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Needle Characteristicsd Hybrid Pines

By Hsuan Kenc and ELBert L. LiTrLE, JR.!)

(Received for publication May 31, 1961)

The forest genetics program o the Institute of Forest
Genetics,? Placerville, California, has produced many hy-
brid pines (genus Pinus), which are being tested in national
forests, in various arboreta, and by cooperators elsewhere.
Those hybrids which prove of value in silviculture will be
planted extensively by foresters. Means o identification,
recognition, and verification of hybrids, particularly young
plants without cones, are needed. Pine leaves or needles,
always present on living plants, have long been useful in
identification. Their relatively constant characters general-
ly are correlated with cones and other taxonomic characters.
Likewise, needles provide vegetative characters for studying
inheritance in hybrid pines at an early age.

The purpose of this article is to present in tabular form
the results of studies of gross morphology and microscopic
anatomy o leaves or needles of 42 pine hybrids (genus
Pinus) made at the Institute of Forest Genetics since its
establishment in 1925 and growing there by 1957. The tables
may be useful in identification of hybrids and in studies
of inheritance o characters. Formal botanical descriptions
o these hybrids, including twigs, needles, cones, and other
characters, and reports of performance will be published
elsewhere.

Review of Literature

Gross characters o the needles of the various species in
the genus Pinus are summarized in taxonomic references,
such as SHaw (21), PiLcer (16), and DarLiMoRe and JACKSON
(4). Several publications, some with keys, describe and il-
lustrate the anatomy o needle cross sections; for example,
Courter and Rose (2), Svaw (21), Do and Morikawa (5),
Harcow (10), and SutHERLAND (24). FErrE (8) made a detailed
study of the juvenile forms of Pinus and related genera
and summarized in tables the needle characters o 42 spe-
cies. Heumers (11) observed the variation in needle anatomy
of Pinus ponderosa as related to environment and position
on the tree.

A few recent investigations on needle anatomy of hybrid
pines have appeared in Silvae Genetica after the studies

!) The authors are, respectively, lecturer, Department of Botany,
University o Malaya, Singapore, Malaya, and dendrologist,
Forest Service, United States Department of Agriculture, Washing-
ton, D. C., U. S. A.

2) A field branch of the Pacific Southwest (formerly California)
Forest and Range Experiment Station, of the Forest Ser 7ice,
United States Department of Agriculture. The Institute of Forest
Genetics was founded by James G. EDDY in 1925

reported here were made. Mercen (14, 15) studied number
of stomata per unit of needle length as a valid test to
identify certain crosses. For the hybrid Pinus peuce X stro-
bus, FowLer and Heimeurcer (9) analyzed stem and foliage
characters including number o needle serrulations. Vipa-
xovi¢ (25) and Scuitr and HaTtemer (20) investigated the
needle anatomy of the hybrid Pinus nigra X silvestris.

Examples o thefew studies of hybrid pine needles at the
Institute of Forest Genetics may be mentioned. Needles
wereincluded in formal descriptions of two named hybrids,
Pinus X attenuradiata StockweLL. and RicHTER (19) and
P. X murraybanksiana Ricuter and StockweLL (22).

Stone and DurrieLb (23) confirmed by needle characters
the hybrid origin of seedlings from difficult crosses made
at Institute of Forest Genetics and germinated by embryo
culture technique. Seedlings from the two crosses P. lam-
bertiana X armandii and P. lambertiana X koraiensis were
without stomata on the dorsal needle surface, as in both
pollen parent species.

RicHter and DurriELD (18) observed that 2-year seedlings
of P. ponderosa X engelmannii had longer needles than
corresponding non-hybrid seedlings o the first parent.
Foliage criteria were included in the study d natural
hybrids between P. coulteri and P. jeffreyi by ZoseL (27).
CaLLanam (1) found the properties of needle oils in hybrid
pines to be intermediate or transgressive and not discrimi-
nativefor studies of hybridization between the three species
analyzed.

Materials and Methods

The Eddy Arboretum o the Institute of Forest Genetics
contains one o the largest collections in the world o dif-
ferent kinds o pine trees (Pinus) — about 70 species and
many varieties and hybrids (26). More than 25 artificial pin=
hybrids growing there have been listed in publications by
the research staff (6, 7, 17). Thus, abundant material from
living plants was available for study.

The two authors worked independently at the Institute
of Forest Genetics, Kenc in 1953 and LittLe in 1956 and
1957. While preparing botanical descriptions df the hybrids,
the junior author had an opportunity to verify on ad-
ditional and older plants the observations of the senior
author and to examine several newer hybrids not availsble
earlier. The tables and text summarize the observation of
both authors, while the illustrations were prepared by the
first. Both authors are indebted to F. |. RiGHTER, J. W. Dur-
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Table 1. — Comparison of needle characters of hybrids of Pinus lambertiana with P. armandii and P. koraiensis.

P. lambertiana

P. lambertiana

Character P. armandii x armandii P.lambertiana X koraiensis P. koraiensis

Needle

Number 5 5 5 5 5

Length 7—13 cm. 7—11 cm. 7—11 cm. 5—7 cm. (small) 6—12 cm.
Stomata

Dorsal rows 0 0 (A) 2 0 (K) 0

Ventral rows 3—38 3—5 () 3 3—4 () 4—6

Position Slightly sunken Slightly or not Slightly sunken Not or slightly Not sunken

sunken sunken (1)

Hypodermis

Layers of cells
Resin canals

1 (rarely 2) (1)

1—3

1 (K)

1

Position Usually 2 dorsal 2 dorsal external 2 dorsal external 2 dorsal, both Medial, 2 dorsal
external and 1 and sometimes 1 and sometimes 1 external or 1 and 1 ventral
ventral medial, ventral medial ventral external external and 1
or | or both of ()] or medial medial (or often
dorsal medial "subexternal”),
(or external, 1 ventral mes
external and dial (1)
medial, or me-
dial — SHAW)
Number 3, sometimes 2 2, sometimes 3 (L) | 2, sometimes 3 3 (K) 3
Epithelial cells Thin-walled Thin-walled, Thick-walled Thin-walled Thin-walled
sometimes sometimes sometimes
thik-walled (I) thik-walled (K) thik-walled
Summary 1A, 41,1L 31,4K
Table 2. — Comparison of needle characters of hybrid between Pinus monticola and P. strobiformis.
Character P. monticola XP éggtﬁtfigfrfi s P. strobiformis
Needle
Number 5 5 5
Length 6—10 cm. 4—8 cm. (small) 4—8 cm.
Stomata .
Dorsal rows 0, sometimes 1—2| 0-—1 0, sometimes 1—2
Ventral rows 3—4 2—4 3—5
Position Not to slightly Slightly sunken Slightly sunken
sunken
Hypodermis
Layers of cells 1, sometines 2 1, sometimes 2 1 (rarely 2)
Resin canals
Position Dorsal, sometimes Dorsal, sometimes Dorsal
1 ventral 1 ventral (M)
Number 2, sometimes 3 2, sometimes 3 2
or 1 or 1 (M)
Summary 2M

FIELD, N. T. Mirov, W. C. Cumming, and other members of
the staff of the Institute of Forest Genetics for help given
while they were working there, and to Professor ADRIANCE
S. FostEr, Department of Botany, University of California
at Berkeley, Calif., for reviewing the manuscript.

Needles and twigs were collected from living plants of
hybrids and parental species of Pinus at the Eddy Arbore-
tum. As the number of individual plants of most categories
is large, and as many crosses have been made more than
once from parents of different origin, the samples for study
were selected at random. Where available, the reciprocal
crosses were examined also. Most hybrids were compared
with nonhybrid progeny of the same seed parent made also
by controlled pollination and usually of the same age.

The senior author generally collected 15-20 needles from
each of 4 plants. The junior author usually collected from 2
plants a vigorous lateral twig and examined microscopical-
ly the needles of usually 2 to 5 fascicles 1 year old, that is,
of the previous year’s growth. In a few crosses the samples
were limited by small numbers or by young stages of hybrid
plants, though generally the progeny were too numerous
for individual study.

132

For examination under a binocular compound micro-
scope, the senior author cut sections midway between ends
of needles with a razor. In staining, the sections were
transferred from water to 50 percent alcohol, stained in
safranin in 50 percent alcohol for 15 minutes, washed in
several changes of water, transferred to 50 percent alcohol,
then stained in fast green in 50 percent alcohol about 5
minutes, washed in several changes of water, and mounted
in lactophenol. The junior author cut sections freehand
with razor blades and examined them mounted in water
or sometimes in lactophenol.

Hybrids Examined

In this article the hybrids are designated by formulas
with the female or seed parent first and the male or pol-
len parent second. Reciprocal crosses have been made also,
as indicated. Formulas show parentage more clearly than
binary names, which seem unnecessary. However, four
binary names previously given are listed also as synonyms. |

Nomenclature of the native species and varieties of Pinus
follows the Forest Service Check List (13) with four excep-
tions. The southwestern white pine of the Mexican border




Table 3. — Comparison of needle characters of hybrids of Pinus monticola, P. peuce, and P. strobus, including a trihybrid.

P. monticola

P. monticola X

Character P. strobus X strobus P. monticola P. monticola P. peuce P. peuce (peuce X
(and recipro- X peuce X strobus strobus)
cal cross) (trihybrid)
Needle
Number 5 5 5 5 5 5 5
Length 5—12 cm. 5—0 cm. 6—10 cm. 5—8 cm. 4—6 (10) cm. | 4—9 cm. 4—8 cm.
(small) (small) (small) (small) (small)
Stomata
Dorsal rows 0 0 0, sometimes 0 0 0 0
1—2
Ventral rows | 2—4 3—5 3—4 3—4 2—5 3—4 3—4
Hypodeimis
Layers of cells | 1 1 (rarely 2) (I) | 1, sometimes2 | 1 (rarely 2) () | 1 1 1 (rarely 2)
Resin canals
Position Dorsal 2 dorsal, 2 dorsal, 2 dorsal, Dorsal Dorsal Dorsal
sometimes sometimes sometimes 1
also 1 also 1 ventral (M)
ventral (M) ventral
Number 2, sometimes 1 | 2, sometimes3 | 2, sometimes1 | 2, sometimes3 | 2 2, sometimes 1 | 2
or 3 or 3 or 3 (S)
Epithelial Thin-walled Thin-walled Thik-walled Thin-walled Thin-walled Thin-walled Thin-walled
cells or thik- to thick- to to to
walled (I) walled (P) thik-walled thik -walled thik-walled
(P) (PXS)
Summary 2Lt M 2M11,1P 1S,1P 1 PXS

Table 4. — Comparison of needle characters of hybrids of Pinus griffithii with P. flexilis, P. strobus, and P. monticola.

P. flexilis

P. strobus

P. monticola

Character P. flexilis X griffithii P. griffithii X griffithii P. strobus X griffithii P. monticola
Needle
Number 5 5 5 5 5 5 5
Length 3.5—6 cm. 7—10 cm. (I) 10—14 cm. 8—12 cm. (I) | 5—12 cm. 5—12 cm. (I) 6—10 cm.
Position Straight Spreading (l) Slightly Spreading (I) Straight Spreading (I) Straight
drooping
Margin Usually entire | Serrulate (G) Serrulate Serrulate Serrulate Serrulate Serrulate
Stomata
Dorsal rows 2 O (rarely 1) () | O 0 0 0 (G) 0, sometimes
1—2
Ventral rows 2—5 4—6 () 5—6 3—6 () 2—4 4—6 (1) 3—4
Hypodermis
Layers of cells | 1,sometimes2 | 1 1 1 1 1 1, sometimes 2
Resin canals
Position Dorsal Dorsal Dorsal, some- | Dorsal Dorsal Dorsal Dorsal, some-
times also times also
ventral 1 ventral
Number 2,sometimes 3 | 2,sometimes | | 2,sometimes 1 | 2 2,sometimes 1 | 2,sometimes 1 | 2, sometimes 1
or 3 or3 or3 or 3
Epithelial cells | Slightly thiks | Thin-walled Thin-walled Thin-walled Thin-walled Thik-walled Thik-walled
walled or slightly or thin-
thick- walled (I)
walled (I)
Summary 5LL1G 31 1G, 41

is designated as a separate species P. strobiformis ENGELM.,
instead of P. flexilis var. reflexa EnceELM. Two varieties of
P. contorta DovucL. used in crosses are distinguished, large-
ly after CrircurmieLp (3). P. contorta var. contorta is the
low scrubby shore pine of the Pacific coast, and P. contorta
var. murrayana (GRev. & BaLr.) ENGELM. is the taller, inland
lodgepole pine of the California Sierra. The Rocky Moun-
tain variation of ponderosa pine is distinguished here as a
variety, P. ponderosa var. scopulorum ENGELM. P. muricata
D. Don, Bishop pine, of the Check List and this article
includes the form separated by some authors as P. remo-

rata MASON.

The hybrids, like the species, may be grouped under the
two subgenera, the soft or white pines, Pinus subgenus

Haploxylon Koeung, and the hard or yellow pines, Pinus
subgenus Pinus (Diploxylon Koenne). (Under the Interna-
tional Code of Botanical Nomenclature, 1956 edition, Article
22, the subgenus including the type species repeats the
generic name. Thus, as P. sylvestris L. is the lectotype of
Pinus, the subgenus is designated Pinus subgenus Pinus.)

In the following list, the table number of each hybrid
is given. The 42 hybrids from a total of 30 species may be
summarized as follows: 35 first generation interspecific
hybrids (F,), not counting 6 reciprocal crosses but counting
6 crosses of another variety of 1 parent species; 2 trihybrids
or 3-species hybrids; 3 backcrosses of F, hybrids; and 2
intraspecific or varietal hybrids. All except 1 natural hy-
brid are artificial hybrids made by controlled pollination.
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Table 5. — Comparison of needle characters of hybrid between
Pinus canariensis and P. roxburghii.

Soft Pine Hybrids, Pinus subgenus
Haploxylon

Character P. canariensis ?ggzgﬁf;ﬂf P. roxburghii The 10 following hybrids from 9 species include 9 first
generation interspecific hybrids (also reciprocal cross of 1)
Nehe]d'eb 3 5 ) and 1 trihybrid.
umber - : "
Length 11—20 (30) (9)13—21 cm. | 11—23 (30) cm. P. la'mbertz.wa'nwa DovucL. X P, vwrma-ndn‘FRANCH., Table 1.
cm. P. lambertiana DoucL. X P. koraiensis Sies. & Zucc.,
Width 1— mm. 1— mm. (C) 1— to 1 mm. Table 1.
Position Sometincrl?s Straight (R) Straight P. monticola Douct. X P. strobiformis EnxceLm., Table 2.
:grgfog;fmg P. monticola DoucL. X P. strobus L. and reciprocal cross,
S Table 3.
tomata ;
Dorsal rows | 2—4 (2) 3—5 (1) 5—6 (7) P. monticola DoucL. X P. peuce Grises., Table 3.
Ventral rows | 2—3 3—4 2—3 P. peuce Grises. X P. strobus L., Table 3. (This hybrid
Hypodermis was received from C. C. HEIMBURGER, Canada, as scions,
Layers of cells| 3—5 3—5, some- 2—4 which were grafted )here_)
times 2 (I) . ‘ ‘ . .
Inner border | Angled or Angled or Curved P. monticola Doucr. X P. (peuce X strobus), trihybrid,
curved curved (C) Table 3.
Resin canals P. flexilis James X P. griffithii McCLELLAND, Table 4.
Position External, External, External P. strobus L. X P. griffithii McCLELLAND, P. X schwerinii
Some:imes Someiil(nce)s Fitscuen, Table 4.
septa septa . PP
Number 9, sometimes | 2, often 3 2, sometimes P. monticola DoucL. X P. griffithii McCrLeLLAND, Table 4.
3—4 3—6
Side of Hard Pine Hybrids, Pinus subgenus Pinus
needle 2 dorsal 2 dorsal, often | Dorsal, dorsal (Diploxylon)
also 1 ven- and ventral,
tral (I) or ventral The 32 following hybrids from 21 species (1 with 2 va-
Endodermis rieties and 1 with 3 varieties) may be grouped as follows:
Cell walls Thin-walled | Thin-walled Outer walls thik 19 first generation interspecific hybrids (also reciprocal
() g;‘;{‘}‘_‘:f;ﬁ:j i  Crosses of 5), 6 additional interspecific hybrids involving
small plants) another variety of 1 parent species (also reciprocal cross
Transfusion of 1), 1 natural interspecific hybrid, 1 trihybrid with recip-
tis?lﬁd( iled rocal cross, 3 backcrosses of F, hybrids, and 2 intraspecific
ik-walle : 5
cells Scattered Scattered (C) | Outside phloem, or varletall hybrids.
outside xylem, P. canariensis Sm. X P. roxburghii Sarc., Table 5.
between vas- P. elliottii EnceLM. X P. palustris MiLL. and reciprocal
cular bundles cross, Table 6.
Summary 5C2LIR P. elliottii EnceLMm. X P. taeda L. and reciprocal cross,
Table 6.
P. palustris MiLL. X P. taeda L., P. X sondereggeri
H. H. Cuapm., natural hybrid, Table 6.
Table 6. — Comparison of needle characters of hybrids of Pinus elliottii, P. palustris, and P. taeda.
P. palustris P. elliottii P. palustris X
Character P. palustris ( an>c<l :élé?g'gcal P. elliottit (an dxrgé‘izggo cal P. taeda :Z;gg;f ('rfgt?ﬁ%-l
Cross) Cross) hybrid)
Needle
Number 3 3 and 2 (E) 3 and 2 3 and 2 (E) 3 3
Length 20—45 cm. 15—30 cm. (l) 15—25 (30) 10—19 cm. (I) 10—17 cm. 12—22 cm. (1)
cm.
Position Curved to Straight to Straight Straight Straight Straight
straight or curved or
drooping drooping (1)
Hypodermis
Layers of cells | 3—6 2--4 (1) 2, sometimes 2, sometimes 3 2—4 2, sometimes
3—4 (E) 3—4 (T)
Inner border Curved Curved or Straight, Straight Straight, Straight or
straight () sometimes curved or curved (1)
curved angled
Resin canals
Position Internal Internal and Internal, or Medial, inter- Medial, or Medial and
(rarely in- medial, or internal and nal and internal and internal, or
ternal and internal (E) medial, or medial, or mediat partly sub-
medial) partly parily sub- internal (1)
subinternal internal (I)
Number 3—7 (rarely 2) | 2, sometimes 2—6 27 2—7 2—6
3—4
Endodermis .
Casparian dots Not prominent | Prominent (T) Prominent
Summary 41,2E 2E, 21,1 T 3LIT

134




Table 7. — Comparison of needle characters of hybrids of Pinus echinata with P. elliottii and P. taeda.

Character P. elliottii Izk‘ifl%;"t%f P. echinata P. echinata X taeda P.taeda
Needle
Number 3 and 2 2, sometimes 3 2, sometimes 3 3, sometimes 3 3
and 2 (I)
Length 11—25 (30) cm. 11—20 cm. (I) 4—8 (12) cm. 7—12 cm. (l) 10—17 cm.
Hypodermis
Layers of cells 2—3, sometimes 4 | 2, sometimes 3 1—2 (rarely 3) 2, sometimes 1 2—4

Inner border

Resin canals

Straight, sometimes
curved

(rarely 4) (I)
Straight

Straight

(rarely 3) (I)
Straight (EC)

Straight, curved,
or angled

Position Internal and medial, | Medial, or medial Medial, sometimes | Medial, sometimes | Medial, sometimes
or internal and internal (EC) medial and medial and medial and
internal internal internal

Endodermis

Casparian dots Not prominent Prominent (EC) Prominent Prominent
Summary 21,2 EC 1 EC, 31

Table 8. — Comparison of needle characters of hybrids of Pinus rigida with P. taeda and P. serotina.
Character P.taeda 1;' ;delgg P. rigida Xpéf::'cg)f‘,(ii:a P. serotina
(3-year seedlings)

Needle

Number 3 3 3 3 3

Length 10—22 cm. 10—20 cm. (1) 6—14 cm. 7—14 (R) 12—20 cm.
Hypodermis

Layers of cells 2—4 2—5 2—5 2 (rarely 3) (R) 3—5

Resin canals

Position Medial, or medial | Medial (rarely Medial, or medial | Medial Medial, or medial
and internal also internal) and internal and internal
Number 2—7 2 (rarely 3) 2—6 (11) 2 (R) 3—6
Summary 11 3R
Table 9. — Comparison of needle characters of hybrids among varieties of Pinus ponderosa.
P. d P. ponderosa P. d . P. ponderosa P. d
Character var. Seopulorum | \Varponderosa | o iBiCndoros | yarpomderosa | uuPGrizomica
Needle
Number 3or2 3 (rarely 2) (PP) 3, sometimes 2 4 or 5, sometimes | 5, sometimes 4
3 () (rarely 3)
Length 7—15 cm. 10—25 cm. (I) 12—25 cm. 11—22 cm. (]) 10—21 cm.
Stomata
Dorsal rows 10—14 8—11 (PS) f1—15 4--9 (J) 3—5
Ventral rows 6-—9 3—6 (PP) 4—8 3—6 () 2—5
Hypodermis
Cell walls Biform Biform (PS) Biform or Biform (PA) Biform
multiform
Endodermis
Outline Elliptic Elliptic Elliptic Elliptic, sometimes | Elliptic, sometimes
circular (PA) circular or
triangular
Summary 2PS, 11,2PP 41, 2PA

P. echinata MiLL. X P. elliottii ENceLM., Table 7.
P. echinata ML, X P. taeda L.

Table 7.

P. rigida MiLL. X P. taeda L., Table 8.
P. rigida MiLL. X P. serotina Micux., Table 8.
P. ponderosa Laws. var. ponderosa X var. arizonica

(ENGELM.) SHAW,

Table 9.

P. ponderosa Laws. var. ponderosa X var. scopulorum

P. engelmannii Carr. X P. (jeffreyi X ponderosa) and

reciprocal cross, trihybrid, Table 10.

P. engelmannii Carr. X P, montezumae Lawms., Table 11.

P. jeffreyi Grev. & Bavr. X P, montezumae Lawms.,

Table 11.

P. engelmannii Carr. X P. ponderosa Laws. var.
ponderosa and reciprocal cross, Table 12.
P. engelmannii Carr. X P. ponderosa var. arizonica

ENncGELM., Table 9.

P. ponderosa Laws. var. ponderosa X P. montezumae
Lawms., Table 10.

P. ponderosa var. scopulorum ENGELM. X P. montezumae
Lawms., Table 10.

(EnceELM.) SHAaw, Table 12.

P. engelmannii Carr. X P. ponderosa var. scopulorum
ENcELM. and reciprocal cross, Table 12.

P, jeffreyi Grev. & Bavrr. X P. ponderosa Laws. var.
ponderosa and reciprocal cross, Table 13.
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Table 10. — Comparison of needle characters of hybrids of Pinus montezumae with P. ponderosa var. ponderosa and var. scopulorum.

p. d P. ponderosa P. ponderosa . d
Character var: ponderosa | VATpomderosa | P.montezumae | var.scopulorum | . {CORRCRE,
Needle
Number 3, sometimes 2 4, sometimes 3 5, sometimes 4 3—4, sometimes 3or2
or 5 () 5 (D)
Length 12—25 cm. 14—27 cm. (I) 20—27 cm. 10—20 cm. (I) 7—15 cm.
Width 1+ mm. 1+ mm. (PP) 1— mm. 1+ mm. (PS) 1+ mm.
Position Straight Drooping or Drooping or curved | Curved and Straight
curved (M) spreading (I)
Stomata .
Dorsal rows 11—15 5—12 (I) 4—6 6—10 (1) 10—14
Ventral rows 4—8 3—5 M) 3—5 3—5 (M) 6—9
Position Slightly to deeply | Slightly sunken (I) | Not sunken Slightly sunken (PS) | Slightly sunken
sunken
Hypodermis
Cell walls Biform or Multiform, Multiform, Multiform, some- Biform
multiform sometimes biform sometimes biform times biform (M)
Endodermis '
Outline Elliptic Elliptic, sometimes | Circular, somes Elliptic (PS) Elliptic
circular (I) times elliptic
Casparian dots Prominent Prominent (PP) Not prominent Prominent (PS) Prominent
Summary 2PP,51,2 M 2M,41,4PS

Table 11. — Comparison of needle characters of hybrid of Pinus montezumae with P. engelmannii and P. jeffreyi and trihybrid between

P. engelmannii and P. jeffreyi>< ponderosa.

P. engelmannii

. | P. engelmannii P. jeffreyi . X (jeffreyi Xpbc];%%xgsia
Character P. engelmannii | o/ =% ezumae | P montezumae | v onio o mae P. jeffreyi (;;gt;ggiegl?ggél pon‘gg‘ .
Cross)
Needle
Number 3 (rarely 2, 4, | 3, often 4, 5 (sometimes 3 () 3.sometimes 2 | 3 (rarely 2 3 (rarely 2)
or 5) sometimes 4) or 4) ()
5 ()
Length 15—35 cm. 19—29 cm. 20—27 cm. | 14—25cm. () | 12—21 cm. 17—27 cm. (l) | 14—25 cm.
Width 1.5 mm. 1+ mm. () 1— mm. About 1 mm. 14+ mm. 1+ mm. 14+ mm.
. I
Position Spreading Spreading to Spreading to Erect to Erect Erectly to Erect
drooping drooping spreading (I) slightly
spreading (I)
Color Green Green Green Green (M) Gray green Green Gieen
Stomata
Dorsal rows 8—14 5—10 (I) 4—6 5—38 () 8—11 7—12 8—12
Ventral rows 5—7 3—4 (M) 3—5 2—5 3—5 3—7 3—7
Position Deeply sunken | Slightly Not sunken Slightly Deeply sunken | Deeplysunken | Deeply sunken
sunken (l) sunken (I)
Hypodermis
Cell walls Biform Biform or Multiform or Multiform, Multiform, Biform or Multiform or
multiform biform sometimes sometimes multiform biform
(M) biform biform (XP)
Layers of cells | 3—6 2—4 (M) 2—4 2—4 2—5 2—5 (JXP) 2—5(7)
Inner border Angled Straight or Curved Curved Curved, Angled, Curved
curved (M) sometimes sometimes
straight shghtly
curved (I)
Resin canals
Number 3—9 2, sometimes 2—3 (6) 2—6 2—4 (6) 2, sometimes 2—5 (7)
3—4 (I 3 or 4 (JXP)
Endodermis
Outline Elliptic Elliptic, Nearly Elliptic (]) Elliptic Elliptic Elliptic
sometimes circular,
nearly sometimes
circular (l) elliptic
Cell walls Thin or outer | Thin or outer | Quter wall Outer wall Outer wall Outer wall Quter wall
wall thik wall thik thick thik thik, some- slightly thik
(E) times thin thick
Summary 1EE6L,5M 1M 51 2] 41, 3 |XP

P. jeffreyi Grev. & BaLr. X ponderosa var. scopulorum
ENGELM., Table 13.
P. (jeffreyi X ponderosa) X P, jeffreyi GREv. & BALF.,
backcross, Table 13.
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P. (jeffreyi X ponderosa) X P. ponderosa Laws. var. pon-
derosa backcross, Table 13,
P, jeffreyi Grev. & BALF. X P. washoensis MasoN &
SrockweLL, Table 14.




Table 12. — Comparison of needle characters of hybrids of Pinus engelmannii with varieties of P. ponderosa.

Character

P. engelmannii
X ponderosa

P. ponderosa

P. engelmannii

P. ponderosa

P. engelmannii
X ponderosa

P. ponderosa

P. engelmannii &arf&gggg)?ooggl var. ponderosa éﬁ%”;?;:gisga var. arizonica ‘zzg‘dsi%g}g?gg:i‘ var. scopulorum
cross) Cross)
Needle
Number 3 (rarely 2, 4, | 3(rarely4or5) | 3, sometimes2 | 4-3,sometimes | 5, sometimes 4 | 3, sometimes 2 | 3 or 2
or 5) 5() (rarely 3) I
Length 15-35 cm. 17-30 cm. (1) 12-25 cm. 15-28 cm. (1) 10-21 cm. 14-23 cm. (1) 7-15 cm.
Stomata
Dorsal rows 8-14 10-15 () 11-15 7-11 (D) 3-5 9-12 (I) 10-14
Ventral rows 5.7 4.8 (PP) 4-8 3-6 () 2.5 3-6 (E) 6-9
Position Deeply sunken | Slightly to Slightly to Slightly to Slightly sunken | Deeply Slightly sunken
deeply deeply deeply sunken (E)
sunken (PP) sunken sunken (I)
Hypodermis
Cell walls Biform " Biform, some- | Biform or Biform, often Biform Biform Biform
times multi- multiform multiform
form (l) (D)
Layers of cells | 3-6 2.5 () 2-4 2-5 () 2-4 2-5,sometimes | 2-5
6 ()
Inner border Angled Curved, some- | Curved Angled (E) Curved Curved, some- | Curved
times angled timesangled
M
Resin canzls
Number 3-9 2, sometimes 3 | 2, sometimes 3 | 2, sometimes 2, sometimes 2-4 (rarely 6) 2 (rarely 3-4)
(rarely 4-7) or more (10) 3-5 () 3 or4 (I
(PP)
Endodermis
Outline Elliptic Elliptic Elliptic Elliptic, some- | Elliptic, some- | Elliptic Elliptic
times circu- times circu-
lar (1) lar or trian-
gular
Summary 51, 3PP 1E8L1D 2E 61

Table 13. — Comparison of needle characters of hybrids of Pinus jeffreyi with

varieties of P. ponderosa and backcrosses.

P. jeffreyi

P.(jeffreyi X

P. (jeffreyi

X pond P. jeffreyi P. pond _var. pon- Xp. var.
Character P. pond;rogaa var?ggn(%?gga P. jeffreyi X ponderosa po‘rlzar?rosa ge;’:sra)pgnp. pongeygsra)
var. ponderos (and recipro- scopdorum scopulorum | var.ponderosa X jeffreyi
cal cross) Dulor (backcross) (backcross)
Needle
Number 3,sometimes 2 | 3 (rarely 2) 3, sometimes 2 | 3,sometimes 2 | 3 or 2 3 (rarely 2) 3 (rarely 2)
Length 12—25 cm. 14—25 cm. 12—21 cm. f1—15 cm. () | 7—15 cm. 14—24 cm. 16—26 cm.
(PP) (PP) (PP)
Color Green Green (PP) Gray green Green (PS) Green Green (PP) Gray green ()
Stomata
Dorsal rows 11—15 8—12 () 8—11 7—11 () 10—14 9—12 8—13
Ventral rows 4-8 3—7 () 3-5 4—6 () 6—9 4—7 (PP) 4—5
Position Slightly to Deeply Deeply Deeply Slightly Slightly Deeply
deeply sunken (J) sunken sunken (J) sunken to deeply sunken (])
sunken sunken (PP)
Hypodermis
Cell walls Biform or Multiform or Multiform, Multiform, Biform Multiform Multiform,
multiform biform sometimes sometimes or biform sometimes
Resin canals biform biform ()) biform
Number 2, sometimes 3 | 2—5 (7) 2—4 (6) 2, sometimes 3 | 2 (rarely 3—4) | 2,sometimes 3 | 2
or more (10)
Summary 2PP,11,2] 3],3L1PS 4 PP 1 PP, 2]

P. ponderosa Laws. var. ponderosa X P. washoensis
Mason & StockweLL and reciprocal cross, Table 14.

P. washoensis Mason & StockweLL X P. ponderosa var.
scopulorum ENGeLMm., Table 14.

P. jeffreyi Grev. & Barr. X P. coulteri D. Don, Table 15.

P. jeffreyi Grev. & BaLF. X P. (jeffreyi X coulteri), back-
crosses of artificial and natural hybrids, Table 15.

P. contorta DoucL. var. contorta X P. banksiana Lawms.,

Table 16.

P. contorta var. murrayana (Grev. & BaLr.) ENGELM. X
P. banksiana Lams., P. X murraybanksiana RIGHTER &
SrtockweLL, Table 16.

P. virginiana MiLL. X P, clausa (Cuaprm.) Vasey, Table 17.

P. attenuata Lemm. X P. muricata D. DoN (P. remorota
Mason), Table 18.

P. attenuata LEmM. X P. radiata D. Don, P. X
attenuradiata STockweLL & RIGHTER, Table 18.

Tables

Comparisons of needle characters of these 42 hybrids and
their parents are summarized in Tables 1—18. Two or three
crosses generally have been placed together in same table
for ready comparison and to save space of repetition of
parental characters. 8 reciprocal crosses are mentioned
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Table 14. — Comparison of needle characters of hybrids of Pinus washoensis with P. jeffreyi and varieties of P. ponderosa.

P. ponderosa P.washoensis
Character P. jeffreyi P. jeffreyi P.washoensis ‘Qﬁbﬁgzg:;ggg P. ponderosa X ponderosa P p%rzgfrosa
jeffrey X washoensis ‘33;’1’;%?;?' var. ponderosa scop"fl,alg'r o scopulorum
Needle
Number 3, sometimes 2 | 3 (rarely 2) 3 (rarely 2) 3 (rarely 2) 3,sometimes 2 | 3 (W) ) 3or2
Length 12—21 cm. 10—20 cm. 10—22 cm. 11—23 cm. 12—25 cm. 10—15cm. () | 7—15 cm.
Color Gray green Green (D) Slightly gray Green (PP) Green Green (PS) Green
green
Stomata
Dorsal rows 8—11 8—12 8—15 8§—13 11—15 8—11 10—14
Ventral rows 3—5 3—5 () 4—8 4—6 4—38 3—5 (W) 6—9
Position Deeply sunken | Slightly Slightly Slightly Slightly to Slightly Slightly
sunken (W) sunken sunken deeply sunken sunken
sunken
Hypodermis
Cell walls Multiform, Multiform, Biform Biform or Biform or Biform Biform
sometimes sometimes multiform multiform
biform biform (]) (PP)
Resin canals
Number 2—4 (6) 2—3 () 2-—-8 (10) 2,sometimes 3 | 2, sometimes 3 | 2, sometimes 3 | 2 (rarely 3—4)
(PP) or more (10) (PS)
Summary 3,1D,1W 3 PP 2W, 11, 2PS
Table 15. — Comparison of needle characters of hybrid of between Pinus coulteri and P. jeffreyi and backcrosses of artificial and
natural hybrids.
P. jeffreyi P. jeffreyi P. jeffreyi
. P. jeffreyi . . X (jeffreyi. X (jeffreyi' X (jeffreyi’
Character P. coulteri ¥ coulteri P. jeffreyi X coulteri); X coulteri); X coulten),
backcross of arti-|backcross ofnatu-|backcross ofnatu-
ficial hybrid ral hybrid 1) ral hybrid?)
Needle
Number 3 3 3 (rarely 2) 3 3 3
Length 15—30 cm. 16—25 cm. (1) 12—21 cm. 12—25 cm. (1) 17—24 cm. (I) 17—25 cm. (I)
Color Gray green Gray green Gray green Gray green Gray green Gray green
Stomata
Surface view Larger white Minute white Minute white Minute white Minute white Minute white
squares "~ dots () dots dots (J) dots (j) dots (j)
Position In large V- In U-shaped In U-shaped In U-shaped In U-shaped In U-shaped
shaped notc (J) notch notch (J) notdh (f) notd ()
notch
Dorsal rows 8—12 7—10 8—11 8—12 9—11 6—9
Ventral rows 3—5 3—5 3—-5 4—6 4—5 3—5
Hypodermis
Cell walls Multiform Multiform (C) Multiform Multiform, Multiform (C) Multiform (C)
sometimes sometimes
biform biform (J)
Layers of cells | 4—5 3—5 2—5 3-5 2—4 3—4
sometimes 3 sometimes 5
Inner border Angled, some- Curved (I) Curved, some- Curved, some- Curved (I) Curved, some-
times times times times
curved straight straight (j) straight (J)
Endodermis
Cell walls Thin Thin (C) Outer wall Outer wall Outer wall Thin (C)
thick usually thik ())
thick ()
Casparian dots | Not Prominent (J) Prominent
prominent
Summary 2C, 21,3] 1L5] 1C21,3] 2C 11,3]

1y Backcross of natural hybrid tree from Brauns, Calif.

?) Backcross of natural hybrid tree from San Benito, Calif.

in the tables but not listed separately since the progeny

appeared to be identical.

In each table the parents and hybrids are compared in

needle characters by which the' parents differ, though
needle number and length are listed for all. Most characters

the first letter of the epithet of that parent, and rarely as
different (D). These characters are summarized for =ach
hybrid at the bottom of the tables.

External Characters -

common to parents and progeny are omitted. Where crosses
are combined in a table, some parents and hybrids may not
differ for certain listed characters. In the hybrids, char-
acters are indicated as intermediate (I), like one parent by

The main external characters of gross morphology by
which needles of parent species and hybrids were compared
are: number of needles in a fascicle; needle length; needle
color; needle margin; and position and rows of stomata.

138




Table 16. — Comparison of needle characters of hybrids of Pinus banksiana with varieties of P.

contorta.

~.P. contorta

P. contorta var. murrayana
P. contorta ; . P. contort
Character var, contorta ;aga(;flzlsti%gg P.-banksiana 1>§. &a%ﬁfjg‘gg’_ var. m%v%‘rygna
banksiana
Needle
Number 2 2 2 2 2
Length 4—6 cm. 4—6.5 cm. (CC) 3—5 cm. 3—5 cm. (B) 4—6 cm.
Position Slightly divergent Slightly Divergent Slightly Slightly divergent
divergent (CC) divergent (CM)
Epidermis
Shape of cells Some nearly Some nearly Rectangular Some nearly Some nearly square
in cross section square square (CC) square (CM)
Hypodermis
Cell walls Biform, sometimes | Biform (B) Biform Biform Biform

Layers of cells
Resin canals

uniform
2, sometimes 1

2, sometimes 3 (B)

Position Absent Medial or absent (l)
Number 0 1, 2, or 0 ()
Endodermis
Outline Elliptic, sometimes | Elliptic, often
constricted constricted
Cell walls Thin Thin (CC)
Summary 4CC 21,28

2, sometimes 3

2, sometimes 3

2, sometimes 3 (or 4)

Medial Medial Medial
2, sometimes 1 or 0| 2 (sometimes 3) 2
Elliptic, often Elliptic, usually Elliptic, often
constricted constricted constricted
Thin, or sometimes | Outer wall usually | Outer wall
outer wall thick thik (CM) often thidk
1B,3CM

Number of Needles in a Fascicle

All the soft pines (Pinus subgenus Haploxylon) studied
and their hybrids have needles uniformly 5 in a fascicle.
Most species of hard or yellow pines (Pinus subgenus Pi-
nus) crossed have 3 needles or both 3 and 2. However, P.
montezumae and P. ponderosa var. arizonica have needles
in fascicles of 5, sometimes 4 (rarely also 3 in the latter).

Hybrids from species differing in needle number general-
ly are intermediate between the parents. For example, P.
muricata (P. remorata) has needles in 2’s, P. attenuata in
3’s, and their hybrid in both 3’s, and 2’s. P. echinata has 2,
sometimes 3, needles in a fascicle, P. taeda 3, and their hy-
brid 3 or sometimes 3 and 2. In 5 crosses between a pine
with 3 needles and another with 3 and 2 needles, the hybrid
is nearer one parent in needle number.

In three crosses of P. montezumae (5, sometimes 4 in a
fascicle) with pines having 3 or sometimes also 2 needles
in a fascicle, the progeny are intermediate with usually 3
and 4, sometimes 5. However, in another hybrid with P.
jeffreyi (3, sometimes 2), only 3 needles were observed.
Two crosses of P. ponderosa var. arizonica (5, sometimes 4,
rarely 3) with pines having 3 (or sometimes also 2) needles
in a fascicle resulted in intermediate progeny having 4, 3,
and 5 needles.

Needle Length

Needle length varies considerably both within a species
and within an individual. The differences result from the
interacting factors of genotype, environment, age, and
vigor. Within a tree, needles produced on vigorous shoots or
in more favorable seasons may be longer than average. In
21 of the 42 crosses the 2 parents overlap in needle length;
in 16 the needle length of 1 parent is within the range of
the other; and in 5 the maximum of 1 parent is less than
the minimum of the second. In general, the hybrids are
intermediate between the parents.

Needle length, soft pine hybrids. — Except on small
plants, the soft pine hybrids are intermediate in neodle
length. Some young hybrid plants only 2 to 3 feet tall when
studied had needles shorter than both parents. P. griffithii
has needles longer than the other species and slightly

drooping, while its three interspecific hybrids have needles
intermediate in length and spreading to slightly droop-
ing.

Needle length, hard pine hybrids. — Nearly all hard pine
hybrids studied have needle length intermediate in range
between that of the parents. However, in the small popula~

Table 17, — Comparison of needle characters of hybrid (2-year
seedlings) between Pinus virginiana and P. clausa

P.virginiana
Character P. virginiana >§2€}lr%1;ia P. clausa
seedlings)
Needle
Number 2, sometimes 3 | 2, sometimes 3 | 2, sometimes 3
{(seedlings)
Length 4—9 cm. 6—8 cm. 4—9 cm.
Width 1—tol+mm. | 14+ mm. (V) 1— mm.
Shape in cross| Semicircular, | Semicircular, Semicircular
secfion sometimes sometimes
flattened flattened (V)
Stomata
Dorsal rows | 11—13 10—14 (V) 8§—10
Ventral rows | 8—11 7—10 (V) 5—7
Epidermis
Outer cell Not ardhed Slightly Conspicuously
wall arched (1) arched
Hypodeimis
Cell walls Biform, some- | Uniform (C) Uniform (rarely
times uniform biform)
Layers of 1—2 1(C) { (rarely 2)
cells
Erdodermis
Outline Elliptic and Elliptic (C) Elliptic
usually
constricted
Vascular
bundles
Position Widely Widely Separated by
separated separated less than
V) bundle width
(widely
separated in
seedlings)
Summary 5V, 11,3C
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Table 18. — Comparison of needle characters of hybrids of Pinus attenuata with P. radiatea and P. muricata (P. remorata).

P. attenuata i
churscir | porosws | SOGH | pavenas | Dotmmz | B,
Needle
Number 3, sometimes 2 3 (A) 3 3 and 2 () 2
Length 9—13 cm. 8—12 (18) cm. 9—17 cm 10—16 (18) cm. (A)) 9—12 cm.
Width Narrow Intermediate (I) Broad Broad Broad
Epidermis
Walls arched Present Present (R) Absent Absent Absent
over stomatal
court
Resin canals
Position Medial, sometimes | Medial Medial, sometimes | Medial, or medial Medial and internal
medial also internal and internal sometimes
and internal (or subinternal) medial only
Number Usually 2, some- Usually 2, some- 2—3, sometimes 3—7 (M) 3—7
times 1,0, 3 or 4 times 1 or O (R) 4—5
Transfusion tissue
Thik-walled Line outside Line outside Absent Absent or some- Line outside
cells phloem or phloem or times line phloem or absent
absent absent (R) outside phloem
O
Summary 1A 1,3R 1A2L1M

tions examined, 5 exceptions were noted. The hybrid P.
rigida X serotina has short needles more like the first
parent, while the hybrid P.ponderosa var. scopulorum X
var. ponderosa has long needles like the second parent. In
3 interspecific crosses the maximum needle length of the
F, exceeded slightly by 0.5—1 cm. the maximum of the
parent with longer needles.

Needle Color

Usually the needle color of related species and their hy-
brids is approximately the same shade of green. However,
P, jeffreyi and P. washoensis have gray green needles, and
their hybrids with P. ponderosa have the green color of the
latter. Also, the hybrid P. jeffreyi X montezumae has green
needles.

Needle Margin

All the soft pines crossed have serrulate needles except
P, flexilis, which has usually entire rieedles. The only hy-
brid of this species, P. flexilis X griffithii, has serrulate
needles. In hard pines the needles uniformly are serrulate.

Position and Rows of Stomata

The surface of pine needles bear longitudinal whitish
lines which are rows of stomata. Stomata are absent from
the abaxial (dorsal) surface of needles in the soft pines
except the following: P. flexilis and P. lambertiana both
with 2 rows of dorsal stomata, and P. monticola and P.
strobiformis with no or sometimes 1 or 2 rows. First genera-
tion soft pine hybrids lack dorsal stomata with 2 exceptions.
One row of dorsal stomata is rarely present in needles of
the cross P. flexilis X griffithii, and no or 1 row present in
the cross P. monticola X strobiformis. Thus, absence of
dorsal stomata apparently is dominant in these crosses.

In the hard pines, stomata are present on all needle
surfaces, dorsal as well as ventral. Though recorded for
each species and hybrid studied, the number of stomatal
rows generally is without taxonomic significance. The
dorsal surface has more rows than-each of the two ventral
surfaces of the same needle. Number of stomatal rows is
greater on wider needles, including those fewer in a fas-
cicle. When species with sightly different numbers of
stomatal rows are crossed, the offspring usually are inter-
mediate.
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Tuternal Characters

The main internal characters by which needles of parent
species and hybrids were compared are: epidermis, includ-
ing stomata; hypodermis; resin canals, position and number;
endodermis; vascular bundles; and transfusion tissue.

Epidermis

The epidermis or outermost layer of pine needles has
epidermal cells generally uniform and more or less rect-
angular in shape as seen in. cross section. However, in
P. contorta, including both var.contorta and var. murrayana,
some epidermal cells are nearly square in cross section.
When either variety is crossed with P. banksiana, the first
generation hybrid also has these squarrish cells. P. clausa
has the outer epidermal cell walls conspicuocusly arched,
not straight as in most pines. Hybrids with P.virginiana
have these cell walls slightly arched and intermediate.
P.attenuata has epidermal cell walls arched conspicuously
over the stomatal court, and its hybrid with P.radiata
retains this distinctive feature.

Stomata

In some species the stomata are not or only slightly
sunken below the needle epidermis, but in others they are
deeply sunken two or sometimes more layers of cells below
the surface. Generally, hybrids between species with ex-
tremes have stomata intermediate in position, or slightly
sunken. However, the hybrids between P.jeffreyi and
P.ponderosa have the deeply sunken stomata of the
former.

P. coulteri has distinctive stomata deeply sunken in Jarge
V-shaped notches, deeper and broader than the U-shaped
cavities of the other species studies. Also, under a hand
lens the stomata appear as large white squares, instead
of minute white dots. However the hybrid with P. jeffreyi
possesses instead the stomata of the latter in smaller
U-shaped notches.

Hypodermis

This tissue, also called hypoderm, is under or next
within the leaf epidermis. The hypodermis varies among
the pine species both in number of layers of cells and in
thickness of cell walls and contributes characters of minor




taxonomic value. In the species studied the range in layers
of cells is from 1 to 6, with'some variation within a needle.

Based upon the relative thickness of cell walls in the
different layers, the hypodermis may be uniform, biform,
or multiform. The uniform hypodermis, composed of cells
with walls of equal thickness, either thin or thick, is
characteristic of the soft pines (fig. 14). The biform hypo-
dermis, with a layer of thin-walled cells adjacent to the
epidermis and one to a few layers of thick-walled cells
beneath, is common in species of hard pines (fig. 24, 4C,
5C). In the multiform hypodermis there is a gradation
from thin-walled cells next to the epidermis to succes-
sively thicker-walled cells internally, for example, in
P. coulteri. These kinds of hypodermis intergrade, and two,
such as uniform and biform, or biform and multiform,
may often be found in the same needle.

Hypodermis in soft pine hybrids. — The soft pines
crossed have 1 layer of cells in the hypodermis, except
P. lambertiana with 1—3 layers, P. monticola and P. flexilis
with 1 or sometimes 2 layers, and P. strobiformis with

1 or rarely 2 layers. First generation hybrids have 1 layer.

except sometimes also 2 layers in P.monticola X strobi-
formis and rarely also 2 layers in 3 other crosses. The hypo-
dermis is uniform and of slightly thick-walled cells in
all soft pines crossed and in their first generation hybrids,
with these exceptions: P.peuce has thin-walled cells in
hypodermis, P.strobus has thin-walled to slightly thick-
walled cells, and their hybrid is like the latter.

Hypodermis in hard pine hybrids. — The hypodermis
in the hard pine species studied has commonly 2 to
5 layers of cells, sometimes 1 to 6, being thickest in the
angles and midway between stomata. Offspring from
parental species differing in average thickness of this
layer generally are intermediate.

The hypodermis is not continuous, being interrupted by
the stomata and their chambers, and varies in the shape
of its innermost border as seen in cross section. The inner
border of the hypodermis commonly is straight or nearly
so where this tissue is thin, such as only 1 or 2 or sometimes
3 layers of cells in thickness. A thick hypodermis, such as
3 to 6 layers of cells, has an inner border usually curved
between 2 stomata, or wavy in cross section, being thinnest
adjacent to the stomata, or angled or ridged between 2 sto-
mata and appearing in cross section as if pointed or toothed.
Examples of these three types of inner border of hypodermis
are: P. banksiana (fig. 5C), straight; P. ponderosa (fig. 44),
curved or wavy; and P. engelmanmnii (fig. 4C), angled. These
characters associated with thickness of hypodermis may be
of some use in identification, though intergrading. The
angled type is least common amd most distinctive.

In the few crosses where one parent species has the
hypodermis with angled inner border, the progeny often has
this character also or is intermediate. For example,
P. canariensis has the inner border angled or curved,
P. roxbunghii curved, and their hybrid angled or curved.
P. engelmannii has the inner border angled, the three
varieties of P. ponderosa curved, and the three hybrids have
the inner border at least sometimes angled. However, this
character was not found in small hybrid plants between
P. engelmannii and P. montezumae, which species has the
inner border curved. Also, the hybrid P.echinata X taeda
has the straight-bordered hypodermis of the first parent,
though the hypodermis of the second may be straight,
curved, or angled.

Mesophylland Resin Canals

The mesophyll, located between the hypodermis and the
endodermis toward the interior of the pine needle, is
composed of uniform cells, green and containing chloro-
plasts. The mesophyll lacks taxonomic importance. Within
or bordering the mesophyll are the resin canals or resin
ducts, which secrete resin and are bordered by usually
1 or 2 layers of thin-walled or thick-walled cells. Rarely,
resin canals are absent, as in P.contorta var. contorta
(fig. 5A) and sometimes in P. radiata. Though variable with-
in a species, the position and number of resin canals are
useful diagnostic characters.

Resin canals, position. —  The four positions of resin
canals, as defined by Suaw (21) and others, are: (1) external,
or against the hypodermis, as in P.lambertiana (fig. 14);
(2) medial, or within the mesophyll or green tissue and
touching neither hypodermis nor endodermis, as in P. ko-
raiensis (fig. 1C); (3) internal, or against the endodermis,
as often in P. elliottii (fig. 2A); and (4) septal, or connecting
both hypodermis and endodermis to form a septum, some-
times present in P. canariensis.

Resin canals, position in soft pine hybrids. — The soft
pines and first generation hybrids in this study have ex-
ternal resin canals exgept as noted here. P. koraiensis has
medial resin canals. P.armandii has the resin canals ex-
ternal and medial (usually 2 dorsal external and 1 ventral
medial or 1 or both of the dorsal medial) or all medial or
according to Suaw (21) also all external. Medial resin
canals as well as external were recorded for P.griffithii
and P.lambertiana by Suaw.

The hybrid P. lambertiana X koraiensis (fig. 1B and D)
has the 2 dorsal canals external or 1 external and 1 medial
(or often subexternal) and also 1 ventral medial. By ‘“sub-
external” is meant an intermediate position in the meso-
phyll almost surrounded by green cells but connected with
the hypodermis by 1 or sometimes more thick-walled
non-green cells. In P.lambertiana X armandii sometimes
1 ventral medial canal is present, as in P. armandii, in addi-
tion to 2 dorsal external canals. Thus, medial canals are
expressed in progeny or indicated by the intermediate
almost external or subexternal canals.

As to side of needle, resin canals in the soft pines
studied are dorsal except as noted. One ventral external
resin canal of the needle sometimes is present in P. lam-
bertiana, P.monticola, P.griffithii, and in the following
hybrids: P. monticola X strobiformis, P. monticola X peuce,
and P.monticola X strobus (also reciprocal cross). In P. ar-
manidii 1 ventral medial resin canal usually is present, but
in P. koraiensis there are usually 3 medial, 1 in each corner.
One ventral canal is present in the hybrid P.lambertiana
X koraiensis and sometimes also in P. lambertiana X ar-
mandii. Thus, the ventral canal of a parent species is
usually present in the first generation hybrid.

Resin canals, position in hard pine hybrids. — In the hard
pines studied, the commonest position of the resin canals is
medial, while the arrangement of both internal and medial
together also is common. Hybrids generally are inter-
mediate.

P, elliottii (fig.2A) has resin canals internal or medial
or both or sometimes with 1 or more intermediate or
“subinternal”, that is, in the mesophyll but joined to the
endodermis by 1 or a few thick-walled non-green cells.
Subinternal resin canals were observed in the following
hybrids: P. taeda X elliottii (fig. 2B), P. taeda X palustris,
and P. attenuata X muricata.
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Figure 1. — Needle cross sections illustrating inheritance of posi-
tion of resin canals and stomata in the soft pine hybrid between
Pinus lambertiana and P. koraiensis. — A: — P.lambertiana has
2 dorsal external resin canals and 2 dorsal rows of stomata. Parts
of a needle: a, stoma; b, epidermis; ¢, hypodermis; d, mesophyll;
e, resin canal; f, endodermis; g, vascular bundle. — B and D:
— The hybrid, P.lambertiana < koraiensis, has 3 resin canals
including 2 dorsal subexternal and 1 ventral medial and no dorsal
stomata. — C: — P. koraiensis has 3 medtal resin canals, 2 dorsal
and 1 ventral, and no dorsal stomata.

P. canariensis has resin canals external, sometimes septal,
as does the hybrid P. canariensis X roxburghii. In P. rox-
burghii the resin canals are external.
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Figure 2. — Needle cross sections showing inheritance of position

of resin canals in the hybrid between P. elliottii and P. taeda. —

A: — This needle of P. elliottii has 1 medial resin canal and 1

internal. — B and D: — The hybrid P. elliottii >< taeda has 1 inter-

nal resin canal and 1 subinternal. — C: — This needle of P. taeda
has 4 medial resin canals.

Number of resin canals. — The number of resin canals in
a needle cross section varies but often is constant within
a species or hybrid. In the soft pine species and hybrids,
resin canals are commonly 2 and dorsal, less frequently 3
or 1. However, 3 is the usual number in P. armandii, P. ko-
raiensis, and P. lambertiana X koraiensis, while P. lamber-
tiana X armandii has 2 or 3. Thus, hybrids are similar to
parents or intermediate.

In the hard pine species studied, 2 and 3 are the com-
monest numbers of resin canals, but the range sometimes is
from 2 to 6 or 7, rarely to 10 or 11. One is infrequent, and
none, as noted above, is rare. Hybrids are intermediate in
number of resin canals or like the parent with lower num-
ber. However, the low number in hybrids may be associated




Figure 3. — Needle cross sections illustrating inheritance of needle
number with change in shape of needle cross section and of endo-
dermis in the hybrid between P.ponderosa var. ponderosa and

P. montezumae. — A: — P.ponderosa var. ponderosa, a broad
needle from a fascicle of 3 and with elliptic endodermis. — C: —
P. montezumae, a very narrow needle from a fascicle of 5 and with
circular endodermis. — B: — P. ponderosa > montezumae, a nar-
row needle from a fascicle of 4 and with slightly elliptic
endodermis.

with the small size and age of the young progeny in a few
species.

Resin canals, diameter. — Some variation was noted in
the size of resin canals, as measured in diameter of cavity,
but most differences apparently are not significant. The
commonest diameter is 40—60 microns, but the size 40
microns was observed in all these species and hybrids, and
the range of variation is about 20—90 microns.

Resin canals, epithelial cells. — Epithelial cells lining the
resin canals are thin-walled in some species and slightly
thick-walled in others, though often variable and perhaps
limited in taxonomic value. Hybrids of parents differing in
this character usually are intermediate.

Endodermis

The endodermis is a layer of cells between the outer,
green mesophyll and the inner, stelar region. In cross sec-
tion it appears as a ring of cells, circular in needles that

Figure 4. — Needle cross sections showing inheritance in hypo-
dermis in the hybrid between P.ponderosa var. ponderosa and

P. engelmannii. — A: — P. ponderosa var. ponderosa has slightly
thick hypodermis with curved or wavy inner border in needle
cross section. — B: — P, engelmannii >< ponderosa var. ponderosa

has slightly thickened hypodermis with inner border curved

in this needle cross section though sometimes also angled. —

C: — P.engelmannii has thick hypodermis with inner border
angled in needle cross section.

are 5 in a fascicle (figs. 14, 3C) and usually elliptic in needles
that are 2 or 3 in a fascicle (figs. 34, 5A4). A few pines with
needles in 2’s, such as P. banksiana (fig. 5C) and P. contorta
var. murrayana and their hybrid, have the elliptic endo-
dermis often slightly constricted in the shorter dimension.

The cells of the endodermis usually are alike but in-
frequently, as in P. engelmannii (fig. 4C), of both large and
small size. The cell walls may be uniform and usually thin
or sometimes thick, or the outer cell walls may be thickened.
When a species having the outer endodermal cell walls
thickened, such as P. jeffreyi, is crossed with another with
thin endodermal cell walls, such as P. coulteri, the hybrii
usually has thin endodermal cell walls.

Casparian strips are prominent on walls between adjacent
endodermal cells in some species and are made clearer by
safranin stain. In crosses between a species with Casparian
strips prominent and another not prominent, the hybrid
was observed to have prominent strips. P.ponderosa,
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Figure 5. — Needle cross sections illustrating inheritance of resin
canals and endodermis in the hybrid between P. contorta var.
contorta and P. banksiana. — A: — P. contorta var. contorta lacks
resin canals and has elliptic endodermis with cell walls of uniform
thickness. — B: — The hybrid P. contorta var. contorta >< banksiana
is intermediate with 1 resin canal and like the former parent
in elliptic endodermis with cell walls of uniform thickness. —
C: — P. banksiana has 2 resin canals and constricted endodermis
with outer cell walls thickened.

P. echinata, and P.taeda have prominent Casparian strips,
as do the hybrids P. ponderosa X montezumae, P. echinata
X elliottii, and P. elliottii X taeda. '

Vascular Bundles

In the central part of the stelar region there are 2 vas-
cular bundles in the hard pines, rarely united as 1, or 1
in the soft pines. This fundamental character was employed
by Koenne (12, pp. 28—30) in distinguishing his 2 sections
of the genus Pinus, Diploxylon and Haploxylon, afterwards
raised to subgenera by ReupeEr. The two bundles are close
together in most species but widely separated by more
than the bundle width in a few. In the cross between
P. virginiana having widely separated vascular bundles
and P.clausa not, the progeny seedlings were like the
former. The 2 vascular bundles sometimes are united in
the hybrid P.ponderosa var. ponderosa X washoensis.

Transfusion Tissue

The transfusion tissue surrounding the vascular bundles
in pine needles consists of two different kinds of cells:
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living parenchyma cells with nonlignified walls and thin-
walled but lignified tracheids with bordered pits. The
sclerenchyma cells often form a line outside the phloem,
often also a line outside the xylem, sometimes between
the vascular bundles, or they may be scattered. However,
as their presence and amount are variable, these thick-
walled cells have only limited value for identification
of species and hybrids. Most soft pines studied and their
hybrids lack these sclerenchyma cells.

Discussion

Pinus is a difficult genus for studies of hybrids and
inheritance, because vegetative characters are similar
among the various species; sharply contrasting vegetative
characters are few. All these species of pine have leaves
of similar, needle shape, though varying in length and
slightly in width. Though the genus has its peculiar spur
shoot with fascicled needles, the variation in needle number
is limited from 1 to 5 (rarely more) and commonly to 2,
3, or 5.

Obviously, most related species of pines, including those
probably crossable, differ only slightly from one another
in needle characters. Some of these characters are quanti-
tative, variable, and overlapping and thus of only limited
value in identification. Fortunately, the needle characters
including microscopic needle anatomy are sufficiently
constant for identification of most wild pine trees in the
absence of cones.

It follows that hybrids between closely related species
differ even less slightly from the parents in needle charac-
ters and are less easily recognized. Where parent species
are scarcely separable by needle anatomy, the hybrids
likewise probably are not distinguishable.

At the Institute of Forest Genetics, all the numerous
hybrid progeny examined from the many controlled closed
pollinations with repeated crosses and backcrosses seem
authentic. Nearly all these successful hybrids are from
closely related species which may be expected to be readily
crossable, as classified by DurrieLp (6). The many addi-
tional failures need not be mentioned here.

Identificationof Hybrids

In the identification of wild or planted pines, repro-
ductive characters, such as those of cones and seeds, are
more conclusive than vegetative characters alone and should
be examined whenever present.

When neither parent species of a putative hybrid pine
without cones is known, the first step in identification
should be to use a key for identification of species of pines
by needles, such as that by HarLow (10). The key should
eliminate all but a few species. Then, for the species and
hybrids within this article, the specimen may be compared
with the appropriate examples from Tables 1—18 for
further identification.

For recognition of certain hybrids, particularly young
plants without cones, the tables may be helpful in showing
what characters to look for in the F, generation. Alse, in
verification of hybrid origin, as in intergrading wild popu-
lations and in plantations from mass open pollinations, the
tables may suggest which plants probably are hybrids
and which not.

Naturally, the hybrids most easily recognized are those
with dissimilar parents. It may not be possible to identify
positively from needle characters alone the hybrids between
certain closely related species. The following examples




illustrate hybrids scarcely distinguishable in needle ana-
tomy from their parents: P.monticola X strobiformis, P.
monticola X strobus, P. peuce X strobus, and P. rigida
X taeda.

Methods of Inheritance

A few additional observations on inheritance of needle
characters in these hybrid pines may be mentioned, though
preliminary, limited to only one generation, and lacking
statistical analysis. A count was made of the characters
in the 35 interspecific hybrids in Tables 1—18. Needle
characters by which parents differ average 5.7, of which
the first generation hybrid is intermediate in 2.6 and more
like one parent or the other in 3.1, sometimes in over-
lapping characters. In progeny as well as parents, many
of these characters are slight and variable and possibly
may be less pronounced in large populations. Thus, the
first generation interspecific hybrids are intermediate in
nearly half the needle characters but approach each parent
in roughly a fourth.

In many quantitative characters the hybrids usually are
intermediate between the parents. Examples are needle
number, needle length, and number of layers of cells in
the hypodermis.. In other characters involving position
of parts, such as position of resin canals and depth of
stomata, the hybrids commonly are intermediate. However,
the hybrids are nearer to one parent in some characters.

Relatively few distinctive qualitative characters were ob-
served. In these there appears to be some dominance,
though perhaps mostly more complex than single pairs of
genes. To analyze the manner of inheritance of the various
characters, studies of large numbers of progeny, succes-
sive generations, and backcrosses would be necessary.

Different Characters

Only 2 examples were found where the first generation
hybrid of interspecific crosses differed in needle charac-
ters from both parent species and was not intermediate.
These 2 examples out of the 200 pairs of contrasting
characters in the 35 interspecific hybrids in Tables 1—I18
are designated by (D). The hybrid P. jeffreyi X washoensis
was described as having green needle color, not gray
green as in the former parent nor slightly gray green as
in the latter. In the hybrid P.engelmannii X ponderosa
var. arizonica, the hypodermis was observed to be biform,
often multiform, not constantly biform as in both parents.
Also, as mentioned above though not in a table, the 2 vas-
cular bundles sometimes are united in the hybrid P.pon-
derosa var. ponderosa X washoensis though not in the
parents.

Hybrid Vigor

Hybrid vigor, or heterosis, was conspicuously absent
among the needle characters of the 35 interspecific hybrids
and others summarized in Tables 1—18. However, hybrid
vigor would be shown in other characters than needles,
such as height and rate of growth. As noted above, in 3
interspecific crosses the maximum needle length of the ¥,
exceeded slightly by 0.5—1.0 cm. the maximum of the
parent with longer needles. These slight differences may
not be significant. Also, in a few small young hybrids
the needles were short.

Backcrosses

The three backcrosses studied are: P. jeffreyi X (jeffreyi
X coulteri) (Table 15); P. (jeffreyi X ponderosa var. pon-

derosa) X ponderosa var. ponderosa; and P. (jeffreyi X pon-
derosa var. ponderosa) X jeffreyi (Table 13). Though inter-
mediate, the progeny show a greater resemblance to the
backcrossed parent, as expected. In the hybrids between
P. jeffreyi and P.ponderosa var. ponderosa, the charac-
teristic gray green needle color of P.jeffreyi was present
only in the backcross, but the deeply sunken stomata
appeared also in the first generation hybrid.

Trihybrids

The two trihybrids or triple hybrids studied are: P. mon-
ticola X (peuce X strobus) (Table 3) and P.engelmannii
X (jeffreyi X ponderosa) (Table 11), also the reciprocal of
the latter. In the former, the three closely related parental
species and progeny all are similar and scarcely distin-
guishable in needle anatomy. In the latter, the progeny
are intermediate in several characters.

Reciprocal Crosses

Of the 42 hybrids studied, reciprocal crosses of 8 were
examined. As expected, the hybrid progeny from the same
two parent species are identical with either species as seed
parent or pollen parent. Thus, inheritance is normal and
without irregularities such as parthenogenesis.

Summary

Gross morphology and microscopic anatomy of leaves or
needles of 42 pine hybrids (genus Pinus) growing at Insti-
tute of Forest Genetics, Placerville, Calif.,, were studied by
the authors in 1953, 1956, and 1957. These include 35 first
generation interspecific hybrids from 30 species counting
6 crosses of another variety of 1 parent species, also 2 tri-
hybrids, 3 backcrosses, and 2 intraspecific or varietal
hybrids. All but one are artificial hybrids.

The 18 tables in which these hybrids are compared in
needle characters with their parents may be used in the
identification of hybrid plants, particularly young plants
without cones. However, it may not be possible to identify
positively from needle characters alone the hybrids between
certain closely related species.

Preliminary observations on inheritance of needle charac-
ters indicate that the first generation interspecific hybrids
are intermediate between the parent species in nearly half
the contrasting needle characters, especially quantitative
characters, and more like one parent or the other in other
characters, though some differences are slight.

Zusammenfassung

Titel der Arbeit: Nadel-Eigenschaften bei Kiefern-
bastarden.

Morphologie und mikroskopische Anatomie der Nadeln
von 42 Kiefernbastarden des Instituts fiir Forstgenetik in
Placerville/Californien wurden von den Autoren 1953, 1956
und 1957 untersucht. Dabei waren 35 F,-Artbastarde aus
30 Arten und 6 Kreuzungen von Varietaten einer Elternart,
ferner 2 Trihybriden, 3 Riickkreuzungen und 2 Innerart-
oder Varietdtenhybriden. Alle Bastarde aufler einem sind
kiinstlich hergestellt.

Die 18 Tabellen der Arbeit, in denen diese Bastarde in
den Nadel-Eigenschaften mit ihren Eltern verglichen wer-
den, konnen fiir die Identifizierung von Bastardpflanzen
benutzt werden, besonders bei jungen Pflanzen ohne Zap-
fen. Es ist jedoch nicht moglich, nach den Nadel-Merk-
malen allein Bastarde zwischen nahe verwandten Arten
eindeutig zu identifizieren.
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Vorlédufige Beobachtungen iiber die Vererbung von Nadel-
Eigenschaften zeigen, daB F;-Artbastarde sich intermedisir
verhalten zwischen den Elternarten. Besonders bei quanti-
tativen Merkmalen liegen sie bei der F, etwa in der
Mitte zwischen den beiden sich unterscheidenden Nadel-
eigenschaften; bei anderen Eigenschaften kénnen sie dem
einen oder dem anderen Elter dhnlicher sein, obgleich auch
da einige Unterschiede nur gering sind.

Résumé

Titre de l'article: Caractéristiques des aiguilles des pins
hybrides.

Les auteurs ont étudiés en 1953, 1956 et 1957 1la morpholo-
gie et ’'anatomie des aiguilles de 42 pins hybrides poussant
a PlInstitut de Génétique forestiére de Placerville (Cali-
fornie). Ces pins hybrides comprennent 35 hybrides inter-
spécifiques de premiére génération de 30 espéces, 2 trihy-
brides, 3 croisements en retour et deux hybrides intra-
spécifiques ou variétaux. Tous sauf un sont des hybrides
artificiels.

Les 18 tableaux dans lesquels ces hybrides sont comparés
a leurs parents d’aprés les caractéristiques des aiguilles
peuvent étre utilisés pour l'identification des plants hybri-
des en particulier les jeunes plants sans coénes. I1 n’est
cependant pas toujours possible d’identifier de fagon cer-
taine, d’aprés les seuls caractéres des aiguilles, des hybri-
des entre quelques espéces trés voisines.

Les premiéres observations sur la transmission hérédi-
taire des caractéres des aiguilles montrent que les hybrides
interspécifiques de premiére génération sont intermédiai-
res entre les parents pour a peu preés la moitié des carac-
téres nettement différenciés, en particulier les caractéres
quantitatifs, et pour le reste des caractéres, ressemblent
plus a I'un ou a lautre parent, bien que certaines différen-
ces soient assez faibles.

Literature Cited
(1) CarrLaHsM, RoBErT Z.: Needle oils of three pine species and

species hybrids. Forest Science 2: 101—105 (1956). — (2) COULTER,
Joun M., and Rose, J. N.: Synopsis of North American pines,

based upon leaf-anatomy. Bot. Gaz. 11: 256—262, 302—309 (1886). ~—
(3) Crircurierp, WiLLiam B.: Geographic variation in Pinus con-
torta. Maria Moors Cabot Found. Pub. 3, 118 pp., 1957. — (4) DaLLI-
MORe, W., and JacksoN, A, Bruce: A handbook of Coniferae includ-
ing Ginkgoaceae. Ed. 3, 682 pp., 1948. — (5) Do1, TonEr, and MORIKAWA,
Kin-1cu1: An anatomical study of the leaves of the genus Pinus.
Kyushu Imp. Univ. Dept. Agr. Jour. 2: 149—198 (1929). — (6)
DurrieLp, J. W.: Relationships and species hybridization in the
genus Pinus. Zeitschr. Forstgenetik 1: 93—97 (1952). — (1) DUFFIELD,
J. W., and RiGHTER, F. I.: Annotated list of pine hybrids made at
the Insitute of Forest Genetics. Calif. Forest and Range Expt. Sta.
Forest Res. Notes 86, 9 pp., 1953. — (8) FERRE,, Y.DE: Les formes de
jeunesse des Abiétacées ontogénie-phylogénie. Lab. Forest Toulou-
se Trav. Tome 2, vol. 3, art. 2, 277 pp., 1952. — (9) FowLER, D. P., and
HEIMBURGER, C.: The hybrid Pinus peuce GRrises. >< Pinus strobus L.
Silvae Genetica 7: 81—86 (1958). — (10) HarLow, W. M.: The identi-
fication of the pines of the United States, native and introduced,
by needle structure. N. Y. State Col. Forestry Tech. Pub. 32,
21 pp., 1931. (Reprinted 1947.) — (11) HELMERs, AUsTIN E.: The ecologi-
cal anatomy of ponderosa pine needles. Amer. Midland Nat. 29:
55—71 (1943). — (12) Koenng, EmiL: Deutsche Dendrologie. 601 Pp.,
1893. — (13) Lrrrre, ELBerT L., Jr.: Check list of native and natura-
lized trees of the United States (including Alaska). U. S. Dept.
Agr., Agr. Handb. 41, 472 pp., 1953. — (14) MERGEN, FRANGOIs: Genetic
variation in needle characteristics of slash pine and in some of
its hybrids. Silvae Genetica 7: 1—9 (1958). — (15) MERGEN, FRANSOIS:
Applicability of the distribution of stomates to verify pine hybrids.
Silvae Genetica 8: 107—109 (1959). — (16) Pm.cer, R.: Pinaceae. In:
EnGLER, A., and Pranti, K.: Die Natiirlichen Pflanzenfamilien.
Ed. 2, 13: 271—342 (1926). — (17) RIGHTER, F. 1., and DurrFiELD, J. W.:
Interspecies hybrids in pines. Jour. Hered 42: 75—80 (1951). —
(18) RicHTER,, F. I, and Durrierp, J. W.: Hybrids between pon-
derosa and Apache pine. Jour. Forestry 49: 345—349 (1951). —
(19) RicuTER, F. I, and StockweLL, W. P.: Fertile species hybrid,
Pinus murraybanksiana. Madrofio 10: 65—69 (1949). — (20) ScHiyrTT,
P., and HatteMmer, H. H.; Die Eignung von Merkmalen des Nadel-
querschnitts fiir die Kiefern-Bastarddiagnose. Silvae Genetica 8:
93—99 (1959). — (21) Suaw, GEORGE R.: The genus Pinus. Arnold
Arboretum Pub. 5: 96 pp. (1914). (Reprinted 1958.) — (22) STOCKWELL,
PaLMERr, and RiGHTER, F. L: Pinus: the fertile species hybrid
between knobcone and Monterey pines. Madrofio 8: 157—160 (1946). —
(23) Srtone, E. C., and DvurrFIELD, J. W.: Hybrids of sugar pine by
embryo culture. Jour Forestry 48: 200—201 (1950). — (24) SUTHERLAND,
M.: A microscopical study of the structure of the leaves of the
genus Pinus. New Zeal. Inst. Trans. Proc. 63: 517—568 (1934). —
(25) Vipaxovi¢, M.: Investigations on the intermediate type between
the Austrian and the Scots pine. Silvae Genetica 7: 12—19 (1958).
— (26) WemMmaN, R. H.: Trees in the Eddy Arboretum. Calif.
Forest and Range Expt. Sta. Forest Res. Notes 53, 8 pp, 1947. —
(27) ZoseL, Bruce: The natural hybrid between Coulter and Jeffrey
pines. Evolution 5: 405—413 (1951).

Microsporogenesis in Abies')
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Introduction

The genus Abies contains more than 40 species, and mem-
bers of the genus are found in the northern hemisphere
in a band that circumscribes our planet. On the American
Continent its southern range extends into the mountains
of Guatemala, and in Africa it occupies certain sites in
Algeria. Many species are exploited commercially in
forestry and planted trees are effectively used as ornamen-
tals. Despite their wide distribution and commercial im-
portance, members of this genus have received a minimum
of attention from forest scientists. Little is known about
the phylogenetic relationships within this genus, and past

1 This study was supported by a grant from the National
Science Foundation for research in forest genetics (G—8891).
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hybridization attempts have been sporadic and on too
limited a scale to be of great help. There are, however,
reports on natural hybrids, and several species have yielded
hybrids from artificial crosses. Because of the neglect of
this genus, there are good opportunities to contribute basic
knowledge on reproductive habits, normal and abnormal
cytology, as well as on variation patterns in individual
species and hybrids. Various aspects of the genetics of
Abies are currently being investigated, such as crossing
patterns, karyotypes, and responses to mutagens. Results
from treatment with colchicine have been prepared
(MEerRGEN and LESTER, 1961).

There is no complete description of the phenolgy of
flowering in Abies in either forestry or botany literature,
but there have been reports on some of the later stages




