
Gene orests with commercial potential F for wood products cover 17 percent 
of California (17 million acres). Nearly 

north coast and in the north coast ranges, 
c 0 n s e wa ti 0 n two-thirds of this acreage is along the 

of while over 20 percent is in the Sierra 
Nevada. In contrast to  its field crops, 
all of California's commercial timber c o m m e rc i a I species are native. Coniferous species 
comprise 99 percent of the growingstock 
volume. 

In 1975 the estimated value for for- forest trees 
David L. Kafton est products in California was $1.3 billion, 

and the industry paid $1 billion to  about 
90,000 workers. California is second only 
to  Oregon in softwood timber production. 

Forest tree gene conservation helps 
to  perpetuate the genetic variability that 
has been the basis for the survival of the 
commercial forests; but, unfortunately, 
the irreplaceable gene resources of these 
forests are being continuously eroded. 

Species are composed of one or 
more populations that are adapted to dif- 
ferent environments, and it is the genet- 
ic variability that determines the extent 
to  which a population can adapt to  its 
constantly changing environment. Most 
of the recently investigated natural popu- 
lations contain considerable genetic di- 
versity, which provides them with an 
overall resistance to  disasters such as  
epidemics and insect infestations. 

The trend in forestry toward plant- 
ing the offspring of selected trees on 
clearcut areas will hopefully lead to  
faster, good quality growth. However, 
the long-term consequences of this type 
of forestry are unknown. These domesti- 
cated forests, with less genetic diversity 
and a different genetic composition than 
their well-adapted predecessors, may be 
more vulnerable to  natural disasters than 
the native forests they replace. To pre- 
pare for this uncertain future, i t  is im- 
portant that  we conserve as  much of the 
available genetic variability as  possible. 

Reserves such as parks and wil- 

derness areas are important for gene 
conservation because (1) the natural evo- 
lution of reserve species can continue, and 
new adaptations may develop in res- 
ponse to changes in the environment; and 
(2) gene conservation research requires 
natural, relatively undisturbed popula- 
tions. 

Unfortunately, reserves alone can- 
not be relied upon for gene conservation: 

UReserves can contain only a small 
portion of the total genetic variability 
that is found in a commercial species. 

WSamples of commercial popula- 
tions in reserves are likely to be contam- 
inated by pollen from nearby commer- 
cial trees. (The genetic composition of 
populations that are harvested or planted 
is usually very different from that of un- 
disturbed populations.) 

WSupression of natural burning has 
led to  the genetic alteration of previous- 
ly undisturbed populations in reserves. 

Thus, gene conservation requires 
germplasm banks - valuable as a safe- 
guard against biological and economic 
disaster in the future, and in reforesta- 
tion and research. Since conifer seeds 
store well for years a t  cold temperatures, 
seed banks are more practical than plan- 
tations alone. An ideal seed collection for 
gene conservation consists of a random 
(unselected) and comprehensive sam- 
pling of the genetic variability of a group 
of trees. 

As the viability of stored seed 
samples diminishes, plantations are es- 
tablished, controlled crosses are made, 
and the gene combinations are again 
stored as  seeds. If seeds are unavailable, 
cuttings may be collected, placed in plan- 
tations, and then either vegetatively pro- 
pagated or eventually stored as  seeds. 
One of the main shortcomings of germ- 
plasm banks is that they cannot evolve 
in response to changes in the natural 
environment. 

Current reserves are probably in- 
3 0  CALIFORNIA AGRICULTURE. SEPTEMBER 1977 



adequate, since they do not contain sig- 
nificant portions of some important com- 
mercial populations, and they are likely 
to be contaminated with pollen from 
nearby reforested or harvested areas. 

Old-growth stands of white fir, pon- 
derosa pine, Douglas-fir, and redwood 
have been extensively harvested in Cali- 
fornia without gene conservation seed 
collections having been made. In addition, 
a 1965 report stated that about 25 per- 
cent of California's formerly productive 
commercial forest land was covered with 
brush and unmarketable trees after log- 
ging and fires. Taken together, this has 
resulted in serious genetic losses for 
some populations. 

There is a question about the gene 
distortion of redwood because i t  is not 
known whether sprouting from stumps 
has been adequate to  preserve the gene 
pools of harvested populations; the abili- 
ty to  sprout declines after 200 years of 
age, and mostly old-growth was cut. 

The southern California popula- 
tions of ponderosa pine and Jeffrey pine, 
which have suffered heavy damage and 
mortality from the smog, face extinction. 
Gene conservation collections would pro- 
vide a broad genetic base to  be used for 
reforestation after the smog is elim- 
inated. 

The genetic composition of unhar- 
vested, commercial populations can be 
significantly changed by pollen received 
from nearby harvested or reforested 
areas. Pollen from heavily harvested 
populations of white fir, ponderosa pine, 
and Douglas-fir has been contaminating 
relatively undisturbed neighboring popu- 
lations. For reforestation in California, 
Douglas-fir, ponderosa pine, Jeffrey pine, 
and sugar pine a re  the species most of- 
ten used; they are also the current con- 

taminators because selected and non- 
locally adapted seeds and seedlings are 
usually used. The other commercial spe- 
cies remain potential contaminators be- 
cause they have seldom been used in re- 
forestation. 

Current gene conservation 
activities 

Organizations affiliated with the 
United Nations, such as  the Food and 
Agriculture Organization and UNESCO, 
are leading some forest tree gene conser- 
vation activities. A serious lack of funds 
has limited them mostly to  sponsoring 
meetings and producing useful publica- 
tions. 

The U S .  Forest Service has estab- 
lished seed zones in California. Eventu- 
ally, reforestation in a seed zone will 
have to  be done with seeds or seedlings 
that originated within the same zone. 
This does not guarantee, however, that  
seed collections originating within a zone 
will be either extensive or made from un- 
selected seed-parents. 

A t  the Forestry and Genetics de- 
partments of the University of California, 
Berkeley, representative collections 
have been made of seeds and cuttings 
from the five existing native Pinus radi- 
ata (Monterey pine) populations; gene 
conservation collections have been made 
from about half of the groves of Sequoia- 
dendron giganteum (giant sequoia); and 
random, extensive samples have been col- 
lected from both native populations of 
Cupressus macrocarpa (Monterey cy- 
press). 

Although hundreds of other seed 
collections have been made from Cali- 
fornia's timber species, most are inappro- 
priate for gene conservation. Further- 

Conservation 01 Commercial Timber Species in California. 

u) C 
C 

r 

I 
a, 

Timber Species 

a 
X 
X 
X 

Scientific name Common name a 
Abies concolor white fir ? X - 
Abies magnifica red fir ? 
Libocedrus decurrens incense-cedar ? 
Pinus jeffreyi Jeffrey pine ? - X - X 
Pinus lambertiana sugar pine 7 - - - X - 
Pinus ponderosa ponderosa pine ? X X X X - 
Pseudotsuga menziesi i Douglas-f 1 r ? X - X X - 
Sequoia sempetvirens redwood ? ? 

Adapted from Libby, W.J., D. Kafton, and L. Fins. 1975. Chapter 4. California conifers In The 
Methodology of Conservation of Forest Genetic Resources. Food and Agriculture Organization of 
the United Nations. Rome, Italy. 
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more, there is no comprehensive catalog 
of these collections, and adequate facili- 
ties for their perpetuation are lacking. In 
general, very little forest tree gene con- 
servation work is being done in Cali- 
fornia or elsewhere. 

Proposed activities 

Conditions in California make it 
both possible and worthwhile to conserve 
commercial forest tree gene resources: 
all the commercial timber species are na- 
tive; there are still considerable numbers 
of old-growth timber stands; and reforest- 
ation has not been extensive in many 
areas. 

.It is imperative that unselected 
and extensive seed collections be made 
as soon as possible from the most en- 
dangered populations of Douglas-fir on 
the north coast, ponderosa pine in the 
Sierra Nevada and southern California, 
and Jeffrey pine in southern California. 

.Then collections have to be made 
from all the commercial timber popula- 
tions that have remained relatively un- 
altered by forestry activities (mostly old- 
growth stands). 

.In addition, better production 
has to be provided for commercial popu- 
lations in reserves. 

An effective organization is need- 
ed to take responsibility for gene con- 
servation work in California. Perpetuat- 
ing intact gene pools of unselected sam- 
ples of populations requires a commit- 
ment beyond the lifetime of an individual. 
Federal and state governments, private 
industry, and the University of Cali- 
fornia could cooperate in such a group. 

This organization could: 
.conduct, supervise, and coordin- 

a te  gene conservation activities 
.accurately assess and inventory 

commercial forest genetic resources 
.plan and set  priorities for germ- 

plasm conservation 
msolicit, coordinate, and dissemin- 

a te  funds 
Bobtain facilities and train person- 

nel 
.seek alterations in laws and regu- 

lations so that forestry practices are in- 
tegrated as  much as  possible with gene 
conservation work 

Bcatalog and disseminate seed col- 
lections for reforestation and research 

Bsupport scientific research relat- 
ed to  gene conservation. 

David L. Kafton was Teaching Associate, 
Department of Genetics, University of 
California, Berkeley. 

CALIFORNIA AGRICULTURE, SEPTEMBER 1977 31 




