-Nevada Mountains where he collected giant sequoia, which were 
planted through Oregon's Williamette Valley. However, more giant sequoia were planted 
in Forest Grove than in other communities. 

Evidence of continued efforts to plant Oregon white oak is lacking. Very few Oregon 
white oak trees that are younger than 80 years old were found in the more historic sections 
of the community. The planting of Oregon white oak that occurred in the 1870's and 
earlier may have decreased as a wider variety of species became available for planting. A 
wide variety of tree species that are younger than 80 years can be found in the older parts 
of the community. Another reason for the lack of Oregon white oak may be that condi­
tions for natural development of Oregon white oak groves became unfavorable. As Forest 
Grove was developed, the density of development increased, thus limiting the regenera­
tion of oak to garden plots and unmowed areas of the yard. Discussions with residents 
indicated that seedling oaks can be found in their yards; however, they usually are pulled 
with the weeds. 

Regulatory efforts to protect the ~:rove 

The City of Forest Grove recognized the importance of trees and Oregon white oak as part 
of their natural heritage. Forest Grove's Significant and Historic Tree Ordinance states, 
"The trees of Fore~t Grove, a reminder of the City's namesake, offer historic, . aesthetic, 
spiritual, social, environmental and monetary values to the community." This ordinance 
prohibited the removal of significant and historic trees on public and private property 
without a permit, and was passed in January of 1992 as the result of public concern over 
tree removal. In June 1993, however, public perception that the City of Forest Grove 
could require residents to spend thousands of dollars to prune, spray and treat trees instead 
of having them removed resulted in a vote by City Council not to adopt a list of historic 
and significant trees. This list included 429 trees, 340 of which are Oregon white oak. 
Most of these are located in Forest Grove's historic residential neighborhood. Therefore, 
the City has no legal means to prevent the removal of potentially significant trees from 
private property. For a variety of reasons, an estimated 10 to 20 Oregon white oaks are 
removed every year. One often cited reason for removal is concern about potential tree 
failure. The ordinance currently is being reviewed for revisions by the planning depart­
ment. 

Future Actions 

It is the natural course for trees to grow, mature, decline and die. The current condition of 
the Oregon white oaks in Forest Grove indicates that many of these trees are declining. 
While some of Forest Grove's existing trees may survive for another century or more, 
most will not. 

Forest Grove's Community Forestry Commission, a citizen advisory commission, has set 
a priority to develop a stewardship program for the protection, care and survival of Ore-
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gon white oak. This program will ensure the continued presence of these oaks by 
increasing public awareness, planting new trees, and caring for existing trees. The 
effort will involve cooperation and partnerships among property owners, local nurser­
ies and the City. 

Several actions have been proposed, including: 

1. Gain public support for a City Council amendment to the Zoning Ordinance to 
include the 1993 Forest Grove Significant and Historic Tree Inventory List. This will 
give protection under the ordinance to all existing mature Oregon white oaks in Forest 
Grove. 

2. Inform residents about the value and benefits of the Oregon white oak byB 
•Increasing awareness of the value of oaks to the community; 
•Educating residents of the historical links to settlement; 
•Providing infom1ation about the species and its care and living require 
ments; 

•Providing tree hazard, pruning and maintenance infotmation; 
•Providing information about propagation, planting and care of seedlings 

in the landscape; 
•Informing residents about the Oregon white oak stewardship program; 
•Providing public notification for program planning. 

3. Provide on-site technic~ assistance to residents with oaks on their properties. 

4. Plant oak seedlings on public and private property to assure replacement of remov­
als and to increase the young population of oak trees for more age diversity. 

Quercus garryana. Leaf detail, Martha Washington Park, Seattle, Washington, USA. © Guy & 
Edith Sternberg 
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5. Start an urban forest and Oregon white oak education program in local schools and 
organize volunteer urban forestry projects for students. 

6. Include local nurseries in the stewardship program to propagate and grow Oregon 
white oak for community planting projects. 

Conclusion 

Forest Grove's historic 
record of tree planting 
should provide encourage­
ment to communities 
throughout the world that 
wish to maintain popula­
tions of native trees within 
areas impacted by urban 
growth. Forest Grove is 
also an example of a com­
munity that, like many oth­
ers, is actively seeking 
methods to protect and 
perpetuate significant na­
tive tree populations. Ac­
tions toward maintaining 
Forest Grove's namesake 
have been initiated by the 
City and the Community 
Forestry Commission. 
Although it is too soon to 
measure the success of 
these actions, the Commu­
nity Forestry Commission 
has started a seedling 
project to provide planting 
stock and the City is work­
ing with a local nursery to 
grow Oregon white oak. 

Quercus ga.rryana. Martha Washington Park, Seattle, Washington, 
USA. © Guy & Edith Sternberg 

Michael Reichenbach is an Urban Forestry Consultant for West Linn. Oregon. USA. He propagates and 
grows oaks and other tree species in a small ornamental nursery and has successfully used oak seedlings in 
urban plantings. 
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• 

Quercus prinus. Bark Detail Quercus velutina. Bark Detail 

Quercus rubra. Bark Detail Quercus macrocarpa. Bark Detail 

All photographs by Curt Hanson 
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Quercus muhlenbergii. A majestic specimen of Chlnk.apin Oak in Kentucky. Curt Hanson. 
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