SEED PRODUCTI ON AREAS AND SEED ORCHARDS | N CALI FORN A
R Z. Call ahant

| thank you for giving me the chance to talk briefly to you. | began
to make notes about problens that you people were having and questions
that | had of you. Soon | realized that many things were not being asked
and many things were not being said. | wondered if an ad |lib comrent
about the phil osophy of seed production are and seed orchards as we have
devel oped themin California m ght not be appropriate.?

| think a contrast exists between our philosophy in California and
what | will <call the "Swedish philosophy" that many people operate
under. Let me define what | call the Swedish phil osophy. Foresters spend
a great deal of tinme making very intensive selections of a few trees
w t hout much idea about the selection differential, the inportance of
characters, or the heritability of characteristics. A great nmany nan-
years are spent in this process. Then cones the establishment of seed
orchards of selections. Very nuch l|later progeny tests are established
When | first thought about this whol e philosophy and about our problens
in California, | was disturbed.

Now let me tell you our problem and what Region 5 of the U S. Forest
Service is doing wth the technical guidance of geneticists at the
Paci fic Sout hwest Forest and Range Experinent Station. | don't want to
get into any argunents, but | do want to expose you to ny thinking. Sone
of what | have to say may apply to your problens.

Qur problens are very much |ike yours; we need seed yesterday. The
State of California has four mllion acres of brush fields that have to
be put back into tinber production. The Chief of the Forest Service has
given us twenty years to put two mllion acres back into production; we
have to plant a hundred thousand acres a year. Three years ago we
cel ebrated planting the one hundred thousandth acre in California. You
can see we have a trenendous job ahead. |f sonebody had only told us of
this problem twenty years ago, we could have started then, but we have
to start now to supply the seed. Qur need for seed is immed ate. Were
can we get it? On trees that are producing seed. That's the only place
you can get it in the next twenty years.

Qur first step is a seed production area program Region Five of the
Forest Service has inaugurated this. Their plan calls for sonmething |ike
a thousand acres of seed production areas to supply the required seed.
They have immedi ate plans for or have established several hundred acres
of seed production areas. Seed from these areas will supply our short-
range need. Seed production areas are being established in young-cone-
bearing stands. They nust be on level to gentle slopes operable wth
tracked vehicles. Stands are thinned by silviculturists' selections to
|l eave forty to seventy trees per acre. Selection is variable, but it
means, first, renmoving trees not spaced at the right intervals in order
to maxi m ze spaci ng, second, taking
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out the obviously defective trees, and, third, naking sure that we |eave only trees
that have a history of bearing cones. These seed production areas are being estab-
lished in stands of our native species as fast as possible. V@ know that before we
have a thousand acres of seed production area we probably w il have al ready swtched
to the seed orchard phase.

Qur second step is to establish seed orchards to produce genetically inproved
seed for planting prograns 15 or 20 years fromnow But let ne digress and explain
to you sone of the problens influencing our seed orchard program You probably have
simlar problens here in the Northeast. V& do not fully understand the geographi cal
variation in the many species growng in our forests. VW& have very steep and high
nountains. V¢ have a very wet coast and a very dry interior. V@ don't know the in-
fluence of site variation froma dry ridge to a wet bottomat the sane el evati on.
Ve think that all of these things had influences on the heredity of the trees that
grow there, but we can't prove themall. V@ probably have the best infornmation on
inherent variation associated wth elevation in the world. V¢ know that el evation
is very inportant, but we do not know enough about elevational variation in each
species in each nountai nous area, In short, we do not know the range of variability
in our species, V¢ do not know the heritability of inportant characters. V& do not
even know which characteristics are economcally and technically inportant, but we
have sone ideas. V¢ have the further conplication of not having extensive,
even-aged, pure stands on relatively uniform sites. VW are plagued wth mxed
species, all ages, and highly diverse sites. For exanple, site index mght change
from80 to 180, as you drive three hundred yards around a ridge froma south slope to
a north slope

Wth this perspective on our ignorance of patterns of inherent variation and
of the heritability and inportance of tree characters, let ne outline our seed
orchard program Here are six essential features:

1 Sel ect 200 to 400 plus trees throughout each seed zone;

2. Col | ect open-pol |i nated seed from each sel ection;

3. Sel ect 100 or nore famlies having fastest hei ght grOV\th in nursery
progeny tests;

4. Qutplant selected famlies in progeny tests on a nunber of sites

t hroughout their seed zone;

5. Reserve the tallest 5 percent of seedings in each outplanted famly for
planting at close spacing on a seed orchard site;

6. Rogue famlies fromthe orchard on the basis of famly perfornance in field

progeny tests after ten or 15 years.

Here is nore detail on plus tree selection. The objective briefly is to provide
200 to 400 sel ections broadly representative of unknown inherent ecol ogi cal adapt a-
tions in each zone. The nunber of selections is |large to keep the genetic base broad.
Fromthese sel ections we wll want to select for characters |ike stemform wood
guality, pest resistance, and adaptation to mcro-sites wthin the broad seed zone.
The intensity of the search to find 200 to 400 trees wll be noderate. Sonething
like finding the best one in 100 to the best one in 1,000 trees. The procedure is
sinple. Foresters drive the roads in the seed zone | ooki ng for even-aged, patches of
trees about one-third to one-half rotation age, 30 to 50 years. Wen they spot a
group of trees, they hop out and neasure up 3 or 4 of the tallest trees and several
adj acent codomnants. |f a domnant is about the sane age as the codom nants and
does not have di sagreeabl e branch angle, sinuosity or other visible defects, it is
selected. In the beginning I understand that Region 5 crews averaged 2 to 4 sel ec-
tions per nan day. They anticipate nore sel ections per day wth experience. Thi s
depends on know edge of and easy access to the stands of the proper age class for
sel ecti on.
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The next step wll be to collect seed fromthese sel ections. (en-pol | i nated
seed should be available on a najority of selections in years of good cone crops.
Let ne enphasi ze that the nunber of selections is high because we know nany w il not
bear cones Sexl ess trees can be discarded at little cost to the program Baggi ng of
cones may be needed to prevent |oss of seeds as cones ripen. Subsequent progeny
tests wll require that seed be fully ripened on the tree before coll ection. Baggi ng
al so shoul d reduce | osses to insects and squirrels, Gonparatively, fewcones wll be
needed. V¢ w Il need only enough seed to produce 500seedl ings for progeny tests.

Nursery progeny tests are the crux of this program These one-parent progeni es
nust be grown in careful |y designed tests. Nunerous replications nust be nade to
permt assessnent of environnental influences in the nursery. Seed size, germination
time and other factors influencing hei ght growh nust be accounted for.

Famlies wll be selected in the nursery for better height growth. V¢ know
for sone species that selection for superior height growh in the second year in the
nursery wll give us genetic inprovenent. The | evel of selection intensity shoul d be
low The famly correl ati on between nursery height gronth and later height growth is
significant but not extrenely high, V& plan to rogue half of the two hundred to four
hundred one-parent progenies. Half of the famlies wll be sel ected on the basis of
better height gronth in the second year.

Mbst seedlings of selected famlies will be outplanted into progeny tests in
their seed zone. Designed gr ogeny tests nust be conducted at several |ocations in
each seed zone. Probably 5 to 8 locations will be chosen to represent the naj or
soils, climatic patterns, and site variations in the zone. Genotype-envi ronnent
interactions are expected. They probably wll lead to particul ar sel ections for
particul ar environnents. The key feature is testing of progenies in the zone where
seed woul d ultinatel y be used.

Representatives of each outplanted famly wll be planted on a seed orchard
site. In our rugged nountai ns seed orchard sites are rare. Mbst of our progeny
tests wll be established on ground that is sloping or steep. V& probably will be
unabl e to conbi ne progeny testing wth seed orchard devel opnent, as sone flatland
genetici sts have proposed. V¢ are pl anni ng orchard devel opnent on agricultural type
land cl ose by our tree nurseries. Needed | abor and equi pnent are avail abl e there.

The tallest five percent of the seedlings in each famly wll be reserved for
these seed orchards. Ve have growng evidence that tallest seedlings in one-parent
progenies wll maintain their superiority in height gronth in later years. Chances
are we wWll achieve sone additional genetic inprovenent by this selection. Uti-
mately trees in the seed orchard wll be progeny tested when they begin to produce
cones.

The present plan for orchard design is to use a systemati c arrangenent of
progeni es at cl ose spaci ng. he seedling of each progeny woul d be planted in each
bl ock. Location coul d be chosen systenatically or randonhy. Chances of i nbreedi ng
woul d be small with 100 to 200 progeni es in each bl ock. Spacing woul d be 8 or 10
feet between seedlings. FHeld survival of bare-root seedlings is generally high,
and failures woul d not be repl ant ed.

Progeni es, not individual trees, would be thinned fromthe orchard after 10 to
15 years. Feld progeny tests shoul d begin to show _su?erl_orl ty and inferiority of
one-parent progenies after 10 years. Al seedlings of inferior progenies could be

rogued fromthe orchard as a first thinning. Probably 30 to 40 percent of the
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poorer progenies plus defective individuals of the reserved progenies would be re-
noved in the first thinning. This probably woul d be done just before crowns start
to close. Subsequent thinnings would rogue progenies judged to be inferior in the
field tests at that tine. Actually this thinning takes trees nore or |ess randomy
fromthe orchard. If spatial arrangement of trees after thinning would not be
desirable, cuttings fromprogenies to be retained could be top-worked into trees of
inferior parentage. Utinately the best trees of the best 10 to 15 percent of
the progeni es shoul d make up an orchard of trees at 25 or 30 foot spacing.

Fol low ng this procedure, we shoul d have an orchard produci ng faster grow ng
trees and having a genetic base as broad or as narrow as our field tests warrant.
The procedure shoul d provide flexibility in the thinning process. Hckle foresters
undoubtedl y w Il change their concepts of a good | ooking tree, and geneticists will
have to shift to favor progeni es having desired characters. | believe that geneticists
inthe fuure wll welcone the flexibility this plan provides. They wll have answers
to the questions we can not resol ve today.

Thank you for giving ne this nonent to give you a different philosophy on a
tree inprovenent program whi ch invol ves seed production areas for inmedi ate need
and seedl ing seed orchards for the period fifteen to thirty years ahead.

DI SCUSSI ON

SCHREI NER - Bob, could you define, alittle nore clearly, the difference between

the Gilifornia and the Snedi sh concept, and between the concept in our
sout hern states. And how does your Galifornia philosophy differ fromwhat we have
been tal ki ng about as seedling seed orchards for a nunber of years?

CALLAHAM - This concept varies, BEnie, inthis respect. The Saedes spend, | woul d

estimate, thousands of nman-hours to find one tree; this is one in a ml-
lion selection, plus or mnus several hundred thousand. Wat |I'mtalking about is
selection of one in a hundred or one in a thousand, the best tree on an acre, let's
say; the best tree that natures put on that acre at half of rotation age.

SCHREI NER - You're still establishing seedlings not grafted stock.

CALLAHAM - But the points are that we will work wth a broad genetic base, wth

progeny testing concurrent wth seed orchard establishnent, and with
progressive roguing of the orchard on the basis of successive results of progeny
tests. The last two points are those whi ch nost peopl e haven't thought about. |
think its a serious mstake to talk as sone peopl e were doi ng today about estab-
lishing orchards that will be progeny tests. Fromwhat |'ve seen, | don't think
you can do it. Mwybe your ground is such that you can put your orchard right out
where the field test should be. Qurs isn't. Neither wll the spacings and treat -
nents of orchards be suitable for progeny tests.

SCHREINER - W I, that's the difference; we can.

CALLAHAM - |If you can, then you can put these in an orchard location. If you can
afford to rogue them nake a progeny test, and devel op an orchard sinul -

taneously, then you can do as you say. But | wonder if you can. If you rogue

seventy-five to eighty percent of your progenies and you only had twenty-five

sel ections in the beginning, you re down to a genetic base of five, six, seven

tree. | think your genetic base wll be too slim
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SHHENR - For bl ack cherry we're starting out wth |arger nunbers. V¢ hope to get
320 candidate plus trees and sel ect 90 of these for nursery sel ection.

It still seens to ne that you re tal king about a seedling approach quite simlar to

what Wight and | have had in mnd since before he noved on to Mchigan. But of

course on a nuch broader scale; on a Galifornia scal e.

@EAWS - | wshtorefer to Ix. Gallahams outline of work in Galifornia because |

feel his views are right and because sone aspects of his report were simlar
to those | presented. Apparently, sone col | eagues were strongly interested in |earn-
ing to what extent we can use and trust the results fromthe nursery tests. | would
appreciate it if D. Gilahamwoul d extend sone nore views on this question.

CALLAHAM - V¢ have fair juvenile-nature correlations for nmany characters; excellent

juvenile-nature correlations for others, like blister rust resistance for
exanple. | think that we wll have nany ways of short-circuiti ng the wait to eval u-
ate characteristics. For exanpl e, take Zobel's studies of the wood characteristics
of lower branches on seedlings to evaluate mature tree wood characteristics; and
take the results you' Il hear later inthis longer neeting, that we are close to pre-
dicting the bark beetle resi stance of a seedling fromone drop of ol eoresi n w t hout
waiting until it was thirty, sixty, or eighty years old. As such infornation accunu-
lates, we will be able to do nore and nore in the nursery. At the present tine we
can do nany things. Wat you say has considerabl e nerit.

HUBBES - | would like to ask Dr. Callaham did | understand that you take your
cones in certain areas fromtrees which you can reach very easily? Is there
not already a danger for the selection in snall trees?

CALLAHAM - The sel ections that we propose wll be nade in trees that are about one-

third rotation age, let's say twenty-five to fifty years. They nust be
cl i nbabl e and bearing cones. Selection wll be nade in even-aged stands. Qur stands
often occur in groves or groups of even-aged trees. For exanple, in a half acre
stand, they mght pick one tree; in a tw-acre stand, they mght pick the best two
trees. W& are selecting the best vol une producers and trees w thout obvious sinuosity
of the stens or miltiple forking. The heritability of traits used in selection has
been estimated for us by the geneticists in the Pacific Northwest. V& nerely use
their criteria. Gones wll be collected fromthese trees when they bear, and only
as they bear can they be brought into the program There' Il be no big grafting
programto bring theminto orchards.

GABRH - | have a question for anyone who nmay have an answer. At what age woul d

you think that it would be safe to say that a definite correlation has
been est abl i shed between juvenil e and nature perfornances of trees. Perhaps | used
the wong termin "nmature”, but where inthe life of the tree would the correl ation
wth juvenility be significant and have neani ng? How do you know when you' ve passed
the effects of nursery which mght have been carried into the outpl anti ng phase?
Shyder, Vdkel ey, and others have pointed out that this nursery effect can last for
quite anhile. Is it safe to say that correlations between perfornances at 3 years of
age and at 14 years are neani ngf ul ? Even though these correl ations nay be there,
they may reflect nursery effects that are still hanging on. | would be a trifle
reluctant to nake sel ections anong seedl ing progeni es wthout data fromnore nature
trees to back themup.

SHANR- Bll, | gave ny opinion in a previous discussion. | would prefer half-
rotation age as a tine for ny final judgment. Bob Callaham has j ust
nenti oned both half rotation and one-third rotation for selection of parent trees.
| don't renenber what age he nentioned for sel ection of seedl ing progenies.
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CALLAHAM - Its inpossible to respond to the question directly; rather 1'll talk
around it. But first of all, you have to realize that very strong corre-
lations can be established between sone traits at one year and at naturity. If this
is the case, at any tine after one year you can use this as a basis for sel ection.
You cant categorically say "one year" or "el even years" or "half rotation". This
probl emof nursery-genotype interaction is one that Shyder and Vékel ey showed exi st ed
for a prolonged period of tine for sonething |ike | ongl eaf pine. For those species
that get out of the nursery bed and get up inthe air real quickly, for exanpl e pon-
derosa pine, we knowthat all the nursery effects are gone after about seven years
inthe field; this has been well denonstrated by Fowel | s and by ne. For western
white pine, Squillace and B nghamhave shown that second-year height growh is not
i nfluenced by seed size. | think we nerely have to | earn nore about howto use these
juvenile trees in increasing the precision of juvenile-nature correlation estinates.

ZARER - The T.V. A began a super-seedling study in 1952 which invol ved the sel ection
of outstandi ng seedlings fromregular nursery production. This varies from
the type of seedling selection Dr. Gallahamreported on, in that ours was from quan-
tity production, and he sel ected wthin one-parent progenies. V¢ now have data on
eastern white pine selections up to ten years of age. Qorrelating age classes wth
annual hei ght neasurenents we found real differences in height between super-
seedlings and their controls. Qrer eighty percent of the super-seedl ings are out-
grow ng the average control, while less than 0.8 percent of the controls are out-
grow ng the average super-seedling. Loblolly and shortleaf are under study too, but |
bel i eve the white pine, selected as 2-0 stock, shows the best response to this
type of selection, Wen you ook at the trees in the outplanting, its difficult to
vi sual i ze how seed size plays a part. There is no evidence to indicate that seed
size still effects the growth rate or had an influence on the early rapid growh
associated wth juvenile vigor. | think there are nunerous studi es that show seed
size no longer plays a part after seven or eight years.

HNT - Or. Gallahan, woul d you cooment on the technique or the nechani smfor apply-

ing your progeny test data to the orchard area on an individual basis. Ae
you still going to rogue your orchard area and retain individuals of a particular
progeny on their own nerits?

CALLAHAM - Let ne answer the second question first and then nake a comment on the

poi nt nade about the super-seedings a nonent ago. As we envisionit, the
roguing in the orchard woul d be done strictly on the basis of performance in the
field trials. Roguing woul d be done on a progeny basis and not on an individua tree
basis. An exception woul d be the obviously deforned tree. It woul d be rogued too.
Now back to the point that | wanted to nake about super-seedlings. Wat was said is
true. I amtal king about seedling selection fromone-parent progenies not super-
seedl ing sel ection. The contrast has been nade in ny paper published in the Pro-
ceedi ngs of the Forest Genetics Vérkshop at Macon in 1962.

HNT - Then you' re goi ng back to your progeny tests for the next generation, either by
control l ed or open-pol linated progeny, to sel ect your next parent generation.

CALLAHAM - These woul d be second generation sel ecti ons and orchar ds.

ROLINS - Dr. Gallahan, what is your basis for naki ng two-year selections? Wy
wouldn't it be 3-0 stock? Is it the growth plan in your nursery to produce
2-0 stock, and if this is the case woul d 3-0 be as adequat e?

CALLAHAM - V¢ know that height growth in the first year is very severely influenced
by seed size, germnation tinme and geographi c source. If you can account for these
i nfl uences, you could use first year gronth. In the second year nany of



these early environmental invluences are mnimzed. If we take just second-year
hei ght growth, we know we have a better estinate of the genetic height grow h poten-
tial. Really, we would |ike to outplant 1-0 seedl i ngs because they survive best.

but wth proper care the bigger 2-0 seedlings can be transplanted into the orchard
and into the progeny test sites.

RALINS - Wul d a sel ection of 3-0 stock be as sati sfactory?

CALLAHAM - | suppose it would. Qur results on hei ght of one parent progenies of

ponderosa pine at one, two, five, twelve and twenty years shows that the
correlation wth twenty years goes up for each succeeding neasurenent. | think the
coefficient of determination between twel ve-year and twenty-year heights was about
ei ghty percent. The | onger you can wait, the better.

SHHANR - Bob, do you think selection for height growh of one-year seedlings

would be fairly safe if seed-wei ght classes were taken into consi dera-
tion; if selection of one-year seedling progenies were nade on the basis of their
seed wei ghts. For our bl ack cherry seedling seed orchards we want to sel ect one-
year seedlings for the outplanting; two-year seedlings get too big. Ve planto
determne seed-weight and to eval uate the progenies on the basis of seed-wei ght
classes, It is ny recollection that the work that's been done on nursery hei ght
differences does indicate that seed weight is a critical factor.

CALLAHAM This is true and it's a good approach. You can either do it by sow ng

by seed wei ght classes or by using a regression technique. In the
latter you take deviations fromthe regression of height gronth on seed wei ght.
Progenies then are selected if they deviate by say, two standard deviations from
their predicted val ue.

@E\WS - In addition to the statistical nethods nentioned by Ir. CGallaham the in
fluence of seed-weight on the performance of juvenile seedlings can be
cal cul ated by the anal ysis of covariance.

ALISN- I'dlike to ask Dr. Gallahamone question since he nentions zone-w de

testing. How has he counteracted this difference in grow ng-site i ndexes
based on exposure and slope. In Wst Virginia we have sonmewhat the sanme, plus
benches that nmay be in the mddl e of the slope. W are al so thinking of zone-w de
seed col | ection zones, and | amwonderi ng how you might handl e this type of probl em
in your state.

CALLAHAMI- This is a tough one. Let ne say that |'mnot happy wth the seed col -

l ection zones as established in Galifornia, but | have neither the
know edge nor the ability to inprove upon them V&' re going to have to start wth
what wel | call approxinations of appropriate zones |'msure that geneticists
fifty years fromnoww || scoff at you and ne and everyone el se for what we do
today. The handwiting is on the wall that at least in our Wst, elevation is
going to be very inportant. For exanple, on the west side of the Serra Nevada
nountai ns, our silviculturists have set up a | ow two-thousand-foot el evati onal
zone and a hi gh two-thousand-foot el evational zone. Vé nay have to put inathird
el evational zone. Yet, we knowthat there are significant differences even by
five-hundred-foot zones. These five-hundred-foot zones nay be economical |y i npor-
tant fifty to a hundred years fromnow V¢ don't know enough yet to say whet her
they are. Second, as to site, we have trenendous site variations. Let ne give you
an exanple. In a very closely control |l ed experinent site varied fromdass | on
the top of a hill where the soils were deep to a low AQass Il about four
hundred feet to the south on the shallowsoils on the side hill.
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There nust be inherent adaptation to those kinds of changes be probably shoul d be
selecting fromtrees on the hill top and fromtrees four hundred feet anay as separate
popul ations for tree inprovenent. But the nagnitude of the tree i nprovenent effort soon
becones infinitesinal |y large. If you have to figure on genetic i nprove-nent for every
site, wthin every elevational zone, wthin each clinatic zone, for each species, for each
soil type, for each character--Vow !

GR{OD- Alot of the discussion so far has been concerned wth inprovenent wthin

a species. | wonder if we could have a few comments on hybri di zati on?
| recall that Or. Sairs nentioned a seed orchard for producing hybrid larch. Gould you
enl arge on sone of the details?

STARS - The larch hybrid orchards we have field planted at this tine are "single
clone orchards”. That is, a single clone of each parent species is used

wth the expectation that sel fed seedlings wll be recogni zed and di scarded in the

seed beds. V¢ have al so conpl eted the grafting for a white pine (P. strobus x P.

nonti col a8 hybrid orchard contai ning ten cl ones of each parent species. T anticipate

using controlled pollination in this orchard as it begins to flower.

HNTI - To answer your question about the basic arrangenent of the hybrid larch, as

D. Sairs explained, there are just two clones present, one of each speci es,
planted i n a checkerboard design. The seed produced is either hybrid or selfed. The
inbred naterial shoul d becone apparent in the seedbed as snall, runty seedlings wth
depr essed vi gor.

@E&HAD - Do you know anything about their selfing or crossability?

HNI - No, the selfing and the crossability are still to be deternined. The only
characteristic determned was the ability of both of these clones during one year

to flower sinmultaneously. They were planted out in a sonewhat different clinate, so the

bud- break and bl ooming in Saratoga has not al ways coincided as it did back i n Syracuse.

CALLAHAM- |1'd like to coorment on hybrid seed orchards that | heard about in Gernany, and
then our own in Gilifornia. Langner, at Schnal enbeck, described to ne their procedure for
produci ng P cea onori ka x jezoensis crosses. He plants a single clone of onori ka known to
produce hybrids inasnall plot inthe mdst of a planta- tion of the other species. Then
all seeds set on the clone woul d either be hybrids or selfs. These are readily distingui shed
inthe nursery. You just rogue all the runts to renove the selfs, This sounded |ike a very

sinple and very efficient procedure to ne.

In Glifornia, Region Hve of the Forest Service is produci ng hybrids en nasse. In
their Badger HII| breeding orchard they have twenty-seven different geographi ¢ sources of
knobcone pine planted. Oh these each year they produce knobcone-Mnterey hybrids by
control led pol lination. The results are pl easant in one respect; these trees have fl owered
abundantly in their fifth and sixth years. Region 5 uses about two thousand pol | i nation
bags each year. So far the seed sets are very low This puzzles us. It looks as if young
trees in seed orchards nay not produce the quality of seed produced by large trees. Dr.
Krugnan is fol lowng this nowto see howlong it is going to take before we begin to get
abundant seed fromcontrol | ed pollinations on young trees.

HNI - Langner was quite fortunate to have worked wth individual s that were conpatibl e
and produced progeny of such narked heterosis as shown by his P. sitchensis x P.
jezoensis cross. Bven after a large nunber of screenings, there is a degree of seren-
dipity in choosing two exotic individuals for parents fromall the possibilities wich wll
result in hybrid growth such as Langner denonstrated. | would anticipate a | ong series of
trials to locate and natch the best pair for each interspecific crossing.
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