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hydration was carried out in a tertiary-butyl alcohol
series and the embryos were embedded in paraplast for
Tissue culture techniques with somatic cells and tissues
sectioning. Sections were made on a rotary microtome at
originating from various Organs have been carried out on
10 microns and mounted on standard 2.54 X 7.62 cm microboth gymnosperm and angiosperm plants in many aspects
scope slides using Haupt's adhesive. A modified safraninof botany. During the past 10 to 20 years, emphasis has
aniline blue staining schedule was used on the sectioned
been place on developing coniferous tissue in vitro from
material as it proved to be more precise than the standard
various vegetative parts of the plant. H ARVEY and GRASHAM
safranin-fast green type stain (J OHANSEN, 1940). Photo(1969) reported successful callus cultures of 12 gymnosperm
micrographs were taken using a Nikon-F camera attached
species, usually requiring complex culture media and careto a Leitz-Wetzlar binocular scope in conjunction with an
fully controlled aspetic technique. B ETHEL (1972) reported
Orthoilluminator light source.
differentiation of roots on Douglas-fir callus, and KONAR
(1972) has developed roots or shoots from Pinus gerardiana
Results and Observations
callus.
This experiment consisted of 57 total embryos grown on a
Development of coniferous tissue into differentiated
chemically defined nutrient medium. All embryos ranged
structures such as roots and shoots has generally been regarded as difficult. However, S OMMER, BROWN, and KORM- in size from 0.45 to 0.55 cm averaging 0.50 cm at the start.
After five days on the culture medium, the cotyledons
M A N I C (1975) have been successful in producing plantlets
showed
distinct swelling with a yellowish-green color. Total
frolm adventitious buds formed along the cotyledons of
embryo
length at this time averaged 0.70 m with individual
longleaf pine embryos when grown on a defined medium.
cotyledons measuring between 1.5 to 2.0 mm in length.
This study was concerned with the development of exThe radical end of the embryo had started to form a calcised embryos of ponderosa pine (Pinus ponderosa LAWS.)
lus plug of undifferentiated tissue which eventually deon a defined agar medium, specifically observing the early
teriorated to a brown, slimy mass in the following days.
morphological and histological changes in the young emAfter 8 days in culture, the average cotyledon length had
bryo.
grown to 4.0 mm and a bright green color accompanied
Materials and Methods
divergence of the cotyledons. Histological observations at
The procedures followed primarilly parallel those of
this point showed distinct leaf primordial buttresses flank(1969) and S OMMER , BROWN, and KOR- ing the apical dome (jigure I). In addition, primary xylem
H ARVEY and GRASHAM
MANIC (1975). Seeds of ponderosa pine were used from
tissue development was apparent in the pro-cambial region
several trees located near Crown Point Road in Larimer
with distinct spiralling and pit formation in the secondary
County, Colorado. Viable seeds were first surface sterilized
walls (figures 1 und 2).
in a 1 : 1 solution of sodium hypochlorite and water, rinsed
Distinct bumpiness along the cotyledons was noticed by
in sterile-distilled water, and allowed to imbibe for about
the 11th day (jigure 3). It is difficult to speculate on
forty hours in sterile-distilled water. To maintain sterile
meristematic significance of these bumpg aftw only about
conditions, the seeds were quickly subjected to a 1 : 2
two weeks in culture. Organization into meristematic cendilution of sodium hypochlorite and water and once again
ters was quite indistinct.
rinsed in sterile-distilled water before being placed in
By three weeks, elongation of the cotyledons had ceased.
sterilized petri dishes for dissection. Dissection was carNumerous wrinkles had developed on the cotyledons next
ried out in an aseptic transfer chamber. The imbibition time
to the medium and the average cotyledon length was 1.5
resulted in easy dissection of the embryos from the female
Cm.
gametophyte tissue.
Primary leaves subsequently had developed from the
The embryos were transferred intact to either 20 X 150
primordial buttresses and they were apparent in the apical
mm test tubes or 90 mm diameter petri dishes which conregion on the embryos by the end of the 5-week period
tained 25 ml of nutrient medium (medium 3, SOMMER, et al.,
(jigures 4 und 5).
1975). This medium had previously been sterilized in an
Discussion and Conclusions
autoclave at 1.14 kg/cm2 for 20 minutes.

Introduction

Test tubes and petri dishes (47 tubes and 10 petri dishes
each with one embryo per container) were placed in a
growth chamber regulated for a 13-hour light period at
24O C and an 11-hour dark at 17O C. The tubes were sealed
with cotton plugs and foil Covers. Observations of the embryos were carried out on a daily basis for five weeks.
At two-day intervals, two embryos were removed from
the growth chamber and subsequently both killed and fixed
in FAA (formalin-acetic acid per J OHANSEN, 1940). DeI)
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Development of the ponderosa pine embryo in vitro
begins as smn as the dissected embryo is subjected to the
agar. One of the first events of occur is the establishment
of a primary vascular system as evidenced by the xylary
tissue in the vicinity of the transition Zone of the apical
cegion (ESAU,
1967). Flanking the apical dome itself appear
the first leaf primordia which are derived from the peripheral Zone as defined by ESAU
(1967).Cells of this Zone are
smaller, darker staining, and not well differentiated implying active division in the area.
As in the general case for the pines, the vascular system
in the cotyledones of these embryos was of a collateral

