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Mur. Franklin: T think everyone involved in planting
programs has asked himself at times, especially when
he was faced with plantation value or something of a
similar nature, where did that seed I bought really
comy frem?

Use oD ofhice seed or seedlings in reforestation pro-
gr. s cononave serious consequencees, ranging from re-
duced growth mites to oulright failure, However, to
properiy aich seed sources and reforestation site, the
forester - uss know the origin of the seed. This is no
problen when he supervises collection of the seed
himsclf, but he rarely can do so. Therefore, the forest-
cr occasionally needs some way of verifying the souree
of cones or sced collected by others prior to purchase,

Previously, source verification has not been possible
except in very general terms; e.g., distinguishing of
coastal and interior seced sources. We now report a
study which muy provide a means for pinpointing
from the sced itself noble and Shasta red fir source to
within 30 miles or less.

In 1967, we staried this cooperative Region 6 and
Pacific Northwest Forest and Range Ixperiment Sta-
tion >tady to detenmine if saine seed or seedling fea-

tures, coald be used o idendify broad seed source lo-

calit’.s s noble (Abies nrocera), California red (A,
magi.aca) and Shusta sed (A magnifica var, shasiou-
sis) tirs. Althougl i siady is only about hall cem-
pleted, cotyledon .o ov and seed weight have prov-
cn very praaising .o <oaree indices. The preliminary
data reported bese idlustrate the potential of the
verification method.

Methads
The st was Gosianed cronnd seed collected from
many locadions throaghous the range of noble, Shasta

- red, and California red fivs, with § to 20 trees individ-

ually sampled at cach Joeation. In 1867, cone collec-
tions were obtained from about 250 trees in 33 loca-

tions, ranging from southern Washington to the cen-

tral Sierra Nevada in California, In 1968, a wider
range of collections was obtained from about 430 trecs
in over 50 locations, including samples from northiern
Washington and the southern Sierra Nevadag seed
weight and colyledon data arc not vet availeble for
most of the 1968 matcrial.

Seed was extracted, dewinged and dried o shout
S-per cent moisiure content, Scric of the extructed
sced from cach tree was Nercoec, On the Nerays,
sound seeds were identified and separated from e
remainder. Counted samples of sound seed were
weighed and used to deiermine number of sound seed
per pound. We obtained cotyledon counts by germin-
ating or cutting the sced and counting embryonic
cotyledons,

Resuits
Cotyledon Numbes

Average number

north to south (tablc © g
numbers observed {455, oo L collections from the
Stevens Pass arca at ke north end of the noble fir
range. Cotyledon counts wviruged 3.51 to 3.76 on wie
AMount ITood and norlier Willamette  Nodio
Forests. South of the MeXKeuzie River, counis in-
creased sharply to around 6.0 at 44° north latitude and
6.6 at 43° 40", Populations to the south in Oregon con-
sistently had seedlings averaging between 8.7 wad 7.4
cotyledons, Shasta red fir trees from Mount Shasia
averaged only 7.37 cotyledons, but California red iir
populations to the south rcached as hizh as 552
cotyledons. There are indications that cotyledon num-
ber again declines (to around 7.0) in the southern
Sierra,

These data conflirm our preliminary observations
that there is a latitudinal gradicnt or cline in cotyice-
don number in this species complex (fig. 1), The re-
gression of cotyledon number on latitude for the 1557
colleciions is highly significant (2 = 0.89), explaining
all but 11 percent of the variation.
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DEGREES NORTH LATITUDE
RELATION OF COTYLEDON NUMBER TO LATITUDE,
PRELIMINARY DATA FROM 1967 COLLECTIONS

Table 1.—Number of cotyledons and seeds per pound  for
sclected popnlations of neble, Shasta red, and California
red fir (preliminary data, based on at least 230 cotyledon
tallies at cach location)

Average  Number
cotyledon  sceds

Vicinity Latitude number  per pound
Stevens Pass, Washington ... 47°435 4.88 13,760
Red Momntain, Washinzton .. 45°335 5.56 9,210
Lookout Maountain, Wash. .. 43719 5.47 9,180
Government Camp, Oregon . 45°18 5.58 10,850
Maonnt Wilson, Orczon . .. 453703 5.67 9,500
Tron Monutain, Orogon . 44°2.1 35.76 10,460
Houring Biver Rice, Oregon  3°35 6.00 5,010
Wolf Movatain, Orezon ... 45°57 6.61 6,350
Lowzer Dutte, Oregon .. 43°534 6.68 6,910
Reyvinids Ridwe, Oregon . 43287 G.90 5,350
[ershberzer Mountain, Oregon 43°02° 7.01 5,560
Cavern Creek, Oregen 42°51 7.44 5,210
Crater Lake, Oregon ... 42°5% 7.10 G060
Huckleherry  Mountain, Ore. 42°52 7.15 5,640
Bhie Rack, Oceggon o0 42°32° 7.01 6.200
Maunt Buldy, Orezon . 42°15 6.93 7,000
Dutchman Peak, Oreson . . 42°02° L6.82 6,550
Mount Shasty, California . 417227 737 5,430
Moy Lassen, Cadifornia . . 40°038° 8.958 5.490
Swain Mountain, Calilornia . 40727 R.82 4,120
Luke Tuhoe, California 38708 8.77 4,560
Invo Counly, Califoriia =~ . 3646 6.94 4,470
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The frequency distribution of embryos with dif-
ferent cotyledon numbers changed with the mean,
count (table 2). North of the McKenzie River, seed-
lings with cight cotyledons were rare or absent and
only onc with nine cotyledons has been tallied. o
southnvestern Oregon, scedlings had four to 11 cotyle-
dons, but those with four are rare (none were encoun-
tered in most populations), and those with five make
up 0 to 4 per cent of the total. Seedlings with cight
colyledons are common and those with nine generally
make up 1 to 8§ per cent of the total. The range in
cotyledon numbers was greatest in California — five to
13. There, cxcepting the Mount Shasta and layoe
County collections, scedlings with five or six cotvle-
dons were rare or absent and cight or nine cotyledons
were ypical.

Sced Weight

Sced weight, with number of sound sced per pound
as an index, varied in a similar pattern. Sced was light-
est in the north, averaging 9,000 to 11000 sound
sceds per pound. In southwestern Oregon (south of
the Willamette River) there were 3,100 to 6,900 sound
sceds per pound, California red fir seed was heaviest
with only 4400 to 5,400 sceds per pound. The maxi-
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mum number of seeds per pound was 23,000 on two
trees near Mount Hood, The minimum was 3,190 on a
tree at Lake Tahoe, '

The increase in seed weight with decrcasing Jati-

*tude s also statistically significant, Preliminary analy-

sis of the 1967 data indicates a highly significant cor-
vilinear regression line (r2 == 0.69). However, inuch e,
with cotyledon wunber, thee is wrather abrapt seed
weight inerease between the MeKenzie and Willa.
mette Rivers. ‘

Table 2.—Percentage of scedlings by cotyledon number at seleeted collection sites (preliminary

data, based on at least 250 cotyledon tallies at cach location)

Lacation R ___Nuinber_of cotyledons
3‘ 4 5 G 7 8 9 10 11 12 13
, Percent of seedlings
Stevens Pass 05 219 609 133 0.4 ) . . .
Red Mountain 1.3 465 475 15 ... 03 ...
Lookout Mountain ... 85 501 418 39 006 .. .- - -
Government Camp 0.1 .1 L6 196 16 .
= Mount Wilsen e 28 8635 531 76 . - - - -
- Iron Mouwntain  ~—... L1 835 510 99 13 7 .. o .
Roaring River Ridge ... 1.0 21.7 322 224 21 S50 01 . —
Wolf Mountain — e 43 402 434 118 R: S . .
Logger Butte e aeee 1.6 404 40.0 8.8 12 . ——. - e
Reynolds Ridge — S 1.0 296 519 16.0 1.0 .. . .
Hershberger Mount, ... ... 14 257 488 21.4 2.5 2 . . .
Cavern Creck S 127 405 3741 1.7 14 01 -
Crater Lake B 19.0 505 267 3.0 . . .
ITuckleberry
Mountain 163 52.6 26.2 4.9 . - " -
Blue Rock e een 27 290 454 196 3.3 . - - e
Mount Baldy c— eeee 1.1 845 478 154 1.2 P .
Dutchman Peak . 1.5 269 35035 199 1.2 —
Mount Shasta 9 142 399 338 103 . g .
Mount Lasscn - e 2 10 138 374 345 109 1.8 0.4
Swain Mountain e A 333 472 188 1 .
Lake Tahoe . e 4 72 859 847 190 25 2 01
Inyo County e e 029 257 471 229 ) IR S . -

Use in Sced Source Verification

The data presented here are preliminary; complete
cotyledon tallics for some of the 1967 collections and
most of those from 1968 arc not yet available. Analy-
sis and interpretations of the data are cven more in-
complete. Iowever, even with these limitations, they
can still be useful in broad sced zone verifications.

The procedure is simple once you know the average
cotyledon numbers of noble or red fir in a given dis-
trict or tree sced zone. It requires only (1) a represen-
tative sample of the sced from which cotyledon
counts are obtained, and (2) comparison of data with
those for known populations in the designated locale,

We can obtain cotyledon counts of the representa-
tive sced sample in two wayvs — by germinating the
sced or, much more quickly, by counting cotyledons
on the cut embryvo, The Iatter technique is not as
difficult as it sounds. Embrvonic cotyledons are well
developed in mature seed. To count them:

(1) ent the seed in half as close to the base of
the embryonic cotyledons as possible with a razor
blade or sharp knife — a hand lens (10X will
usually do fine) will facilitate counting the cotyle-
dons; or

(2) slice the seed lengthwise and remove the
embryo from the endosperm — use a hand lens
and peel the cotyledons back with a probe as
they are counted.

The first method is easicr but the other is more accu-
rate, especially when one is dealing with embryos typ-
ically having more than scven or cight cotyledons
(southwest Oregon and California).

\When cotyledons have been tallied for 100 or more
embryos or scedlings und an average count has been
calculated, a comparison is possible. Does the average
compare favorably with average cotyledon counts for
noble or red fir populations which have been studied

in the tree seed zone or district it is supposed to have

come from? With our present state of knowledge, an
average cotyledon count within =0.3 cotyledon of

~ known sources would scem to be at least an aceep-

table comparison, For example, an average cotyledon
count between 5.4 and 5.8 on a lot identified as being
from Mount Hood (Government Camp) seems reason-
able (table 1). On the other hand, an average count of
5.0 or 6.0 cotyledons is unlikely and warrants further
investigation. :
The pereentage distribution of scedlings by number
of cotyledons should also be considered. For example.
from the McKenzie River (47 107 north latitude)
north, occurrence of more than 1 per cent of seediines
with cight cotviedons or 0.1 per cent of seedlings with
nine cotvledons scems highly unlikely (table 2). From
the Willamette River (43° 40°) south, occurrence of
more than 0.5 per cent of scedings with four cotvle-
dons or 10 per cent of seedlings with five cotyledons
is questionable. '
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e Other sced and seedling characteristies are going to
e useful for further verification. The uscefulness of
sced weight is obvious from even the preliminary data
(table 1). For example, seed from Inyo County, Cali-
fornia, has about the same cotyledon count as many
sonthwestern Orezon sources (table 1): the heavier
seedd distinguish it, however. Other  characteristics
such as seed color, are going to be of interest, too.
Thus far. trees with eream-colored seed have heen en-
countered only in some parts of southwestern Oregon
and on Mount Shasta.

These are interim data; there are still many thou-
sands of colyledons to be tallied and sceds to be
weighed before the basic data will be complete. Sta-
tistical analvses necessary to provide conflidence limits
for cotvledon number within individend tree seed
zones remain to be caleulated. Perhaps, however, this
progress report will give vou at least some idea of the
excellept possibilities for identifying noble and Shasta
red T source from the seed itself. -

It should be noted in closing that cotvledon number
may prove uscful for some other purposes. Prediction
of where planned sced movements are warranted or

PMud-Pack Treaiment of Douglas Fir Planting Stock
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desirable may be possible as well as identification of
unwanted movements or erroncous source labeling of
sced. Variation in cotyledon number is also shedding
new light on the long-standing taxonomic question re-
garding the status of and relationships between noble,
California red, and Shasta red [irs,

Mr. Burch: Thank you very much, Jerry. Are there
any questions concerning Jerry’s speech?

(No questions.)

Mr. Burch: I think if you will join with me we had
better give cach one of these speakers a ronnd of ap-
plausc.
~ (Applause.)

The next subject is “Mud-Pack  Treatment  of
Douglas Fir Planting Stock” by A. Il Bamford.
who is number two in charge in the reforestation
division of the TForest Service and who, we in British
Caolumbia, consider as Mr. Reforestation. Unfortuna-
tely, Alf could not be here today, but Ian Cameron,
Assistant Chicf Forester of the B. C. Forest Service,
has consented to give his paper and present the slides.

Please, Ian, )

A. H. BAMFORD

British Columbia Forgst Service
Vietorlo, British Columbia
Rcod by lan Camecron -

AMr. Cameron: Thank you, Gerrv. I am sorry Alf
couldn’t be here today because he is more closely as-
sociated with this topic than I am. However, T will
read his paper.

(Slides were shown throughout this paper)

The concest of encasing the roots of conventional
nursery stock in a protective covering is not a new
one. At the 1966 Reforestation Workshop in Jlaney,
British Columbia, J. W. Ray reported on a method of
packaging or rolling scedlings in a mixture of com-
mercial peat soil and Jocal soil, all of which was
rolled in a paper hand towel much as a cigarette is
made. This method has been used on a production
basis on the Gifford Pinschot National Torest for
over 10 years with good results.

The system as presently employed in British Col-
umbia was developed by Forester Norin Pelton while
working for Weldwood of Canada Ltd. to try to
lengthen the very short planting scason and oblain ac-
ceptable survival on- rocky high clevation sites on
their Sequarnish Vadley Tree Farm License, Variously
known as the encapsuled seedling, mud-cap or mud-
pack, the process consist of encasing the rools of
seedlings in anud composed of clay and peat moss.
Rather than being rolled the mud is compressed into a
compact cylindrical form by a short picce of plastic
anchored to a base at one end and a flat picce of
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metal with a handle at the other end. The first trials
done in 1967 used a pack 3/4 inch by § inches and
weighing about one filth of a pound for 2-0 Douglas
fir and about 6 inches long and weighing one tenth of
a pound for 1-0. In 1968 the size of the 2-0 pack was
reduced to about 5/8 inch by 7 inches. To date all the
mudpacking has been done in a plant which Norm
Pelton set up at Mission. The actual job is done by
women who can prepare from 1,000 to 1,200 per day.
These are subsequently dried for about 24 hours at 70
to 73° and 60 to 80% relative humidity in order to
make them {irm enough for handling and packing.
Packing is normally 300 2-0 to a 12 x 16 x 24 inch car-
ton. Present cost for mudpacking is three cents per
tree for a hand operation. Norm believes this could be
reduced by mechanization.

The first tool developed for planting mudpacks was
fairly expensive and proved to have some drawvbacks.
It has now heen generally replaced by the simple
dibble pictured here.

In altempting 1o assess the results of the various
trials of mudpack planting we have established two
criteria. First that less than 30% survival is considered
a failure and second that comparisons on the effect-
iveness of different methods should be based on the
cost per surviving tree. )

The summer of 1967 could be classified as a hard
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