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INTRODUCTION

Botanical descripiions of 40 artificial first-generation pine hybrids
(enus Pinus) growing at the Lnstitute of Forest (Geneties, Placerville,
Calift are recorded bere. These inelude 34 fivst-generation (F,)
interspecific hybrids From 32 species, § addlitional crosses involving
different variety of one of the purent species, and 1 intervarietal
hyhrid.

Muny of these hybrids wnd other hybrids from the Enstilute wre
being tested {o determine their ndaptability and economnie performance
in vavious loealities. Those Tound superior to the standard, or com-
monly used, forny in a particular locality may be planted widely. For
example, one hybrid has been under mass production sines 1954 in
South Worea {22, .25).2  Others may serve as breeding stock for ad-
ditional crosses and for further tests fo determine inheritance of
characters,

These bofantenl or taxonamie deseriptions, accompanied by her-
Larium specimens, will document these artificial hybrids, will desig-
nate. them by Tormulas, will pid in identification of supposed or arti-
fieinl hybrids and, by comparison with similar crosses elsewhere, will
form the buses [or studies of inheritance of various morphological
chavacters.

Needle chiaracteristies of most of these hybrid pines and their pn-
rontel species are compared in tables presented by Keng and Lattle
(25).

Performaunee tests of these hybrids will be published later. Sevoral
other I, hvbrids, including sonte too small in 1962 for adequate com-
parison widd deseription, will be reported Inter.

The tnstitute has other hybrids ot reported here. Some ave be-
fween varieties of the sune species.  Others ave backevosses, second-
gonerstion {1 hybrids, and hybrids with three and four species in
their pedigrees. No attempt wiil be made to desceribe these beenuse of
their vartability.  Individuals within progenies are highly variable as
a resull of expected sepregation and recombination of parental el
welers.

Records on the parents, including geographical source, of these hy-
brids are on file af the Institute. Some of the parent {rees wre grow-
ing in the Bddy Arioretunl.  Some of these crosses have been made at
other places, and o few wee known also as natural hybrids. We have
not compared these hybrids witl others elsewhere. Howover, the de-
seriptions would serve that purpose. Minor or major diflerences in
certain traits might occur in the snme hybrid if it was made from par-
ents or rares other than those used at the Instirute,

Acionowledmment is due the stafl of the Institate for their puinstak-
inge work in produeing these pine hybrids. Their critical ultention to
eross-pollination, seed bandling, sewing in the nursory, outplanting,
and care i the arboretum was basie to the suceess of the hybridiza-
tion progoun at the Instifute.

e Instituie is o lield beaneh of the Pacifie Southwoest (formerciy Caditornin}
Forest nnd Ronge FHxperiment Stadion, Porest Beevice, U8, Depaorlinent of Agri-
rnlture The Insfule was Coanded by James G Bildy e BES,

* Itnlie numbers in pacentheses refer to Literntarse Clted, 1, 44,
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REVIEW OF LITERATURE

Severat defailed summaries of interspecific hyhrids in the genus
Pinws have been made, Duflield (74) made n taxonomtic revision of
subsection Pruaster of the hard pines that was based chiefly on cross-
ing results obtutned at the Institute. Weight {(48) compiled the species
crosses in tho f-needle white pines. Whright wnd Gabriel (49) sum-
marized data on nwmerous characters of species hybrids in sories
Laviciopes (Sylvestresy of the hard pines. Critehliold (72) sum-
marized tho crossabilify of the pines of Southenstern United Statoes.
Sehlitt {(40), in a comprehensive veview, presented n compilation of
hybrids tu this genus,

The Eddy Arboretum of the Iasticuie probably containsg the most
inclusiva collection of pines in the world: About TH species, numnerous
varieties of various species, aad some 90 hybrid combinations, includ-
g fist-generation {17}, second-generation (IN.), backerosses, and
muiltispecies hybrids (26). More than 30 artificial F, species hybrids
have been mentioned tn previous arlicles ([2-14, 25, 26, 37)

Two of these interspeciliv hybrids previously deseribed formaily
with Latin names have been included here for comparison and reler-
ence. They are Pinus Xattenwradiata Stockwell & Righter (46)—or
Coatlenuatn Lo X P, padinte 1. Dov--and Péinus X matrregbank-
ségna Rizhter & Btockwell (39) -0 P. contorta var, smerrayana { Grevy,
& Balfy Engelm. X 7. banksiena Unmb, .

Entomnlogists have investignied the susceptibility of hybrids and
their parenls at the Tustitube fo several destructive forest inseets.
Miller €40}, Callaham (), and Swmith (42) have veported oa resist-
ance aned suscoptibihty of 11 1, hybrids, othor hybrids, and species to
the pine reproduction weevil, ('ylindroroptirus catoni Bueh, Smith
{44} has studied resistance ot hybrids and their pavents to Dendroc-
fonus bark beetles. Tle (42) and Stevens (45) reported on relative re-
sistance of several ¥, hvbrids and pavent species to the pine neédle-
sheath miner, Zellerin haimbaehi Busek,

Itybrids produced at the Institute have been subjects for sundry
stuclies. These nee roviewed following the deseription of the hybrid to
which they pertain, '

PROCEDURE

Botanica! deseriptions are based wpon living piants growing at the
[nstitute. They were prepared Jargely by the senior nuthor while
heawas working el the Institure inJune- Angust 1956, August-Septom-
ber 1957, and April-Magy 1962, [le added n few additionnd details,
mostly about eones, in June-July 1964 The junior anthor made or
helped nutke many of thesa hybrids, identified and selected most of
thom in the nursery, and Ffor many years supervised the Tustitute’s
pine hybridization reeonnatssance.

Numervous plants of most hybrids were available for study, though
several hybrids were represented by only a fow individuals. Many
crasses had been made more than onee from parents of diflerent loenl-
Hies. Several reciprocal erosses were vepresented. Usually, hybrids
aud vonhybrid progeny of the same seed prrent aud same age wers
planted side by side; therofore, they could be readily compared. In
Q
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the study of needls characters of these hybrids by Keng and Littie
125y, tha samples weuo selected at random.

Herbarium specimens were collected by the senior author from one
vepresentative tree of each hybrid. Where possible, trees bearing
cones wero selected, Most collections were made in August and Sep-
tember, when twigs had formed dormant buds. A few collections of
old cones were made later.  To document these hybrids, duplicate sets
of specimens have been deposited in the following herbaria: Institute
of Forest Geneties, Placerville, Calif.; Forest Service Herbarium,
Washington, 1M.C.; Arnold Arboretum, Farvard University; and
Bailey Hortorinm, Cornell University.

DESIGNATING HYBRID FOREST TREES

Lutetspecitie plunt hybrids may be designated by a formula or, when
useful or necessary, by a Latin binary or “specific’” name, according to
the International Code of Botanical Nomenclature. Fybrids of culti-
vated plants are given distinctive variety (cultivar) names, or common
munes, in modern languages, based on the International Code of No-
menelature for Cultivated Plants. Many natural imierspecific hy-
Iwids of forest frees and a few artificial hybrids have been given Latin
or scientific names.  Both methods have been compared by Little (28}.
o reported that most forest meneticists in the United States, including
tuose serving on the Committee on Forest Tree Improvement of the
Soclety of American Foresters, preferred formulas, opposed Latin bi-
nomials, and endorsed the International Code of Nomenclature for
Cultivated Plants for naming varieties (cultivers) in modern
lanpunres.

Thus, no new Latin names are propnsed here, though two hybrids
reported here had been previously named and a few others already
possess Latin binomials. The International Code of Nomenclature
for Cultivated Plants (Article 43) requests that a variety (cultivar)
nume be given to the particular described plants when an interspecific
hybrid or similar hybrid is introduced into eultivation. This original
bybricd ¢an then be distinguished from other, and perhaps different,
erosses madalater from the same parent speeies.

As cultivetion and commereial production are just heginning for a
fese Placerville hybrids, it seems unnecessary to assign variety (cul-
fivar) mupes now. OF cowrse, those hybrids of demonstrated value
that wre worthy of production in quantity will be given distinctive va-
risty {eultivar) names in due course. Meanwhile, the term “Placer-
vilie hybrid” will, when desivable. distinguish these from crosses of
similar parentage made elsewhere.

It is hoped that plant taxonomists likewise will refrain from pub-
lishing Latin binary names for the interspecific hybrids described in
ilis bulletin and thereby avold lopding the scientific pomenclature
wirll nnnecessary names.

Formulas designate the hybrids deseribed here. The female par-
ent. or seed parent, is listed first, followed by the male par-
ent, or pollen parent. Reciproeal crosses made at the Institute are
mentioned nlso. In such cases the formmla corresponds to the cross
as it was hrst nade at the Institufe. Any binary names previously
siven to interspecific hybrids are cited as synonyms. (lommon names

3
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and ranges of parents are included. Citations of place of publication
of accepted scientific names of purents have been added for reference
and for precigion in nomenclature.

Nomenclature of the species and varieties of Pinus native to the
{nited States follows the Forest Service Checle List (27) with three
exceptions. The white pine of the Mexican border region is desig-
nated as & separate species, Pinus strobiformis Engelm., southwest-
ern white pine, instead of 7. flewilis var. reflera Engelm. The Rocky
Mountain variation of ponderosa pine is distimguished heve as & va-
viety, £. ponderosa var. scopulorum Engeln., Rocky Mountain pon-
derosy pine. Lodgepole pine in Sierra Nevada is distinet, according
to Critchfield (7/), and is accepted here as a vaviety, P. contnrta var.
magrrayanag. (Grev. & Balf.) Engeim., Sierra lodgepole pine. Also, 2.
muricate D, Don, bishop pine, of the Check List and this bulletin, in-
cludes the form separated by some authors as . yemorete Mason.

DESCRIPTIONS

The hybrids are listed and described approzimately as in the na-
tural classification by Shaw (47) and the groups by Duflield 14Y.
Lhis order was followed also by Keng and Little (237 in their tabu-
Intions of the needle anatomy of most of these hybrids. The botani-
cal or taxonomic descriptions emphasize characters in which the two
pavent species differ.  Parts described inelude bark, twig, bud,
lenves, and needle nnatomy in cross section (middle portion). Some
hybrid plants weve young and had not produced cones. However, for
most of these hybrids, male strobili {male cones or pollen cones), fe-
male or ovulate strobili at pollination, the year-old conelets, cones, and
seed are described,

The general statement “tree intermediate between parents” could
hive been inserted in each botanicnl description. These hybrids ean
be identified and recognized by their iaxonomic or morphological
characters parfly between the well-known, published descriptions of
the parcut species (or varieties). The overnll imvpression of each
hybrid from an integration of all churacters is intermediacy. Un-
cloubtedly most traits, and particularly those governing overnl] tree
size and form, are governed by a number of genes with additive ef-
fects. However, many traits of hybrids having taxonomic value nre
not intermedinte between the pavent species. In some characters the
hybrids may be nearer or like one pareat or the other.

After each description the herbarium specimen of a representative
hybrid tree is cited by Little's collection number. The Institute's
symbols for the parent species, individual tree number, and row/line
position of the tree in the arboretum are given in parentheses. These
symbols, numbers, and locations are described by TLiddicoet and
Righter (26).

Also, each hybrid and its purents ave compured briefly with respect
fo the characters by which the parents differ. No attempt has heen
madle to tabulate similarities or differences. The history of this hy-
brid ot the Institute is mentioned with years of pollinations and sow-
g of seeds. Information on the approximate numbers of progeny
and the sizes of the oldest when studied or when measured at the age
of 10 or 20 years usually is given. Measurements in the botanieal

4
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descriptions follow the metric system, but tree heights and diameters
are in feet and inches, according to forestry practice in the United
States,

Cones of 22 hybrids nre compared with cones of the pavents (figs.
1-8). One fairly typical cone is used to illustrate the intermediate
character of the cones in size, shape, and number of scales.

SOFT PINE HYBRIDS, PINUS SUBGENUS
STROBUS (HAPLOXYLON)

Eleven hybrids and 1 reciprocal cross involve 9 species of soft pines
( Pinus subgenus Strobus, tormerly Haplowylon). One of these, P.
peuce X strobus. was not produced st the Institute. Five of the 12
species of soft pines native in the United States are represented. The
other 4 species crossed wre introduced.

Pinus lambertiana X armandii
Sugar pine X Armand pine (fig. 1)

Artificial hybrid between Pinus lambertiana Dougl. (Linn. Soc.
Liondon Trans. 15: 600, 1827), of Pacific coast region of North Amer-
ica, and Pinus armandii Franch,  (Paris Mus. Hist. Nat. Nouv, Arch.
Sér. 2, 7:95-96, t. 12, 1885), of China, Taiwan, and Japan. Bark of
small trunks slaly gray, smooth. Twigs light greenish to tan and
slightly glaucous, nearly glabrous but slightly and minutely puberu-
lent, becoming light brownish gray snd glabrous. Buds conie, acum-
innte, slightly or not resinous. Leaves 5 in a fascicle, slender, flexible,
and spreading, T-11 cm. long, acwmninate, serrulate, green; stomata
none on dorsnl surface, 3-5 rows on each ventral surface. Needle
anatomy in cross section: Hypodermis uniform, of 1 layer of cells;
resin canals 2 dorsal external and sometimes also 1 ventral medial.

Male strebili cylindric or oveid, 7-13 mm, long, &5 mm. in diam-
eter, light yellow, becoming light pink on drying. Conelets single
or paired, after pollination erect, long-stalked, cylindric. Cone (ﬁ -
seription based upon 1 maturing in 1962) pendent on stout peduncle
4 cm, Jong, narrow cylindric, 18 em. long, 9.5 em. across when open;
npophyses slightly thickened, with lines and grooves and usually a
weak central ridge, rounded and slightly curved outward at apex,
Fulvous brown, with terminal obtuse wmbo slightly ruised and usually
bearing resin; basal scales spreading to ;eflexed. Seeds dark brown,
composed of ovoid body sbout 8 mm. long and oblong wing 10-14
mm. long. Specimens: Little 17123 (Tree LAm 4, 169/42); 18818
{Tree L:Am 1,169/40).

The hybrid resembles Pinus armandi in absence of dorsal stomata
on leaves and in the slightly glavcous, nearly glabrous twigs but, is
like P. lambertiana in having usually 2 resin canals in the leaves.
The single hybrid cone is intermediate in size and has lines and ridge
on apophyses as in P, ermandil. Seeds have a relatively short wing
intermediate between the rudimentary wing in P. armaendii and the
long wing in P. lumbertiona.

Four seeds resulted from pollination in 1946 but failed to ger-
minate. ‘The 7 seeds from pollination in 1947 were germinated in 1949
by Stone and Duffield (47) nfter the seedcont was removed. The 5

715-613 0—085—2 5
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surviving plants were normal and up to 6 feet in height by June 1956
and 2-10 feet high at 10 years of age. Two plaufs from another pol-
Hnation in 1947 were germinated in 1951 by a similar technique and
were 2 and 5 feet in height at 10 years. Three more plants were ob-
tained without special culture from pollination in 1957. Seed were
sown and germinated in 1959.

Pinus lambertiana X koraiensis
Sugar pine X Korean pine

Artificial hybrid between Pinus lambdertiana Dougl. {Linn. Soc.
London Trans. 15: 200. 1827), of the Pacific coast region of North
~tmerica, and Pinus koraiensis Steb. & Zuce. (F1. Jap, 2: 28, t. 118, fig.
5-6. 1841}, of northeastern Asia from Manchuria and eastern Sibera
to Ilorea and Jupan. Twigs tan, densely puberulent, later light gray
and glabrous. Buds conic, acuminate, slightly or not resinous.
Leaves 5 in a fascicle, slender, flexible, spreading, 5-7 cm. long (small
plang}, acuminate, serrulate, green: stomata none on dorsa) surface,
3t rows on ench veutral surface. Needle anatemy in cross section:
Elypodermis uniform, of 1 layer of ceolls: resin canals 3, 2 dorsal ex-
ternal, or 1 external and 1 medial (or often subexternal), and also 1
ventral medinl, the epithelial cells thin-walled, sometimes thick-
walled, Specimen: /17724 (Tree LK 1,169/45).

The hybrid resembles Pinus koraiensis in the tan twigs, absence of
dorsal stomata on leaves, and needle anatomy with hypodermis of 1
layer of cells and with 3 resin canals bordered by usually thin-walled
epithelial cells. The position of the 8 resin canals in the hybrid is
distinctive and intermediate between the medial position of P,
koveiensis and the external position of 2. lambertiana.

Stone and Duffield {47), after removing the seedcoat, succeeded in
germinating in 1949 the single seed resulting from pollination in
1947, In June 1956 this plant was less than 3 feet high and in 1959,
at 10 yearsof age it was 5.2 feet high.

Pinus flexilis X strobiformis
Limber pine X southwestern white pine

Artificial hybrid between Pinus flewilis James (Exped. Rocky Mts.
2:97. 35. 1823), of western North America, and Pinus strobi formis
Engelm. (in Wisliz., Mem. Tour North. Mex. 102. 1848) : 7. flexilis
var. reflexa Engelm.), of northern Mexico and adjacent Arizona and
New Mexico. Twigs slender, glaucons, whitish green when young,
minutely puberulent or glabrons, the second year becoming light gray,
older twigs gvay, smooth. Buds light brown, the attenuate scales
whitish bordered. not. resinous. Leaves 5in a tascicle. slender. flexible,
straight, spreading, 5-8 cm. long, 0.9-1.2 mm. wide, acuminate,
clightly serrulate at and near apex, whitish green ; stomatal rows 1-8
on deep dorsal surface and 3-5 on each glaucous, wiitish ventral sue-
face. Needle anatomy in cross section: Hypodermis uniform, of 1
layer of slightly thick-walled cells: resin canals external, 2, sometimes
3 or 4, 2 dorsal and sometimes a3 1 or 2 smaller ventral; transfusion
tissue without thick-walled cells or these scattered. Specimen: 79733
(Tree FStr 6,175/46).

The two related species, often regarded as varieties of one, are simi-
lar in needle characters. Pinus flexilis usually has entire needles

6
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Fiorng 1.—-Cones, lefy te right. Pinus lombertiena, P. lambertione x
wrmigndii, nnd P ermandii. One<fourth natural size.

with 2= rows of dorsnl stomata, while 2. strebiformis usually has ser-
rulate. more slender needles without dorsal stemnta or sometimes with
1 or 2 rows. Small plants of the hybrid are intermediate in having
neeclles slightly serrulute at apex and often in the apical one-fourth
and with 1-3 rows of dorsal stomata. The parents and hybrid are
searcely distinguishable in needle anafomy.

This crogs with female parent from California and male parent
from Cbhirienhine Mounlaing, Ariz., was made in 1955, Five plants
from seed sown in 1957 were about 1.5 feet high by the end of 1961,

Pinus monticola X strobiformis
Western white pine X southwestern white pine

Artificial hybrid between Pinus monticolu Dougl. (ex D. Don in
Liamb., Deser. Genus Pinus, Bd. 3 (8°), v. 2, unnumbered p. between
pp. Thi—lk5. 1832, of Western United States and southern British
Columbin, and Pinus strobiformis Engelm. (in Wisliz., Mem. Tour
Norih, Mex. 102, 1848 £, flerilis var. refleea Bugelm.), of northern
Mexivo and adjacent Arizona nnd New Mexico. Twigs light brownish
green, densely reddish-brown puberalent, the gecond year becoming

7




light gray and glabrous, Bads conic, acuminate, not resinous. Leaves
5 in a fascicle, slender, flexible, 6-8 cm. long, acuminate, slightly ser-
rulate, green; stomata nona or 1 row on dorsul surface, 2-4 rows on
each ventual surface. Needle anatomy in cross section: Stomata
slightly sanken; hypodermis uniform, of 1 or sometimes & layers of
slightly thick-walled cells; resin canals external, 2, sometimes 3 or 1,
dorja'i or sometimes 1 ventral. Specimen: 17722 (Tree MtStr 5,
182/57).

Tybrid plants resemble Pinus monticola in most characters, such as
the densely puberulent twigs, but have Lighter green foliage and greatly
exceed in vigor the nonhybrid progeay of that parent. Though
needle anatomy of parents’is simaar, the hybrid is ﬁke P, montico
i variability of resin canals.

The male parent came trom the Chiricahua Mountains of Arizonn.
Fight normal plants obtgined from poliination in 1946 and seed sown
in 1949 wore about 4 feet high in June 1956 and about. 19 fest high by
the end of 1961.

Pinus monticola X Hfexilis
Western white pine X limber pine

Axtificial hybrid between Pinus monticola Dougl. (ex D. Don in
Lamb., Descr. (Genus Pinus. Ed. 3 (8°), v. 2, unnumbered p. between
pp. 144-145. 1832}, of Western United States and southern British
Columbin, and Pinus flearlis James (Exped. Rocky Mts. 2:27, 35.
1823}, of western North America. Twigs slender, glaucous, whitish
green when young, minutely puberulent with pinkish hairs when
young, becoming tan and the second vear light gray, smooth. Buds

light brown, conie, acuminate, not resinous, Leaves 5 in a fascicle,
slender, flexible, straight, spreading, 4-6 cm. long {small plants),
acuminate, with few teeth near apex or entire, whitish green ; stomatal
rows 1-2 (3) dorsal and 3-5 rows on each ventral surface. Needle
anatomy in cross section : Fypodermis uniform, of 1 layer of slightly
thick-walled cells; resin cnnals external, 2 dorsal, transfusion tissue
without thick-walled cells. Specimen: 79747 (Tree MtF 1, 178/41}.

The parent species and hybrid are similar in most. needle characters,
Needles of small hybrid plants have dorsal stomatn as in Pinas flexi-
lis, though fewer, but nre like . monticole in having usunlly a few
teeth near apex, hypodermis of 1 lnyer of cells, and no thick-walled
cells in transfusion tissue.

This cross was made in 1955, Two plants from seed sown in 1957
averaged about 2 feet high in 1964.

Pinus monticola X strobus
Western white pine X eastern white pine {fig. 2)

Also recipracal cross. Artificial hybrid between Pinas monticols
Dougl. (ex I. Don in Lamb., Descr. Genus Pinus. Ed. 3 (8°), v. 2,
unnumbered p. between pp. 144145, 1832), of Western [nited
Stutes and southern British Columbis, and Pinus strobus L. (Sp. PL
1001, 1753), of eastern North America. Burk of small frunks slaty
gray. smooth. T'wigs when young light green and minutely pinkish
or reddish brown puberulent, becoming light gray. Buds conic,
acuminate, not resinous. Leaves 5 in a fascicle, slender, flexible, 5-9
em. long (small plants), acute-acuminate, serrulate, green; stomata
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FLGURE 2oe—Cones, 1eft 1o right, top row, Pinns monticola X grifithii, P. griffithil,
Inoalrobng 3¢ priffithii; hottom row, £ omoentivole, Poomonlivole X strobus, P,
srofes, One-tinnd natural size.

none on dorsal surface, 3-5 rows on each ventral surface. Needle
pnatomy iy cross section: Mypadermis uniform, of 1 (rurely 2) layer
of slighUly thick-walled celis: resin canals external, 2 dovsal, sometimes
also 1 ventral, with thin- or thivk-walled epifhelial cells.
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Year-old conelets erect, short eylindric, about 2 cm. long, 1 ¢m. In
dinmeter. Cones single or paired, sometimes in whorls of 3 or 4, pen-
dent on peduncles 2—4 cm. long, narrow evlindric, often slightly curved,
8-15 cm. long, 2-2.5 ¢m. in diameter when closed, 5.5-6 cm. in di-
amefer when open; apophyses (hin. smooth, flat and conforming to
surface of closed cone, fulvous brown, with terminal obtuse umbo
slightly raised: basal scales narrowly oblong, becoming reflexed.
Seed, including narrowly oblong dark brown wing, about 2 cm. long.
Specimens: /7117 (Tree MiSt 71, 209/46) ; reciprocal cross, 18877
{T'ree StME 15,204/59).

First-generation hybrids of several crosses including reciproce] nre
similar, &s vegstative differences of the closely related parents are
minor. Though the parents are scarcely distinguishable by needle
snatomy, the hybrid 1s like Pinus monticola in sometimes having 1
venfral resin canal. Cones of the small hybrid trees are intermediate
in diamater. According to Shaw (47, p. 30), the phyllotaxis in P,
strobus is 5/13 and in P. monticola, 8/21. In the narrow! y oblong
reflexed basal cone seales, the hybrid resembles 2, monticola, while P.
&frobus has broader, slightly spreading basal seales.

About 80 plants of this hybrid ave growing at the Institule. Polli-
nation with /inus monticoln as sced parent was made as early as 1939,
Sources of P. menticoly from Idaho, Washington, and California
were tested.  Eight plants from seeds sown in 1941 averaged 12.6 feet
in height and 1.9 inches d.b.h. at 20 years, while 8 plants from sowing
in 1942 averaged 10.2 feet and 1.3 inches dLb.h. af 90 yvears More than
50 younger plants from seeds sown in 1949 were 3-5 foef high in 1956,
when some bore cones or conelets, and averaged 7.8 feet in height at 10
years. ‘The veciproeal cross was made in 1947, and seed wers sown in
1949. ~ AL 10 years 16 plants avernged 7.9 feet high and 1.0 inches d.b.h.

This hybrid was included in a study by Righter {(35) of the relation
of seed weight and seedling sie to inherent vigor. Itisewhere, Bing-
ham, Squillace, and Pation (£) and others have made detailed in-
vestigations of the same interspecific hybrid, particularly in relation
to resistance fo blister rust.

Pinus monticola X peuce
Western white pine X Balkan pine

Artificial hybrid between Pinus monticole Dougl. (ex D. Don in
Lamb., Descr. Genus Pinus. Bd. 3 (8°), v. 2, unnumbered p. batween
Dp. 144-145. 1832}, of Western United States and southern British
Columbia, and Pinus pewce Griseb. {Spicil. F1. Rumel. Byth. 2: 349.
1844}, Balkan pine, known also ns Macedonian pine, of the Balkan
Mountains. Twigs light green and glabrous, becoming brownish gray.
Buds conic, acuminate, slightly or not resinous. Teaves5ina faseicle,
slender, flexible, 5-8 em. long (small plants), acute-ncaminate, ser-
rulafe, green to yellow green, slightly shiny: stomata none on dorsal
surfuce, 3—4 rows on each ventral surface. Needle anafomy in cross
section: IMypodermis uniform, of 1 {rarely 2) layer of cells; resin
canals external, 2 dorsal, sometimes also 1 ventral with thin- or thick-
walled epithelial cells.

Year-old conelets evect, short cylindrie, about 18 mm. jong wnd 8
ram. in diameter.  Clones single or paired, pendent on peduncles 1.5-2

em. long, narrow cylindric, slightly curved, 8-9 om. lang, 2.3 em. in
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diameter when closed ; apophyses smooth, slightly convex and in part
weakly keeled, the apex with obtuse rutous brown umbo flat against
scale beneath; basal scales broadly oblong, slightly spreading.
Specimen: /71/8 ("Tree MtPe 10,195/54).

In the light green, glabrous twigs, this hybrid is like Pinus peuce.
Needle anatomy of parents is similar, the hybrid being like P. mon-
ticole, in sometimes having 1 ventral resin canal and like P. peuce in
the epithelial cells partly thin-walled. Cones of the hybrid are inter-
mediate, having slightly convex scales and slightly spreading basal
scales, but like P. peuce in the umbo, Hat against the scale beneath.
Peduncle length is intermediate, longer than in P. peuce.

Sixteen plants were raised from seed sown in 1949 following pol-
lination in 1947. In June 1956 they were about 3 feet high; 1 had
cones and 5 bore conelets. At 10 years they averaged 5.9 feet in height.

Pinus peuce X strobus
Balkan pine X eastern white pine

Artificial hybrid between Pinus peuce Griseb. (Spicil, F1. Rumel.
Byth. 2:349. 1844), Balkan pine, known also as Macedonjan pine,
of the Balkan Mountains, and Pinus siredbus L. (Sp. Pl 1001
1753), of eastern North America. Twigs tan and glabrous, Jater light
brownish gray. Buds conic, acuminate, not resinous. Leaves 5in a
fascicle, slender, flexible, 49 em. long (small plants), acute, ser-
rulate, green; stomata none on dorsal surface, 3—4 rows on each ven-
tral surface. Needle anatomy in cross section: Hypodermis uniform,
of 1 layer of cells; resin canals external dorsal, 2, sometimes 1 or 3,
with thin- or thick-walled epithelial cells. Specimen: 17725 (Tree
PeSt G1, 170/44).

This hybrid retains the glabrous twigs of Pimus peuce. Though
needle anatomy of parents is scarcely distinguishable, the hybrid has
the more variable number of resin canals like P. strobus and variation
in epithelial cells like /. peuce.

Although not produced at the Institute, this hybrid was propa-
gated through grafting scions on stocks of Pinus monticole in 1951,
and outplanting in 1952. In June 1956 the 3 plants were 1.5-3 feet
high; the largest bore n conelet. The 2 survivors at 10 years were
4.8 and 6.0 teet high.

Seven scions were received from Carl L. ¥leimburger, Research
Branch, Ontarie Department of Lands and Forests, Maple, Ontario.
Fowler and Heimburger (17) compared in detail this hybrid with
the parent species, using the hybrid index method.

Pinus flexilis X griffithii
Limber pine X Himalayan pine (fig, 3)

Artificial hybrid between Pinus flexilis James (Exped. Rocky Mts.
2. 27, 35. 1823), of western North Ameriea, and Pinus griffithii
McClelland (in Griftith, Notul. PL Asiat, 4: 17.  1854; Tcon. Pl As.
4, t. 365, 1854; P. ewcelse Wall, not Lam., 2. wallichionae A. B.
Tackson) of Himalaya Mountuins and from Afghanistan fo Burma.
Twigs glaucous, glabrous, light brownish green when young, becom-
ing light gray. Buds conic, acuminate, not rvesinous. Leaves 5 in a
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fascicle, slender, flexible, spreading, 7-9 cm. leng, acuminate, serru-
late, green to blue green; stomata none (rarely 1 row) on dorsal sur-
{ace, 4-6 rows on each ventral surface. Needle anatonr in cross sec-
tion: Iypodermis uniform, of 1 layer of slightly thick-walled cells;
resin canals external dorsal, 2 or sometimes 1, with thin-walled or
slightly thick-walled epithelial cells.

Male strobili (old and dry) eylindric but tapering, 9-12 mm. long,
4=3 mm. in dirmeter, pinkish tinged. Young female or ovulate strobili
1-3, erect on stout stalks, cylindrie. Cones usually single or paived,
pendent on peduncles 2 em. long, narrow cylindric, 13-18 em. long,
4.5 em. in diameter when closed: apophyses smooth, with terminal
obtuse umbo; basal seales oblong, slightly rveflexed. Specimens: 77727,
191601 (Tree Flx 1, 191/33).

The hybrid has spreading leaves of infermediate length between
the straight erect ones of Pinws flewilis and the slightly drooping,
longer ones of P. grifithii. The serrulate leaf margin of the hybrid
15 characteristic of the latter. Tn number of stomata] rows the hybrid
13 intermedinte though like 2. griffithdd in usually lacking dorsal
stomatr,  Parents and hybrid are scarcely distinguishable in needle
anatomy. The cones are intermediate in size but have the slightly
refexed hasal seales of £ Heaifis.

Six plants from pollmation in 1947 and seed sown in 1949 were
ubout 6 feet high and vigorous in June 1936 and at 10 years averaged
10.8 feet high.

Pinus strobus X griffithii
Eastern white pine X Himalayan pine (fig. 2)

Artificial hybrid between Pinus strobux I.. (Sp. PL. 1001, 1733),

of enstern North Americn, and P griffithii. MeClelland  (in
Grviflith, Notul, PL Asiat. 4: 17. 1854: Teon. Pl. As. 4+, 1. 365, 1854
P, excelsa Wall, not Lam., P. wallichiena A, B. Jackson) of Hima-
lava Mountains and from A fehanistan to Burma. (Pinus X sehiverinii
Fitschen.) Bark of small trunks slaty gray, smooth. Twies slaucous,
when young almost glabrous or minutely pubcrnlent and lizht green,
hecoming light brownish gray. Bnds conic, acuminate, slightly or
not resinous. TLeaves 5 in a fascicle, slender, flexible, spreading, §-12
em. long, acufe-ncuminate, serrulate, green to blue green: stomata
none on dorsal surface, 3-8 rows on each ventral surface. Needle
anatomy in cross section : Flypodermis uniform, of 1 layer of slightly
thirk-walled cells; resin canals external dorsal, 2.

Male strobili (old and dry) cylindric but tapering, 8~12 mm. long.
4 mm. in diameter, pale yellow, pinkish tinged. Female or ovuiate
strobili at poliination 14, erect on stout stalks 1-3 cm. Tong, ¢vlindric,
10-15 mm. long, 4 mm. in diameter. Year-old colelets evect, short
eylindric, 1.8-2 cm. long, 8 mm. in diameter. Cones singele or paired,
sometimes in whorls of 3, pendent on peduncles 2—t cm. long, navrow
eylindric, often slightly curved, 11-19 em. Tong, about 2 ¢m. in diam-
efer when closed, 6 em. in dinmeter when open; apophyses smooth,
slightly convex, fulvous brown, with terminal obtuse nmbao flat atrainst
seale beneath in closed cone: basal scales broadly oblong, slightly
spreading.  Seed, including narrowly oblong dark brown wing, about
2.5 em. Jong.  Specimens: /7719 (Tree StEx 27, 207/57) : 18819 {Tree
StEx 94, 207/54).
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Froure 2.-—Coney, left to right, Pinus flexills, F. flexiliz X
griffithii {immature, closed cone), P. grifithii. One-third natu-
ral glze.

The hybrid is characterized by spreading needles of intermediate
length., Youny twigs have the glaucous light green color of Pinus
griffithii and a trace of the puberulence of F. strobus. Needles of
hybrid and parents are not distinguishable in cross section. The inter-
medinte cones with slightly convex scales have the umbo fiat against
the scale beneath, ns in P, griffithii.

Pollination was made here first in 1940 and again in 1947. Seven
plants from the first poliination avernged 11.8 feet {maximum 22.3
feet) at 20 vears. Bight plants in their eighth growing season in
June 1956 were 3-6 feet tall and vigorous, 4 bearing cones and 3 also
conelets. At 10 yearsthey averaged 10.0 feet high.

Callaham (/0) reported this hybrid to be highly resistant to white
pine blister rust {("ronartium ribicole Fischer). A spontaneous hy-
brid tree in Germany about 24 years old in 1930 was given the binary
nume Pinus Xsehwerinii Fitschen (in Beissner, Handb. Nadelh. Ed.
3,729. 1930},
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Pinus monticola < griffithii
Western white pine X Himalayan pine (fig. 2)

Artificial hybrid between Pinus monticola Dougl. (ex D. Don in
Lamb., Descr. Genus Pinus. Ed. 3 (8°), v. 2, unnumbered p. between
pp. 144-145. 1832), of Western ["nited States and southern British
Columbin, and Pinus griffithii MeClelland (in Griflith, Notul. Pl
Asiat. 4:17.  1854; Teon. Pl As. 4, t. 365, 1854; P. excelsa Wall, not
Lam., P. wallichiane A. B. Jackson), of Himalaya Mountains and
from Afghanistan to Burma. Bark slaty gray, smooth. Twigs light
brownish green and slightly puberulent or almost glabrous when
young, becoming light brownish gray. Buds conical, acuminate, not
or slightly resinous. Leaves 5 in & fascicle, slender, flexible, spreading,
fi-12 cm. long, acute-acuminate, serrulate, green to blue green ; stomata
none on dorsal surface, 46 rows on each ventral surface. Needle
anatomy in cross section: Fiypodermis uniform, of 1 layer of slightly
thick-walled cells: resin canals external dorsal, 2, sometimes 1 or 3,
with thick- or thin-walled epithelial cells.

Male strobili {old and dry)} cylindric but tapering and slightly
curved, 8~15 mm. Tong, 3 mm. in diameter, pale yellow, pinkish tinmed.
Female or ovulate strobili at pollination 1 or 2. erect on stout stalks
1-3 em., cylindrie. 10-15 mm. long, 34 mm. in diameter, pink red,
Year-old conelets erect, narrow cylindrie, about 2 em. long and 1 cm.
in diameter. Conessingle or paired, sometimes in whorls of 3, pendent.
on peduncles 2-3 em. long, narrow cylindric, often slightly curved,
8-12 cm. long, 2.3-2.7 em. in diameter when closed, § cm. in diameter
when open: apophyses smooth, slightly convex, fulvous brown, with
terminal obtuse umbo flat against seale beneath in closed cone: basal
stales narrowly oblong, becoming reflexed. Specimens: 77720 (Tree
MtEx 30,217/50), 78820 (Tree MtEx 55,208/54).

Pinus griffichii has drooping, blue-green, relatively long needles,
while the hybrid is recognized by its spreading needles of intermediate
length and is also intermediate in its slightly puberulent twigs and
slightly resinous buds. The hybrid resembles P. griffithii in lacking
dorsal stomata but is intermediate in number of rows of ventral sto-
mata and in the thick- or thin-walled epithelial cells of the resin
canals.  Cones are intermediate in the slightly convex cone scales, are
Iike P. griffthii in the umbo flat against scale beneath, and are like
P.monticola in the slightly reflexed basal seales.

About 40 plants were grown at the Institute from this cross made in
1041, 1942, 1944, and 1947 with seed parents from Tdaho, Washington,
and California. Twelve plants from seed sown in 1946 averaged 12.2
feet high and 1.9 inches d.b.h. at 15 years. Twenty-four hybrids from
seeds sown in 1949 were 4-5 feet high in June 1956 and normal to
vigorous. Cones or conelets were present on 6 and absent from plants
of both parent species of the same age. At 10 vears these plants
averaged 8.8 feet in height.

Callaham (70) reported that this hybrid is susceptible {o white pine
blister rust {(ronartium. ribicola Fischer).
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HARD PINE HYBRIDS, PINUS SUBGENUS
PINUS (DIPLOXYLON )

Twenty-nine hybrids and 7 reciprocal crosses involve 23 species {1
with 8 wvarieties) of hard pines (Pinus subgenus Pinus, formerly
Diplozylon). The hybrids may be grouped us follows: 23 first-gen-
eration (F,) interspecific hybrids, 5 additional interspecific hybrids
ilnvol.tiing another variety of 1 parent species, and 1 intervarietal
hybrid.

Two of the 23 species, Pinus nigre and P. montesunae, are sxobics.
The 21 others represent all the 24 hard pine species native in the United
States except . leiophylle, P. subiniana, and P. torreyanda.

Pinus nigra X resinosa
Austrian pine X red pine {fig., 4)

Artificial hybrid between Pinus nigre Armold (Reise Mariazell. 8,
L 1783, of southern Fuvope and Asia Minor, and P. resinosa Alit.
{ Flort. Jew. 3: 387, 1789). of Northeastern United States and south-
eastern (anada.  Spring shoots uninodal. Twigs slender, glabrous,
when slongating glaucous to yellow green, year-old lateral twigs 6-8
mm. in dinmeter, light beown, the bases of bracts decurvent, smoothish,
and forming nurrow rectangular plates: older twigs light gray or
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Fiavrus 4. 'oies, 0B to right, top row, Pines nigra, P nigre X redinosq,
Pooresinose s aiiddle vow, Poopungenss, 0 piagens ¥ echinwla, .
ceiinade; botlom row, P, rigide, P rigide X serotina, P, yeroting,
One-third nnatuenl size




light gray brown, smoothish, becoming slightly fissured. Buds acumi-
nate, often slightly resinous, reddish brown, the scales with white
fringed margins.

Leaves 2 m a fascicle, straight, slightly stiff, erect, 511 cm. long,
1.3-1.5 mm. wide, acuminate, serrulate, green ; stomatal rows 8-13 dor-
sal and 7-10 ventral; basal sheath 1015 mm. long in bud, becoming
58 mm. long, gray brown. Needle anatomy in cross section : Ep1-
dermis of nearly square cells, stomata slightly sunken; hypodermis
uniform, of 1 or 2 layers of slightly thick-walled cells, inner border
straight; resin canals 2-5, external and medial, or external, =1l dorsal,
usually 2 large near angles, medial, 1 external and 1 medial, or 2 ex-
ternal, and usually 1-3 smaller external or medial, bordered ,by thick-
walled cells; endodermis in outline elliptic, of thin-walled cells; trans-
fusion tissue with thick-walled cells ontside phloem.

Year-old conelets with stout stalk about 7 mm. long. ovoid, about 1
em. long, ambo with weak keel and minute weak point or prickle or
ulmost none on basal scales. Mature cones ovoid, about 5 cm. long,
2.5 em. in diameter closed, 5.5 cm. in diameter open, tawny yellow,
slightly shiny, opening and shedding soon after maturity. Cone
scales weakly keeled, umbo with minute weak point. or prickle or
almost none on basal scales. Seed about 22 mm. long, inctuding obo-
void body about 5 mm. long and 2.5 mm. wide and long membranous
wing. Specimen: 19135 (Tree NiRe 2,159/79).

The hybrid has slightly stiff needles intermediate between the very
stiff ones of Pinwus nigra and the flexible ones of P. resinosa. Needles
of the hybrid and P. restnose have similar green color, while those of
P. nigra are dark green. In needle anatomy the two parent species
differ conspicuously, while the intermediate hybrid is easily separated
from both. The greater stiffness of needles of P. nigra apparently is
related to the thicker hypodermis and to the slightly thickened epi-
dermis of mostly rectangular, long and narrow cells in cross section.
P.nigrahas a well-developed hypodermis of 9—4 Tayers of thick-walled
cells, P. resinosa has » weak hypodermis of 1 layer of thin-walled cells,
and the hybrid is intermediate with 1-2 layers of slightly thick-walled
cells. P. resinosa is recognized by 2 large external ventral resin canals
and often 2-5 additional external and medial, dorsal and ventral, while
P. nigra has medial resin canals, 2 dorsal near angles and up to 8-14
additional dorsal and ventral (rarely 1 external or internal). The
hybrid has resin canals of several intermediate combinations but none
external ventral, 2 large dorsal resin canals near angles, usually both
external or 1 or both medial, and usually 1-3 smaller dorsal external
or sometimes medial. Some are subexternal and almost medial, being
connected to hypodermis by a single cell in cross section. Thick outer
endodermal cell walls characterize P. resinosa, thongh small plants of
both parent species and the hybrid have thin-walled endodermal cells.

Cones and conelets of the hybrid are intermediate between the larger
cones of Pinus nigra, having keeled scales with small pricile, and the
smaller ones of P. resinose, having scales not or weakly keeled without
prickle. Cone color in . nigra and the hybrid is tawny yellow and in
£, resinosa nut brown.

Critchfield (13) has deseribed this distinctive rare hybrid and its
history and has compared it with its parent species. This is the frst
successful cross between hard pines of the Eastern and Western Hem-
ispheres as well as the first interspecific hybrid of Pinus resinosa.
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Other attempts to meke this cross have been unsuccessful, both at the
Institute and elsewhere. From cross pollination af the Institute in
1935 and seeds planted in 1957, out of 42 seedlings, 4 with superior
height growth and of Jighter green than seedlings of P. nigra appar-
ently were hybrids. After 5 yeurs these 4 plants averaged 4.7 feet
high, considerably taller than nearby plants of both parent species.

inus elliottii X palustris
Slash pine X longleaf pine

Also recipreeal cross. Artificial hybrid between Pinus ellioftii
Engeln,  (Acad. Sei. St. Louis Trans. 4; 186, t. 1-3. 1880) and
Pimes palustris Mill. (Gard. Dict. Ed. 8, Pinus No. 14.  1768), both
of Southeastern [nited States. Bark rough, thick, furrowed into
long scaly, slightly shagey plates, blackish gray with brown exposed in
deep fwrrows and where sealed off.  Spring shoots uninodal. Twigs
stout, plabrous, light yellow green the first year, becoming light brown
the second year. fuds large, reddish brown and whitish, the seales
whitish fringed. Leaf sheaths whitish, light tan teward base, 2-3 em,
leng, in age only about 1 o, long.  Leaves 3 and 2 in a fascicle, stout,
stiff, straight to curved or drooping, 15-30 cin. long, acute-acuminate,
serrulate, green; stomatal rows of leaves in 3's 8-12 dorsal and 3-6
on ench ventral surface, of leaves in 2s 10-15 dorsal and 6-10 venteal.
Needle anatomy in cross section: Flypodermis biform, of 24 layers of
cells, the inner border curved or straight; endodermis of thin-walled
colls: resin canals internal and medial, or internal, 2, sometimes 3—4.
Specimens: /7226 (Tree ElPa 4, 199/88): reciprocal cross, 17145
i‘Tree Pall 2, 8/7).

Paventage of Pl pafusiris is indieated by the stout twigs, large
buds with white-fringred scales, whitish leaf sheaths, very long lesves,
and uninodal spring shoots. ILeaves partly in 2%s suggest P. elliotéir.
In needia anatomy the parents and hybrid are similar and not readily
sepurated, but tha hyll)rid has hypodermis often intermediate in
thickness.

The lirst seed was supplied by Philip C. Wakeley, Southern Forest
Experiment Station, New Orleans, La., who made the cross in Louls-
ana in 1929 with Pinws pelusiris as female parent. From seed
planted in 1933, 19 progeny trees were grown. These avernged 12.7
feer. high at i years, were 10-25 feet high and 3-5 inches d.b.h. in
1356, and apparently had not borne cones. Tive plants were raised
from thoe reciprocal cross made at the Institute. Pollination was in
1950, and sceds were sown in 1952. The hybrid trees have not grown
well at the Institute. Some have broken crowns, perhaps from snow
damage, or slender nurrow form.

Pinus elliottii X taeda
Slash pine X lobioily pine (fig. 5)

Also reciprocal cross.  Artificin]l hybrid between Pinus elliottil
Fngelm. (Acad. Sei. St Louis Trans. 4: 186, t. 1-3. 1880; typical
variety, 12, ellio/tii var, elliotiil}y and Pinus tuede L. {Sp. Pl. 1000,
1733}, both of Southenstern United States. Barl rough, thick, fur-
rowed info sealy plates, blackish gray wirh brown exposed in deep
furrows.  Spring sheots multinodal. Twigs glabrous, glaucous when
young, lighr yellow green the first year, becoming brown the second
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year. Buds reddish brown, the seales whitish fringed. Leaves 3 and
2 in o fascicle, stout, stiff, 10-19 cm. long, acuminate, serrulate, green;
stomatal rows of leaves in 8’s 7-12 dorsal and 4-8 on each ventral
surface, of leaves in 2's 12-14 dovsal and 9-10 ventral. Needle anat-
omy in cross section: Hypodermis biform, of 2, sometimes 3, lnyers of
cells, the inner border struight ; endodermis of thin-walled cells; resin
canals medial, internal and medial. or pastly subinternal, 2-7, 2 large
nsually medial at angles and often 1-5 additional smaller.

Cones 1-+ at a nc:-cTe, almost sessile, ovoid conic, symmetrical, 7-11
em. long, 5-7 cm. across when open at maturity, persistent 1 year or
more; apophyses dull nut brown, elevated along a transverse keel,
umbo rused and about 3 mm, high including the sharp spine. Speci-
mens: 7147, 18843 (Tree KEIT 10,7/12) ; reciprocal cross, 18842 (Tree
TEl 4, 9/3).

The occurrence of leaves partly in 2's is similar to Pinus elliottii, as
P. taede has needles uniformly 3 in a fascicle, Parents have similar
needle anatomy except that resin eanals are mostly medial in P. teeda,
mostly internal in P. elliottil, and intermediate in the hybrid.
EHybrid cones are intermediaste between the small cone with stout
spines in P. tgede and the large cone with smaller prickles in P.
elliottii. Cones of P. tueda nnd the hybrid are dull nut brown, while
those of . ellioitif are shiny reddish brown,

Four trees at the Institute were from peollination in 1931 with
Pinus taeda as female parent and from zeed sown in 1933. Three trees
with P. ellioftii as female parent were from pollination in 1933 and
seed sown in 1935, In 1956 these frees were about 30 feet high and
G inches d.b.h.

Pinus echinata X elliottii
Shertleaf pine X slash pine (fig. 5)

Artificial hybrid between Pinus echinata Mill. {Gard. Dict. Bd. 8,
Pinus No. 12. 1768}, of Eastern United States. and Pinus elliotti
Engelm. (Acad. Sci. St. Louis Trans. 4: 186, t. 1-3. 1880; typical
vaviety, P. ellioitii var, elliottii}, of Southeastern Ulnited States.
Bark rough, thick, furrowed into scaly plates, blackish gray. Spring
shoots muitinodal, Twigs glabrous, glancous when young, light
vellow green and shiny the first year, becoming brown the second year.
Leaves 2 or sometimes 3 in a fascicle, stout, stiff, 11-20 cm. lony, scute-
acuminate, serrulate, green; stomatal rows of leaves in 2’s 13-18
dovsal and 10-12 ventral, of leaves in 3's 11-14 dorsal and 5-7 on
each ventral surface. Needle anatomy in cross section: Hypodermis
biform, of 2 or sometimes 3 (rarely 4) lavers of cells; endodermis of
thin-walled cells; resin canals medial. or medial and internal, 2 large
medial at angles and often 1—4 additional, about 0.08-0.06 mm. in
diameter.

Cones 1-4 at a node, almost sessile, ovoid conie, symmetrical, 5-7
em. long, 3.5 em. in diameter when closed, 5-6 ¢cm. across when open.
persistent 1 or 2 years; apophyses elevated along a transverse keel,
the umbe raised and ending in a sharp prickle about 1 mm. long.
Specimen : 17746 (Tree EE116,8/86). _

In needle length and cone size the hybrid is intermediate, though
with smaller orgnns neaver to Pinus echinate. The two species differ
but slightly in needle anatomy. The hybrid resembles P. eelinata in
the resin canals mostly medial.
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FIoURE D.—Cones, top, fined cehinate; middle row, left to right, P. echinate X
cHIotEE, P oeellingte X taeda, Poorigide X eehinata ; bottom row, Toft to right,
PoelottiE, P, oettiettii X fdeda, P teeda, P. rigite X leeda, P rigide. Oue-
fourth natnral size,

Five (rees were planted in 1933 from the crogs made in 1931. When
23 vears old these trees were 3(-33 feet high and 6-9 inches d.b.h,
mestly with good form and narrow crowns.

Pinus echinata X taedn
Shortleaf pine X loblolly pine (fig. i)

Artificinl hiybrid between Pinus erhinate Mill. (Gard. Dict. Ed. 8,
Pinus No. 120 1768), of Bastern United States, and Pinus teeda L.
(Sp. PPLWwoo.  1753), of Southeastern United States. Bark rough.
thick, furrowed into long sealy plates, gray. Spring shoots multi-
nodal.  Twigs glabrous, glucous when young, light yellow green and
shiny the first year, becoming lght reddish brown the second year.
Buds acuminate. light reddish brown, resinous. Leaves 3, sometimes
mostly 3 and less [requently 2, in a fascicle, slightly stout and stiff,
7-12 em. long, acute-ncuwminate, serrulate, green; stomatal rows 9-15
dorsal and 3—T on ench ventral surface or 10-12 on ventral surface of
leaves in s, Needle anatomy in cross section: Hypodermis usually
biform with 2 (rarely 3} layers of cells, sometimes uniform with 1
Inyer, the inner border steaight ; endodermis of thin-walled cells; resin
wnnls medinl, sometimes meclial and internal, 2 large medial at angles
anc often =t additional. about 0.04-0.08 mm. in diameter,

Male sirabili (dry) 10-18 mm. Jong, 3-3 mol in dirmeter, orange
brown. Cones single or paired, sometimes in whorls ot 3 or 4, almost
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sessile, ovoid conic, symmetrieal, 6-8 cm. long, 4.5-7 cm. across when
open, often persistent for several years on old ‘branches; apophyses
dull pale fulvous brown, elevated alon & a trunsverse keel, the nut-brown
umbo forming a sharp stout curved prickle or spine about 3 mm. long.
Winged seeds 17-27 mm. long, the detachable wing nut-brown, body
ovoid, 5-6 mum. long, blackish. Specimen: 77748 {Tree ET 5, 2/186).
The hybrid might appenr to be a variation of Pinus taede with
small cones, having the sharp stout prickles of the cone scales. In
needle length and cone size the hybrid is intermediate. The number of
neectles in o fascicle, 8 and 2, distinguish the hybrid, because P. taede
has 8 uniformly, while 2. echinaty has usually 2. In needle anatomy
the hybrid is intermediate between the shightly differing parents.
This cross was made at the Institute as early us 1933, The reciproeal
backeross with Pinaes taeda was made in 1948. The hybrid occurred
spontaneously there prior to its artificial production.  More than 90
plants of this interspecific hybrid are growing at the Institute, a few
having arisen spontanecusly, Additional plants are progeny of hy-
brid trees by open pollination. Twenty-two trees from seed sown in
1839 averaged 30.4 feet high and 6.7 inches d:b.h. at 20 years.
Intermediate plants or natural hybrids have been reported as com-
mon in eastern Texus and probubly oceur at other localities wheve the
parenta] species grow together in the Southeastern United States
Zobel (5/1) noted that seedlings found in nature resembled artificially
produced hybrids. Though differences in time of pollination prevent
crossing, he suggested that unusual wenther may induce early pollen
shedding in Pinus echinate while the female strobili of P. tneda are
still receptive. Fybrids tested at Bogalusa, Lu., Trom seed supplied
by the Institute were reported by FHenry and Bercaw (20) to be
resistant to fusiform rust (Crenartium fusiforme (Arth.) Hedge).

Pinus pungens X echinatla
Table-Mountain pine X shortieaf pine (fig. 4)

Artificial hybrid between Pinus pungens Lamb. {Anu, Bot. 2:198.
1805), of mountains of Eastern United States, and P. echinata Mill,
(Gard. Dict. Bd. 8, Pinus No. 12. 1768), of wide range in Fastern
United States. Spring shoots multinedal. Twigs stender, glabrous,
glancous, light yellow green when elongating, becoming whitish pur-
plish brown, year-old luteral twigs 5-7 mm. in diameter, the bases of
bracts decurrent and forming narrow rectangular plates. Bark of
branches and trunk light gray brown, scaly. Buds acuminate, often
resinous, reddish brown, the scales with white, slightly fringed
marging.

Leaves in fascicles of both 2 and 3, stout, slightly flattened, stiff,
slightly twisted, 7-10 ecm. long {as short as 5 ¢m. on late summer
twigs), 1.1-1.8 mm. wide, acuminate and appearing sharp-pointed
when fouched owing to stiffness, serrulate, dull yellow green ; stomutal
rows 17-20 dorsal and 9-15 ventral on needles in 2's, 10-14 dorsal and
5-8 on each ventral surfuce on needles in 3’s; basal sheath 4—6 mm.
long. Needle anatomy in cross section : Stomata slightly sunken ; hypo-
dermis biform, of 2 or 8 layers; resin canals usually 2 dorsal medial
nt angles, sometimes wlso 1 ventral internal, small and large, bordered
by thin- or thick-walled cells; endoderm’s in outline eiliptic, sometimes
constricted elliptic or triangular, of thin-walled eslls; transfusion
tissue with thick-walled cells outside phloem.
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Male strobili {old and dry), oylindric but tapering and sliggtly
curved, 10-16 mm. long, 3—+4 mm. in dizmeter, orange brown. New
female or ovulate strobili or conelets 1-5 in a whorl, sometimes in 2
whorls on vigorous shoots, on stout, scaly, slightly ascending stalk
8 mm. long, ovoid, when closed after pollination 12 mim. long, light
yallow green, the seales with soft slender tapering point 2-3 mm. long.
Year-old conelets with umbo about 4-5 mm. long, light brown, wit
long prickle 2-3 mm. long and pointed toward apex. Cones sessile,
ovoid, conic, symmetrical or nearly so, 5-5.5 cm. long, 5-6 cm. scress
when open ut maturity, persistent 1 or 2 years; apophyses dull fulvous
brown, much raised u.ng a Lransverse keel, the umbe forming o stout,
fluttened, sharp spine 2-5 mm. long, slightly incurved. Seed with
3-angled blackish body 5 mm. long and membranous, light brown de-
tachable wing 15-18 mm. long. Specimens: 18804, 19189 (Tree Puk 1,
191/83).

Hybrid plants resemble those of Pinus pungens of the same age in
branching habit, with broader erown of fewer, long, coarse, spreading
hranches, in the slightly stout twigs of larger diameter, in the deeper
oreen needle color, and absence of the short twigs and needles along
the trunk. The needles of the hybrid are long and 2 or 3 in number as
i AL oeehinata, mostly intermediate in width, and twisted as in P.
pengens. Needles of P. pungens are stiff and cause pain when fouched,
those of /7. echinetu are fexible, while the intermediate needles of the
hybridd are stifl and short-pointed but do not produce pam. The
needle serrulalion consists of minute teeth close together in F.
echinata, larger teeth farther apart in P. pungens, and intermediate
teeth nearver the latter in the hybrid. The stomata of the needles appear
on the surface as minute white dots in P. echinate nnd are larger in the
hyvbrid and largest in 2. pungens. being slightly sunken in last two.
Needle anatomy is similar in nll three, thongh the hypodermis in the
hybrid is intermedinte between the weak, uniform or biform hypo-
dermis of 1-3 luyers in P. echinate and the well-developed, biform
hypodermis of 24 layers in P. pungens. Conelets show the influence
of P. pungens in the long pointed scales. The cones are small as in
P. echinabu bubt intermediate and nearer P. pungens in keel of
apophyses and length of spines,

From pollination made here in 1955 and from seeds sown in 1957,
2 plants were raised. In 1962, after 5 growing sexsons, they were about
5 feet high, slightly larger than adjacent plants of Pinus pungens of
the same age and slightly smaller than average plants of the other
purent species. Plants of £. pungens and the hybrid began needle

slongation before those of the other parent in the growing season of
1962,

Pinus rigida X echinatq
Pitch pine X shortleaf pine (fig. 5)

Also reciprocal cross. Artificln] hybrid between Pinus rigida Mill.
{Gard. Dict. Bd. 8, Pinus No. 10, 1768), of Northeastern United
States and southeastern Canada, and P. echinate Mill. {Gard. Dict.
Ed. 8, Pinus No. 12. 1768), of Eastern United States. Bark of
branches and trunk reddish brown, scaly, the trunk sometimes bearing
a few short twigs with needles. Spring shoots multinodal. Twigs
slencler, glabrons, when elongating yellow green and slightly shiny or
glaucous and whitish green, becoming purplish brown, year-cld lateral
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twigs 4-6 mm, in diameter, the bases of bracts decurrent and forming
narrow, rectangular plates. Buds acuminate, often slightly resinous,
reddish brown, the scales with white, slightly fringed margins.

Lenves 3 or sometimes 2 in a fascicle, straight, erect, 6-9 cm. long,
1.1-1.9 mm. wide, acuminate, serrnlate, dull yellow green; stomatal
rows 10-17 dorsal and 5-9 on ench ventral surface (8-10 ventral in
paired leaves) ; basal sheath becoming 5-8 num. long, Needle anatomy
in cross section : Stomata slightly sunken; hypodermis biform, of 2 or
8 layers; resin canals 2-10, usually 2 or 3 medial at angles and addi-
tional smaller medial and internal, small or sometimes iarge, bordered
by thin- or thick-walled cells; endodermis in outline elliptic or some-
times friangular, of thin-walled cells: trunsfusion tissue with thick-
willed cells outside phloem or none.

Male strobili (old and dry) eylindric, about 15 mm. long and 45
mm. in diameter, orange brown, New female or ovulate strobili on
young plants 1-3 in & whorl on stout, sealy, slightly ascending stalk
5-T mm, long, ovoid, after pollination about 6 mm. long, dark red,
turning light green, the scales with soft point more than 1 mm. long.
Mature cones sessile, oveid, about 5-5.5 cm. long and broad when open,
3.5 cm, broad when closed, dark brown wenthering to geay, opening nt
maturity, persistent; scales with weak prickle less than 1 mm. long.
Specimen : 18875 {Tree RiE 3, 165/79).

The hybrid plants resemble those of Pinus #igida, having often
slightly erooked axis and broader erown of fewer, long, conrse, spread-
ing branches and slightly stout twigs of farger diameter. Adjacent
plants of 2. echinata have better form with straight axis and narrower
crown and begin growth later. In needle number the hybrid is inter-
medinte in sometimes having 2 in a faseicle, thourh generally 8. The
hybrid has broader needles like P. igida. though the single plant of the
reciprocal ¢ross has narrow needles like P. eehinata. P. echinata has
needle serrulation of minute teeth close together, while P. rigida and
the hybrid have slightly larger and fewer teeth. Stomata appear us
minute white dots on needles of P. echinata and are slightly larger in
the other twwo. In needle anatomy all three are similar. The hybrid
is intermediate in having the biform hypodermis of 2 or 3 layers.

Plants of both the hybrid and Pinns rigide. were producing cones
when examined. Conelets and cones were similar except that mature
cones of the latter, originating from a closed cone variation in southern
New Jersey, remnined closed after maturity, Male cones produced
by one hybrid plant were similar to those of P. ripida.

This cross pollination was made here in 1941, 1954, and 1957. Five
plants from seeds sown in 1956 averaged 3.1 feet high af 5 years.
Nine others were grown from seeds planted in 1959.  One plant of the
reciprocal cross, Pinus echinata X rigida. from pollination in 1954 and
seed sown in 1956, was 4.3 feet high af 5 years. This plant of the
reciprocal eross was similar to the others; however, it was perhaps of
helow normal vigor, Inter in beginning growth, and with the new elon-
gating twigs glaucous whitish green. From the reciprocal cross re-
peated a year later thesingle surviving plant was poor.

8. Little and Somes (29) reported that hybrids in a New Jersey
field test from Institute seed were mostly of very poor form and of no
exceptional vigor. Similar results were observed in southern Iilinois
(7). According to Austin (2, %), natural hybrids between these
species occur.
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Pinus rigida X toeda
Piteh pine X Ioblolly pine (fig. 5)

Artificiul hybrid between Pinus sigide Mill. (Gard. Dict. Ed, 8,
Pinus No.10. 1768), of Bastern United States,and Pinus taeda L. {Sp.
P 1000. 1753), loblolly pine, of Southeastern United States. Bark
rough, thick, furrowed into scaly plates, blackish gray, the trunk some-
times bearing short twigs with needles. Spring shoots multinodal.
Twigs glabrous, light yellow green und shiny the first year, becoming
light brown the second yeur. Buds acute, reddish brown, resinous.
Lenves 3 in & fascicle, stout and stiff, 10-20 cm. long, scute-ncuminate,
serrulate, green; stonmtal rows 10-15 dorsal and 5-8 on each ventral
surface. Needle mnatomy in cross section: Hypodermis biform, of
9-5 layers of cells, the inner border often angled; endodermis of thin-
walled cells; resin canals wedial {ravely also internal), 2 (rarely 3},
about 0.04=0.08 mm. in dinmeter; r line of thick-walled cells often out-
side phloem in transfusion tissue,

Male strobili (old and dry) 17-25 mm. long, 4-5 mm. in diameter,
orange brown. Cones 3, 2, or 1 ut a node, almost sessile, ovold-conic,
symmetrical, 7-8 em, long, 4-4.5 cm. in diameter closed, serotinous,
opening after 1 or more years, long persistent in quantity for several
yenrs; apophyses pale fulvous brown or tawny yellow, dull or slightly
shiny, elevated along n transverse keel, the nut-brown umbo forming
o sharp stout prickle or spine about 3 mm. long. Winged seeds about
35 mm. long, the detachable wing nut-brown, body ovoid, 5 mm. long,
blackish. Specimen 77150 (TreeRiT 3,8/18).

In needle anatomy the hybrid and both parents are similar. The
hybrid is like Pinus faeda in the large resin canals, while P. rigida has
diameters of about 0.02-0.04 mm. Needie length is intermediate.
The intermediate cones have the lurger, stout prickles of P. fueda and
the slightly serotinous habit of P. #igide in this variation from south-
ern New Jersey.

This hvbrid with Pénus rigida as female parent was made at the
Tostitute first in 1933 and was backcrossed with P. rigide in 1942.
The cross has been repeated in 1941 and later years, and 13 trees are
arowing here ns well us plants from open pollinated seeds of a hybrid
tree. Nine trees from seed sown in 1945 averaged 22.6 feet high and
5.2 inches d.b.h, at 15 yenrs.

Iyun and Abn_(%£4) described this hybrid as mude in Korea, re-
cording its principal charncteristics there in comparison with the
parent species, ‘They further designated this hybrid as Pinus
X migitaeds but did not publish a formal Latin diagnosis for that bi-
nomial. The hybrid is under mass production in Korea (22, £3).

In southern IMinois, hybrids from seed supplied by the Institute
were reported to be vigorous, of good form, and more frost hardy
than P. eelinataand P.faeda (1, 1. 88).

Pinus rigida X serotina
Pitch pine X pond pine {fig. 4)

Artificial hybrid between Pinus rigida Mill. {Gard. Dict. Ed. 8,
Pinus No. 10.” 1768), ot Northeastern United States, and P. serotina
Michx. (1, Bor.-Amer. 2: 205, 1808), of the Counstal Plain of South-
ecastern United States. Bark of branches and trunk becoming rough
and thick, composed of gray brown scaly plates and exposing brown
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in crevices, the trunk sometimes bearing a few short twigs with needles.
Spring shoots multinodal. Twigs slender, glabrous, glaucous, light
green when young, becoming pinkish brown, year-old lateral twigs 6-7
mnt. in diameter, purplish brown, the bases of bracts decurrent, rough,
and forming narrow rectangular Plates long persistent. Buds eylin-
dric, acuminate or acute, often resinous, reddish brown, the scales with
white, slightly fringed margins.

Leaves 8 in a fascicle, straight, stiff, erect, 912 cm, long, 1.4-1.7 mm.
wide, acuminate, serrulate, slightly fattened, dull green ; stomatal rows
16-20 dorsal and 6-10 on each ventral surface; basal sheath becoming
7-13 mm. long, gray brown. Needle anatomy in cross section: Sto-
mata slightly sunken; hypodermis biform, of 2 or 3, sometimes 4,
loyers; resin canals 8:%, nsually 3 medial at angles and additional
smaller medial and integnal, small, bordered by thin- or thick-walled
cells; endodermis in outline elliptic or sometimes triangular, of thin-
walled cells; transfusion tissue with thick-walled cells outside phloem.

Male strobili {old and dry) cylindric, 8-24 mm. long and 4-5 mm.
in diameter, orange brown.” New female or ovulate strobili 1-8 in a
whor] and sometimes 2 whorls in a year, on stout, scaly, brown, slightly
ascending stelk about 1 cm. long, oveid, shortly after pollination about
8 mm. long, pink purple, turning light green, the scales with soft
point 2 mm. Iong. Year-old conelets ellipsoidal or subglobose, 15-20
mm. long and 12-15 mm. in diameter, pmkish red anf greet, scales
with prickle nearly 2 mm. long. Mafure cones sessile or nearly so,
ovoid, symmetrica?: about 6-6.5 cm. long and 3.5-4.5 cm. broad when
closed, tawny yellow but weathering to light gray, persistent and re-
maining closed; apophyses nearly flat, umbo raised and ending In
straight, sharp, weak prickle 1-2 mm. iong. Specimens: 18808, 19158
(Tree RiSe 5, 181/75).

These hybrids are slightly larger than adjacent plants of Pinus
rgide of the same nge. The onfy significant difference in the two
ﬁ'roups is in needle length, 6-10 cm. in P. rigida and 9-12 em. in the

ybrid, while the parent plant of 2. serotina has needles 12-20 em. long.
The parent species and hybrid are indistingnishable in needle anatomy.
(Cones of the hybrid and adjacent plants of P. rigida are similar,

Five plants from pollinetion in 1952 and seeds sown in 1954 averaged
5.7 feet high at 5 years and were about 11 feet high after 9 growing
geasons. The female parent was from Atlantic ity, N.7., and the
mule parent from near Starke, Fla.

Pinus rigide and P. seroting are closely related species, or according
to a few authors, geographical varieties of the same species. P.serotina
has longer needles spreading to slightly drooping in age and broader,
nearly spherical, closed cones, However, P. rigida sometimes has
closed cones, for example, in these plants from near the range of P,
seroting.

Pinus ponderosa var. poriderosa X var. arizonica
Ponderosa pine (typical variety) X Arizona pine

Artificial intervarietal hybrid between Pimus ponderosa Laws,
var. ponderose (Laws., Agr. Man. 334, 1886}, of western North
America, and P. penderosa var. arizowica (Engelm.) Shaw (Pines
Mex. 24, t. 17, figs. 4-5. 1909), Arizona pine, of northern Mexico
and adjacent Arizona and New Mexico. Bark of dark gray scaly plates,
becoming rough, cracking off, and rusty brown beneath. Spring shoots

24




uninodal. Tiigs glabrous, glaucous when young, whitish or yellowish
to brownish green, becoming brown the second year, later light brown-
ish gray and rough. Buds conic, acuminate, reddish brown, resinous,
the basal scales whitish fringed.

Teaves 4 or 5, sometimes 8, in a fascicle, slightly slender or stout,
mostly spreading or slightly drooping, 11-22 cm. long, 1-1.5 mm. wide,
aculninate, serrulate, (ﬁ.ﬂl green ; stomatal rows 4-9 dorsal and 3 -6
on each ventral surface. Needle anatomy in cross section: Stomata
slightly sunken; hypoedermis biform, of 2-3, sometimes 4, layers of
cells, the inner border straight or sometimes curved; resin canals
medial, 2 at dorsal angles and rarely 1 also at ventral angle; endoder-
mis elliptic or sometimes circular in outline, cells with thick outer
walls; thick-walled cells in transfusion tissue forming lines outside
phloem and xylem.

Cones single or paired, sessile, ovoid conic, symmetrical, 6-8.5 cm.
long, 5.5-7.5 cm. across when open at maturity, early deciduous and
usually leaving a few basal scales on twig; apophyses dull yellow
brown, with prominent transverse keel, the umbo raised and 1-2 mra.
high including the weak prickle. Specimens: 77201 (Tree PAr 21,
193/35), 18840 (Tree PAr 54,212/65).

This intervarietal hybrid is intermediate in needle number and
associated character such as needle width and also cone size, by which
the parents are distinguished. The glaucous young twigs suggest var.
arizonica.

With the typical variety from the Eldorado National Forest, Calif,,
as seed pavent, this cros~ was made at the Institute in 1946, 1948, and
1954, Pollen for the first cross came from Mount Lemmea, Pima
County, Ariz. Pollen parents in later crosses were grown from seed
collected in the Chiricalua Mountains, Cochise County, Ariz. About
70 of these hybrids are growing at the Institute, and many are under
test for performance on the Eldorado National Forest, Calif. At 10
years, 10 plants from seed sown in 1949 averaged 8.6 feet in height, and
30 from 1950, 8.3 feet. In an investigation of natural attack by the
weevil Cylindrocopturus eatoni Buch. on plants in nursery tests, Cal-
laham (9) found the hybrid to be more susceptible than . ponderosa
var. ponderosa.

Pinus ponderosa vax. ponderosa X moniezumae
Ponderosa pine (typical variety) X Montezuma pine (fig. 6)

Artificial hybrid between Pinus ponderose Laws. var. ponderose
(Laws., Agr. Man, 354, 1836), of western North America, and Pinus
montezumae Lamb. (Descr. Genus Pinus. Ed. 3 (8?), 1: 39, t. 22.
1832), of Mexico. Bark rough, thick, furrowed longitudinally into
gray scaly plates, exposing rusty brown inner layers; bark on branches
smoothish, brown or gray. Spring shoots uninodal. Twigs glabrous,
glaucous when young, becoming shiny greenish brown, the second year
brown and smoothish. Buds cylindric, acuminate, reddish brown,
resinous, the scales slightly whitish fringed.

Leaves 4, sometimes 3 or 5, in a fascicle, slender, flexible, drooping,
14-27 em, long, more than 1 mm. wide, acuminate, serrulate, dull green;
stomatal rows 5-12 dorsal and 3-5 on each ventral surface. Needle
anatomy in cross section : Stomata slightly sunken; hypodermis multi-
form or semetimes biform, of 2—4 layers of cells; resin canals medial, 2
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at dorsal angles and sometimes also 1 at ventral angle; endodermis
elliptic, sometimes circular, in outline, cells with thick outer walls.

CE)nes (1 pair seen) almost sessile, ovoid conic, slightly asymmetri-
cal, 10-11 cm. long, 9.5 cm. across when open at maturity, scales
numerous, apophyses dull or slightly shiny, yelicw brown, thick with
prominent keel, the raised umbo meluding weak prickle 2 mm, high or
less. S)pecimens: 17139 (Tree PMz 3, 218/47), 18841 {Tree PMz 28,
296,/66).

The mntermediate character of the hybrid is shown by the 4 leaves in
a fascicle, though their slender, drooping appearance suggest Pinus
montezuwmae. §eedle anatomy likewise 1s intermediate. Cones also
are intermediate in the weak prickles.

This hybrid was first produced at the Institute in 1946 and again in
1948, 1951, and 1954, From seed sown from 1948 to 1956, more than
50 plants were grown. Twenty-two plants from seed sown in 1950
averaged 12.8 feet high after 10 growing seasons. The source of the
female parent, the typical variety of ponderosa pine, was the nearby
Eldorado National Forest, Calif. ‘The hybrid is under test for field
performance in several places in Culifornia. Seedling vigor of the
hybrid was discussed by Righter {36). Callaham (9}, observing nat-
ural attack by the weevil Oylindrocopturus eatoni Buch. in nursery
fests, found the hybrid to be more susceptible to the weevil than
Pinus ponderosa,

Pinus ponderosa var, scopulorum X montezumae
Rocky Mountain penderosa pine X Montezuma pine (fig. 6)

Artificial hybrid between Pinus ponderosa var. scopulorum En-
gelm. (in 3. Wats., Bot. Calif. 2: 126. 1879), of the Rocky Mountain
region, and Pinus montezumae Lamb. {Descr. Genus Pinus, Ed. 8 (8°},
1139, t. 22, 1832), of Mexico. Bark on small trunks gray, becoming
rough and furrowed into sealy plates, with orange brown furrows.
Spring shoots uninodal. Twigs glabrous, glaucous when young, be-
coming shiny brown, the secongsyear light. brownish gray and slightly
fissured. Buds cylindric, acuminate, reddish brown, resinous, the
scales slightly whitish fringed.

Leaves 34, sometimes 5, in a fascicle, slender, flexible, curved and
spreading to drooping, 10-22 c¢m. long, more than 1 mm, wide, acumi-
nate, serrulate, dull green or slightly shiny yellow green when young;
stomatal rows 6-10 dorsal and 3-5 on each ventral surface. Needle
anatomy in cross section: Btomata slightly sunken; hypodermis mul-
tiform, sometimes biform, of 2—4 layers of cells; resin canals medial, 2
at dorsal angles and sometimes also 1 at ventral angle or rarely 1 dor-
sal;kendodezmis slliptic in outline, section, the outer cell walls often
thick.

Cones sessile, ovoid conic, symmetrical or nearly so, 7-8 cm. long, 6-7
ChL. across when open at maturity, early deciduous and usually leaving
a few basal scales on twig; apophyses dull yellow brown, with promi-
nent keel, the raised umbo including weak prickle 1-2 mm. high.
Specimen: (7141 {Tree PScopMz 5, 176/65).

Leaves of the hybrid are intermediate in'length, number in & fas-
cicle, curved and spreading position, and anatomy. Cones also are
intermediate in the weak prickles,

This cross with Pinus ponderosa var. scopulorum as female parent
was made here in 1948,  Seven vigorous plants from seed sown in 1950
averaged 8.4 feet high after 10 growing seasons.
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FiGURE G.—Cones, left to right, top vow, Pinus jeffreyi, P. jeffreyi X ponderoia
var, ponderosge, P polderesa var., poderosi, . ponderoze var. ponderose X
engelnannii, P, englemannii; bottom row, £ ponderosg var. ponderosa, P. pon-
derose var., ponderost X omoniczimace, P, monteznmae, P, ponderosd var, §oG-
pulorum X monterimaee, P, ponderosd vurT, scopulorwm. One-fifth natural size.

Pinus engelmannii X monfezumae
Apache pine X Montezama pine

Artilficial hybrid between Pinus engelmannii Carr. (Rev. Hort., Sér.
&, B: 2T, 185k known alse as P. latifolin Sarg. and P. apecheca
Lemm.}, of northern Mexico and adjacent Arizona and New Mexico,
and Pinus monfezumae Lamb. (Descr. Genus Pinus. Ed. 3(8°), 1: 39,
£ 22, 1832), of Mexico. Bark on small trunks gray, thick, rough,
becaming irvegular Furrowed into scaly plates, Spring shoots unine-
da!: on Teader shoots the twigs stout und buds large. Tiwigs glabrous,
gleneons when young, becoming purplish brown and the second year
light brownish gray. Buds cylindric, acuminate, reddish brown, resi-
nous, the scales slightly whitish fringed.

Leaves 3, otten 4, sometimes 5, in a fascicle, slender, flexible, spread-
ing to drooping, 19-29 cm. long, move than 1 mm. wide, acuminate,
serrulate, dull green; stomatal rows 5-10 dorsal and 3—4 on each ven-
tral surface. Needle anatomy in cross section: Stomata slightly
sunken; hypodermis biform or multiform, of 2-1 layers of cells, the
inner border siraight or curved; resin canals medial, 2 at dorsal angles
and sometimes also ! at ventral angle and (or) 1 dorsal; endodermis
elliptic, sometimes nearly circular in outline, the outer cell walls thin
or thick. Specimen: 17135 (Tree ApMz 6, 214/71).

Young hybrid plants have twigs and buds of normal size, except
on leader shoots, not like the very large ones of Pinus engelmannit.
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Lenaves aro intermediate in number, width, and position. Needle anat-
omy, though intermediate, is more like 2. montezumae.

his cross was made at the Institute in 1951. Twenty plants were
raised from seed sown in 1953. When studied after 4 growing seasons
the young plants were 1.5 feet high, but at 9 years ﬁley had grown
rapidly to about 10-15 feet (minimum 6 feet).

Pinus jeffreyi X montezumae
Jeffrey pine X Montezuma pine

Artificial hybrid between Pinus jeffreyi Grev. & Balf. (in A. Murr.,
Bot. Exped. Oreg. [Rpt. No. 8] 2, t.” 1853), of the Pacific coast
vegion, and Pinus montezwmge Lamb. (Descr. Genus Pinus. Ed. 3
{8°), 1: 39, t. 22, 1832), of Mexico. Buark on small trunks oray,
smoothish, becoming furrowed into scaly plates with orange brown
furcows. Spring shoots uninodal. Twigs glabrous, glaucous when
young, later brownish tinged, the second Iy&ar light gray, smoothish,
and slightly fissured; crushed twigs with slight odor and taste of
lemon.  Buds cylindric, acwninate, reddish brown, resinous, the
scitles whitish fringed.

Leaves 3, sometimes 4, in a fascicle, slender, flexible, spreading to
drooping, 14-34 em. long, about 1 mm. wide, acuminate, serrulate, dull
green; stomatal rows 5-8 dorsal and 2-5 on each ventral surface.
Needle anatomy in cross section: Stomata slightly sunken ; hypoder-
mis multiform, sometimes biform, of %4 Iayers of cells, the inner
border cnrved; resin canals medial, 2-8, 2 at dorsal angles and often
nlso 1 at ventral and 1-3 dorsal; endodermis ellipticin outline, the outer
cell walls thick. Male strobili (dry) cylindric, 25-35 mm. long, 5-6
mm. in diameter, orange brown. Conelet and immature cone with
prominent prickle. Specimen: 17140 (Tree JMz 3, 176/69).

The hybrid's smoothish twigs with slight odor of lemon sugrest
Pinus jeffreyi, while the resinous buds anﬁ dull green color of leaves
are charucteristic of P. montezumae. Leaves are intermediate in num-
bex, length, position, and anatomy.

This cross with Pinus jeffreyi as female parvent was made at the
Institute in 1951. Three young plants from seeds sown in 1933 were
vigorous and aimost 3 feet high after 3 growing seasons. At 9 years
they were 7-16 feet high. Xn 1962 the largest produced a few male
strobili. The long drooping needles, smoothish gray branches, and
long internodes give these trees o handsome appearance. This attrac-
tive hybrid should rank among the best for ornamental planting in
mild climates,

Pinus ponderosa var. ponderosa X engelmannii
Ponderosa pine (typical variety) X Apache pine (fig. 6)

Also reciprocal cross, Artificial hybrid between Pinus ponderosa
Laws. var. ponderosa {Laws., Agr. Man. 354, 1836}, of western North
Amerea (California), and Pinus engelmannii Carr. { Rev. Hort., Sér.
4, 3: 27, 1854: known also ns P. latifolin Sarg. and P. apacheca
Lemm.), of northern Mexico and adjacent Arizena and New Mexico.
Tree with straight axis and thin crown of whorled horizontal branches.
Bark rough, thiek, furrowed longitudinally into scaly plates, blackish
gray, rusty brown in furrows; bark on stout older branches dark gray,
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rough, in regular plates. Spring shoots uninodal, the internodes
mostly long and on leaclers mostly with fascicled leaves from base of
each yeur's growth upward and without a bare basal zone; branching
coarse, with relatively few stout branches. Twigs mostly stout, 1 cm.
or more in diameter, glabrous, shiny yellow green to brownish green,
the second year brown. Buds conic fo cylindric, acuminate, reddish
brown, resinous, the scales slightly whitish fringed.

Leaves 3 {rarely 4 or 5) in a fascicle, stout, stiff, erect to spreading,
17~30 cm. long, acuminate, serrulate, dull zreen; stomatal rows 10-15
dorsal and 4-8 on each ventral surface. Needle anatomy in cross sec-
fion: Stomata slightly to deeply sunken: hypedermis biform, some-
times multiform, of 2-3 layers of eells, the inner border curved,
sometimes angled; resin canals medial, 2 at dorsal angles, sometimes
also 1 at ventral angle (rarely 1-4 more dorsal) ; endodermis often
with thick outer cell walls,

Year-old conelets 1-3 on scaly stalk about 1 em. long, about 22 mm.
Jong and 1¥ mm. broad, ellipseidal, Tight brown, glaucous, scales with
slender, straight, slightly incurved or recurved prickle about 1 mm.
long. Cones nearly sessile, large, conic, symmetrical, 11-13 em. long,
80 ¢m. broad open, vellow green when imunature: the seales with
apophysis tawny brown, slightly shiny, about 5-6 mm. thick including
horizontal keel. the light gray umbo, and straight, sharp prickle about
1 mm. long.  Specimens: /7228 (Tree PAp 1, 18/5) ; reciprocal cross,
17138 (Tree ApP 7, 184/67).

The leader shoots of the hybrid and Pinwus engelmannii mostly bear
fascicled Teaves from base of each year's growth upward, while in P.
ponderosa var, ponderosa a bare zone is present above the whorl of
branches. Fowever, the hybrid has a leafless zone on lateral shoots
and sometimes also on the leader. Twigs of the hybrid are stout, as
in 2. engelmannii. In needle length and anatomy and in cone, the
hiybrid is intermediate.

Difterences between seediings of the hybrid and of Pinus ponderose
var. ponderosa have been recorded by Righter and Dufield (38). Hy-
brid 1-0 and 2-0 seedlings differed from the seedlings of P. ponderosa
in shorter tops, longer and heavier roots, larger stem-caliper at ground
level, thicker bark, longer primary leaves, longer needles painting up-
ward, henvier foliage, and much higher water content. In these
charneters the hybrid appears intermediate between the parent species.
P. engelmannii produces needle fascicles the first year, P. ponderosa
mostly not until the second year, and the hybrid partly the first year.
"The third year the hybrids started needle growth earlier and without
abare lengrth of twigs, Though shorter the first yvear, the hybrids were
taller than plants of P. ponderosa the third to sixth years.

With more than 20 trees of Prnus ponderosa var. ponderosa from
Californin as seed parents, this hybrid was made at the Institute
mainly in 1943, 1948, and 1951, and more than 100 of the progeny were
planted at the Institute. There is also 1 hybrid tree planted in 1933
from the first cross in 1929, The recipracal cvoss with P. engedmannii
from southeastern Arizona as seed parent wau made at the Institute in
1048, from which 9 plants grown from seed sown in 1950 averaged
1.8 feet high at 10 years. Additional crosses with the hybrid as
parent have been made.

In one test hybrid plants were about 6 feet tall after T growing sea-
sons, and in another they averaged about 15 feet in height and 4 inches
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d.b.h. after 12 growing seasons, The oldest tree was about 40 feet
tall and 10 inches d.b.h. at 23 years of age. The hybrid is under test
at numerous places in Californin. In an investigation of natural
attack by the weevil Cylindrocopturus eatoni Buch. on plants in nurs-
ety tests, Callaham (9} found the hybrid to be more susceptibls than
Pinus ponderosa.

Pinus engelmannii X ponderosa var, arizonica
Apache pine X Arizona pine

Artificial hybrid between Pinus engelmannii Carr. (Rev. Hort.,
Sér. 4, 3:297.71854; known also as P. latifolia Sarg. and P. apacheca
Lemm.}, and Pinus ponderosa var. arizonica (Fngelm.) Shaw {Pines
Mex. 24, t. 17, figs. 1-5. 1909}, both of northern Maxico and adjacent
Arizona and New Mexico. Bark on small trunks gray, thick, rough,
becoming furrowed into scaly plates with orange brown furrows.
Spring shoots uninodal, the tnternodes mostly long and on leaders
mostly with fascicled jeaves from buse of each year's growth upward
and without & bare basal zone; branching coarse. Twigs stout, 1 em.
or more in diameter, plabrous, glaucous, becoming pinkish brown,
the second yenr light gray brown. Buds large, conic, acuminate,
reddish brown, resinous, the scales slightly whitish fringed.

Leaves 4-3, sometimes 5, in a fascicle, slender, flexible, spreading,
15-28 cm. long, more than 1 mm. wide, acuminate, serruiate, dull
green; stomatal rows 7-11 dorsal and 3-6 on each ventral surface.
Needle anatomy in cross section: Stomata slightly to deeply sunken;
hypodermis biform, often multiform, of 2-5 layers of cells, the inner
border angled, resin canals medial. 2 at dorsal angles, sometimes aiso
1 at ventral angle and 1-2 more dorsal ; endodermus elliptic, sometimes
circulur in outline, often with thick outer cell walls,

Cones sessile, ovoid conie, symmetrical, 6.5-7 ¢m. long, 6.5-7 cm.
hroad open, deciduons and leaving » few basal scales on tree; apo-
physes dull yellow brown with prominent transverse keel, the umbo
raised and 2-3 mm. high including the weak sharp prickle. Speci-
mens: 7736 (Tree ApAr 7, 192/67), 18828 (Tree ApAr 8, 192/68).

The hybrid has the stout twigs and large buds of Pinws engebnannii
and also the lenders with fascicled lenves from base of each year's
growth upwurd. Leaves are intermediate in number and length. In
neecle anatomy the hybrid is intermediate though possessing the well-
developed hypodermis with angled inner border as in P. engelmannii.
Cones are small as in P. ponderosa var. arizonica.

This cross was made at the Institute in 1948 and 1953 with Pinus
engelimunnii from southeastern Arizona ns female parent. Twelve
plants from seed sown in 1950 averaged 9.3 feet high at 10 years. One
of these matured a whorl of 3 cones in 1961. The 2 surviving plants
from seed sown in 1955 were about 3 feet high affer 7 years.

Pinus engelmannii X ponderosa var. scopulorum
Apache pine X Rocky Mountain ponderosa pine

Adso reciprocal cross.  Artificial hybrid between Pinus engolmannii
Carr. {Rev. FHort., Sér. 4, 3: 227, 1833; known also as P. lutifolia
Sarg. and £ wpachees Temni), of northern Mexico and adjacent
Avizona and New Mexico, and Pinus ponderosa var. scopulorum Bn-
golm. (in 8. Wats, Bot. Calif. 2: 136, 1879), of the Rocky Mountain
region. Bark gray, becoming rough and furrowed into sealy plates
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with brown exposed in furrows. Spring shoots uninodal. Twigs
not stout, glabrous, glaucous, becoming shiny yellow green, the second
year light brown, older twigs light gruy, smoothish to rongh. Buds
cylindrie, acuminate, reddish brown, resinous, the scales slightly
whitish fringed.

Leaves 3, sometimes 2, in a fascicle, stout, stiff, erect to spreading,
14923 cm. long, acuminate, serrulate, dull green; stomatal rows of
leaves in 8’s 9-12 dorsal and 3-6 on each ventral surface, of leaves in
s 10-13 dorsal and 7-9 ventral. Needle anatomy in cross section:
Sromata slightly sunken: hypodermis biform, of 2-8, sometimes 6,
layers of cells, the inner border curved, sometimes angled ; resin canals
medial, 24 (rarely 6), 2 at dorsal ungles, often also 1 at ventral angle
nn(}l 1 {rarely 3) dorsal; endodermis mostly with thick outer cell
wallls,

("ones nearly sessile, ovoid conic, symmetrical, 5.5-7 co. long, 5.5
8.5 cni. broad open, deciduous and usually leaving a few basal scales
on tree; apophyses dull yellow brown with prominent transverse keel,
the umbe raised and 1-2 mm. high including the weak prickle. Spec-
imens: /7137 (Tree ApPScop 4. 182/69), /8530 (Tree ApPScop 10,
177/70) ; veciprocal cross, 19/69 {Tree PScopip 7, 211/67).

Liacking the stout twigs of Pinus engelmannii, the hybrid has leaves
intermedinte in length and number. In needle anatomy the hybrid
is intermediate though with deeply sunken stomata and well-developed
hypodermis as in P. engelmannii. Like both parents, the hybrid
produces fuscicles mostly the first year. Cones are small as m £.
pondrerose var. scopulorum.

With Pinus engelmannii from southeastern Arizona as seed parent
and with pollen parent from the Monument Nursery in Colorado, the
cross was made at the Institute in 1948. Ten plants from seed sown
in 1950 averaged 10.0 feet high at 10 years. From the reciprocal
cross made at the same time, 20 plants averaged 7.0 feet.

Pinus jeffreyi % ponderosa var. ponderosa
Jeffrey pine X ponderosa pine (typical variety; fig. 6)

Also reciprocal cross.  Artificial and natural hybrid between Finus
Jeffreyi Grev. & Balf. (in A, Murr., Bot, Exped. Oreg. [Rpt. No. 8] 2, t.
1853), of the Pacilic const region, and Pinus ponderose Laws. var. pon-
derosa (Laws., Agr. Man, 354 1836), ponderosa pine (typical vari-
ety), of western North Americn. Tree with straight axis and narrow
erown.  Bark rough, thick, turrowed longitudinally into sealy plates,
blackish greay, light brown in furrows and where plates have been shed.

Spring shoots uninodal. Twigs glabrous, glaucous when young, yellow
gsreen, becoming pray brown the second year, later gray and rough ;
crushed twigs and resin with odor and taste of lemon. Buds cylindric,
acuminate, reddish brown, resinous, the seiles whitish fringed.

Leaves 8 (rarely 2) in a fascicle, stout, stiff, erect and spreading to
slightly drooping, 1425 cm. long, acuminute, serrulate, dull green;
stomatal rows 8-12 dorsal and 3-7 on each ventral surface. Needle
anatomy in cross section: Stomutu deeply sunken, hypodermis multi-
form or biform, of 2-5 layers of cells, the inner border curved, resin
canals medial, 2-3 {7), 2 at dorsn} angles and often 1-3 (5) additional
ventral and dorsal: endodermis with thick outer cell walls: thick-
walled cells in transfusion tissue forming lines outside phloem and
xylem and somelimes nearly contiruous between vascutar bundles.
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Masle strobili cylindrie, 4-5 cm. long, 7 mm. in diameter. Year-old
conelets single or paired on stout sca]f,' stalk less than 1 cm. long, about
20-22 nun. long, 16-18 mm. broad, ellipsoidal, light brown, scales with
slender, straight, sharp prickle 2-3 mm. long.  Cones sessile, ovoid-
conie, symmetrical, about 12 em. long and 9 em. in dismeter (some-
times smaller) when open, deciduous and leaving a few basal scales on
tree; apophyses slightly shiny brown with prominent transverse keel,
the umbo raised and about 3 mm. high, including the stout prickle.
Specimens: 17229 (Tree JP 9, 10/12): reciprocal cross, 78827 (Tree
PJ1,13/4).

This intermediate hybrid has the resinous buds, green, slightly
longer needles, and rough twigs of Pinus ponderosa var. ponderosa
end the resin with odor and taste of lemon from 2. jefé?-eya’. Needle
anatomy of parents and hybrid is similar, though the hybrid resembles
P. jeffreyi 1n the fewer rows of dorsal scomata, the deeply sunken
stomata, and usually multiform hypodermis. The cone in size and
phyllotaxis is between that of . ponderose and the lnrger one of 2.
Jeffreyi with more scales.

The Institute has one natural hybrid planted in 1929 from seed
of an open-pollinated tree of Pinus jeffreyi; specimen: Little 17149
(Tree 70/33). Five plants were produced in 1956 from open-polli
neted seegd of this tree.

With Pinws jeffreyi as femuale parent, cross pollinations were made
at the Institute in 1929, 1931, and 1946. Seed from the first
two was planted in 1933 and from the Yast in 1949, From these crosses
23 trees were raised, 10 from the lust averaging 10.0 feet at 10 years.
There is also one tree of the reciprocul cross nmade in 1929 and from
seed pianted in 1933. The progeny at 23 years of age were about 40
feet high and 1 foot d.b.h.

Mirov (1) first recorded this natural hybrid in Californix in 1929
and has studied the chemical and other differences. This hybrid was
included in analyses by Callaham (8) of needle oils of certain pines
and pine hybrids. Haller (79) made a comprehensive study of the
variation and natural hybridization of ponderosa and Jeffrey pines
and of the hybrids at the Institute.

Backerosses of this hybrid with both parents were made in 1948.
Also, trihybrids were obtained by pollination from Pinus engelmannis
Carr. first in 1947 and from the hybrid P. jefireyi X cowlteri in 1949.
Pollen from this hybrid was used to pollinate the cross P. ponderosa X
ergelmannii in 1952, producing the presumed 3-species hybrid: (P.
ponderose X engelmannii) X (P.jeffreyi X ponderosa).

Pinus jeffreyi ¥ poenderosa var. scopulorum
Jeffrey pine X Rocky Mountain ponderosa pine

Artificin]l hybrid between Pinus jeffrayi Grev. & Balf. (in A. Murr.,
Bot. Exped. Oreg. [Rpt. No. 8] 2, t. 1853}, of the Pacific coast
vegion, and Pinus ponderose var. seopulorum Engelm. (in 8. Wats.,
Bot. Calif. 2: 128. 1879), of the Rocky Mountain vegion. Bark on
young plants smoothish hight gray, becoming rough, furrowed into
sculy plates and orange brown furrows. Spring shoots uninodal.
Twigs glabrous, glancous, becoming greenish brown, the second yenr
light brownish gray and smeothish ; crushed twigs and resin with ador
and taste of lemon.  Buds eylindric, acuminate, reddish brown, resin-
ous, the Jowest scales whitish fringed.
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Leaves 3, sometimes 2, in a fascicle, stout, stiff, erect and spreading,
{11) 13-20 em. long, ncuminate, serrulate, dull green; stomatal rows
of leaves in 3's 7-9 dorsal and 4-5 on each ventral surface, of lewves
in 2’s 9-11 dorsal and 5-6 ventrnl, Needle anatomy in cross section:
Stomata deeply sanken; hypodermis mualtiform, sometimes biform, of
3-5 luyers of cells; resin canals medial, 2, sometimes 3, at angles; en-
dodermis of thin-walled cells. Male strobili cylindrie, about 15-25
mn, long, and 7-8 num. {5 mm. dry} in diameter, pink red and pale
yellow, turning orange brown on drying. Specimen: 17183 (Tree
JPScop 4, 200/69).

The habit of the hybrid is that of Péinus ponderosa var. scopulorum,
as adjacent plants of F. jeffreyi have fewer and coarser branches,
stouter twigs, larger nonresinous buds, gray green foliage, and longer
needles. IMowever, the hybrid does have u weak Jemon odor of twigs
from P. jeffreyi. In needle length the hybrid is intermediate. The
needle anntomy of the hybrid is like £. jeffrey! in fewer rows of dorsal
stomatu, deeply sunken stomata, and usually muoitiform hypodermis.
Small hybrid plants differ from both parents in having thin-wulled
endodermal cells,

Pollination with Pinws jeffreyi as fenuile parent was made at the
Insgtitute in 1948, TFrom seed sown in 1930, 14 plants were 3-5 feet
high in 1956 and aversged 8.2 feet at 10 years,

Pinus jeffreyi X woshoensis
Jeffrey pine X Washee pine

Acrtificinl hybrid between Pinus jeffreyi Grev, & Balf. {in A. Murr.,
Bot. Exped. Oreg. [Rpt. No. 8] 2, t. 1853), of the Pactlic coust region,
and Pinus waeshoensis Mason & Stockwell (Madrofio 8: 62, 1945),
rave und loeal on Mount Rose, Washoe County, Nev,, and north to
southera Warner Mountains in California (78). Bark of branches
and smull (runks smoothish, brownish gruy to gray, becoming rough
and furrowed into sealy plates.  Spring shoots uninodal. Twigs glab-
rous, glaucous when young, becoming brown, the second year brownish
gray and smoothish; crushed twigs and resin with odor and taste of
lemon.  Buds exlindrie, acuminate, reddish brown, resinous, the scales
wivitish fringed. Leaves 3 (rurely 2) in a fascicle, stout, stiff, erect
and sprending, 10-20 cm. long, acuminate, serrulate, dull green ; stom-
atal rows 8-12 dorsal and 3-3 on ench ventrul surface. Needle anatomy
in cross section: Stomuta slightly sunken; hypodermis multiform,
sometimes biform, of 24 ltayers of cells; resin canals medial, 2 ot
dorsal angles and sometimes 1 at ventral angle; endodermis with thin-
walled cetls. Specunen : 29758 (Tree JW 2, 221/62).

The lemon odor of twigs is from Pinus jeffreyi, while the resinous
buds nre from P. washoensis. The folinge color of the hybrid was
recordled as green, different both from the slightly gray green in P.
washoensis and the distinctive gray green of £. jeffreyi. Both parent
species didler only slightly in needle anatomy. ‘The hybrid resembles
P. jeffrey: in the prominent, usually multiform hypodermis (biform
n P, washoensis) and smnll number of resin canals and is like P,
washoonsis in having stomata only slightly sunken. Small hybrid
plants have thin-wulled endodermal cells, while in the parents the
outer cell walls usually are thickened.

With P jeffreyi as seed parent, this cross was made at the In-
stitute in 1948, Five progeny {from seeds planted in 1950 weve 34
feet high by 1956 und averaged 5.8 feet ut 10 years.
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Pinus washoensis X ponderosa var. ponderosa
Washoe pine X ponderosa pine (fypical variety)

Also reciprocal cross. Artificial hybrid between Pinus washoensis
Mason & Stockwell (Madrofio §: 62. 1945), rare and local on Mount
Rose, Washoe County, Nev., and north to southern Warner Mounteins
in California, and Pinus ponderose Laws. var. ponderosa (Laws.,
Agr. Man. 354, 1836), of western North America. Bark of branches
and smail trunks smoothish, gray or brownish gray, becoming dark
gray, rough, and furrowed imnto sealy plates and orangs brown in
furrows. Spring shoots uninodal. Twigs stout, glabrous, glaucous
when young, greenish brown the first year, becoming brownish gray
and smoothish the second year. Buds cylindric, acuminate, reddish
brown, resinous, the lowest scales slightly whitish fringed.

Leaves 3 (rarely 2) in a faseicle, stout, stiff, erect and spreading,
11-23 cm. long, acumunate, serrulute, dull green; stomatal rows 8-13
dorsal and 4-6 on each ventral surface. Needle anatomy in cross
section: Stomata slightly sunken; hypodermis biform or multiforn,
of usually 3, sometimes 2 or 4, lnyers of cells, the inner border straight
or slightly curved; resin canals medinl, 2, sometimes 3, ut angles;
sndodermis with outer cell walls thin or slightly thickened. Speci-
mens: /9136 (T'vee WP 37, 231/41): reciprocal cross, 77737 (Tree
PW9,298/44).

Older twigs and branches of the hybrid are smoothish and gray
as in Pinus washoensis, not rough and dark gray as in P, ponderosa
vat. ponderose. In needls anatomy the parents and hybrid are simi-
lar, though in both parent species the outer cell walls of endodermis
usually are thickened. In the hybrid and P. ponderose the hypoder-
mis is biform or niultiform.

With Pinus wushoensis ns female pavent and pollen from localities
m California, this cross was first made at the Institute in 1941 and
1946, Twenty-nine trees were grown from seeds planted in 1943 and
1948. The progeny were mostly (-8 feet high at 13 yeurs of age.
The reciprocal eross was made in 1946, and 5 plants were raised from
the seed sown in 1948.

Pinus washoensis X ponderosa var. seopulorum
Washoe pine X Rocky Mountain ponderosa pine

Avtificial hybrid between Pinus washoensis Mason & Sicclowell
(Madrofio 8: 62, 1945), rare and local on Mount Rose, Washoe Coun-
ty, Nev,, and north to southern Warner Mountains in Californin. and
Pinus ponderosa var. seoplorum Engelm. (in S, Wats,, Bot. Calif,
2:126. 1879}, of the Rocky Mountain region. Bark of small trunks
light gray, smoothish, becoming furrowed into sealy plates. Spring
shoots uninodal. Twigs glabrous, glaucous and greenish brown the
first year, becoming light brownish gray and smoothish ithe second
year, Inter light gray. Buds cylindric, acaminate, reddish brown,
resinous, the lowest scales slightly whitish fringed. Leaves 3 in a
fascicle, stout, stiff, erect and spreading, 10-16 em. long, acuminate,
sarrulate, dull green; stomatal rows 8-121 dorsal and 3-5 on each ven-
tral surface. Needle anatomy in cross section: Stomata slightly sunk-
en; hypodermis biform, of 24 layers of cells: resin canals medial, 2,
sometlnes 8, at angles; endodermis of thin-walled cells. Specimen:
18137 (WPScop 2, 221 /67).
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The hybrid has leaves intermedicte in length between the parents
and uniformiy 3 in a fascicle as in Pinus washoensis but dull green as
in P. ponderosa var. scopulorwem. In needle anatomy the hybrid
seavcely is distinguishable from the two species. However, in both
parent species the outer cell walls of endodermis usually are thickened.

This cross was mude at the Institute in 1948 with Pinus weshoensis
as seed parvent. From seeds sown in 1950, 5 plants averaged 4.6 feet in
height at L0 yenrs.

Pinus jeffreyi X coulteri
Jeffrey pine X Coutter pine (fig. 7)

Artificial hybrid between Pinus jeffreyi Grev, & Balf, (in A. Murr.,
Bot. Exped. Oreg. [ Rpt. No. 81 2,t. 1853}, of the Pacific coast region,
and Pinws coulteri 1, Don (Linn. Soe. London Trans. 17: 440, 1836},
of California and vorthern Baja California, Mexico. Tree with
strairht axis and whorls of ascending branches. DBark on older
branches smoothish and light gray, on trunk rough and becoming
Bssured into loose. slightly curled, thin scaly plates and exposing
orange brown nner burk.  Spring shoots uninodal.  Twigs gluncous
when voung, ginbrous, whitish blue, becoming light brownish gray the
secotdd yenr, older {wigs smoothish. Buds evlindric, scuminate, ved-
dish brown, resinous, the scales whitish fringed.

Leaves 3 in a fascicle, siout, stift, ereet to spreading or slightly
drooping in age, 16-23 em. long, acuntinate, serrulate, dull gray green;
stomatal rows 7-10 dorsal and 3-5 ventral, the stomata appearing as
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minute white dots; membranous sheath about 20 mm. long, light

rown, persistent but in age only about 7 mm. long. Needle anatomy
in cross section: Stomata deeply sunken in a U-shaped cavity; hypo-
dermis multiform, of 3-5 layers of cells, the inner border curved : resin
canals medial, 2 at dorsal angles; endodermis of thin-welled cells;
thick-walled cells of transfusion tissue forming lines outside phloem
and xylem.

Male strobili (old and dry) cylindric, 20-22 mm. long and 4-5 mm.
in diameter, pale yellow with pinkish tinge. Cones sessile, very large,
ovold-oblong, slightly oblique and asymmetrical at base, large and
heavy, about 16 em. long and 12 em. in diameter when open; scales
numerons, apophyses tawny yellow, very thick with prominent keel,
the umbo together with stouf broad spine 5-6 mm. long. Spectmen :
17819 (Tree JCI 91, 232/43).

This intermediate hybrid has reddish brown resinous buds, as does
Pimus coulterd, with seales slightly whitish fringed but lacking the
whitish color of the conspicuously white-fringed %?1({1 scales of P. jef-
freyi. In needle length the hybrid is intermediate. The stomata are
s in P. jeffreyi, deeply sunken in U-shaped notches and under a hand
lens appearing as minute white dots close together or on young leaves
connected in longitudinal white lines slong the needle surfuces. 2.
coulteri has distinctive stomata deeply sunken in laree ¥-shaped
notches und under a hand lens appearing as larger white sguares,
fewer and farther apart but also in lines. In needle anatomy the par-
onts and hybrid are similar, but the hybrid has the thin-walled endo-
dermal cells of P. soultersi. The cone is intermediate in size, shape,
and phyllotaxis, having many flat scales as in 2. jeffreyi but oblique
and with stout, short spines, indicating relationship with 2. coulterd.

The wrtificinl cross with Pinus jeffreyi as seed parent was made at
the Institute in 1944, 1946, and 1958 but has yielded very low propor-
bions of sound seed. ~ About 35 first-generation hybrid trees are Frow-
ing at the Institute. though many others were produced and plunted
in field tests elsewhere. Five trees from seed sown in 1946 averaged
22.6 feet in height and 7.1 inches d.b.h. at 15 years. KEleven trees from
seed sown in 1949 avernged 12.8 fest. in height and 3.0 inches dLb.h, at
10 vears.

The natural hybrid between these species in southern Californiy was
studied in detail, described, and illustrated by Zobel (50). Callaham
(8%) reported charncteristics of the needie oils of backeross and other
hiybrids.

Pinus contorta var. murrayana X banksiana
Sierra lodgepole pine X jack pine (fig. 8)

Artificial hybrid between Pinus contorén Dougl. var. murrayona
(Grev. & Belf.) Engelm, (in S. Wats,, Bot. Cealif. 2: 126. 1879),
Sierra lodgepole pine, of Sierre Nevada of California, and P. banik-
sienee. Tamb.  (Deser. Genus Pinus 1: T, t. 3. 1803}, jack pine, of
Canada and Northeastern United States. (£, Xmmarraybaniesiona
Righter & Stockwell, Madrofio 10: 69. figs. 1, 2. 1949.) DBark darlk
gray, rough, with scaly plates. Branches stiff, ascending, stroight,
gray brown, sealy and slightly rough. Spring shoots multinodal.
Twigs slender, glabrous, plaucous and yellow green when young, be-
coming purplish brown, year-old latera) twigs 4 mm. in diameter, the
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FIGURE S, ~Uones, 166 to right, top row, Pinns contorts var. murrayaena, P. contorte’

vitr, et X bunksiene, P beaksiena, P ovivgisieng, P virginiong X

rlensa, 1 efiedse: hottonm row, P, radicle, P ellenncte X redicle, P. glienvaete,
Fonttendeda S neprieatn, Pomwrieate, One-third nntural size.

lutses of bracts decurrent and forming narrow, rectangular plates.
Buds acuminle, resinous. reddish brown,

Leaves 2 in a Tascicle, steaight or slightly twisted, slightly diver-
went, stiff, vreet, 35 enn long, 1.2-1.6 mm. wide, slightly Hattened,
acnte, serrulate, slightly shiny dark green: stomatal rows 9-14 dorsal
and 710 ventral: basal sheath about 7 mu o bwd, becoming 3 man.
long, gray brown. Needle anulomy in cross section: Stomata not
stinken : epidermal cells nearly square to slightly rectangular; hypo-
dermis bilomn, of 2, sometimes 3, layers of vells: resin canals 2 (some-
times 3) medial ar angles, small to large, with thick-walled epithelial
cells: endodernis elliptie. usually constricted, outer cell wall usually
shighily thickened; vascular bundles 2, widely separated DLy thin-
walled translusion rissue.

Muale strobill eylindrie, 8~1+ mm. long and 3=k mm. in diameter,
vellow brown, beeoming arange brown when dry, Cones single ot
puired, sessile, reflexed or spreading, oveid conie, nearly symmetrical,
7 em. long, 4-E5 emu across when open, opening at maturity but
persistent 1 or 2 years: apophyses slightly shiny, tawny yellow, flat,
unibo ffat usnally with weak prickle less than 1 mm. long. Seed with
slighity triangular brown body 3 mm. long and narrow membranous
wing about 15 mn long. Specimen: 18844 {Tree MyBa 14, 198/49).

Both parent speeies and the hybrid are sintilar in many vegetative

37



http:slight.ly

characters. The hybrid is like Pinus conforte var. maurrayena in the
stift, ascending, straight branches. The needles are sli ghtly divergent
as in that parent but often short as in 2. banksiene. Inneedle anatomy
all are similar in most characters, but the hybrid approaches 2. con-
torta var. murrayans in shape of epidermal eells. In cone charncters
the hybrid is intermediate in the short weak prickle, nearer P. contorte
var. murrayend n the almost symmetrical reflexed or spreading cones
opening completely at maturity, and like P. banksiana in the flat
apophyses and em‘i’ y abundant cone production.

This cross was made at the Institute first in 1939 on Pinus contoria
var., murrayena, and the seeds were planted in 1941, In 1944 and
later years the cross was repeated. About 30 frees of this cross are
growing there. At the age of 20 years, 13 of the original hybrids
averaged 21.3 feet in height and 5.1 inches d.b.k.

Righter and Stockwell (39) named and described this hybrid and
compared it with the parent species in a table. Mirov (32) com pared
the chemistry of the turpentines from this hybrid and its parents.
Buchholz (7) included this hybrid in a study of embryoclogical aspects
of hybrid vigor, and Righter (25) included it in a study of the relation
of seed weight and seedling size to inherent vigor.

Where the ranges of the parent species meet in central and north-
western Alberta, Moss (34) observed this natural interspecific hybrid,
and Mivov (82, 33}, analyzing chemical composition of the turpentine,
found turpentine of the hybrids to be intermediate between the parent
species. However, the parent of the natural hybrid represents a dif-
ferent varviety, Pinus contorta var. latifolia En gelm., Rocky Mountain
lodgepole pine, as separated by Critchfield (71).

The Institute has made also this artificial interspecific hybrid with
a third variety, Pinus contorta var. contorta, shore pine. as P. contorte
var. condovie. X bemksiuna. Seed from this cross was first planted in
1949,

Pinus virginiana X elausa
Virginia pine X sand pine {fig. 8)

Avrtificial hybrid between Pinus virginiana M. {Gard. Diet. Ed. 8,
Pinus No. 9. 1768}, of Eastern United States from New York to
Indiana, Mississippi, and Georgia, and P. elausa {Chapm.) Vasey {ex
Sarg., W8, (‘ensus, 10th, 1880, v. 9 (Rpt. Forests No. Amer.}: 199.
1884), of Florida. DBark of small trunks gray, rough, with scaly
plates. Spring shoots multinodal. Twigs slender, glabrous, glau-
vous, whitish green when young, becoming purplish brown, smoothish.
Buds acuminate, nonresinous, reddish hrown, the sttenuate seales with
white margins becoming fringed.

Leaves 2 (rarely 3) in o fascicle, stout, often slightly flattened,
shightly twisted, stiff, spreading at nearly right angle, 4-6 (7) cm. long
(as short as 2.5 cm. on late semmer twigs), 1.2-1.8 mm. wide, scute,
seriulate, dull green to yellow green; stomatal rows 10-17 dorsal and
3-12 ventral (6-8 ventral on leaves in 3%), Needle anatomy in cross
section: Outer epidermal cell walls slightly arched; hypodermis bi-
forny, sometimes uniform, of 2 or 1 laver; resin canals 2, medial, dorsal
near angles, bordered by thin- or thick-walled cells; endodermis ellip-
tie, of thin-walled cells; vaseular bundlies separated slightly less than
bundle width; thick-walled cells mostly nbsent in transfusion tissue.

Male strobili {old and dry) cylindrie, 7-12 mm. long and 3-4 mm.

38



http:analyzi.ng

in diameter, ovange brown. New female or ovulate strobili or conelets
on horizontal brown scaly stalks 5-8 mm. long, after pollination 1 em.
long, ovoid, scales with weak prickle more than 1 mm. long. Cones
sessile, ovoid conie, .5-3 ¢cm. long, 4.5 cm. across when open at matur-
ity, persistent; apophyses shiny nut-brown, raised along o transverse
keel, the umbo forming a prickle about 1 mm. long. Specimen: 18803
{Tree VCla 4, 164/74) ; 19140 {Tree VCla b, 164/’(5%.

As both parent species are closely related and similar, the hybrid is
distinguished from the parents with difficulty by partly variable char-
acters. Study of nlder plants shows a few changes in needle characters
reported on 2-year seedlings by Keng and Little, (25, table 17). Pinus
nirgininna and the hybrid have the needles often slightly flattened and
slightly broader than the semicircular needles of P. clause. The
hybrid is intermediate in the outer epidermal cells slightly arched, less
than m 2. efmusie. and in the 2 vascular bundles separated by only
slightly less than bundle width, less than in P. virginiena. It is like
P. virginianain the hypodermis usually biform, rather than mostly uni-
Form, und like 2. elanse in the endodermis elliptic in outline, not con-
stricted. Cones of hybrid and parents are similar. Though P. elausa
typically is characterized by closed cones, the pollen parent was from
Pensacolu, within the range of the western open-cone race.

Tive plants of this hybrid from cross pollination in 1953 and from
seeds sown in 1955 averamed 5.2 feet high after 5 years.

Pinus patula X greggii
Mexican weeping pine X (regg pine

Artificial hybrid between Pinus patule Schiede &Deppe (in Schlecht.
& Cham., Linnaea 6: 354, 1831), of eastern and central Mexico, and
P. greggii Engelm. ex Parl. (in DC,, Prodr. 18(2) : 396. 1868}, of
northeastern Mexico. Bark of small trunks light brownish gray,
smoothish but becoming furrowed into plates with orange brown fur-
rows. Spring shoots multinodal. Twigs slender, glabrous, giaucous,
whitish brown, becoming light orange or reddish brown and slightly
scaly on larger branches and trunk. Buds eonicto eylindric, acuminate,
resinous or nonresinous, reddish brown, the long attenuate scales with
white margins becoming fringed.

Leaves 3 in n fascicle, slender, flexible, slightly drooping, 10-15 cm.
long (as short as 5 cm. on late summer twigs}, 0.9-1.2 mm. wide, acu-
minate, serrulate, yellow green; stomatal rows 7-9 dorsal and 2-5 on
each ventral surface: basal sheath 7-12 mm., the scales brown with
whitish borders, the longest whitish and spreading at end. Needle
anatomy in cross section: Stomata slightly sunken; hypodermis weak,
uniform, of 2 or sometimes 1 layer; resin canals 24, medial or medial
and internal, usually 2 dorsal near angles, bordered by thin-walled
cells: endodermis of thin-walled cells; transfusion tissue with lines of
thick-walled cells outside phloem and xylem.

Male strobili (old und dry) eylindric, 9-20 mm. long, 4-5 mm. in
dinmeter, orange brown. Year-old conelets (in 1962 a single plant
with 2 at different nodes) reflexed on stout, light brown, scaly stalks
about 1 em. long, ovoid, about 2 em. long, the umbo glancous, light.
brownish gray, weakly keeled, with minute prickle about 1 mm., long.
Specimen : /8802 (Tree Pat(Gr 15,189/81).

The hybrid is intermediate in leaf characters and has slightly or
half-drooping needles of intermediate length and width between the
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shorter, straight, erect needles of Pinus greggii and the longer, weak,
drooping or weeping needles of P. patulu. P. greggii has smooth gray
branches, while the hybrid and 2. patula have reddish brown, sca]};:L
branches. The basal sheath of Jeat fascicles is intermediate in lengt
between the Tonger sheath (10-15 mm.) of P. putule and the shorter
(3-8 mm.) of P. gregyii. In needle anatomy the parents and hybrid
are similar in most characters.

Fifteen plants of this hybrid were produced at the Institute from a
cross pollination made in 1953 and from seeds planted in 1956. At 5
years they averaged 6.3 feet in height. In 1962, after 6 growing sea-
sons, they were mostly vigorous and slightly larger than plants of the
two parent species the sume age and in adjacent rows. In 1962 plants
of Pinus pafrda and the hybrid began needle elongation before those
of P. greggii.

Fielding and Nicholson (76) made this cross in Australia in 1950.
The hybiids were intermedinte between the parents in fohage charac-
ters and grew more rapidly than open-pollinated progentes of the
parents.

Pinus patula % rediata
Mexican weeping pine X Monterey pine

Artificial hybrid between Pinus patule Schiede & Deppe (in
Schlecht. & Cham., Linnaea 6: 834, 1831), of eastern and central
Mexico, and Pinus radiata D. Don (Linn. Soc. London Trans. 17: 442,
1836), native locally on the const of central California and Guada-
lupe Island of Mexico. Bark on small plant orange hbrown,
scaly. Spring shoots multinodal. Twigs slender, giabrous, orange
or reddish brown, becoming scaly. Buds conic, acuminate, ron-
resinous, veddish brown, the long attenuate scales with whitish
margins. Leaves 3, sometimes 4 or 5, in a fascicle, slender,
flexible, slightly drooping to spreading, (8) 11-15 em. long on
young plant, 1.2-1.3 mm. wide, aceminate, the serrulate margins hya-
line, yellow green; stomaial rows 8-10 dorsal and 45 on each ventral
surface; basal sheath 912 mm. long. Needle anatomy in eross section :
Stomata slightly sunken; hypodermis wealk, biform or sometimes uni-
form, of 2 or 1 layer; resin canals medial,  dorsal near angles, bordered
by thin-walled cells; endodermis of thin-walled cells; transfusion tis-
sue with scattered thick-walled cells. Specimen: 19734 (Tree PatR 2,
214/88).

The )singie hybrid plant was compared with nearby plants of both
parent species of the same age.  The hybrid is intermediate, conspicu-
ously in the slightly drooping needles between the lengths of parent
speoctes, partially displaying the wesping characteristics of Pinus po-
tula. Both P. patule and the hybrid sometimes have 4 ot 5 needles,
while P. rediate sometimes has 2. The orange or reddish brown twigs
vesemble those of P. rodivta, though lacking the glancous color when
young. The basal sheath of leaf fascicles is intermediate in length be-
tween the longer sheath (10-15 mm.) of P. patuin and the shorter
sheath (510 mm.) of P. radiate. The serrulate teeth of the lent mar-
gins are intermedinte between the short, weal teeth of P. patula and
the Incge, stout, curved tecth of P. radiata. These minute differences
in teeth ean be felt by rumning the fingers down the needles.

In needie anatomy the hybrid has the small stomata of Pinus patula
and not the modified epidermal cells conspicuously arched over the
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stomatal court characteristic of P. radiate. Both parents and hybrid
ave similar i most detaiis. The hypodermis is biform or sometimes
uniform in the hybrid, biform in P.redicta, and uniform in . petula,
P. prutwla has 2-3 resin canals in cross section, P. radiate usually 2,
sometinies O—t, while 2 were observed in the hybrid.

This pollination was made at the Institute in 1955. One hybrid
plant from geed sown in 1957 was outplanted in 1959 and was about 4
feet high in 1962.

Pinus attenuata X radiala
Knobcone pine X Monterey pine (fig. 8)

Artificial and natural hybrid between Pinus attenuate Lemm. (Min-
ing and Sci. Press 64 4. 1892) of California, adjacent Oregon, and
Baja (alifornia, Mexico, and Pinws radiat D. Don {Linn. Soc. Lon-
don Trans, 17: 42, 1836}, native locally on the coast of central
California and Guadalupe Island of Mexico. (P. Xalfenwra-
diate Stockwell & Righter, Madrofio 8: 160. 1946.) Tree of rapid
growth, with tall straight axis, many ascending to spreading branches,
and broad crown. Bark gray, smoothish and slightly sealy, on lower
part of large trunks becoming rough and shallowly furrowed into
longituclinal sealy ridges. Spring shoots multinodal. Twigs glabrous,
light brown. Buds eylindrical, acute, reddish brown, not or slightly
resinous.

Leaves 8 in a fascicle, slender, spreading and becoming slightly
drooping, 8-12 (18) cm. long, 1.1-1.2 (1.5} mm. wide, acuminate, ser-
rulate, dull dark green; stomufal rows 7-10 dersal and 3-5 on each
ventral surface: membranous sheath about 10-15 mm. long, light
brown, persistent but in age enly about 3 mm. long. Needle anatomy in
cross section: Stomata usually deeply sunken in an urn-shaped de-
pression with walls of modified epidermal cells arched over stomatal
court ; hypedermis biform, of 3-3, sometimes 4, layers of cells, the inner
border straight or nearly so: resin canals 2 medial at dorsat angles,
someiimes only 1 or none, small, ubout 0.02-0.04 mm. in diameter; endo-
dermis of thin-walied cells: thick-walled cells in transfusion tissue
forming line outstde phloem or absent.

Male strobili clustered, cylindrical, about 15 mm. long and 3 mm. in
diameter, pink red, with brown scales at base. Year-old conelets 1, 2,
2 or more clustered together, offen 2 whorls produced in a year,
slightly veflexed on stout scaly pednncles nearly 1 em. long, glightly
oblique, about 18 mm. long and 11 mm. broad, the keeled umbos with
sharp prickle about 1 mm. long, nearly steaight and pointing slightly
toward apex. Cones subsessile, reflexed aguinst twig, oblique conic,
about 9-13 em. long and £.5-5.5 cm. in dizmeter when closed, brownish,
lone persistent, serotinous; apohyses d-sided, with faint horizontal
keel, those in lower part of outer side with prominent tubercle or pyra-
mid 3-10 mm. high; umbos ending in shavp, nearly straight, persistent
prickle 1-2 mm. long. Specimen: 17223 (Tree AtR 43, 191/41).

This hebrid is like Pinus radiate v its rapid growth and tall straight
axis but is intermediate in branching. Tt approaches P. attenuate in
its late bark formation, with smoothish bark except on lower parts of
large trunks, The needles arve dark green as in the former, inter-
medinte in thickness, and spreading to slightly drooping as in the
lutter. In needle anatomy the hybrid is more like £. radicte in the
modified epidermal cell walls usually arching over the stomatal court,

41




the smaller number of vesin canals, and thick-walled cells outside
phloem in transfusion tissue.

Stockwell and Righter (46) described and named this hybrid and
compared it with the parent species in a rable, This cross was made
at the Institute in 1927 as its first pine hybrid and wus repeated in
L947. Abourt 80 progeny trees were grown from seeds planted in 1929
and 1940, Tiwenty trees measured at the age of 30 years averaged 732
feet high and 174 inches d.b.v.

At the Institute this hybrid has grown more rapidly than the other
hybrids, even greatly exceeding native ponderosa pine. Theugh iuter-
medinte, this promising hybrid exhibits great vigor and combines the
rapid growth of Pinws radinte and the cold and drought resistance of
L. abtenunta. It is being mass produced by the T8, Farest Service
for lield trials in several places in Californin. Through treatment of
seeds and buds with colchicine, Hyun (27) obtained mixoploid plants
of this hybrid,

Bannister {4}, using seven characters of seedlings, found the F,
hybrids to be intermediate between the parents in most characters.
Bannister, Brewerton, and MeDonald (5} used vapor-phase ¢chroma-
togrraphy In a study of the chemical composition of the turpentines of
hybrids and parents. They included live F.'s from Placerville. They
found those F.%s to be intermedinte in the A-pinene/B-pinene ratios
and an almost perfect relationship between this chemienl runking angd
a subjective taxanomic ranking based on morpholoegical characters and
evidence from progeny tests.

Pinus attenuata X muricata
Knobcone pine X bishop pine (fig. 8)

Artificial hybrid between Pinus attenuata Lemm. {Mining and Sei.
Press G4: 45, 1892}, of California. adjacent Oregon, and Baja Cali-
fornia, Mexico, and Pinws muricata ). Thon (Lann. Soc. Tondon
Trans. 17: H1, 1836), of the const of Calitornin and adjucent Baja
California. 'The pollen parent is the variation of the latter gpecies
described also as 7. remeorcts Mason {Madvofio 2: 9. 1930).  Tree
with straight axis, ascending branches, and broad conical, pointed
crown. Bark on trunks and large branches smoothish, slightly fis-
sured, light brownish gray. Spring sheots multinodal. Twigs ola-
brous, orange brown, older twigs tan or light brown. Buds evhindrie,
acute to xcuminate, pink ved, slightly resinous, the seales shightly white
fringedl.

Leaves 3 and 2 in a fascicle {on some shoots or plants either nom-
ber may be commoner), stout, stilf, mostly erect to slightly spreading,
L0-16 (18) em. long, acute-ncuminate, serrulaie, dull light green:
stomatal rows of leaves in 3% 11-18 dorsal and 6-10 an each ventral
surface, of leaves in 2% 15-24 dorsal and 11-18 ventral: membranous
sheath about 20 mm. long, light brown, peesistent but in age oniy
about 5 mm. long. Needle anatomy in cross section : Stomata cleeply
sunken in an urn-shaped eavity : hypodermis biform, of 2 or 3 Inyvers
of cells, the inner border straigrht 3 resin eanals medial, or medinl and
internal {or subinternal). 37, 3 medial at angles, sometimes 1+
additional smaller dovsal and ventral, from less than 0.02 nin. to
D04 mm. in dinmeter; endodermis of thin-walled celle: thick-walled
rells absent From transfusion tissue or sometimes forming line out-
gide phloem.




Male strobili clustered, cylindrie, about 18-20 mm. long and 4 mm.
broad, pink red, with brown scales at base. Year-old conelets 3-6
{sometimes only 1 or 2) together, often 2 whorls produced in a year,
spreading to shightly pendent on stout scaly peduncles about 1 em.
long, ovoid, slightly oblique, about 20 mm. long and 17 mm. broad,
the umbos with prominent unequal incurved spines 2-5 mm. long,
fulvous brown. (ones subsessile, reflexed against twig, obligue, ovoid
to ronic, T-12 em, long. -£3-3.5 em. broad closed, long persistent, seco-
tinous, remaining closed indefinitely ; apophyses mostly £-sided, pyra-
midal with hovizontal keel. 2-15 mm. high including umbo ending in
stout, sharp, slightly incurved spine 2-5 mm. long, the apophyses,
wibos, and spines very short on side next to twig and longest on op-
posttoside. Specimen: /7222 (Tree AtMe(Kem} 11, 175/58).

This hybrid is like Pinus muwricata (. remorata) in the stiff, evect
to slightly spreading dull green leaves, while P, affenuaia has slender,
often slightly fonger yellow green leaves that spread widely and
droop the second year. The hybrid combines the 2 Tenves per fascicle
of P. muricain with the 3 of 2. attenuata and retaing the latter's long
needies.  The neule-ncuminate needle apex is between the acute to
obtuse apex of the former and the acuminate of the latter. Needle
anatomy of parents and hybrid is gimilar in most charactevs.

Combining chavacters of botll parents, the cone is intermediate
in size and shape, often larger than in inws mardeate and as Iarge as
<ome cones ol P, uttenuate, varylng from the oveid shape of the for-
mer to the elongated conde shape of the latter. The stout spines are
intermediate in fength and nearly straight or slightly incurved, but
in £, mriealn longer and recurved (or incurved in 7. remoraia)
and in £, attenvate shorter and slightly ineurved.

This cross was made at the Tnstitute in 1946 with Pinus aftenvate
as seccd parent and the polien parent the vaviation of 2. murieato
known also as M. remorefn, Twelve progeny trees were grown from
seed planted in {948, At 8 vears of age they were abont 16-18 feet
high and -3 inches dbh. Xt I3 years they were about 25 feet high
and % inches d.buh,

DISCUSSION

Notes on the identification of many of these hybrids by needle
characters and on the inhievitance of needle characters have been re-
pocted by Weng and Little (25). In £ines. cone features are more
definitive, and hence more useful, than vegetative charucters in identi-
fving species agl hybrids.  As many young hybrids lack cones, the
needle, bud, twig, and bark characters can be used. These descriptions
should be helpful in identitying many putative natural and artificial
liybrids.

Many characters of hybrids ave intermediute : others are like or move
closely resemble those of one or the other purent. The Rrst-generation
{F) Interspecific hybrids ave intermediate in nearly half of the needle
eharacters and resemible each parent in ronghly a fourth of the char-
acters, thongh many dilterences ave slight (23}, Reciprocal crosses
were all identical.
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SUMMARY

Botanical descriptions are presented of 40 artificial pine hybrids
made at the Institute of Forest Genetics, Plucerville, Calif, 11 of soft
pines and 29 of hard pines. These include 34 first-generation (F,)
inferspecific hybrids from 32 species; 5 udditional crosses involving
another variety of 1 parent species, and 1 inervarietal hybrid. One
interspecific liybrid grown but not produced at the Institute is included.
These hybrids are designated by formulas. Of the 36 species of pines
native in the United States, 26, including & of soft pines and 21 of hard
pines, are represented in theses crosses.
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