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ABSTRACT OF THESIS
INCOMPATIBILITY IN SPRUCE HYBRIDISATION

Stroblll of reciprocally crossed Plcea punf.ens rJn*elni.
and Plcea enp:elmannll Parry vjere periodically collected for
microscopic study. The development of ovules from unpolllnated
blue spruce stroblll was also studied.

Ovules from unpolllnated blue spruce stroblll be*an to
break down nine days after the mid-period of strobllus recep-
tivity. First, the female gametophyte became necrotic, usually
protruding Into the nucellus; then the nucellar cap, and finally
the chalazal nucellus, broke down. Breakdown of the chalazal
nucellus was usually preceded by a proliferation of the cells
immediately surrounding the female gametophyte cavity. Blue
spruce ovules, which did not receive any Engelmann spruce
pollen though the stroblll had been pollinated, followed this
same sequence of brealcdown, and although the female gameto-
phyte became cellular, most cells contained no nuclei and
little cytoplasm. Furthermore, the female gametophyte in
these ovules did not usually protrude Into the nucellus.

Some blue spruce ovules, containing germinated Engelmsjnn
spruce pollen, did not reach the egg stage. In others, an
empty corrosion cavity formed, but In other ovules the female
gametophyte showed no further development beyond the egg

stage and degenerated. There seemed to be an inhibition of
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Enselmann spruce pollen germination and/or growth of the
pollen tube, in the blue spruce nucellus, vihlch almost always
prevented fertilization.

Most of the interspeciflcally crossed Engelmann spruce
ovules also degenerated at an early stage of development.

Two different conditions were observed in these ovules:

1) Some contained a female gametophyte consisting entirely of
very large cells. 2) Others contained a greatly shrunken
nucellar cap, but a developed female gametophyte. These two
conditions were also observed in the crossed blue spruce
ovules, but not simultaneously in the same ovule.

The average number of seeds per control-pollinated blue
spruce cone was 278, and the average for open-pollinated cones
was 302. This difference was not statistically significant
according to a T-test. Control-pollinated blue spruce seed
showed only a 0.A8 percent germination, whereas seed from

open-pollinated blue spruce showed *2.5 percent.

Susan V. Kossuth

Forest and Wood Science
Colorado State University
Fort Collins, Colorado 80521
June, 1971
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CHAPTIER 1
INTRODUCTION - LITERATURE REVIEW

One of the basic tools of a tree improvement program
can be the artificial hybridization between different varie-
ties, species or genera. Hybridization offers a method of
bringing together new gene combinations in new individuals.
One goal of such combinations in tree species is to obtain
heterosis in the generation, such that the progeny usually
exceed either parent for a given trait. A second goal is
the combination of desirable traits from two parents. In
some agricultural crops, inbred lines may be developed before
hybridization is attempted, but such a procedure is not prac-
tical in forest trees because of the relatively long time
between generations. Thus hybridization of forest trees is
closely coupled with selection of phenotypically desirable
parent trees.

The first step in hybridization studies is to determine
the species crossability pattern (Wright, 1962). In spruce,
Picea A. Dietr. , crossability seems to depend on the mor-
phological similarity between the two species in question
and the closeness of their geographic range. Morphologically

AIn this thesis, scientific binomials are in accord ‘with
those used by Little (1953) fo”: trees native or naturalized

in the United States, and with those used by Bailey (1963)
and Bailey (19%9) for species not listed by Little.



similar species, vrhose natural distributions overlajj exten-
sively, tend to be genetically isolated and therefore do not
interbreed (Wright, 1955)¢ One concludes that genetic dif-
ferentiation has taken place in morphologically similar
species if their ranges overlap but the two species do not
interbreed. Artificial hybridization of species from adja-
cent areas of distribution is more likely to succeed if the
differentiation between the tvio species in question is the
result of geographic rather than genetic barriers.

Upon inspection of the natural distribution of Ficea
‘punfens Engelm. (blue spruce) (Sudworth, I19I6) and Picea
enmelmannil Parry (Engelmann spruce) (Fovrller, 1968), it
Trould appear that these two species have similar distribu-
tions. However, blue spruce and Engelmann spruce are alti-
tudinally or geographically isolated except for some slight
altitudinal overlap. Therefore, one vjould expect crossing
to occur readily, but attempts to artificially hybridize
blue spruce and Engelmann spruce have not been very success-
ful. Richens, in 19”5* reported that the artificial cross
Picea enp:elmannii Parry x Picea nungens Engelm. x"as success-
ful, but he gave no indication of the degree of success.
Fechner and Clark, in 1967* obtained one to tv;o percent
viable seed in their artificial cross Picea enae3,mannii
Parry x Picea pungens Engelm. but no viable seed from the
reciprocal cross. Johnson (personal communication with

Wright, 1955) reported the occurrence of natural putative



hybrids between these two species. It was hoped that suc-
cessful hybridization between blue spruce and Engelmann
spruce would create a tree that combined the blue color and
drought resistence of blue spruce with the fast grovxing

timber qualities of the Engelmann spruce.

Obiectives

The specific objectives of this study were:

1. To describe the ovular development of the reciprocal
crosses between Picea oungens Engelm. and Picea engelmannii
Parry and to describe the unpollinated ovule development of
Picea pungens Engelm.

2. To compare the ovular development of the cross Picea
nungens Engelm. x Picea engelmannii Parry and the unpollinated
ovule development of Picea cungens Engelm. with the normal
open pollinated Picea nungens Engelm. ovular development.

3. To observe other features of reporductive develop-
ment of control pollinated and wind pollinated blue and

Engelmann spruce seed and cones.

Angiosperm Incompatibility

Knowledge of past research in the area of incompatibility
has been most helpful in interpretation of the results of
this investigation. It may be that the principles and types
of incompatibility observed in angiosperms have application
in the behavioral patterns of incompatible gyrnnosperms.
Thus a review of current and past research in both angiosperm

and gymnosperm incompatibility seems appropriate.



Most work on incompatibility systems has been concen-
trated on the self-incompatibility mechanisms of the angio-
sperms. Bubar (1959) attempted to clarify terminology
relating to systems whereby male and female gametes from the
same plant did not produce viable seed. He explained that
"self-sterile" should refer to plants which fail to set self
seed when isolated from insects (voluntarily self-sterile).
"Self-incompatibility" is a genetic outbreeding mechanism
causing self-sterility by inhibiting the growth of self pol-
len tubes, such that fertilization never occurs. Somatoplastic
sterility is another self-sterility mechanism wherein self
fertilization occurs, but the embryo and ovule obort. So-
matoplastic sterility results in inviable seed, vmile self-
incompatibility systems, as pointed out by Brewbaker (1957),
select against self pollen, thereby promoting outbreeding
and the set of viable seed.

Most self-incompatibility systems in angiosperms are
governed by the S-gene (self-sterility gene). The S-gene
has many different alleles, and if identical alleles occur
in both the male and female tissues, an incompatibility
reaction inhibiting the development of the pollen v;ill re-
sult. Thus foreign pollen (from another plant) could be
Just as Incompatible as self pollen, if the foreign pollen
and the female tissue contained the same S-alleles.

One of two types of incompatibility systems, gametophytic
or sporophytic, may occur in conjunction vxith the self-steril-

ity gene in angiosperms. These two systems differ only in



the time of the S-gene action during microsporogenesis. In
the gametophytic system, the S-gene is determined by the geno-
type of the pollen. In this system, pollen is usually shed
in the binucleate state and functions normally until the pol-
len tube has actively grown into the style or the ovary.
Interaction with the female tissue Inhibits the pollen tube
at this time.

Dominance is important in the determination of the pol-
len phenotype or sensitivity in the sporophytic incompatibility
system. The phenotype of the pollen grain is dependent upon
the genotype of the plant from which it came. If, in the
production of pollen from an S2S2 S2 is dominant to
S*, both the S2 and S* pollen grains will behave as S2
phenotypes. Thus a haploid pollen grain of genotype 3% from
this plant would be Incompatible in the diploid female tissue
of a plant with a genotype S[S, but compatible in the female
tissue of an plant since it expresses an S£ phenotype.
Pollen grains of the sporophytic system of self-incompatibil-
ity, are usually shed in the trinucleate state and are inhi-
bited on the stigma, frequently not even germinating (Brewbaker,
1957)* The stigma, style and ovary are diploid tissue systems
and may contain two kinds of alleles or two of the same allele.

Brewbaker (1957)» felt that the action of the incompati-
bility alleles might be effected through the control of
sucrose uptake and metabolism in the pollen grain. Trinu-
cleate pollen, of the sporophytic incompatibility system,

because they have undergone the final mitotic division, may



be so sucrose-or metabolite-deficient, that germination is
inhibited. Binucleate pollen, of the gametophytic incompa-
tibility system, not so depleted from the final mitotic
division, may, under similar conditions, germinate and begin
pollen tube growth without additional nutrition from the
style. Nicotiana. Oenothera, and Ssllp.Ilum show gametophytic
incompatibility (Crowe, 195*» and Lundquist, 195%)* Host

Cruciferae show sporophytle Incompatibility.

Time ¢Z iM 3-allele action

Linskens (196I) suggested four different times at which
the incompatibility reaction may be manifest: 1) during
germination on, and penetration of the pollen grain into the
stigma; 2) during growth of the pollen tube through the con-
ducting tissue of the style or ovary; 3) during the discharge
of the pollen tube contents into the female sexual apparatus;
4) by abortion of the zygote or young embryo. The first mani-
festation is characteristic of sporophytically-determined
incompatibility; the second, and probably the third, charac-
terize gametophytic incompatibility; and the last is probably
the inability of the two genomes to function together or, in
self pollination, the expression of homozygous lethal reces-

sives.

Function of the self-sterilitv gene
The S-alleles carried by the male and female cells are
responsible for: 1) specificity of the incompatibility

reaction; 2) Induction of the reaction; and 3) energetic and



metabolic background of the incompatibility reaction (Linskens,
1963). Linskens (1963) has pointed out that in a self-incom-
patible plant, the same S-allele acts differently in the male
and female cells. In the gametophytic system, the metabolic
relationship between the stylar tissue and the pollen tubes
takes one of three forms: 1) dissolution of the pectic mate-
rial of the stigma by the pollen tube; 2) chemotropic guidance
of the pollen tube; 3) absorption of metabolic substances by
the pollen tube (Linskens and Tup/, I966). Disruption of

any of these relationships would inhibit the successful growth

of the pollen tube.

Callose in tiie pcermlnatlnr. pollen gr*a

According to Roggen and Stanley (1969), Currier reported
that in pear pollen, a deposition of callose occurred in the
intine, just below the pore from which the pollen tube would
have protruded. Roggen and Stanley (1969) found that this
deposition occurred after the pear pollen grain sv/elled,
which took ten to twenty minutes in artificial media. If
germination did not subsequently take place, the callose
formation continued until the whole grain was filled with
callose. In the germinated pollen grain, cell-wall-softening
enzymes vjere released into the germination mediim from the
pollen grain. These same enzymes then entered the intine,
presumably through the germ pores, and softened the intine
wall, which facilitated pollen tube emergence from the pore

area containing the callose. This callose then disappeared



from the tip, and pollen tube grovjth commenced. Nev; callose,
deposited Just behind the pollen tube tip, served to strength-
en the pollen tube wall, but if tube growth were halted, cal-

lose was deposited at the tip wall.

Nutrition ¢f ihe pglign

Electron microscopic observations by Van der Pluijm
and Linskens (I966), indicated that in some styles, pollen
tubes grow within the matrix of the middle lamellae of the
transmitting tissue by enzymatically dissolving a path in
front of the pollen tube tip. According to Bhattacharyja
and Linskens (1955)» Vogel has presented photographs of pol-
len tube tips which ended in a mass of erect cellulose fibrils,
which showed that the cytoplasm of the pollen tube vjas in
direct contact with the intercellular fluid of the conducting
tissue. Bhattacharyja and Linskens (1955) indicated Straub
had found that pollen tubes can dissolve and probably assimi-
late the collenohyma-like cell wall thickenings of the stylar
tissue. Other work by Linskens showed that the sugar content
of the style was reduced by half (in Petunia) by the time the
pollen tubes reached the embryo sac. Linskens and Esser
(1959) applied radioactively labelled **C-glucose, **G-fruc-
tose and : G-alanine.to the styles of Petunia at the time
of anthesis. Later, pollen tubes that developed in the styles
were found to be radioactive. These studies provided evidence
that the stylar tissue supplies nutritional material for pol-

len tube growth.



[ Environment

Hagman (I1963) working with self-incompatible betula spp.
found that at lower temperatures, the self-incompatibility
reaction is slowed such that pollen tubes may effect self-
fertilization. In 1967 he found that the self-incompatibility
reaction and the pollen tube inhibition Vias more effective at
higher temperatures. Thus the environment played a role in
the timing and intensity of self-incompatible reactions.
Hagman (I967) also found that radiation of the pollen grains

may remove the self-incompatibility barrier.

Performed “tyla;: Inoomba.tibility substance

The results of experiments conducted by Emerson (1940)
and Lewis (1952) supported the idea that the stylar incompa-
tibility substance is formed before the arrival of pollen on
the stigma. Emerson grafted a compatible stigma and style
onto an incompatible ovary and observed the inhibition of
pollen tubes upon their contact with the tissue of the ovary.
This was also an indication that the female tissue was passive,
having supplied nutrition, but not stimulation, for growth of
the pollen tubes. Sears (1936) suggested that the lack of
any stimulation from the style could be argued since pollen
tubes grown in vitro did not grow to the equivalent length
of those in vivo. namely, the distance from stigma to ovule.
Lewis (1952) self-pollinated Oenothera stigmas txvice, at a
four-hour interval, and found both sets of pollen tubes were

inhibited at the same stage of penetration. Had the second
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set of pollen tubes been less successful than the first,

that is, penetrated a lesser distance into the style, one
might conclude that the first set of pollen stimulated the
production of the incompatibility substance in the style,
but this was not observed. According to Tupy (19%3) it
seems logical to argue that the antigens of the pollen tube
are not preformed in the gametophytic type incompatibilities,
such as those above, since the reaction does not occur until
the pollen tubes are into and actively growing in the stylar

tissue.

Characteristics of the self-incompatibility reaction

The gametophytic self-incompatibility reaction affects
the pollen tube in many ways. Linskens (I96I) has found an
increased respiration rate, and a disturbance in carbohydrate
metabolism in germinated self-incompatible pollen tubes.
These disturbances of the pollen tube were accompanied by an
increased formation of cellulose cell wall thickenings, thick
callose formation, branched tube tips and an increased number
of callose plugs (Linskens, 1963)*

It seems that the gametophytic self-incompatibility
reaction may be the interaction of antigens of the pollen
with antibodies of the female tissue, to form a reaction
product which inhibits the pollen tube. Linskens (I961)
has proposed three possible mechanisms for this action;

1) Incompatible pollen may stimulate or activate the forma-

tion of inhibitors in the conductive tissue of the style.
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This v*ould require a hich genetic specificity such that
special inhibitors v/ould be formed for each different allele.
2) The fi:rowlns pollen tube may form antif£;en3 that induce

, specific antibody production in the style. These tvio may
interact, and produce reaction products v/hich block enzyme
systems leading to normal polymerization of carbohydrates and
to normal nuclear metabolism of the pollen tube. 3) inti-
bodies may be preformed in the stylar conducting tissue and
react Kith the preformed antigens of the pollen tube. The
reaction products (glucoproteins) may be called "ward bodies"
and serve as a block to a linlc in the reaction chain leading
to fertilization. The "ward bodies" from an, Incompatible
combination are believed to form a precipitate which inhibits
pollen tube growth.

Serological analyses support the idea of an antigen-
antibody reaction in self-incompatible pollinations. As a
result of his work with Oenothera. Levris (1932) believes
that the antigens and antibodies are the end-products of
3-ad.lele action and that v/hen they combine, pollen tube
growth is inhibited. However, he also cautioned that the
antigenic substances may only be enzymes controlling inter-
mediate stages in the synthesis of incompatibility substances.
Erewba.ker (1937) also felt that the immediate S-allele pro-
ducts were of the antigen-antibody type and interacted to
disrupt pollen tube growth. Bhattacharyja and Linskens
(1953) reiterated Straub’s "Consumption Theory." According

to this theory, Identical S-alleles lead to a build-up of
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antagonistic substances in the style. These substances
inactivated the pollen tube by preventing sufficient diges-
tion of style conducting tissue for the continued grov/th of
the pollen tube. Hagman (I1963) found serologically detect-
able differences between the pollen of Betula verrooosa Bhrh.
and Betula nubescens Ehrh, which may be connected to the

interspecific incompatibility between these two species.

Chemical analysis

Bhattacharyja and Linskens (1955) referred to Linskens'
earlier work of electrophoretic separation to determine the
physio-chemical nature of the substance causing self-sterility.
Extracts from selfed and outcrossed stylar-conducting tissue
from different species, resulted in two new fractions of
proteins from the self-pollinated styles and one new fraction
from cross-pollinated conducting tissue, none of vfhich occur-
red in the unpollinated styles. Linskens and Tup/ (I1966)
found evidence for two different groups of amino acids in
the style of Petunia in which pollen tubes were actively
growing. One group of amino acids served as a storage pool
and source of oxygen for respiration while the second and
smaller group of amino acids provided amino acids for protein
synthesis. Variation in these groups of free amino acids of
the style was the physiological expression of pollen tube
growth. After outbreeding in Petunia there was a striking
Increase in tryptophane which is a precursor of indoie-acetic-
acid. Linskens (1963) used radioactive tracer techniques

and paper electrophoresis to show that a complex was formed



between pollen and stylar protein after an incompatibility
reaction in the style. Vasil (196”) investigated the stimu-
latory effect of boron from stigmatic and stylar tissue on
pollen grains inherently deficient in boron. He felt the
stimulatory effect of boron may be due to 1) an increased
absorption, translocation and metabolism of sugars through
the sugar-borate complex, 2) increased oxygen uptake, or

3) the synthesis of pectic materials for the vrall of the
pollen tubes. He did not feel that boron was an activator
for any enzyme system although it is an essential element for

pollen tube growth. -

Snoronhytic self-incomnatlbillty in Cmciferae

Linskens (I196I) has reviewed the self-incompatibility
mechanism among the Gruciferae. Members of this family
(Arabis pap.. Brassica spp. etc.) are sporophytically incom-
patible. Manifestation of the self-incompatibility reaction
of selfed pollen grains in this family is on the stigma,
where germination is prevented or penetration of the pollen
tubes into the cutin of the stigma membrane does not occur.
The Gruciferae pollen contain cutinase which belongs to a
cutin-splittlng enzyme system. This enzyme system in selfed
pollen is probably not activated when the pollen lies on the
stigma of the flower from which it came. Kroh (i960) working
with Arab!s arenosa Scop, and Brassica nigra Koch, found that
if self-incompatible pollen were started on a compatible stig-
ma and then transferred to an incompatible self stigma, they

were able to penetrate the self stigma. This indicated that



there was ,’n irreversible activation of the cutin-splitting
enzine system that did not occur in the self-incompatible
species of the Cruciferae. Kroh (I1966) reviewed Christ’s
va”c in which Christ was able to overcome the inhibition of
germination of selfed Cruciferae pollen by increasing the
humidity in the atmosphere. Even though germination occurred
on the self stigma in the higher humidity, the pollen tubes
remained inca.pable of penetrating the stigma. Kroh related
that in an earlier study he observed normal fertilization
when selfed Cruciferae pollen grains viere brought into direct

contact with the stylar tissue, having bypassed the stigma.

Interspecific and intermenerlc Inooiaprj*.ib.Ulty

Hoggen and Linskens (1967) found different expressions
of incompatibility in the reciprocal applications of Petunia
and pollen, g*tlinla. pollen tubes in Ealnivlossis
styles were retarded in growth, but Sa.lnip-lo,ssis pollen
although able to produce pollen tubes, were unable to pene-
trate Petunia stigmas. Gardella (1950) found tvjo kinds of
barriers to interspecific hybridization vfithin Datura.. If
the longer style of Datura inoxia v/ere shortened by removing
a center section of the style, the pollen tubes of D. ferox
Linn, and jQ qu.ercifolia KBK., with short styles, viere able
to reach the ovules. Hagman (I1963) found retarded pollen
tube growth in both reciprocal crosses between Betula ver-
rucosa Ehrh. and Betula pube.scans Ehrh., with the incompati-

bility reaction more effective when Betula verrucosa. Ehrh.
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was used as the male parent. As mentioned earlier, serologi-
cal differences between the pollen of these two birch species

exists.

Gvmnoscerm Incompatibility

A system for the genetic explanation of incompatibility,
such as the S-alleles in anglesperms, has not been found in
gymnosperms. Consequently, much Information has been obtained
and many hypotheses proposed for explaining both self- and
interspeciflc-lncompatibility in this group. Studies in v/hich
set of viable seed from self- or interspecific-pollinations
was not obtained indicated self or cross sterility or, self
or interspecific incompatibility. Sterility or incompati-
bility vjas expressed in the gametes as gametic incompatibility
(pollen germination or penetration of the nucellus or pollen
tube growth is affected) or in the embryo as embryo inviability,
both of which resulted in Inviable seed. V/right (1955),
Kikkola (1969)* and Kriebel (I967) used the term "crossabil-
ity" as a positive expression of the successful embryo devel-
opment in interspecific crosses. The factors limiting
crossability were the mechanisms of gametic incompatibility
and embryo inviabillty. Orr-Ewing (195?a), working with
Fseudotsu-va menziesil (Mirb.) Franco (Douglas-fir), refrained
from designating the set of Inviable seed after self fertili-
zation as being the result of an incompatibility reaction
until proof of an incompatibility system in gymnosperms has

been presented.
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Sele.ctlye yollln?.tlon

The first selective aechsjiisais to operate against self-
ing or cross-pollination are phenology and geographical
distribution. Dispersion of pollen at a time vihen female
strobili are not receptive excludes the pollen from the
ovule vrith the same effectiveness as geographical isolation
of the oiaile from the pollen. Host gymnosperms are outbreed-
ing or cross-fertilized for either or both of these two
reasons, ar*d as Klkkola (l969) indicated, internal barriers
to hybridization of species have probably built up gradually
in association v:ith geographical isolation and general genetic
differentiatlon.

The internal mechanisms that operate to prevent the
formation of viable seed when self and cross pollen are arti-
ficially introduced to the g*rznnosperm ovnle ayre effective,
even though their action may not appear as quickly and con-
clusively as might be expected in a vrell-developed incompa-
tibility mechanism. 'These are the incompatibility mechanisms
Involving biochemical reactions betvreen pollen and ovule,
vrhich are ultimately controlled by the genetic constitution

of the individuals and result in inviable seed.

fallen rer-dnatlon

Stanley (1967) summarized primary and secondary env'iron-
mental factors affecting XH vitro pollen germination. The
primary factors include: 1) temperature, 2) pIT, 3) oxygen,
4) osmotic pressure, 5) moisture, 6) cations and anions, and

7) (Brbohydrates. All of these have narrovj optimum ranges
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for in vitro pollen germination. The secondary factors,
which can have a vfide range of variation, include 1) grov/th
hormones, 2) carbon dioxide, 3) micronutrients and irrad-
iation. The most important factors determining in vivo
pollen growth include 1) endogenous chemical levels in the
pollen, 2) chemistry and structure of the female tissue
through which the pollen tube grows, and 3) the numbers and
kinds of pollen tubes grovting together in the female tissue.
In vitro pine pollen does not require boron or sugars in the
medium in order to germinate, although some angiosperm pollen
germination is enhanced by the addition of sugars or boron
(Stanley, 1967). Fechner (1955) found the germination of
fresh blue spruce pollen to be enhanced in a ten percent
sucrose medium as compared to lower or higher percentages of
sucrose.

It seems that the sugar and amino acids of the micropylar
fluid of To s barrata L. (English yew) and Pinus thunbernil
Pari. (Japanese black pine) stimulate pollen tube growth
Stanley (1967). Anhaeusser (1953) too, found that the pol-
lination drop of Taxus promoted pollen germination and tube
grovrth. McWilliam (ig960), working with Finus resinosa Ait.
(red pine) found that the micropylar fluid evaporated or was
withdrawn at the time of pollen germination, fie felt that,
although the fluid was probably not a means of affecting an
Incompatibility reaction on foreign pollen, it may supply
some initial stimulus for germination as it draws the pollen

toward the nucellus. He also found that Austrian pine
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(Firms nlf*ra Arnold) and red pine pollen failed to germinate
in Austrian pine raicropylar fluid, which led him to conclude
that the micropylar fluid was not involved in the germination
of pine pollen. McWilliam further found pine pollen was
sensitive to metallic ions since it did not germinate in tap
vjater.

Hagman and Mikkola (19%3) working with Plna.s oeuce
Griseb. (Macedonian pine), Pj.nus cembra L. (Swiss stone pine)
and Plnus koraiensis Sieb, and Zucc. (Korean pine), concluded
that there was no mechanism in Pinus to prevent the germina-
tion of pollen in selfed strobili. Observations of Barnes,
Bingham and Squillace (1962) on Pinus monticola Dougl. (west-
ern white pine) supported this observation and Orr-Evfing (1957'b)
also found no inhibition of Douglas-fir pollen in selfed

strobili.

Penetration ¢f iM nd.Qglli‘a

V/ith the aid of electron microscopy, Willemse and
Linskens (I969) studied the development of the pollen grain
in Pinus svlvestris L. (Scotch pine) ovules. Both germinated
and ungerminated pollen grains were found to secrete enzymes
such as pectinase and cellulase which affected the nucellar
cell wall. These enzymes were secreted just ahead of the
germinated pollen tube and thus weakened the nucellar cells
so that they could be pushed aside and later degenerated as
the pollen tube penetrated the nucellus. McWilliam (1959)

found differences in the concentration of amino acids in the
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nucellar tissues of red pine and Austrian pine. These dif-
ferences were believed to be the reason that red pine pollen
did not germinate, or functioned ineffectively in the nucellus

of the Austrian pine.

Pollen .tiibe .growth through the nugellUS

The slowed development of Scotch pine pollen in the
nucellus of Austrian pine appeared not to be synchronized
with the more rapid development of the female gametophyte
(Vidakovic and Jurkovic-Bevilacqua, 1970). Mikkola (1969)
has suggested three physiological reasons for the inhibition
or cessation of foreign pollen tube growth through the nucel-
lus of different spruce species: 1) An antigen type protein
in the pollen grain may react with an antibody of the nucellus
to inhibit pollen tube growth. 2) The pollen tube may be in-
capable of clearing a path through the nucellus. 3) Normal
metabolism between the pollen grain and the nucellus may not
occur. Through his chromatographic analyses of purified
extracts from red pine pollen, Michalski (I967) found an
acidic stimulator, with properties similar to 1AA, and a
neutral inhibitor to be present. When Michalski simultaneously
applied the acidic stimulator and the neutral inhibitor to an
Avena coleoptile section, the growth response was greatly
decreased, indicating the net effect of these two substances
was inhibitory. Stanley (I1967) proposed that the time re-
quired for inherent inhibitors in the pine pollen to diffuse
out or to be broken down may account for the delay in pollen

tube extension at the end of the first growing season. The
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viork of Chira and Berta, as reviewed by Stanley (1970) shows
that pollen of taxonomically closely related Finns species

have similar sugars, but those not so closely related have
different sugars. This Stanley felt may be the cause of
interspecific incompatibility between certain pines. McWilliam
(1959) found that the pollen tubes of Austrian pine and Finns
rigjda Mill, (pitch pine) growing in Finns elliottil Engelm.

(slash pine) nucellar tissue were of smaller than normal size.

Feritillzatlpn

Mikkola (I969) found in his interspecific crosses with
spruce that fertilization did not necessarily occur even
though the pollen tube had penetrated the nucellus. The
pollen tube may not reach the neck cells of the archegonium
or it may not penetrate the neck cells if it did grow directly
to them. Also, if the pollen tube did penetrate the neck
cells, fertilization still may not have been effected if the
sperm nuclei did not move down the tube sufficiently to be

discharged into the archegonium.

inviabilitv
Hagman and Mikkola (I963) found hybrid proembryos were
formed in the cross Macedonian pine x Swiss pine and Macedo-
nian pine x Korean pine, but the proembryos aborted at an
early stage. Abortion seemed to be correlated with the stage
when cell walls 'miere formed around the first four nuclei of
the embryo. It appeared to the authors as if the proembryo

were no longer capable of communicating with the surrounding
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cytoplasm. In self-pollinated Douglas-fir embryos (Orr-t-v/ing,
1957)» the abortion of the proembryos was attirubted to
recessive lethal genes brought together In a homozygous con-
dition. The fact that the Individual trees studied differed
in the number of viable seed produced supported this supposi-
tion since some probably had more recessive lethals present

in the heterozygous condition than others.

Develor>ment of unoollinated gvmnosnerm ovis.les

Mikkola (1969) found that during early development of
the spruce ovule a "primary threshold" had to be overcome, or
else the ovule did not develop. If germinated pollen was not
present in the ovule, the threshold was usually not passed by
the ovule. Degeneration of the unpolllnated spruce ovules
originated in the free nuclear female gametophyte and pro-
ceeded into the nucellar cap; then the remainder of the
nucellus degenerated. By the time fertilization should have
occurred, the nucellus had died and shrunk. The integument
too, slowed or stopped growing and these unpollinated ovules
were flatter but not shorter than normal ones. This was the
condition of the small, empty seeds. Mikkola also found that
some unpollinated ovules continued development, and archegonia
formed in the female gametophyte. Fifty to 6o days after
pollination the corrosion cavity was formed, and the female
gametophyte began to shrink. This kind of development in
unpollinated ovules gave rise to large, empty seeds.

Mikkola's mature-unpollinated spruce seeds could not be

distinguished macroscopically as being small or large as they
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could in the earlier stages of development. In a poorly-
pollinated strobilus in which less than half the ovules
received pollen, many of the unpollinated ovules developed
into the large-type empty seeds but in well-pollinated stro-
bili or strobili completely devoid of pollen, the Individual,
unpollinated ovules developed into the small-type, empty
seeds.

Hagman and Mikkola (1963) left Macedonian pine strobili
unpollinated and observed that by June of the second year,
all of the unpollinated strobili had abscised or dried. Un-
pollinated strobili of Austrian pine remained receptive longer
than pollinated strobili, and the mlcropyle closed later in
the unpollinated form (McWilllam, 1939)* Three weeks after
the time of pollination, the Austrian pine megaspore (in
unpollinated ovules) degenerated. This was followed by the
proliferation of the spongy tissue and its subsequent degener-
ation. The seeds resulting from unpollinated ovules contained
a large centrally located, necrotic region in the ovule. With-
in tvjo months, all of the Austrian pine ovules in the unpol-
linated strobilus had collapsed and the strobilus then
abscised (McWilliam, 1959)* McWilliam (1939) attributed the
cause of the breakdovim of the female gametophyte to a lack
of some growth factor which the pollen tube growing in the
nucellus, usually supplied. In no instance was parthenocarpy

observed when strobili were isolated from all oollen.
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Develor>m.ont of nolf-oollino-ted >“ymri.opperrn ow le s
Orr-Ewing (1957”) found the effects of inbreeding
Douglas-fir to vary considerably depending upon the individ-

eual tree, although all inbred progeny were vreaker and less
vigorous than cross-pollinated progeny from the same tree.
Some Douglas-fir trees yielded considerably fevrer viable
inbred seed than others, and this was attributed to the
number of lethal recessives vjhich varied from tree to tree.
The increased homozygosity of these recessive, deleterious
genes was considered to be the cause of the observed embryo
collapse in selfed ovules. Orr-E**ing (1937t>) found no
inhibition of fertilization or early embryo development in
selfed Douglas-fir. Degeneration progressed from the termi-
nal embryo to the female gametophyte. Douglas-fir ovules,
in which the self pollen did not fertilize the egg, continued
development of a corrosion cavity in vrhich a residue was
deposited as the archegonia degenerated. The fertilized
ovules contained no such residue but did contain a stainable
material in the cells of the female gametophyte which the
unfertilized female gametophyte cells did not contain. Orr-
Ewing felt this stainable material was probably the food
supply for the developing embryo.

To test the ability of self pollen to compete xvith wind
pollen, Squillace and Bingham (1958) applied equal mixtures
of self and cross pollen to strobili of western white pine,
a naturally outbreeding gymnosperm. In the highly self-

fertile tree, either selfing or crossing vjas favored depending
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on the fertility and ability of the cross pollen to compete
with the self pollen. However, crossing exceeded selfing in

moderately self-fertile trees and in the self-sterile trees.

Interspecific incomoatibilitv iji r:nmnosperizs

McWilliam (1959) investigated interspecific incompati-
bility among several species of pine. In the cross slash
pine X Austrian pine, the Austrian pine pollen did not pen-
etrate the slash pine nucellus. In the crosses red pine x
pitch pine, Austrian pine x pitch pine, and red pine x
Austrian pine, pollen germinated and penetrated the foreign
nucellar tissues, biit in every instance the pollen appeared
not to function normally in the nucellan tissue of a foreign
species s*uch that no fertilization occurred. The >i.ustrian
pine X red pine cross was more closely studied than the others
mentioned. Germination and penetra,tion of the red pine pollen
into the Austrian pine nucellus occurred normally, but after
tvlo to four months, the ovule began to brealc dov.n, and further
deterioration occurred the following spring. The first sign
of breal*dolim occurred in the magaspore follov:ied by the dis-
integration of the spurroundlng cells and final-ly isolation
and collapse of the nucellar tissue. FinadLly, hc»«illiam
observed that the entire ovule appeared necrotic and shrunl:en.
No successful fertilization occurred in the Austrian x red
pine cross, although some seed was fu.ll-sized, indicating
that ovular development continued until the time of fertiliza-

tion vIhen the seed coat had reached its mature size, ihis
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WPS the s«ae as that in the unpollinated P.ustrian pine ovale
except for the timins'. In the unpollinated strobili, all the
ovules were completely deteriorated after two months and tne
strohilus abscised in the fall of the first season. ncV.illiam
believes that chemical differences must have existed betv/een
the red pine pollen and the Austrian pine ovale. The differ-
ences apparently not only limited the pollen tube {*rovith, but
also prevented the pollen from conveying the necessary stimulus
for normal development of the female ga.metophyte.

Kriebel (I967, 19?0) has attempted to establish some
crossability pattemswithin the different taxonomic groups
of the pines. McVdilliam (1959) established that the incompati-
bility among "hard" pines seemed to be due to the abnormal
functioning of the pollen in a foreign nucellar tissue. This
he found to be true in the crosses slash pine x Austrian pine,
red pine x pitch pine, Austrian pine x pitch pine, red pine x
Austrian pine and Austrian pine x red pine. Kriebel found
that .among the "white" pines, Plnvis strobus L. (eastern white
pine) hybridized successfully with other mevabers of its sub-
section Strobi but not with members of the w'hite pine sub-
section Cembrae. This, one could interpret as supporting
evidence for the present classification and close relationship
of members of the subsection Strobi. One exception however,
w'as found in that some fertilization occurred in the cross
eastern white pine x Swiss stone pine. In Kriebel»s hybrid-
izations, fertilization followed by proembryo breakdown vras

the general pattern in the cross 2.. strobus L. x P.
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James (limber pine). Eastern white pine x western v;hite pine
was a successful hybridization yielding viable seed (Kriebel,
1967). The general incompatibility pattern in the ’‘white
pines seems to be for normal fertilization to occur but for
embryo inviability to be the cause of inviable seed, however
in hard pines incompatibility is manifest prior to fertiliza-
tion (Kriebel, Ig970).

Hagman and Mikkola (I963) also conducted hybridization
studies within the white pine group between members of the
two subsections Strobi and Cembrae. When Macedonian pine
(subsection Strobi), as the female parent, Was crossed v/ith
Swiss stone pine and Korean pine (both of the subsection
Cembrae), development proceeded normally up to the four
nucleate proembryo stage but no cell walls formed around the
nuclei. The corrosion cavity formed, although it remained
empty, and the female gametophyte developed almost to its
normal, full size. Apparently, in these crosses, fertiliza-
tion and the formation of the proembryo are sufficient to
stimulate the development of the female gametophyte. No com-
pletely empty seed resulted from these two interspecific
crosses (Hagman and Mikkola, 1963)°

Mikkola (1969) observed degrees of interspecific sterility
(inability to produce offspring) in spruce species, ranging
from partial embryo mortality to inhibition of pollen grain
germination. According to Mikkola, spruce ovules probably
pass two thresholds in development to maturity. The presence

of some kind of pollen is apparently necessary for the ovule
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to pa.ss the primary threshold and develop up to the forti].!-
znl.ion stage. The second threshold is passed wvihen an embryo
is present in the corrosion cavity, VJhich allows final devel-
opment of the seed. Mikkola observed some ovules to pass the
primary threshold, which is much lower than the second thres-
hold, without the presence of pollen. In Mikkola’s work,
large empty seed from interspecific crosses degenerated
internally, shortly after fertilization, or just before the
second threshold. Mikkola believed this vras probably due to
one of four reasons:

The ovule lacked pollen grains.

The ovule contained only ungerminated

pollen grains.

The pollen grains germinated but did

not effect fertilization.

Fertilization occurred, but the embryo
died at an early stage.

B DN

Mikkola (I969) was able to categorize all incompatibility

that occurred in his interspecific spruce crosses into four

types:

1. Pollen did not germinate normally and
any tubes formed were short and of irregu-
lar shape /Picea abies Karst. (Norway spruce)
X P* jezoersj3 Carxr. (Yeddo spruce)/.

2. Pollen germinated but no tubes penetrated
the nucellus (Picea abies Karst, x Pimxs
msylvestris L.).

3. Pollen germinated and some tubes penetrated
the nucellus. The most advanced tubes grew
only half way through the nucellus /Picea
abies Karst, x P. marlana Mill. B.S.P.
(black spruce) and the reciprocal cross,

P* abies Karst, x P. omorika Purkyne
(Serbian spruce) and the reciprocal cross,
P* iezoensis Carr, x P. abies Karst.,

P* mariana Mill. B.S.P. x P. mlauca (Moench)
Voss (white spruce), P. mariana MilL B.S.P.
X £. aseerata Mast, and P. nma.riana Mill.
B.S.P. x P. iezoensj.s Carr./.
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4. Many of the pollen tubes penetrated the
nucellus but most usually stopped growing
half-way through the nucellus /Plcea ables
Karst. X P. glsuoa (Moench) Voss and the
reciprocal cross, £. abies Karst, x P.
asoerata Mast, and the reciprocal cross,

P. abies Karst, x £. Koyamai Shiras., £.
abies Karst, x £. obovata Ledeb. (Siberian
spruce), P. nariana Hill. B.S.P. x &£.
omorika Purkyne, £. slt.chensls (Bong.) Carr.
x £. abies Karst., £. sitchensis (Bong.)
Carr, x £. iezoensis Carr., and £. .iezoensis
Carr, x £. onorika Purkyne/.

Mikkola believes there is some significant interaction
of pollen tube tips and the tissue about half way through the
nucellus because in both his intraspecific control crosses
and his interspecific crosses, pollen tubes stopped growing
xvhen the tube tip reached this ?ialf-way point into the nucel-
lus.

Not all of Mikkola's (I1969) reciprocal crosses vrere
similar, i.e., they did not always involve the same trees.
The pollen of Norvmy spruce was more effective in penetration
of the nucellus of white spruce, black spruce and Serbian
spinice, than the reciprocal pollen on Norway spruce nucellus.
Furthermore, when white spruce pollen of different provenances
vias applied to Norway spruce ovules, the depth of penetration
of the pollen tube varied, depending upon the provenance of
the pollen.

Mikkola (I969) observed fertilization followed by embryo
degeneration in the following spruce crosses; Norway spruce
x white spruce and the reciprocal cross, Norway spruce x £.

asnerata. Norway spruce x P. koyamai, Norway spruce x Siberian

spruce, black spruce x Serbian spruce, and Yeddo spruce x
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Serbian spruce. Some structurally-normal and. filled seed
resulted from the following crosses: Norv*ay spruce x
asperata. Norway spruce x £. kovamai. Norway spruce x Siber-
ian spruce, and black spruce x Serbian spruce.

Klaehn and Wheeler (I96I) X-rayed mature seeds of Norway
spruce following open, cross, intraspecific, and interspecific
pollinations and classified them according to the presence
or absence of embryos and the condition of the female gameto-
phyte. Neither selfed nor inter-crossed seed were found to be
completely empty, but 95 percent of the seed from unpollinated
cones X-rayed as empty. Mikkola (I969) also X-rayed mature
seed from some of his interspecific spruce crosses and found
that he could classify seeds according to whether the female
gametophyte degenerated at the free nuclear stage or shortly
after fertilization. Klaehn and Wheeler (I96I) believed the
X-ray technique to be good for determining if fertilization
occurred and the stage of development at which the embryo
aborted.

Because pollen seems to provide a necessary stimulus for
the development of the female gametophyte, it is logical to
suspect growth substances or extracts from germinated pollen
might provide the same stimulus artificially. Hagman and =
Mikkola (1963) sprayed receptive Macedonian pine cones with
ldole-3 acetic acid, glbberellic acid, and a water solution
in which pollen of the same species had germinated. The cones
treated with 1AA and the pollen solution abscised, but those

treated with glbberellic acid continued elongation even though
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all the ovules aborted. Four of the twenty-six gibbercllin-
sprayed stroblli did remain on the twig and £‘rev somewhat
during the second season. McWIlllam (1959) treated receptive
stroblli of Plnus with auxins, ether-and-alcohol extracts of
fresh pollen, and heat-killed pollen. In an effort to induce
parthenocarpy. The only response observed was among the
ovules treated with the heat-killed pollen in which a one-
month delay in the breakdown of the ovules occurred.

An attempt to stimulate inhibited or slow pollen tube
growth in interspecific crosses. Irradiation of both pollen
and ovules has been made. Krlebel (I967) found that irradia-
tion of limber pine pollen had no effect on pollen tube growth
or on initial ovule development. Vidakovic and Jurkovic-
Bevilacqua (1970) irradiated Scotch pine pollen with gamma-
rays of different doses and then artificially pollinated
Austrian pine ovules with it. Ordinarily the Scotch pine
pollen grew too fast or too slow in relationship to the devel-
opment of the Austrian pine female gametophyte. At low X-ray
dosages of the Scotch pine pollen, this growth rate was cor-
rected and hybrids were obtained from the cross Austrian pine

X Scotch pine.



CHAPIER 11
PROCEDURES

In the spring of 1969* a single blue spruce (Picea
epung-ens Engeltn.) (Fisu*re 1) and a single Engelmann spruce
(Picea Ongelm”nnii Parry) (Figure 2) were selected on the
campus of Colorado State University, Fort Collins, Colorado,
for study of ovule development following interspecific pol-
lination. In the spring of 1970, two additional blue spruce
trees in Fort Collins were selected; one tree for artificial
pollination with Engelmann spruce pollen and the other to

study development of unpollinated ovules.” (Figure 3)

mStra.blll Isolation
On April 1949» 105 branchlets with one or more elong-

ating female strobili were isolated on the blue spruce tree
with Central States- "Slip Ezy" pollination bags. Twenty
branchlets, each with more than one elongating female strobilus
per branchlet, were isolated with the same kind of pollination
bag on the Engelmann spruce tree, on April 30, 1909» I'he bud
scales covering the female strobili of both trees were tightly
closed at the time of bagging. Cotton was xhrapped around

each branchlet near the mouth of the isolation bag which v?as

A description of the blue spruce and Engelmann spruce
tree used in the hybridization part of this study (I969) and
a description of the blue spruce tree used in the Ig970 unpol-
linated ovule study are found in theAppendix.
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Flimre 1 - Blue spruce female Figure 2 - Engelmann spruce

parent used in the mother tree and

control-pollination pollen source

study. used in the
control-pollination
study.

Figure 3 - Blue spruce mother tree used in the study of
unpollinated ovules.
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closed with a "twist 'em". M1 male strobili near the baj/
were removed before the isolation bags were attached, ho
pollen of other tree species vias observed to be shedding
prior to the time of isolation, so it is believed that no
contaminating pollen was enclosed within the bags. The pol-
lination bags were removed from both the blue spruce and
Engelmann spruce mother trees on June 30*% 1969* and the cor-
responding branchlets were identified with numbered tags
attached just below the pollinated stobili. All artificially*
pollinated cones, which had not been collected by September,
were enclosed in net bags at that time for later counts of

seed per cone and germination tests.

galllna.l2lgn
On May 7» 199 and again on May 8, 1969» a mix of blue

spruce pollen from two different trees (Pi pun 11 and Pi pun
A0) was applied to receptive Engelmann spruce strobili. This
pollen had been collected in the spring of I968 and stored in
sealed glass jars in a refrigerator. No petri dish germina-
tion tests were conducted on this pollen mix. On May 12, and
15» 1969» fresh pollen from the Engelmann spruce parent (Pi
eng 9)» was applied to receptive blue spruce strobili. This
fresh pollen was extracted from the stobili two days after
the male strobili began shedding naturally on May 3» 1969.
The first date of artificial pollination for each tree was
estimated to be approximately mid way through the receptive

period of the female strobili, and the second application of
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pollen was made to insure that an adequate amount of pollen
was available for each ovule.

Disposable syringes, equipped with a rubber bulb and a
twenty-gauge needle were used to introduce the pollen into
the bag. Following pollination a piece of masking tape was
used to seal the hole made in the bag by the needle. Pre-
cautions were taken to insure that only the desired pollen
was introduced into each pollination bag, Kotion of the pol-
lination bags in the vjind should have facilitated individual
ovule pollination after initial pollen dispersion from the

needle.

pQl 1 eQ*10Ohg
Beginning on May 12, 1969» open-pollinated and artifi-

cially-pollinated blue spruce strobili were collected every
three days for the first seven weeks, after which vreekly col-
lections were made until the cones opened and shed seed
September 15f 1969* Usually a single strobilus or developing
cone of each type was removed for each collection. A total
of 30 wind-pollinated and 30 artificially-pollinated blue
spruce cones collected during 1969 were used for the study.
Additional open-pollinated and artificially-pollinated cones
were collected and frozen or dried, but none of these cones
was processed further. Three nearby blue spruce trees supplied
abundant pollen for the open-pollinated cones.

A total of seventeen collections were made of open-polli-
nated and artificially-pollinated Engelmann spruce cones.

The seventeen open-pollinated cones were not processed
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further after killing, because there were no other hngelaaann
spruce trees in the vicinity and pollination of these cones
was uncertain. Only the first three of the artificially-ijol-
linated Engeltaann spruce cones viere processed further than
the killing fluid stage.

In addition to external morphological observations of
the tree and of development of the unbagged cones, the length,
width, color, and orientation of the collected cones v*ere
recorded. The Munsell Color Chart was used as the color ref-
erence. Length and width measurements were made to the near-
est millimeter. A sample data sheet is presented in the

Appendix.

122H IgQlatlona

In the spring of 1970 very few blue spruce strobili were
produced in northern Colorado. Only tv?o blue spruce trees
x*ere found bearing strobili. Approximately 35 strobili on
one of these were Isolated, pollinated with 1969 Engelmann
spruce pollen, collected and fixed in killing solutions.
Abnormal cone development and poor results obtained in a pol-
len germination test resulted in discarding all these samples.
Tx'xelve of the 16 total strobili on the other blue spruce tree
were isolated and left unpollinated. One week after the esti-
mated mid period of female strobllus receptivity, alternate

day collections were begun of the cones until all twelve cones

had been collected and killed.
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Preparation 1 fflL.QaiSsaP?, alldea

Upon collection, each cone was cut longitudinally, fur-
ther subdivided into smaller pieces and then placed immediate-
ly into Graf III killing fluid, and aspirated (see Appendix).
As the seed coats became progressively hardened, beginning
about the end of June, ovules from the cones of the 1969
collections were dissected out of the seed coats or the seed
coats were slit to allow penetration of the killing fluid.
The processing schedules are found in the Appendix. Ovules,
at first attached to the scale, and later individually, were
dehydrated in alcohol, embedded in paraffin, and sectioned
on a rotary microtome. Longitudinal sections through the
micropyle were made of each ovule, host of the ovules vjere
cut parallel to the axis of the cone, but some were cut per-
pendicular to the cone axis. Most ovules were sectioned at
ten microns, but a few were cut at different thicknesses
between ten and 22 microns. Ovules with hardened seed coats
were soaked in Molliflex, a softening agent, (see Appendix),
for three to eight days, or they were soaked in a 1;1 mix-
ture of alcohol-glycerine prior to cutting.

Initially, a safranin-fast green stain series v/as used,
but material processed later was stained with Conant's
quadruple stain. An iron-hematoxylin stain series was also
used successfully. Conant's quadruple stain gave superior

results in the writer's opinion (see Appendix).
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Photography

A Nikon, photomic-F, single lens reflex camera with a
Kicro-Nikkor lens and a Honeywell Pentax camera v;ith close-up
lenses were used to photograph both trees and cones. Using
Panatomic-X black and white film, approximately 1000 photo-
micrographs of sections of developing ovules were made.
Color and black-and-white photographs were made of the col-
lected cones from both blue spruce trees used in the 1970
collections.

An eyepiece micrometer was used to measure a portion
of each section photographed. The corresponding portion was
then measured on the print to determine the relative magni-

fication.

19.6.9.

Thirty-eight blue spruce x Engelmann spruce cones were
not collected and remained enclosed in net bags after the
study period. These cones were collected on September Ip,
1969. All of the seeds from these cones 'were extracted,
counted, and germination tests were subsequently run. The
cones and extracted seeds were kept at room temperature until
the germination test was conducted in January, 1970. One
hundred seeds from each cone, or 200 seeds if two cones v;ere
included in a net bag, were placed on blotter paper enclosed
in plastic boxes in a germination room of the National Seed
Storage Laboratory on the Colorado State University campus.

The humidity was 100 percent in the germination room with
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the daytime temperature maintained at 30°C., and night temp-
erature at 20°G. Five more of the open-pollinated blue
spruce cones than the excess control-pollinated cones viere
also bagged and collected. The number of seeds per cone was

determined and tested for germination in the January test.



CHAPTER 111
RESULTS

DeveloT"TT.ent s1C UnT)olllnated aii“e SpruQe

A total of 108 unpollinated blue spruce ovules from
11 collections (12 unpollinated cones collected in 1970)
were studied microscopically as shovm in Table 1.

Unpollinated ovules from the first collection (Hay 26,
seven days after pollination) appeared to contain normal
cellular female gametophytes. In these ovules archegonia
would probably have been initiated in approximately one v;eek.
One ovule contained an empty, triangular-shaped female game-
tophyte cavity, the periphery of which stained darkly (Figure
E).» Some of the nucellar cells adjacent to the chalazal
end of the empty female gametophyte cavity were slightly
enlarged, suggestive of later observed stages. These cells,
in other ovules, proliferated (abnormal enlargement and/or
multiplica,tion of cells) in advanced stages of ovule degener-
ation. Also observed in this ovule vias a zone of separation
where the nucellar tissue seemed to have been pulled apart.

A"Pollination day" was assumed to be the day mld-v/ay
through the period of receptivity of the female stroblli.

L
All photomicrographs are oriented with the direction
of the micropyle to the left of the picture.

0



Figure 4 - Ovule from unpollinated blue spruce strobilus
7 days after pollination date (x70) showing:
A - female gametophyte cavity, necrotic at
the periphery
- tear through nucellar zone of division
nucellar cup

3
C
D - micropyle

Female gametophyte from unpollinated blue spruce
strobilus 9 days after pollination date (x223)
showing:

A - cellular female gametophyte

B - breakdown in nucellus

C - nucellus

Figure 5 "
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The separation occurred in the nucellar zone of division v;here
the nucellar cells divide and Increase the volume of this
tissue.

Ovules from the second collection, (May 28, nine days
after pollination) contained large oval-shaped, cellular
female gametophytes, vjhich nearly filled the cavity. The
cells VIere not always contiguous even though cell vfalls had
formed around the individual nuclei. In all of the ovules
from this collection one or two areas of tissue brealcdovm in
the nucellus were observed adjacent to one or both ends
(chalazal or micropylar) of the female gametophyte cavity
(Figure 5)* The initial breakdown of the female gametophyte
was characterized first by large cell size and sparseness of
cytoplasm. This was followed later by a deterioration of the
cell walls and condensation of all the cells into a darkly
staining amorphous mass. Often breakdown of the nucellus
involved the integument as well (Figure 6). Usually the
cells of the female gametophyte were somewhat condensed (pro-
bably due to the breakdown of cell walls) on the side toward
the nucellar breakdown areas. The conglomerations formed by
the female gametophyte produced small projections oriented
toward the nucellar areas of breakdo“m.

The third collection (May 30, 11 days after pollination)
contained two types of ovules. The first type exhibited more
degeneration of the nucellar tissue and clumping of the fe-
male gametophyte tissue than was observed earlier, however,

the cellular female gametophyte was no longer oval. Eather,



Figure 6 - Female gametophyte and nucellus from impollinated
blue spruce strobilus 9 bays after pollination
date (x210) shotting:

A - clumped female gametophyte

B - breakdown in nucellus extending through
integument

C - nucellus

D - integument

Figure 7 " Ovule from unpollinated blue spruce strobilus
11 days after pollination date (x70) showing;
A - clumped and protruded female gametophyte
B - slightly enlarged nucellar cells
C - nucellus
D - nucellar cup
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it hnd condensed to form a dense, tube-like mass projecting
into the nucellus from the female gametophyte cavity, dlong
the line of breakdown observed earlier in the nucellus. Pro-
trusions were observed in the micropylar end of the nucellus
either parallel to the longitudinal axis of the ovule or off
to one side (Figure 7). Some ovules contained tv;o protrusions,
one extending toward each side of the ovule. In the second
type of ovule observed, the female gametophyte cavity was of
an irregular, oval shape, with the center completely filled
with a darkly-staining, necrotic mass. This necrotic mass
was surrounded by what appeared to be cytoplasmic constituents
of an incompletely-formed, cellular female gametophyte (Figure
8).

The fourth unpollinated blue spruce collection (June 2,
13 days after pollination) contained ovules undergoing a dif-
ferent kind of degeneration from that observed in the first
three collections. All the ovules were noticeably smaller
than those of the preceeding or succeeding collections, and
the nucellar cap (the nucellar tissue from the micropylar end
of the female gametophyte cavity to the nucellar cup where
the pollen grains germinate) had apparently shrunk and died.
The dead nucellar cells were characterized by small size,
apparent lack of cell walls and dark staining. Shrirdcage had
occurred in the nucellar zone of division, where a separation
in the nucellar tissue had been observed in earlier ovules.
The remaining portion of the nucellus up to and surrounding

the female gametophyte appeared to be slightly shrunken. The



Figure 8 - Ovule from unpollinated blue spruce strobilus
11 days after pollination date (x73) shov”Ilng:
A - necrotic female gametophyte
B - female gametophyte cavity filled wv;ith
broken cellular material
C - nucellus

Figure 9 " Ovule from unpollinated blue spruce strobilus
13 days after pollination date (x175) showing:
A - female gametophyte cavity with cytoplasmic
strands
nucellar zone of division
nucellar cap, dead and shrunken

integument

ocaw
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nucellar tissue surrounding the female gametophyte cavity
normally degenerates in advance of the enlarging female
gametophyte cavity and some of this normal degeneration was
evident. A necrotic female gametophyte was usually observed
to be centrally located with cytoplasmic strands extending

in a regular pattern to the periphery of the female gametophyte
cavity (Figure 9),

The fifth collection of unpollinated blue spruce cones
(June 3» days after pollination) contained ovules in which
the degeneration pattern set in the first three collections
was continued. In most Instances the female gametophyte had
protruded into the nucellus along one or two lines of nucellar
tissue breakdown, similar to the situation observed in earlier
ovules. The breakdown of the nucellus in these areas of pro-
trusion by the female gametophyte was very localized, and
adjacent nucellar tissue was unaffected. All female gameto-
phytes in all ovules observed were necrotic, having become
aggregated into dense masses. This aggregation was not due
to processing. The nucellar cap remained normal, but around
the female gametophyte, and for several cell layers outward
into the nucellus at the chalazal end, the nucellar cells
were noticeably enlarged and proliferated.

Unpollinated blue spruce ovules from the sixth collection
(June 5* 16 days after pollination) were very similar to those
from the fifth collection, but they showed more marked proli-
feration of the nucellar tissue surrounding the female gameto-

phyte cavity at the chalazal end and more clumping of the

female gametophyte tissue itself (Figure 10).



Figure 10 - Ovule from unpollinsted blue spruce strobilus
16 days after pollination date (x180) shov.'ing:
A ” necrotic female gametophyte surrounded
by cytoplasmic strands
B - proliferated nucellar cells at the chaii ial
end of the ovule
C - nucellus

Figure 11 - Female gametophyte and archegonium from unpol-
linated blue spruce strobilus 18 days after
pollination date (xl9o0) showing:

A - mis-shapen archegonium
3 - female gametophyte
C - nucellus
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Ovules of the seventh collection (Jixne 7, 18 days after
pollination) had elongated considerably, but deterioration
of the female gametophyte had been delayed, and some even
contained poorly-formed and often ill-defined archegonia
(Figure 11 and 12), Even though the nucellus appeared nor-
mal, the female gametophyte vras not always properly developed.
In one ovule, the area in the female gametophyte where the
archegonia should have formed, had proliferated. There v/as
also some necrosis at the point of contact betv/ieen the female
gametophyte and the nucellus (Figure 13)

A collection ?-B (E = broken) was also made (June 7) of
a blue spruce cone detached from the twig and believed to
have been broken during manipulations of equipment during
the previous collection, two days earlier. Most of the un-
pollinated ovules in this cone were elongated and curved in-
ward along the abaxiad. surface of the ovule, *:hich gave them
a flattened or dented appearance macroscopically (Figure 1*%),
Again, the female gametophyte was necrotic and protruded
into the nucellus. The nucellus was normal except in the
area surrounding the female gametophyte cavity, where it was
usuallj'- proliferated. Excessive cytoplasmic constituents or
tom cellular material occupied much of the female gametophyte
cavity in some ovules. One of these contained archegonial
Initials centrally located in the female gametophyte (Figure
15). This female gametophyte was necrotic at the point of
contact with the nucellus at the micropylar end and contained
enlarged and proliferated cells Just beyond its contact with

the nucellus.



Fipaire 12 - Female garaetophyte and archegonium from unpol-
linated blue spruce strobllus 18 days after
pollination date (x190) showing:

A - poorly developed archegonium
B - female gametophyte tissue

Figure 13 - Ovule from unpollinated blue spruce strobilus
18 days after pollination date (x65) showing:
A - proliferated female gametophyte tissue
- necrotic female gametophyte tissue
- normal female gametophyte tissue
- nucellus

oaw
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Figure - Ovule from unpollinated "blue spruce strobilus
18 days after pollination date (x70) showing:
A - necrotic and protruded female gametophyte

B - nucellus
C “ indented surface of ovule

Figure 15 "e Female gametophyte from unpollinated blue spruce
strobilus 18 days after pollination date (x190)
showing:

A - enlarged archegonial initials

3 - proliferated and necrotic female gameto-
phyte

C - nucellus
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The degenerated state of the ovules from the unpollinated
blue spruce cones in the last four collections viere all similar.
Most ovules had elongated, and the female gametophyte cavity,
too, had enlarged and elongated. The female gametophyte
usually consisted of one necrotic mass protruding into the
upper part of the nucellus (Figure 13)¢ The nucellar tissue
had died, as evidenced by the lightly stained cells, and
were apparently devoid of cytoplasm. In ovules v/here the
female gametophyte and protruded, there often occurred a
sharp constriction in the nucellus at the furthest point of
protrusion. This again, was the zone of division of the
nucellus, and the constriction occurred here even in ovules
in which the necrotic female gametophyte remained within the
organized female gametophyte cavity and did not protrude
(Figure 17). All of the unpollinated ovules from these last
collections were either dented or at least flattened on the
abaxial surface.

One unpollinated ovule from the ninth collection, June
11, 22 days after pollination, contained a mass of disorgan-
ized female gametophyte nuclei surrounded by a normal nucellus.
Another ovule, from the tenth collection, June 13, 2% days
after pollination, also had a normal nucellus, but the female
gametophyte contained only large proliferated cells clumped
at the mlcropylar end of the tissue. In this ovule the female
gametophyte cavity was dumbell-shaped, the enlarged ends being

oriented parallel to the axis of the ovule.



Figure 16 - Indented ovule froTn unpollinated blue spruce

strobilus 18 days after pollination date (x70)
showing:

A - necrotic female gametophyte protruded into
upper nucellus

3 “ excess, unknown, cellular material

Figure 17 - Ovule from unpollinated blue spruce strobilus
26 days after pollination date (x65) showing;
A - necrotic female gametophyte
3 “ dead nucellar cap

C - constriction in the nucellar zone of
division
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Blue Srpnice Bnp*elrnann _5uruce ,BLi] Y- "enY

A variable number of ovales from each cone viere observed
microscopically. No attempt was made to count the number of
seeds per collection cone, or to classify the individual
ovules as large or small at the time of collection. In
ovules from cones collected begiruiing in about June, so many
ovules were small and degenerated internally that an effort
was then made to process only larger ovules which may have
developed somewhat more, internally. Those collections con-
taining ovules of special Interest wore more extensively
Investigated by processing more of the ovules from them. A
total of 783 blue spruce ovules were microscopically examined
from cones that had received Engelmann spruce pollen (Table
2).

Fechner, (196”) has described the reproductive cycle of
blue spruce. Observations on the embryogeny of normal wind
pollinated trees were made and compared with observations of
the control-pollinated ovules from the same tree in the same
year. All observations by the present author on the open-
pollinated ovules corroborated the observations of Fechner
(196”). The number of ovules examined microscopically from
open-pollinated cones was not tallied. "Pollination day,"
May 12, 19%9) for both open- and control-pollinated ovules,
was the day the Engelmann spruce pollen was first applied to
the isolated blue spruce strobili. Comparison of the devel-
opmental stages of the open-pollinated ovules to that of the
control-pollinated ovules was made for different dates fol-

lowing pollination day.
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A ta * days after pplllnatlon

Ovules from open- and control-pollinated strobili col-
lected during the first six days after pollination viere in
the free nuclear to early cellular female gametophyte stages
(Figures 18 and I9). The ovules were still oval in shape and
normal breakdown of the nucellar cells immediately surrounding

the female gametophyte cavity was evident.

2. days after rollination

Although the control-pollinated strobilus wvias still
erect, the scales had begun to close, whereas the scales of
the open-pollinated strobili were still open. The wind-pol-
linated ovules were elongated and the first developmental
stages of the cellular female gametophyte were evident. The
first abnormalities in the control-pollinated ovules were
observed nine days after the Engelmann spruce pollen w'as
introduced. Tvo kinds of development occurred: 1) Either
the female gametophyte aborted before becoming cellular
(Figure 20), or 2) the cellular female gametophyte protruded
into the nucellus (Figure 21), in a similar manner to that
observed in unpollinated ovules. Those ovules classified as
having aborted before the female gametophyte became cellular,
did produce female gametophyte cell walls, which filled the
entire female gametophyte cavity, but they enclosed only a
few nuclei and very little cytoplasm. In one hybrid ovule
(Interspeciflcally pollinated ovule) cytoplasmic and cell
wall fragments were scattered around the periphery of the

female gametophyte cavity. In another ovule, the female



Figure 18 - Forraal ovule from open-pollinated blue spruce
strobilus on pollination day (x65) showing:

A -

oaw

free nuclear female gametophyte
nucellus
nucellar cup
micropyle

Figure 19 - Normal ovule from open-pollinated blue spruce
strobilus 6 days after pollination date (x180)

showing:

A - cell vjalls formed around some female
gametophyte nuclei

B - normal degeneration of nucellar cells
surrounding female gametophyte due to
growth of the latter

C nucellus

D deteriorated cells of the nucellar cup
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Figure 20 - Female gametophyte of blue sprace ovule 12 days
after strobllus received liingelmann spruce pollen
(x185) shov;lng:
A - cellular female gametophyte enclosing few
nuclei and little cytoplasm
3 - nucellus

Figure 21 - Female gametophyte of blue spruce ovule 9 days
after strobllus received Engelmann spruce pollen
(x190) showing:
A “ clumped and protruded female gametophyte
B - female gametophyte; free nuclear
C - nucellus



65



66

gametophyte was clumped into a T-shaped structure. Here,
dense masses of cytoplasm filled the remaining, empty space
within the female gametophyte cavity. No pollen wvias observed

in these ovules and no normal ovule elongation occurred.

12 ~Xs pblJLInaipgon

Both the open- and control-pollinated strobill were
erect, but the scales of the control-pollinated strobilus
had started to close, and the strobilus was beginning to
curve, forming an open U shape. The open-pollinated ovules
were partially elongated and the female gametophytes had be-
come cellular. The ovules from the control-pollinated stro-
bilus contained female gametophytes of three different types;
1) those that had aborted before becoming cellular, 2) those
that had protinided into the nucellus or 3) those V7ith normal
cellular or free nuclear female gametophytes (Figure 22).
Most of the hybrid ovules examined microscopically had begun

to elongate.

12 RYS after pglllhatlbh

Both conelets collected had begun to turn dovmward and
were approaching a horizontal position on the branches. The
scales of the control-pollinated conelet were more tightly
closed than those of the open-pollinated one. Ovules from
the open-pollinated conelet contained well-developed female
gametophytes just prior to archegonial initiation (Figure 23)e
Cellular female gametophytes were found in interspecifically

crossed ovules with vigorously growing pollen tubes and in

9



Figure 22 - Normal ovule from open-pollinated blue spr-uce
strobilus 12 days after pollination date (x33)
showing;

- normal cellular female gametophyte
3 - female gametophyte; free nucleate
- nucellus
- integument

wle)

Figure 23 - Normal ovule from open-pollinated blue spruce
strobilus 15 days after pollination (x65) just
prior to archegonial initiation, showing:

- cellular female gametophyte
B - ungerminated pollen grains in micropylar
area
C - germinated pollen grains having penetrated
the nucellus
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Figure 24 - Sngelma.nn spruce pollen grain having gercilnated

and penetrated the blue spruce nucellar tissue
15 days after pollination date (x180). Swollen
end may be indicative of a stage prior to pollen
tip burst.

A - pollen tube

B - nucellus

C - mlcropyle

D - integument

Figure 25 “ Ovule from blue spruce strobllus 13 days after
receiving Engelmann spruce pollen (x63) showing:
A - necrotic female gametophyte
B - dead, necrotic and greatly shivinken
nucellus
C - proliferated nucellar tissue
D - mlcropyle
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Figaire 26 - Normnl archeconial initial (A) at micropylar end
of the female gametophyte (B) of ovule from open-
pollinated blue spruce cone collected by G. H.
Fechner, June 30, 196" in Roosevelt National

Forest, Larimer County, Colorado located R 73>S
T 8N, S 13 (x800).

Fiijure 27 “ Normal vacuolate archegonium of ovule from open-

pollinated blue spruce cone collected by G. R.
Fechner, June 30, 196” in Roosevelt National
Forest, Larimer County, Colorado R 73*, T 8N,
S 13 (x870) showing;

A - central cell nucleus

B - two neck cells

C - archegonial jacket
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ovules in which no pollen could be found (Fie;ure 24). Hybrid
ovules, both with and without pollen, had aborted before the
female gametophyte became cellular. Some of these ovules

, contained female gametophytes that had protruded into the
nucellus.

A different kind of abnormality was found in this mater-
ial in vrhich the nucellar tip, extending from the nucellar
cup nearly to the female gametophyte cavity, appeared dead
and greatly shrunken (Figure 25). In these ovules the female
gametophyte appeared to be necrotic and protruded into the
dead nucellar tip. The dead and shrunken nucellar tissue
ended abruptly at the zone of nucellar division x*here, in the
unpollinated blue spruce ovules, a similar condition had been
observed in ovules from the fourth collection. From this
point to the chalazal end of the ovule, the nucellar tissue
appeared normal, except x>here the cells had proliferated

immediately around the female gametophyte cavity.

18 days after

Both collection conelets were horizontally oriented on
the tree, with the cone scales partly closed. Archegonia
had been initiated in ovules from the open-pollinated conelets
and in some ovules from the control-pollinated conelets (Figure
26). Some of these had attained an early vacuolate stage of
development (Figure 27). In the hybrid ovules, some were
found in which the female gametophyte had aborted before be-
coming cellular. Others were found in v*hich the female game-

tophyte had protruded into the nucellus. In some of these
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ovules the nucellus appeared dead as was evidenced by the
lack of cytoplasm in many of the cells (Figure 28). Protruded
female gametophyteswere also found in ovules in wvxhich the
nucellar tip appeared dead and extremely shrunken (Figure
29). A third type of hybrid ovule vrith a protruded female
gametophyte was observed. In this ovule the protrusion
apparently continued completely through the nucellar tissue,
which remained normal and alive outside the protrusion path,
to the nucellar cup (Figure 30)¢ This latter condition re-
sulted in one long continuous cavity from the female gameto-
phyte cavity to the nucellar cup.

In tvjo of the hybrid ovules the female gametophytes
appeared to be of normal size, but at the micropylar end the
cells were proliferated. These appeared the same as the
unpollinated ovule in Pugure 15, These female gametophytes
showed no evidence of protrusion into the normal nucellar
tissue. One ovule was observed to have a female gametophyte
similar to the two described above, except that at the micro-
pylar end there was some clumped material that protruded into
the nucellar tissue.

Two ovules from control-pollinated conelets contained
female gametophytes with archegonia. The archegonia of one
ovule were empty, apparently containing no cytoplasm. The
enlarged archegonial jacket cells were either empty or necro-
tic, although their stiuctural continuity could be identified
(Figure 31)* The archegonium in the other ovule contained

a central cell that was located at a central position in



Figure 28 - Blue spruce ovule 18 days after the strobilus
received Engelmann spruce pollen (x75) shov/ing;
A - necrotic, protruded female gametophyte
3 - dead nucellus
G - proliferated nucellar cells

Figure 29 - Blue spruce ovule 18 days after the strobilus
received Engelmann spruce pollen (x?0) shovring:
A - necrotic female gametophyte
3 - dead and shrunken nucellar cap
- normal nucellus
- integument

wle!



76



Figure 30 “ Blue spruce ovule 18 days after strobilus re-
ceived Engelmann spruce pollen (x70) shov/ing:
A - necrotic female gametophyte protruded
through nucellus to nucellar cup
B - normal nucellar tissue
C - integument '

Figure 31 - Blue spruce female gametophyte 18 days after
strobilus received Engelmann spruce pollen (x190)
showing;

A - archegonium with dead jacket cells
B - female gametophyte tissue
C - nucellus
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the archegoniUTn rather thcan at the tip of the archegonluni

near the neck cells, as would ordinarily he expected (Figure

32).

21 days after pollination

The control-pollinated cone was almost pendent, hut the
open-pollinated cone was horizontal and the scales vrere not
completely closed. The ovules from the open-pollinated cones
contained well-developed, vacuolate archegonia (Figure 33)»
hut none of the artificially pollinated ovules examined
microscopically contained any sign of a cellular female game-
tophyte. Most of the hybrid ovules had apparently aborted
before the female gametophyte became cellular. The nucellus,
however, was not shrunken in these ovules and some ovules even
contained pollen vrhich had weakly penetrated the nucellus.
Ten of the hybrid ovules observed contained female gametophytes
VThich had not developed beyond the free nuclear or early cel-
lular stages. In these ovules, the free nuclei seemed to
have formed a ring with Interconnecting strands of cytoplasm

(Figure 3™,

aft gr i2glllna.tJL2ii

Most of the unbagged blue spruce cones were pendent
except for the uppermost 10 percent of the cones on the tree
which were still horizontal. The ovules from open-pollinated
coi“es and some of the ovules from the contnol-pollinated cones
contained archegonia filled with cytoplasm and were at the

stage of division of the central cell (Figure 35)* Many



Figure 32 - Blue spruce feraale gametophyte 18 days after
strodilus received iingelmann spruce pollen
(x1?5) shov;ing:
A - tais-placed central cell
B - archegonial Jacket
C - female gametophyte
D - nucellus

Figure 33 “ Normal female gametophyte from open-pollinated
blue spruce strobilus 21 days after pollination
(x180) showing:
A - vacuolate archegonium
B - archegonial Jacket
C - female gametophyte
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Figure 3% “ Female gametophyte of blue spruce ovule 21 days
after strobilus received Engelmann spruce pollen
(x200) showing:
A - free nuclei
B - interconnecting strands of cytoplasm
C - nucellus

Figure 35 ” Normal archegonlum vrith very fev; vacuoles
remaining of an ovule from an open-pollinated
blue spruce cone collected by G. H. Fechner,
June 30, 196” in Roosevelt National Forest,
Larimer County, Colorado located R 73%*, T bN,
S 13 (x185) showing:

A - central cell

B - archegonial neck
C - cytoplasm

D - female gametophyte
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hybrid ovules showinc completion of the division of the cen-
tral cell were observed end apparently were developin®* normally
prior to collection (Figure 3%)* One such ovale clearly showed
aberrant direction of growth of a pollen tube off tov*ard the
side of the ovule. At least one artificially pollinated blue
spruce ovule was normal at this date. It contained a mature
egg and a pollen tube that had penetrated the archegonial neck
cells (Figure 37)* 2“0 normal hybrid ovules contained vacuo-
late archegonia.

All the earlier observed abnormalities plus several new
ones vjere found in the ovules of the control-pollinated cone.
The entire nucellar tip appeared to be in the process of
degeneration in those ovules in which the female gametophyte
aborted before becoming cellular (Figure 38)* Often the nucel-
lar tissue proliferated at the chalazal end of the female
gametophyte cavity. Hybrid ovules in which the female game-
tophyte became necrotic and protruded into the nucellus in- [
eluded ovules in which the nucellar tip was shinni*en and
necrotic (Figure 29) as vrell as those in which the cells of
the nucellar tip appeared dead, and empty, but not shrunl-cen
(Figure 28). As vms the usual situation in these kinds of
ovules, the nucellus was proliferated at the chalazal end of
the ovule.

In four of the ovules from the control-pollinated cone
the archegonia had begun to fuse with the female gametophyte
tissue. That is, the archegonial Jacket was Indistinguishable

from the rest of the female gametophyte. Three conditions



Figure 36 - Recently divided normal central cell of blue
spruce ovule 2”* days after strobilus received
Engelmann spruce pollen (x840) shovrlng;
A - egg
B - ventral canal cell
C - archegonial neck
D - nucellus

Figure 37 - Normal archegonium of blue spruce 2A days after
the strobilus received Engelmann spruce pollen
(x190) showing;
- receptive egg
3 - egg cytoplasm
C -+ pollen tube having penetrated the
archegonium
D - female gametophyte



86



Figure 38 “ Blue spruce ovule 30 days after strobilus
received Engelmann spruce pollen (x63) showing;
A - degenerated nucellus
3 - ungeraiinated Engelmann spruce pollen grain
G - micropyle
D - integument

Figure 39 " Blue spruce ovule 2E days after strobilus received
Engelmann spruce pollen (x70) shov/ing;
A - narrow female gametophyte
B - aberrant growth of pollen tube
C - nucellus
D - integument
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were observed in these ovules: 1) an egg cell vias present or
2) an undivided central cell was present or 3) no nuclei v/ere
found. Fusion of the ovular tissues may have constituted a
stsge prior to that in which the archegonial jackets were
indistinct and in which the upper portion of the female game-
tophyte tissue including the archegonla, was segmented. Even
though the female gametophyte may have been segmented with
archegonia that had fused with the surrounding tissue, some
ovules vrere found in which the egg or undivided central cell
could be recognized.

At least one flattened ovule, from the control-pollinated-
cone collected 2k days after pollination, was observed in
which the pollen tube had grown to one side of the nucellar
tissue. In this ovule the female gametophyte was very nar-
row. Apparently the whole ovule did not increase in diameter
and no archegonium developed in the limited female gametophyte
cavity (Figure 39)* Some of the ovules from the control-pol-
linated cone however, developed full-sized female gametophytes
'With normal nucellar tissue and full-sized archegonia. These
archegonia, surrounded by well-defined archegonial jackets,
contained what appeared to be gigantic protein bodies. In
one such ovule a remnant central cell was observed (Figure
kO). Another archegonium with these large protein-like
bodies contained a small egg, which, having lost its nuclear
envelope appeared to be in the process of fusing waith the

surrounding cytoplasm.



Fip“re - Normal blue spruce archegonia from open-pollinated
strobllus 27 days after pollination date (xiyo)
shoviing;

A - receptive egg
B - protein bodies
C - female gametophyte

Figure 40 - Blue spruce archegonia 24 days after strobllus
received Engelmann spruce pollen (x203) showing!
A - apparent protein bodies
B - remnants of central cell
- archegonial jacket
- female gametophyte

wle)
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Figure 42 - Syngamy in normal blue spruce ovule 30 days
after open-pollination (x803) shov/ing;
A - egg
B - sperm nucleus

Figure 43 - Normal archegonium of ovule from open-pollinated
blue spruce atrobilus 33 days after pollination

(x200) showing:

A two nucleate proembryo

B egg cytoplasm

C degenerating pollen tube in archegonial
neck

D female gametophyte

nucellus
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Fic*re - Normal procrabryo ajad unfertilized a”v in blue
spruce ovule from open-pollinated strobilus 33
days after pollination date (x1*5) showing:

A - receptive egg
3 - granular cytoplasm typical of unfertilized
archegonia

tvro-nucleate proembryo

fine cytoplasm typical of fertilized

suspected degenerating pollen tube nuclei

female gametophyte

HEQO

Figure *5 ” Normal second proembryo division in blue spruce
ovule 30 days after open-pollination date (x880)
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Figure it6 Normal blue spruce proembryos from open-pollinated
strobllus 2* days after pollination date (x16*)
showing:

A - proembryo

B - archegonlal jacket
C - egg cytoplasm

D - female gametophyte

Figure *7 - Blue spruce ovule 30 days after the strobllus
received Engelmann spruce pollen (x65) showing:
A - necrotic unprotruded female gametophyte
B - dead nucellus
C - ungerminated Engelmann spruce pollen grains
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One ovule from this cone contained an archegonium filled
with cytoplasm, in which the central cell displayed a large
Indentation. Still another abnormal hybrid ovule from this
cone contained an archegonium with the neck cells offset to

one side and with the central cell undivided.

Z2. da.ws arjL*r. PQllinatloa

Several developmental stages ranging from the receptive
egg to the proembryo were observed in ovules from the open-
pollinated cone (Figure and 46). A germination test of
the seeds included in the control-pollination bag of this
collection indicated that contamination of the Engelmann
spruce pollen had probably occurred and that some blue spruce
pollen may have been included. The high germination per-
centage (36 percent) of the putative hybrid seed suggests
contamination. Therefore, all the control-pollinated ovules

from this collection were discarded.

30 ilgxff.

The collection cone that had been pollinated with
Engelmann spruce pollen was in a horizontal position, and the
open-pollinated cone was pendent. Syngamy and proembryo stages
were observed in the open-pollinated ovules (Figures 42 and
45). All the hybrid ovules examined had apparently aborted
before the female gametophyte became cellular (Figure 47).

In the aborted ovules, the nucellus remained intact, but

clearly showed deterioration as evidenced by a lack of
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cytoplasm in most of the cells. Occasionally, an ungerminated
pollen grain was observed in these ovules indicating that they

had received pollen.

33 days aft.gx pollination

The control-pollinated cone had started to turn doraward
and all unbagged cones were pendent. The control-pollinated
cone was considerably smaller than the open-pollinated cone
collected on this date, and its green scales were bluish

tinted. The open-pollinated ovules contained proembryos

(Figures *3 and 4'*). All but one of the ovules from the con-
trol-pollinated cone had aborted before the female game-
tophyte became cellular. Over half of the control-pollinated
ovules contained ungerminated, or poorly-germinated, pollen
in the nucellar cup (Figure 48), but only one ovule had pol-
len that had penetrated into the nucellus. The hybrid ovule
that developed wes Just slightly segmented through the arche-
gonium, and no archegonial Jacket was evident. One of the
archegonia contained a central cell and two neck cells. The
ovule was about the size of those collected 18 days after
pollination and the frequently observed constriction of the
nucellus. Just distal to the archegonial area had not yet

occurred.

3£ days after polllaatlan

All of the cones on the blue spruce study tree were
pendent. The control-pollinated cone collected was only 60

percent as long as the open-pollinated cones, and somev;hat



PifTure A8 - Poorly-germinated Engelmann spruce pollen in
blue spruce ovule 33 days after the strobilus
received pollen (x790) showing:

A - pollen air sacs
B - poorly developed pollen tube

Figure 49 - Blue spruce ovule 36 days after the strobilus
received Engelmann spruce pollen (x60) showing:
A - necrotic female gametophyte
B - somewhat shrunken and dead nucellus
C - normal nucellus
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narrower. The scales of the control-pollinated cone were not
tightly closed, although elongation was probably complete."*
Many abnormalities were observed in the ovule from this cone
that were not found in other collections. The open-pollinated
ovules contained proembryos or embryos which were growing out
of the archegonia.

Those ovules from the control-pollinated cone in which
the female gametophyte was necrotic and the nucellus deter-
iorated could be placed in three groups:

1) In ovules in which the necrotic female
gametophyte showed no proliferation but
protruded into the nucellus, the nucellar
cells were often proliferated at the
chalazal end of the female gametophyte
cavity.

2) Proliferation of cells was observed in
unprotruded female gametophyte tissue or
in nucellar tissue, but never in both
tissues simultaneously.

3) The necrotic female gametophyte and
deteriorated nucellus was found in both
shrunken and non-shrunken ovules (Figure 49)e
The nucellus in shrunken ovules proliferated
either at the chalazal end or at the nucel-
lar cup, but never at both places (Figure 30).

Ovules from this control-pollinated cone that were seg-
mented through both the archegonium and the surrounding female
gametophyte tissue also contained normal nucellar tissue. A
typical female gametophyte in this type of ovule was expanded
in the archegonial region, but narrow and undeveloped toward

m"Thls phenomenon of loosely closed cone scales at the
cessation of cone elongation was very common in the cones of
this hybridization study in 1970. These 1970 cones were

eventually discarded and not processed due to the frequency
of the Irregularity.



Figure 50 - Shrunken blue spruce ovule 36 days after strobilus
received Engelmann spruce pollen (x70) showlng;
A - dead and shrunken nucellus
- necrotic and protruded female gametophyte
- proliferated nucellar cells
- normal nucellus

oaw

Figure 5l “ Female gametophyte of blue spruce ovule 36 days
after strobilus received Engelmann spruce pollen
(x6 g) shox*ing;
- segmented archegonia and female gametophyte
B - narrow undeveloped female gametophyte
where corrosion cavity should be
C - nucellus
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the chalazal end (Figure 51)¢ Some of these segmented ovules
contained pollen that had penetrated into the nucellus. They
were found to contain either degenerating egg nuclei or de-
generating central cells (Figures 52 and 53)*

Several of the ovules from the control-pollinated cone
had archegonia with an additional amount of scattered chro-
matin-like material. Archegonia of this type contained;

1) a central cell, 2) a receptive egg (or enlarged egg in an
early stage of degeneration) or 3) several nuclei of egg size
or larger (Figures 5" and 55)¢ Ovules with these three dif-
ferent kinds of nuclei were found with pollen having penetrated
the nucellus, without pollen, or with ungerminated pollen
present.

Some developmental abnormalities vxere observed only once.
One ovule appeared normal except that the archegonia were com-
pletely empty. Two ovules contained archegonia at an early
vacuolate stage of development. One of these showed preli-
minary signs of proliferation of the female gametophyte tissue
around the archegonium (Figure 56). The ovules with the va-
cuolate archegonia were considerably smaller than those col-
lected 18 days after pollination. Another ovule appeared to
have normal, receptive eggs present,in the archegonia, but
only ungerminated pollen could be found in the ovule. The
most advanced ovule of this collection contained an embryo
which was growing out of the archegonium. The second arch-
egonium of this ovule contained an oblong-shaped egg, appar-

ently not yet fertilized (Figure 57)¢



Figure 52 - Blue spruce ovule 3% days after strobilus
received Engelmann spruce pollen (x65) showings
A - segmented female gametophyte, narrow
at the chalazal end

dead pollen tubes

B -
C - pollen tube path through nucellus

Figure 53 " Female gametophyte of blue spruce ovule 36 days
after receiving Engelmann spruce pollen (x75)
showing:

A - degenerating egg
B - degenerating archegonium

C - nucellus
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Figure 5% “ Archegonia of blue spruce ovule 36 days after

strobilus received Engelmann spruce pollen
(x185) showing:

A - nucleus or chromatic material

B - granular cytoplasm indicative of unferti-

lized condition
C - archegonial jacket
D “ female gametophyte

Figure 55 “ Archegonium of blue spruce ovule 36 days after
strobilus received Engelmann spruce pollen (x165)
] shovring:
A - unfertilized egg nucleus
B - scattered chromatin
C - corrosion cavity area
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Figure 56 “ Female gametophyte and archegonium of blue
spruce ovule 36 days after strobilus received

Engelma.nn spruce pollen (x200) showing:
central cell in partially developed

archegonium
B - early proliferation in female gametophyte

tissue
C - normal female gametophyte tissue

Figure 57 " Normal embryo and unfertilized egg of blue
' spruce ovule 3* days after strobilus received

Engelmann spruce pollen (x185) showing:
A - embryo grown out of the archegonium

B - elongated degenerated egg
C - female gametophyte






112

A few ovlues contained female gametophytea v/hlch had
proliferated in the archegonial region. One auch proliferated
female gametophyte was also clumped near the micropylar end
(Figure 58). Another showed extensive proliferation through-

out the tissue without clumping (Figure 59)e

32. Qa8 after pollination

Both collection cones were pendent, and the control-pal-
linated cone was a lighter green color than the open-pollinated
cone. The open-pollinated ovules contained embryos growing
out of the archegonia, but all of the hybrid ovules had aborted
before the female gametophytes became cellular. Some of the
contents of the ovules from the control-pollinated cones were
shrunken, and some were not. Some ovules contained prolifer-
ated nucellar tissue while others did not. In all the hybrid

ovules the nucellus was dead and often had disappeared.

after pollination

The control-pollinated cone was only 55 percent as long
as the open-pollinated cone. Both cones were somewhat woody.
The ovules from the open-pollinated cone contained embryos
growing out of the archegonia and initial formation of the
mcorrosion cavity was recognizable. _Several of the hybrid
ovules examined microscopically contained necrotic egg cyto-
plasm enlarged aborting eggs, or empty archegonia (Figure 60).
Associated with deterioration of the archegonial contents
was the breakdown of the archegonial Jacket cells, especially

those between adjacent archegonia (Figure 61). Pollen was



Figure 58 - Proliferated, necrotic and normal female gameto-
phyte tissue of blue spruce ovule 36 days after
strobilus received Engelmann spruce pollen (x1b3)
showing:

A - normal female gametophyte tissue

B - proliferated cells of female gametophyte

C - necrotic and protruded tissue of female
gametophyte

D - nucellus

Figure 59 ~ Blue spruce ovule 36 days after strobilus
received Engelmann spruce pollen (x65) showinga
. A - proliferated female gametophyte tissue
B - nucellus
C - seed coat
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Figure 60 - Archegonia of blue spruce ovule k2 days after
strobilus received Engelmann spruce pollen (zl73)
shovring:

A - necrotic egg cytoplasm

B - deteriorated archegonial jackets of
adjacent archegonia
C - archegonial neck
D - female gametophyte
E - nucellus
Figure 61 - Female gametophyte and fused necrotic archegonia

of blue spruce ovule *2 days after strobilus
received Engelmajin spruce pollen (x180) shov;ing:
A - necrotic contents of two archegonia
B - archegonial necks
C - female gametophyte
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observed to have penetrated into the nucellus of many of
these ovules (Figure 62).

Other hybrid ovules contained necrotic female gametophytes
viith shrunken ovular tissue. The female gametophytes of some
of these ovules protruded into the nucellus, and the nucellar
cells vjere proliferated at the chalazal end. Some ovales of
this collection showed no protrusion of the female gametophyte
and no proliferation of the nucellar cells.

Other abnormalities included one ovule in which the female
gametophyte contained no archegonia and one in which the female
gametophyte v:as necrotic at its micropylar tip and had proli-
ferated cells adjacent to the necrotic portion (Figure 6j).
Still another ovale contained an embryo that had apparently
emerged recently from the erchegonium but had then died. All
that remained of the embryo was a small dense necrotic mass
(Figure 6Fk).

It appears that when archegonia a'oort and begin to deter-
iorate, the extreme micropylar tip of the female gametophyte
often responds in a hypertrophy of these cells to form what

might be called the female gametophyte cap (Figure 6p).

k5. daxf sXler rollination

Open-pollinated ovules contained young embryos within
young corrosion cavities. All the investigated ovules from
control-pollinated cones contained female gametophytes that
had aborted prior to becoming cellular. All of these ov*ales

were small, but in none had the nucellus died and shrunk at



Figure 62 - Pollen tube penetration and edge of necrotic
archegonium of blue spruce ovule *2 days after
strobilus received Engelmann spruce pollen (x180)

showing:
' A - pollen tube penetration to female gameto-
phyte
B - edge of necrotic archegonium
C - female gametophyte
D - nucellus

Figure 63 - Female gametophyte of blue spruce ovule 42 days

after strobilus received Engelmann spruce pollen
(x185) showing:
- necrotic female gametophyte tip

3 - proliferated female gametophyte tissue
C - nucellus
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Figure 6* - Necrotic embryo Just emerged from chalazal end
of pu archegonium *2 days after strobilus
received Engelmann spruce pollen (x13%)

A - necrotic embryo
B - collapsed archegonium

C - female gametophyte tissue
D - nucellus

showing;

Figure 65 - Female gametophyte of blue spruce ovule 42 days

after strobilus received Engelmann spruoe pollen
(x1 35) shov;ing:
- long archegonium, broader at the chalazal
end filled with necrotic egg cytoplasm

B “ hypertrophied female gametophyte cap
C - nucellus
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fn early a”“e; rather, deteriora.tion had led to progressive

shrinkage of the nucellus as Indicated by the samll volume

of this tissue.

Bltej: rolllnation

The control-pollinated cone vias not straight but curved
and smaller thaji the open-pollinated cones. Ovules from the
open-pollinated cone contained young embryos suspended in the
center of well-developed corrosion cavities (Fig*-ire 66).
Ovules from the control-pollinated cone contained v;ell-devel-
oped female gametophytes vrith corrosion cavities; hov/ever,
the nucellus had been almost completely used. A few of these
ovules had large, empty spaces where the archegonia should
have been located, above which the hypertrophied female game-
tophyte cap ijos identifiable. In one of these ovules, the
female gametophyte cells had proliferated at the periphery
of the tissue, but normal cells occupied most of the interior
of the female gametophyte tissue. Only one ovale contained
an embryo, and this one was ra.ther small, being located exactly
where the archegonia had been, rather than in the center of

the corrosion cavity (Figare 67).

57 daya aft er nol.lina.tion

The scales of ’coth cones showed initial signs of color
change from green to brown. Fore embryos of somewhat larger
size than those of the previous collection were found in
owles from the open-pollinated cone (Figure 68). Ovules

from the control-collinated cones were similar to those in



Fifrure 66 - Ovule from open-pollinated blue spruce strobilus
49 days after pollination (x70) showing;
A - embryo
B - remnants of suspensor cells
C - corrosion cavity
D - female gametophyte cap

Figure 67 - Hybrid embryo in empty archegonial cavity of
blue spruce ovule 49 days after pollination
(x200) showing;
A - small embryo
B “ female gametophyte tissue
- female gametophyte cap
- archegonial cavity
- remnants of archegonial jackets

Slwle!
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Figure 68 - Ovule from open-pollinated blue spruce strobilus
53 bays after pollination date (x65) showing:
A - normal embryos
B - corrosion cavity
C - female gametophyte

Figure 6§ - Female gametophyte of blue spruce ovule 33 bays
after strobilus received Engelmann spruce pollen
(x180) showing:
A - hypertrophied female gametophyte cap
B - constriction in female gametophyte
archegonlal cavities
corrosion cavity
female gametophyte tissue

Slele!
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the previous collection in that the female gametophyte was
well developed, the corrosion cavity had begun to form, but
no embryos were present and only remnants of the archegonia
romMIncd. Two ovules wore found in v/hlch tho nucellar tip
was necrotic and the contents of the ovule had strunk to fill
only one-half of the female gametophyte cavity.

Those female gametophytes in which the corrosion cavity
never fully developed often were constricted at the area v/here
the archegonia had probably been and then apparently developed

the hypertrophied cap (Figure 69).

dg.YS £4Xter

The control-pollinated cone was curved, and somev/hat "J”
shaped. The filled ovules from this cone, appeared, macro-
scopically, to be a grayish color while similar ovules from
the open-pollinated cone vrere a milky white. Although of
similar size, the grayish ovules contained no embryos. Many
of the ovules from the control-pollinated cone contained these
well-developed female gametophytes with empty corrosion cavi-
ties (Figure ?70). One contained a narrow but full length
female gametophyte with an undeveloped corrosion cavity
(Figure 71). Several of these also displayed a hypertrophy
of the female gametophyte cap. Another ovule from the control-
pollinated cone contained only the shrunken remnants of the
nucellus, and a similar ovule was nearly empty except for
slight outlines of the tissues. Two other ovules were flat-

tened, and contained a necrotic female gametophyte and a



Flfmre 70 - Feranle p;araetophyte of blue spruce ovule 36 days
after strobllus received Enselmann spruce pollen

(x65) showing:
A - empty corrosion cavity
B - female gametophyte tissue

Figure 71 “ Female gametophyte of blue spruce ovule 56 days
after strobllus received Engelmann spruce pollen

(x80) showing:
A - constriction just above archegonium

B - female gametophyte cap

C - necrotic remnants of archegonium
D “ undeveloped corrosion cavity

E - female gametophyte tissue
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degenerated nucellus which had proliforatod around the

chalazal end of the female gametophyte cavity.

A~ days after rollination

The control-pollinated cone was curved into a J-shape. R
All the seeds contained in it viere similar in size, so it
was difficult to macroscopically separate the aborted seed
from the filled seed. The shoot apical meristem and cotyledon
primordia were evident in the embryos of ovules from the open-
pollinated cone, (Figure ?2). Some of the ovules from the
control-pollinated cone appeared to be almost completely
empty except for a hypertrophied female gametophyte cap
(Figure 73)» while others contained only remnants of uniden-
tifiable tissues. In one of these ovules a narrow corrosion
cavity had developed, which contained a small, aborted embryo

located about in the center of the corrosion cavity (Figure 7%)e

£3 ia 111 days after

The ovules from open-pollinated cones, 63 days after
pollination were almost completely developed and the embryos
77 days after pollination were very well developed (Figure 73)*
Seed was not shed until September 8, 1969* approximately Ilg
days after pollination.

The ovules from the control-pollinated cones microscopi-
cally examined from collections 60 to II9 days after pollination
were all aborted, with only fragments of any tissues remaining
in the ovule. In all instances the seed coats matured and
hardened, but often the ovules were of much smaller than normal

size.



Figure 72 - Embryo of ovule from open-pollinated blue spruce
strobilus 60 days after pollination date (x60)
showing!

A - shoot apical meristem
B - cotyledon primordia

Figure 73 " Blue spruce ovule 60 days after strobilus re-
ceived Engelmann spruce pollen (x65) shov;ing;
A - hypertrophied female gametophyte cap
B - seed coat
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Figure 7% - Dead embryo in corrosion cavity of blue spruce
ovule 60 days after receiving Engelmann spruce
pollen (x175) showing:

A - embryo
B - corrosion cavity
C - female gametophyte tissue

Figure 75 - Ovule from open-pollinated blue spruce strobilus
77 days after pollination date (x70) showing:

A - shoot apical meristem
B - cotyledon primordia
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Additional oontrol-nollinatcd cones collected days

Two additional cones v/ere collected days after pol-
lination because they had stopped development, became dried
out and broke from the branchlet when touched. Some of the
ovules from these cones were also microscopically examined.

The first control-pollinated cone, from bag number
contained ovules without pollen or with ungerminated pollen
grains in the nucellar cup of the ovules examined. In all
the ovules examined from this cone, the nucellar cap had died
and had greatly shrunk but the rest of the nucellar tissue
toward the chalazal end of the ovule seemed to have completely
disintegrated (Figure 76). In these ovules the female game-
tophyte cavity was completely empty, and the entire ovules
were quite small.

Ovules of the second cone, from bag number 15*» showed
several abnormalities. In some ovules the female gametophyte
had developed a corrosion cavity, and the remnants of empty
or necrotic archegonial cavities were evident (Figure 77)e
In another hybrid ovule the female gametophyte was oval-shaped
with enlarged cells that surrounded a dense centrally-located
necrotic mass. Another of these ovules contained an abnormal-
sized female gametophyte that had proliferated at the micro-
pylar end around an archegonium. The central cell of this
archegonium was dislodged from its position by the neck cells
and was in the center of the archegonium. The archegonial

jacket was also somewhat indistinct. Still another ovule



F1*2we 76 - Blue spruce ovule from cone that stopped develop-
ing, collected *2 days after strobilus received
Engelmann spruce pollen (x75) showing:

A ungermin;ited pollen grains

B dead and shrunken nucellus

C - empty female gametophyte cavity
D - nucellus

E - integument

Figure 77 m Female gametophyte of blue spruce ovule from cone
that stopped developing, collected *2 days after
strobilus received Bngelmann spruce pollen (x185)
showing:

A - hypertrophied female gametophyte cap
B - archegonlal neck cells
C - necrotic remnants of archegonia

- corrosion cavity

- female gametophyte

e
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from this cone showed evidence of pollen tube penetration
deep into the nucellus tovrard two archegonia which contained

masses of scattered chromatin, similar to that found in earlier

collections.

Anomalies In Onen- Pollincated Blue Soruce Qmle.s

Mot all of the ovules from open-pollinated cones that
were microscopically examined were developing. Most of the
abnormalities observed could be attributed to a lack of
observed pollen, but a fevf were unexplainable.

Mauiy of the ovules that did not receive pollen via viind
appeared to have degenerated before the female gametophyte
became cellular. The nucellus of these ovules underwent
progressive deterioration. Very early developmental stages
in these unpollinated ovules vrere not observed, but the later
stages were very similar to suspected unpollinated ovules
from the control-pollinated cones.

One ovule collected 21 days after pollination, contained
pollen growling in the nucellus, but the female gametophyte was
somewhat clumped and protruded into one side of the nucellus
(Figure 78). This degeneration of the female gametophyte was
similar to that observed in unpollinated ovules. In another
ovule collected 33 days after pollination, the female game-
tophyte seemed to have developed normally and at least one
pollen tube was observed to have approached the archegonium,
but the archegonium appeared segmented and no nuclei could
be found (Figure 79). In another female gametophyte, from

an ovule collected 39 days after pollination, three archegonia



Figure ?8 - Ovule from open-pollinated blue spruce stx'obilus
21 days after pollination date (x65) showing;
A - clumped, protruded female gametophyte
3 - germinated pollen tubes

Figure 79 - Ovule from open-pollinated blue spruce strobilus
33 days after pollination date (x65) shov/ing;
A - segmented archegonium
3 - path of pollen tube penetration
C - seed coat
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were found in unusual relationships to each other. One of
these archegonia was directly above another (i.e,, at the
micropylar end of the female gametophyte), and the third
archegonium was distal to these tvio archegonia, located where
the corrosion cavity first begins to form and vrhere the embryos
would ordinarily have been developing (Figure 80). Pollen

was observed to have penetrated as far as the female game-
tophyte in this ovule, and the cytoplasm of all three arch-
egonia was finely textured as it becomes after the egg has
been fertilized. However, no nuclei were observed in any of

these three archegonia.

Ihs. Re-Qlpra.Qal (PgdiZy:) X Picea ounp:ens
(Enaelm. )

Because of collections of the reciprocally crossed cones,
Picea enaelmannii (Parry) X Picea pungens (Engelm.) vfere ir-
regular and widely spaced, ovules from only the second to
fourth collections (12, 2* and 30 days after pollination)
were examined microscopically. None of the ovules from the
open-pollinated Sngelmann spruce cones was processed because
the absence of other Engelmann spruce trees in the vicinity
precluded normal development. A total of 33 ovules from the
three control-pollinated cones were examined microscopically

(Table 3).

13 1PYS allei: pollination
Most of the ovules from the control-pollinated cones that

were examined, were shrunken with dead nucellar caps and



Figure 80 - Ovule from open-pollinated blue spruce strobilus
39 days after pollination date (x63) shovving;

A - two archegonia, one distal of the other
3 - female gametophyte
C - nucellus

Figure 81 - Sngelmann spruce ovule 12 days after the strobilus
received blue spruce pollen (x70) showing;
A - necrotic female gametophyte tissue
- somewhat normal nucellar tissue with some
proliferated cells
degenerated nucellus
- integument

oo W



143



1*4

empty or necrotic female gametophyte cavities. These were
surrounded by proliferated nucellar tissue at the chalazal
end of the ovule (Figure 81). One ovule was observed to
have a full-sized, but dead nucellar cap, and a necrotic
female gametophyte which had protruded into the nucellus
(Figure 82). All of the ovules examined were aborted. The
ovules from the reciprocal cross collected on this date
(discussed in the previous section) differed from these
ovules in that in most ovules from the reciprocal cross the
nucellus was normal, no proliferations were evident, and if
the female gametophyte had aborted, it was still at the free

nuclear stage.

2k iisxs after pollination

All of the Engelmann spruce ovules from the control-pol-
linated cone collected on this date vjere aborted. Several
ovules contained female gametophytes made up of greatly en-
larged and proliferated cells (Figure 83)¢ Several other
ovules contained necrotic female gametophytes surrounded by
proliferated nucellar tissue at the chalazal end of the ovule
(Figure 8”). Still another ovule had a dead and shrunken
nucellar tip, but the rest of the nucellus and the female
gametophyte also, seemed to be in an early stage of condensa-
tion and necrosis (Figure 85). Another ovule with a developed
female gametophyte appeared to be somewhat normal except that
the cells toward the micropylar end, where the archegonia

should have been, were proliferated.



Figure 82 - Engelmann spruce ovule 12 days after the strobilus
received blue spruce pollen (x63) shov/lng:
A - necrotic and protruded female gametophyte
tissue
B - dead but unshrunken nucellus

Figure 83 - Female gametophyte of Engelmann spruce ovule
2* days after strobilus received blue spruce
pollen (x195) shov/ing:

- proliferated female gametophyte tissue
B - nucellus
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AMpaire 8% - Hnptelrnann spruce ovule 24- days after the strobllus
received blue spruce pollen (x?5) shovringi
A - necrotic and somewhat protruded female
gametophyte
- degenerated nucellus
- proliferated nucellar cells
- integument

caw

Figure 85 - Engelmann spruce ovule 2% days after the strobilus
received blue spruce pollen (x65) showing:
A - necrotic and shrunken nucellar cap
B - female gametophyte
C - nucellus
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Ovules from control-pollinated blue spruce cones of the
reciprocal cross collected on this date v/ere tJ*j*crally a
little more developed. In the normal blue spruce ovules,
the central cell had divided to form the egg. In the abnormal
blue spruce ovules the archegonial jackets v.'ere fused v/ith the
female gametophyte tissue and the archegonia were breaking
up into segments. Other abnormal hybrid blue spruce ovules
contained archegonia with gigantic protein bodies. Others
x*ere very narrow vrith small female gametophytes and seemed to

contain inadequate tissue for archegonia to be initiated.

Pftey -pollination

By this time, the Engelmann spruce ovules, from cones
pollinated vrith blue spruce pollen, had developed far enough
to contain archegonia, but those archegonia observed appeared
to be deteriorated. Some archegonia were found to contain the
scattered chromatin which was common in ovules of the recipro-
cal cross collected 3* days after pollination.

Engelmann spruce o-vules were observed from all three of
these collections in which the female gametophyte was composed

entirely of large cells (Figure 83)e

AM Wdth * Msn AM .Control-Pollinated Spruce

Cones

Measurements of the length and width of the control-pol-
linated and open-pollinated collection cones (See Appendix)
show that the control-pollinated cones were generally longer

than the open-pollinated cones.
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Seed Yield AM Germination GA Picea Bunn.ens (2ni:£Lm*) (pneg
The average number of seeds per control-pollinated cone
Was 273.5* and the average number of seeds per open-pollinated
cone vras 302.50. By a T-test, viith unequal sample variances,
this difference Xras not significant at the .05 level. Based
on 33 samples of 100 seeds each, from different cones, seeds
from the control-pollinated cones shox\red a .A8 percent average-
germination. Twenty-six of the 100 seed samples had no germi-
nations and seven samples had germinations from 1 to 5 percent.
If the tip of the radicle emerged from the seed, it vias consi-
dered to have germinated. Based on 37 samples of 100 seeds
each, from different cones, seeds from the open-pollinated

cones showed an average of 42.Al percent germination.
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DXSCU SSIOK

To this datOj no one ho.s proposed n penetio iiiechorilsrri
to explain interspecific incorapaticility in pyrnospemss and
very few microscopic studies of ovule development follcv»'iii,r
interspecific pollination hcve been ne.ae. Only one such
sttidy, which was q_uite cotaprehensive for the penusj ho.s been
conducted in spruce, and this st-udy did non include blue spruce
or SnselTQann spinice (Kilclvola, 1569) ¢« In 'i"he present study
blue spruce ovules roceiviny Enpelmann spruce pollen were
usually not fertilized. Very often the female pa.netophyte
developed to the central cell or egc stags; out rhc pollen
seemed not to grow rapidly to the archegoniuu and the arche-

gonium degenerated.

UnTioll.lnp.ted Oywles

The deterioration of unpollina.ted o'vules occurring usual-
ly before the female gametophyte became ccllularly orgeuaizod,
1s indicative of the necessity of pollen for the development
of the female gs.metophyte. Mihkola (1969) found that the
presence of pollen, even ungerminated, was sufficient to
stimulate development of most female go.metophytes to the e”g
stage. In contrast, many of the blue spruce female gametophytos
in this study deteriorated before becoming cellular even though

pollen grains were observed gro”i'ing in the ::iuccllus. lorha”,-s
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the receptivity of the strobilus (erect position with scales
open) is longer than receptivity of some of the ovules. If
this were the case, those ovules that degenerated at an
early stage, even with pollen present in their nucellar cup,
may simply have passed their individual receptivity period
and any stimulus received from the pollen was then too late
and thus ineffective in stimulating female gametophyte devel-
opment. It is doubtful that the early degeneration of the
female gametophyte was due to an Improper stimulus by the
Sngelmann spruce pollen or a stimulus different from that
which a blue spruce pollen grain may have given, because
many blue spruce ovules with Sngelmann spruce pollen did
develope normally up to the egg stage.

Deterioration of the female gametophyte in ovules of the
1969 study, that apparently did not receive Sngelmann spruce
pollen (Figure 20), was somewhat different from those in
which the entire cone was void of pollen (Figures 5» 6 and ?)>
as in the 1970 study. Thus one is led to believe that the
presence of pollen in some ovules in the blue spruce cone may
have an effect on other ovules of that cone that did not re- =m
ceive pollen. This is the case in blue spruce where the early
cellular female gametophyte in ovules from a completely unpol-
linated cone may become condensed, protrude into the nucellus
and become necrotic (Figures 6, 7 and 8). Those ovules in
control-pollinated cones that did not catch pollen before the
cellular stage was organized, became necrotic, but rarely pro-

truded into the nucellus (Figures 20 and *7)* Presumably one
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effect of the presence of pollen in the cone generally, might
be the continued development of unpollinated ovules. This
may or may not have occurred in this study because it v.'as
not always determined if pollen had penetrated the nucellus
or been present in ovules that had been developing at the
time of fertilization. Klbkola (I969) recognized three con-
ditions for unpollinated ovules; 1) If the strobilus were
unpollinated, very few of the ovules enlarged. 2) If half '
or fewer ovules of a strobilus received pollen, many of the
unpollinated ovules enlarged. If many of the ovules of a
strobilus received pollen, then very fev; of the unpollinated
ovules of that strobilus enlarged and continued development.

McWilllam (1959) observed that unpollinated Austrian pine
ovules deteriorated at the early free nuclear stage, accompanied
by proliferation of the surrounding spongy tissue, as early as
three weeks after pollination. Proliferation of the nucellar
tissue surrounding the female gametophyte cavity was also a
very common phenomenon in the -unpollinated blue spruce ovules
used in this study (Figure 10), and in the pollinated ovules
showing early degeneration of the female gametophyte (Figures
25, 28 and 50).

Mikkola's (I969) paper included photomicrographs of de-
generated spruce ovules that received no pollen. He indicated
that an unpollinated ovule would progress from an enlarging
empty female gametophyte cavity with a full sized nucellus to
one in which the nucellus and female gametophyte cavity were

greatly shrunken at the chalazal end of the ovule. The
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unpollinated blue spruce ovules did not follow this kind of
pattern, but rather, followed tv/io patterns for the two kinds
of ovules Mikkola (I969) described. Unpollinated blue spruce
ovules similar to early stage unpollinated ovules in hikkola’s
work (1969) showed progressive dying of the nucellus and
emptying of the cells (Figures 28, 38, and *9)* Eventually
a narrow layer of collapsed nucellar cells represented the
nucellar tissue. Little shrinlcage toward the chalazal end
occurred. Some unpollinated blue spruce ovules probably
started out, vxithin a week after pollination, with dead and
greatly shrunken nucellar caps (Figure 25 and 29). This con-
dition Mikkola (I969) described in unpollinated ovules of later
developmental stages. Shrinkage occurred up to the nucellar
zone of division and ended abruptly. From this stage the
ovular contents of blue spruce ovules continued to shrink
until they occupied only a small portion of the ovule at the
cha,lazal end.

Mikkola (1989) stated, in an uncited reference, that the
tip and basal scales of the cone usually contain sterile or
unfilled seed. This sterility is apparently predetermined,
thus it is expected that the presence of pollen would not
stimulate ovule development in those locations. One should
not assume that the sterility of the tip and basal scale ovules
is due to a lack of pollen because there is no apparent cause
for discrimination of pollen dispersionto them. Because of the
earliness of the necrotic, shrunlcen condition of the nucellus

of some of the blue spruce ovules used in this study (Figure 25,
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15 days after pollination), it would seem that their invia-
mbility was predetermined. Ko environmental Influence had
been operating on these ovules for a long enough period of
time to promote such a completely degenerated condition. One
cannot help draxving a parallel between these ovules and those
of the tip and basal scales of a cone, both of which seem to

show early predetermined sterility.

Flcea nungens (Bngelm.) X Plcea enselmanhll (SsZIbL)

The development of Engelmann spruce pollen tubes in the
blue spruce ovules seemed to follow the general pattern of
incompatibility that Kikkola (I969) observed in his spruce
hybridizations where fertilization usually did not occur.

The pattern in this study was for the Sngelmann spruce pollen
tubes to grow slowly and often die before reaching the arche-
gonium (Figures 52 and 62). Death was evident since a dark
staining mass was formed at the furthest point of pollen

tube penetration in the nucellus.

No one has previously reported the unusual segmentation
(in interspecifically crossed ovules) of the female gametophyte
that occurred in the blue spruce ovules after the archegonia
had been formed (Figures 51 and 52). Often, if this segman-
tation or early phases of it were present, the portion of the
female gametophyte distal from the archegonia was small and
narrow. This condition probably precluded corrosion cavity
formation. Segmentation was observed in ovules from more than
one control-pollinated cone and is probably one of several pat-

terns of breakdovm that can occur from incompatible crosses.
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Another pattern of breakdovm in interspecifically crossed
ovules in which the female gametophyte developes occurs after
the eggs have been receptive but are not fertilized, khile
the egg is degenerating the archegonial Jacket begins to break-
dotm and the archegonia and egg fuse v<ith the surrounding
female gejnetophyte tissue (Figure 52). Later the archegonial
tissue becomes necrotic and the walls of adjacent archegonia
breakdoivn (Figure 60). Soon all that remains is a necrotic
mass located in the former position of the archegonia (Figure
61). Often the female gametophyte tissue proximal to and in-
cluding the neck cells becomes hypertrophied (Figure 6j>).
Vdhere this occurs the corrosion cavity often forms and even-
tually a large female gametophyte with a corrosion cavity and
often with a hypertropied female gametophyte cap is present
in the ovule (Figure 70). This condition was noted as late
as 56 days after pollination, so it is not knom if the female
gametophyte then shrinks and degenerates, or maintains this
condition up until seed is shed. Mikkola (I969) reported that
in the interspecifically crossed spruce ovules used in his
study in which the female gametophyte continued to develops
and formed a corrosion cavity the tissue eventually died and
shrunk before the seeds were mature in the fall.

A third developmental pattern occurred in some ovules in
which the female gametophyte developed to a large size, but
archegonia were not initiated. In these ovules the female
gametophyte tissue proliferated and often became necrotic in

the area where the archegonia vjould normally have occurred
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(Figures 58, 59 63)* Presumably corrosion cavities did
not form in these femo.le gametophytes. It is believed that
the presence of archegonia is required before a corrosion
cavity can be developed.

Within interspecifically crossed ovules in which the
female gametophyte and archegonia developed, several inter-
esting abnormalities occurred. Hitherto no one has reported
the occurrence of what appeared to be chromatin or nucleic
material scattered throughout the cytoplasm of unfertilized
eggs (Figure 55)* TI'llkkola (I969) explained that as an unfer-
tilized egg degenerates, it first e>pands (Figures 53 and 57)*
Often in these spruce ovules, the egg was still Intact, so
its degeneration or scattering could not account for the
source of the scattered chromatin. This condition was ob-
served in at least nine ovules from control-pollinated cones.

A few interspecifically crossed ovules contained arche-
gonia with several nuclei (Figure 5%)* Many of these vxere
the size of the egg or larger and their occurrence is ’‘unex-
plained.

In a very few interspecifically crossed ovules the arche-
gonia seemed to be filled with gigantic protein bodies (Fignre
“m0). At this time there seems to be no explanation for this
condition.

It is interesting to note that when McWilliam (1959)
crossed Austrian pine and red pine, 70 percent of the pollen
did not germinate or germinated poorly and the ovules broke

down by the end of the first season while still in a free
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nuclear condition. This breakdovoi in pine v/as similar and
occurred proportionately earlier in the developmental period
than that in spruce vhere the female gametophyte became cellu-
lar at the initial time of breakdown. Whether or not any evo-
lutionary significance should be attached to this generic
difference is not clear.

The zone of division and grovith of the nucellus is found
about 2/3 to 3/* of the distance through the nucellus. This
particular area of the o'yaile v*as involved in many of the
morphological changes that occurred in the degenerating blue
spruce ovules. In ov*ales from unpollinated cones, a break
occurred in this zone in what appeared to be a normal healthy
nucellus (Figure 4). Perhaps this is a zone of vjeaiiness and
the break occurred during processing. In ovules from both
control-pollinated and unpollinated cones the nucellar cap
died and became greatly shrunken at an early stage of develop-
ment. Shrinkage of the nucellar cap did not occur all the way
up to the female gametophyte cavity, but rather stopped abruptly
at or in the nucellar zone of division (Figures 9 25 and 29).
In ovules from unpollinated cones, three weeks after pollina-
tion should have occurred, a constriction appeared in the
nucellus at this point (Figure 17)¢ When the female gameto-
phyte protruded into the nucellus it protruded only as far as
the nucellar zone of division and stopped (Figures 14, 16 and 28).
There are some important characteristics of this area of the
nucellus, no doubt biochemical in nature, which probably cause

the above morphological abnormalities to develop in degenerating

o*niles.
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Kany of the interspecifically crossed olue spruce ovules
contained female gametophytes that became necrotic and pro-
truded into the nucellus before growing very large (Figures
21 and 18). Occasionally a few enlarged female gametophyte
cells x\'ould appear in the necrotic mass of protruding tissue.
Initially the nucellus in these ovules v:ias normal but then
underwent progressive degeneration (Figures 21 and 23). Some-
times an ovule of this type was found in which the nucellar cap
died and shrunk up to the nucellar zone of division (Figure 29)<

Other ovales observed 21 days after being control-polli-
nated had simply stopped developing and appeared to be at the
late free nuclear stage of development (Figure 3%)* This is

the stage that they had probably reached at pollination time.

Picea engelmannli (Parrv) X Picea nunarena (En.a-elm.)
Development of Engelmann spruce ovules from control-pol-
linated cones was similar to that of the blue spruce from
control-pollinated cones in that most of them produced a
necrotic female gametophyte that protruded into the nucellar
tissue (Figures 82, 8" and 81). Some of the Sngelmann spruce
ovules did produce female gametophytes consisting entirely of
gigantic cells, some of which appeared to have two or more
nuclei, (Figure 83)- This condition was not observed in blue
spruce ovules. In some Engelmann spruce ovules the nucellar
cap had died and shrunk as was the case in some ovules from
the control-pollinated blue spruce cones. In other ovules,
underdeveloped cellular female gametophytes were produced in

ovules in vihich the nucellar cap had died and was shrunl“en.
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This combination of a dead and shrunken nucellar cap and a
cellular female gametophyte was not observed In any blue

spruce ovules (Figure 8p5).

This study substantiates the work of Fechner and Clark
(1968) in which they stated that low seed set in the recipro-
cal crosses between blue and Engelmann spruce Vfas due to a
definite barrier to crossing. Surely the control of this
incompatibility barrier lies in a genetic scheme, that is
manifest in biochemical reactions resulting in the observed
morphological abnormalities.

The present morphological study has established the ap-
proximate time of incompatibility reactions between these two
species. Hopefully, a biochemical study of the tissues invol-
ved could add more information to the understanding of this
situation.

If spruce hybridization is to be more successful, experi-
ments attempting to overcome the incompatibility barrier should
be investigated. These could include such methods as applica-
tion of growth substances to the strobili or X-ray treatment
of pollen.

The author believes that further investigations of factors
affecting crossability between blue spruce and Engelmann spruce
should yield basic information concerning the mechanisms of
interspecific incompatibility in spruces particularly and
gymnosperms in general. It seems doubtful that an effective
and economic method of overcoming the existing barrier to cross-

ing between these two species of spruce will be found in the

near future.



CHAPTER V
SUMMARY AMD CONCLUSION

SuTifiTTiarv

In the spring of 19%9> reciprocal crosses were made be-
tween blue spruce and Engelmann spruce. Collections from the
Sngelmann spruce mother tree were made at irregular dates.
One open-pollinated and one control-pollinated cone were col-
lected every third day beginning May 12, 1969 from the blue
spruce mother tree until July. After July 14, 1969» weekly
collections were made. In 1970, 12 blue spruce strobili were
Isolated, and one unpollinated strobilus was collected every
two days. After killing, individual ovules were sectioned on
a rotary microtome for microscopic examination. Thirty-three
control-pollinated blue spruce cones which had not been col-
lected during the summer and 38 open-pollinated blue spruce

cones were used for seed set and germination studies.

Unnollinated tidie spruce

Ovules from unpollinated strobili began to breakdown
approximately nine days after the mid-period of receptivity
of the strobilus. Breakdown usually began in the early cellu-
lar female gametophyte as a clumping and protrusion of this
tissue into the nucellus. Following this protrusion, the

nucellar cap gradually died. The nucellar tissue, at the

161
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chalazal end, characteristically 'became proliferated around
the female gametophyte cavity, "but nucellar cells outside this

immediate area were the last to degenerate.

Blue sum@S. * Enrcelmann .gprji.oe

Sections of 783 interspeclflcally crossed ovules were
examined in this part of the study. It was found that the
presence of germinated Engelmann spruce pollen in a blue
spruce ovule did not necessarily guarantee full development
of the female gametophyte. All levels of pollen viability
were observed, but the main cause of inviable seed from this
cross seemed to be due to the early death of germinated pol-
len, or to slowed pollen tube growth, such that fertilization
never occurred. Many interspecifically crossed ovules devel-
oped to the egg stage. Beyond this stage in development, if
the egg was not fertilized, two paths of ovule breakdown were
common: 1) The archegonia and surrounding female gametophyte
became segmented, then necrotic and the tissues deteriorated.
In these ovules the female gametophyte usually did not form a
corrosion cavity. 2) The archegonia became necrotic and the
jacket cells deteriorated. A large empty space or a necrotic
mass formed where the archegonia had been. The female game-
tophyte, however, continued to develop, forming a large voltime
of nutritive tissue with a well-developed, but empty, corro-
sion cavity, and often a hypertrophied female gametophyte cap.

Abnormalities within the archegonia before degeneration in-

cluded the presence of apparently gigantic protein bodies.
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the presence of additional nuclei, and the presence of addi-
tional scattered chromatin-like material.

Frequently, interspecifically crossed ovules developed
female gametophytes, but no archegonia. The ovules of this
type usually became necrotic or the cells proliferated in the
area where the archegonia should have been located.

Ovules from control-pollinated blue spruce stroblli that
apparently did not receive pollen usually aborted at about
the same time as the blue spruce ovules from unpollinated
strobili, nine days after pollination. The sequence of break-
down of tissues was similar in both kinds of unpollinated
ovules except that the female gametophyte looked somevrhat
diffemet in initial breakdown stages and often did not pro-
trude into the nucellus. Rather, the female gametophyte
became a small necrotic mass in the center of the female game-
tophyte cavity and remained as such for several weeks while

the nucellus progressively deteriorated.

Eniiglaam mgpnige x .blvie Eunice.

Only the first three control-pollinated cones, 12, 2% and
30 days after pollination were processed from this cross. Three
progressive stages of nucellar breakdovm v?ere observed in
ovules in which the female gametophyte was necrotic and often
protruded. In these stages the chalazal nucellar cells re-
mained normal except for proliferation of those cells immedi-
ately surrounding the female gametophyte cavity. Two conditions
were observed in Engelmann spruce ovules from cones,that had

received blue spruce pollen that were not found in the
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reciprocal cross: 1) In some ovules from both reciprocal
crosses a condition whereby the nucellar cap died and was
greatly shrunken vias observed. This condition in the inter-
specifically crossed Engelmann spruce ovules was also found
in conjunction with a viell-developed female gametophyte. In
the blue spruce ovules with this condition, the female game-
tophyte was alvrays necrotic and often protruded. 2) Some
interspecifically crossed Engelmann spruce ovules contained

only a fev; very large cells representing the female gametophyte,

Conclusion

There is a mechanism, probably genetic in nature and
ultimately biochemical, which Inhibits development of reciprocal
pollen of blue spruce and Engelmann spruce on or in the foreign
nucellus. This Influence on the pollen may interfere wv;ith the
normal development of the ovule up to the egg stage, and the
lack of fertilization, in most ovules, precludes the develop-
ment of viable seed. The fact that ovules from blue spruce
strobili without pollen began to degenerate as early as nine
days after the mid-period of strobilus receptivity attests to

the necessity of pollen for normal ovule development.
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TREE DESCRIPTIONS

The blue spruce mother tree used for the control- and
open-pollinated collections in this study is located south
of the Forestry Building on the Colorado State University
campus. On March 30, 1971» it wvias 37 feet tall, 9%6 inches
D3H (.5 feet above ground level) and contained 31 growth
rings at breast height. The maximum crovim width v/as 1* feet.

The Engelmann spruce tree used in this study is located
directly north of the Music Building on the Colorado State
University campus. On March 30, 1971» it was *3 feet tall,
16 inches DBH and contained “7 grovi;th rings at breast height.
The maximum crox-ai width vras 22 feet.

The blue spruce mother tree used for the study of unpol-
linated ovules is located south of the front door to Dunn
Elementary School on Washington Street in Fort Collins,
Colorado. On March 30, 1971> this tree was 29 feet tall,

11 inches DBH and contained 19 grovjth rings at breast height.

The maxinmm crown width was 16 feet.
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INITIAL COLLECTION DATA

on Plcea pungens Engelm. /50 female cones

artificially and wind pollinated

Bag Date Collec- Length
No. of tion in
collec- Number centi-
tion meters
p or w*

p = pollinated May 12,

Width in
centi- 2
meters

Color

of o
cone"*

Position Hemarks
on tree

1979 and May 15%1969 with Pi

eng #9 pollen, w= wind pollinated and unbagged.

2 ., . .
midpoint diameter.

AMunsell Color Charts for Plant Tissues.
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Craf III killing fluid v/as used on all material collected

for this study. Most commonly the material was dehydrated to

70 percent ethyl alcohol

A - 300
200
B - 100

200

and stored in the refrigerator.

Craf III
cc 1% chromic acid
cc 10* acetic acid

cc formalin (40" formaldehyde)
cc distilled water
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and Embedding Schedule

All material was handled according to the following

schedule.

process.

Medium

1. Dehydration

a.

b.

5w

o
.

k.

1.

5A
10"

16*

214
124

ethanol
ethanol
ethanol; 27
ethanol; T
ethanol; 15»
ethanol; 274
ethanol; #0%
ethanol;
ethanol; 10%
ethanol; 3%
100%

100%

2. Infiltration

a.

1 part parowax

b. parowax

C.

d. hard paraffin (56°

3. Embedding

a.

b.

cast

cast

parowax

n-butanol
n-butanol
n-butanol
n-butanol
n~butanol
n-butanol
n-butanol
n-butanol
n-butanol

n-butanol

to 58°C melting)

in aluminum boats

in Tissue Tek embedding rings

Different equipment was used in the embedding

Length time

15 minutes
20 minutes
30 minutes
A5 minutes

1 hour

2 hours
Overnight
2|- hours

3 hours

3 hours

2 hours

Overnight

1 part 100 n-butanol Until sinking

1 to 2 hours
1 to 2 hours

Overnight
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MOLLIFILEX - SOFTENING AGENT

Molliflex was purchases from:

Gallard Scheisinger Chemical Manufacturing Company
58" Minneola Avenue
Carle Place

New York 1151~

The catalog number for Molliflex is 3273* Iri February,
1970, the cost of Molliflex was %ii)3.00 per 500 ml.
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gtalnlnpc Scj*egiAles

Fluid

Safranln Q - fast green

1.
2.

M
10.
11.
12.

13*

Xylene

Xylene

95% ethanol

Vo safranln 0 in 95* ethanol
ethanol

95% ethanol

\% fast green in 95" ethanol

95% ethanol

Absolute ethanol

1 absolute ethanol : 1 xylene

Xylene

Xylene

Mount in Euparal

Heidenhain*s Iron Hewato,?:yl,ia

1. Xylene

2. Xylene

3. 1 Xylene : 1 absolute ethanol
L. Absolute ethanol

5. 95* ethanol

6. 90" ethanol

7. 80" ethanol

8. 70" ethanol

50* ethanol

Length of tiroe

5 minutes

5 minutes

5 minutes

1 minute

Several dips

Several dips
30 seconds

Several dips

Several dips
10 minutes

5 minutes

5 minutes

minutes
minutes
minutes
to L minutes
minutes
minutes
minutes

minutes

N N N N DN W Ot O Ot

minutes



1?6

Heidenhain's Iron Hematoxylin, continued

10. 35”* ethanol 2 minutes

11. 20* ethanol 2 minutes

12. 10”* ethanol 2 minutes

13. Distilled water 3 minutes

1*. 4* aqueous ferric anmmonium sulfate 10 to 30 minutes
mw5. Running tap water 10 to 13 minutes
16. Distilled water 3 minutes

17. o0.5”* aqueous hematoxylin 5 to 30 minutes
18. Running tap water 10 minutes

19. Saturated picric acid 20 to 30 minutes
20. Running tap water 20 to 30 minutes
21. 20* ethanol 3 to 5 minutes
22. 5o* ethanol 3 to 5 minutes
23. 70” ethanol 3 to 5 minutes
2*. 95* ethanol 3 to 3 minutes
25. 1* fast green in 95* ethanol 30 seconds

26. 95* ethanol 3 to 3 minutes
27. Absolute ethanol 3 to 3 minutes
28. 1 clove o0il : 1 absolute ethanol 30 seconds

29. 1 absolute ethanol : 1 xylene 3 minutes

30. Xylene 3 minutes

31+ Xylene 3 minutes

32. Mount in Euparal
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Con”nts Quadru-ple .s*ajn

1.
2.
3*

®® I o >

9*
10.
11.
12.
13.
17,
15.
16.
17.
18.
19*
20.
21.
22.

23.

Xylene

Xylene

1 Xylene 1 absolute ethanol

Absolute ethanol
ethanol

70" ethanol

50* ethanol
safranin 0 in ethanol

2 drops HCI/I0OO ml. 50* ethanol

Tap water

Tap water

.25"* crystal violet in water

50”* ethanol

10% ethanol

95% ethanol

Absolute ethanol

Orange II + Past green

Clove oil

15%> Clove oil
28% Clove oil J75* Xylene

25* Xylene

Xylene
Xylene

Mount in Euparal

N N N N Ot Ot Ot

2/\

Several

minutes
minutes
minutes
minutes
minutes
minutes
minutes

hours

dips

Several
Several

to 10

dips
dips

seconds

NN DN DN Ot

W Ot Ot Ut Ut

minutes

minutes

minutes

minutes

to 3 minutes

minutes

minutes

minutes

minutes

minutes
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Table 1.—Number of OAliileo tnjcrosoopically examined
from each unrollinatod bllie spruce cone

c*llectejl, 1320

Date of Days after Ovules

Collection Pollination Examined

Number Number
May 26 1 12
May 28 9 9
May 30 11 9
June 2 13 7
June 3 14 11
June 5 16 6
June 7 (broken) 18 13
June 7 18 11
June 9 20 7
June 11 22 8
June 13 24 7
June 15 26 8

Total 108
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Table 2.—Nimber of o”nj.les microscopical.lv examined
from each Pii*ea pungens ¥ Picea engelmannil

cone collected, 1969.

Date of Days after Ovules

Collection Pollination Examined
Number Number
May 15 3 45
May 18 6 15
May 21 9 37
May 27 12 2
May 27 1 4
May 3c 1 48
June 2 21 76
June 5 2k 75
June 11 30 70
June 14 33 41
June 17 36 71
June 20 39 33
June 23 k2 22
June 23; Bag 156 k2 9
June 23; Bag 13* k2 5
June 26 k5 38
June 30 ) 7
July 4 53 22
July 7 56 21
July 11 6o 14
July 21 6 3
August k 8 6
August 11 91 1
August 18 98 g
September 1 112 10
September 8 119 7

Total 783
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Table 3»—Number of owles microsconically eyamjned
from each Picea enyelmanni 2 Picea nt3ripens

cone collected. 1969.

Date of Days after Ovules
Collection Pollination Examined.
Number Number
May 24 12 9
June 5 2* 17
June 11 30 7

Total 33



Table

Figure Slide ;Section;.Negative cCollectlon ;
Number : Number ;Number ; Sleeve

1
2

0 N O O

10
11
12

13

15
16
17
18

19
20

181

—Slide gjid ne>T.qtive sleeve references.£ojr photofcrachs

oil inter.SToeclfically .Qro.Sgeil £1£ea nun.yens and Pjo”a

en.yelaannll oviiles. and unrolllnated Plcea nun.yens

QMges

591
597
597
609
608
612
628
63
65
639
630
632
635
663
146
231

398

15
26

14
21
13
32
8 (How 4)
39

20

11

28
5 (How 2)

19

151
151
151

43

45
44

49
49
50
58
61
62
149
58
59
60

Date

5-26-1970
5-28-1970
5-28-1970
5-30-1970
5-30-1970
6-02-1970
6-05-1970
6-07-1970
6-07-1970
6-07-1970
6-07-1970
6-07-1970
6-07-1970
6-15-1970
5-12-1969
5-18-1969
5-24-1969

Hemarks

Pi pon mother tree
Pi eng mother tree
Unpoll mother tree
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated blue
Unpollinated-broken
Unpollinated blue
Wind-blue spruce
V/ind-blue spruce

Blue X Bngelmann



Figure ;Slide ;Section:.Negative fCollection :
Number ; Number : Number t Sleeve

S

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42

199
397
186
174

679
609

622
413
412
410
415
191

27
422
650
699
429
100
257
532
287

481
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Table k.—C

4

12 1
5

8

11(Row 2) 95
21 2
35 13
25 4
5(Row 2) 67
12 3
10 4
9

9

11 5
8 38
6(Row 2) 100
5(How 2) 72
1 75
4 69
39 33
20

12 19

Date

5-21-1969
5-24-1969
5-27-1969
5-27-1969
5-27-1969
6-30-1964
7-2-1964

5-30-1969
5-30-1969
5-30-1969
5-30-1969
5-30-1969
6-02-1969
6-02-1969
7-11-1964
6-05-1969
6-05-1969
6-11-1969
6-05-1969
6-05-1969
6-08-1969
6-11-1969

Remark s

Blue X Bngelmann
Blue X Engelmann
Wind-blue spruce
Blue X Bngelmann
Blue X Bngelmann
Pi pun 4

Pi pun 4

Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Wind-blue spruce
Blue X Bngelmann
Pi pun 4

Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann

Blue X Bngelmann

Wind-blue spruce
Wind-blue spruce



FipnAre: Slide

Table

:Section:Ncgative: Collection
Sleeve

Number: Number: Number :

43

"5

"8

50
51
52
53
5A
55
56
57
58
59
60
61
62
63
6k

65

279
284
473
367
714
443
334
731
272
271
265
453
452
726

451
728
728
348
458

455
456
742

540

30
27

1
12

2 (Row 4)

17
14

9(Row 7)

I(Row 3)

22

17
6(Row 5)

5(Row 3)
3(Row 2)

last

13

9 (Row 4)
14

18

10

149

79

14
12
107
12
110
149

15
14

149
129

35

183

— Continued

Date

6- 14-1969
6-11-1969
6-11-1969
6-08-1969
6-11-1969
6- 14-1969
6-17-1969
6-11-1969
6-17-1969
6-17-1969
6-17-1969
6-17-1969
6-17-1969
6-17-1969
6-17-1969
6-17-1969
6-17-1969
6- 23-1969
6-23-1969
6-23-1969
6-23-1969
6-23-1969
6-23-1969

xiemarks
Wind-blue spimice
Wind-blue spruce
Wind-blue spruce
'wind-blue spruce
Blue X Rngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann
Blue X Bngelmann



FIpaire;Slide ;SectionéNegative Collection;
Number : Number :Nuraber :

66
6?
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

85

by collection number.

513
554

514
384
568
567
516
575
580
519
468
467
353
275
510
760
761
763
764

762

22
38
6
34
14
11
21
4
9
15
8
18
21
8
35
9
11 (Row
13(Row
3(Row
3(Row

Some negatives

Table

Sleeve

26
37

27

40
149
28
40
42
29
17
17

150

133
2) 133
2) 135
3) 150
4) 150

18+

— .Continued

Date

6-30-1969
6-30-1969
7-04-1969
6-27-1969
7-07-1969
7-07-1969
7-11-1969
7-11-1969
7-11-1969
7-28-1969
6-23-1969
6- 23-1969
6-02-1969
6- 14-1969
6-29-1969
5-24-1969
5-24-1969
6- 05-1969
6- 05-1969
6-05-1969

were cut separately

Remarks

Wind-blue spruce
blue X Engelmann
Wind-blue spruce
Blue X Engelmann
Blue X Bngelmann
Blue X Bngelmann
Wind-blue spruce
Blue X Bngelmann
Blue X Bngelmarin
W'ind-blue spruce
B X B Bag 134
3 X E Bag
Wind-blue

134

spruce
Wind-blue
Wind-blue

spruce
spruce
Engelmann X blue
Engelmann X blue
Engelmann X blue
Engelmann X blue

Engelmann X blue

and filed

in envelopes
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Table 5.— Length and vrldth oX control- and. Kind pQ.lllnalL&d

blue snruoe. .ooneg

Coll. Date Days after Length in cm H Vidth in em
1969 Poll.

Art. V/Ind : Art. ;  rtind

Poll. ; Poll. : Poll. ; Poll.
Kay 12 0 3.95 3.73 2.04 1.75
Kay 15 3 k.ok 1.64
Kay 18 6 k,00 3.96 1.92 1.87
Kay 21 9 5.00 3%97 1.80 2.8
Kay 2k 12 4.90 4.-43 1.65 1.73
Kay 27 15 5.36 4.53 1.82 1.70
Kay 30 18 5.91 5.-44 1.95 1.96
June 2 21 5.05 6.17 1.56 2.00
June 5 2k 6.30 8.03 2.77 2.58
June 8 27 7.32 8.96 1.93 2.25
June 11 30 7.63 8.73 1.98 2.14
June Ik 33 6,ko 8.70 1.74 2.07
June 17 36 ~.81 8.16 1.82 2.15
June 20 39 8.10 9.29 2.00 2.27
June 23 k2 5.30 9.68 1.60 2.30
June 27 ké 6.50 8.49 1.70 2.13
June 30 k9 7.72 9.02 2.15 2.20
July k 53 9.55 8.13 1.95 2.00
July 7 56 8.42 9.0 2.10 2.15

July 11 60 8.10 8.87 1.96 2.00



Coll. Date: Days after;
Poll. :

1969 ;

July
July 21
July 28
Aufmst 4
August 11
August 18

August 25

September 1
September 8

70
77
gA
91
98

105

112

119

186

Table 5¢— Continued

Length in cm

Art.

Poll.

9.39
8.20
7-71
9-33
7,80
8.57
8.33

8, m-

7-93

.
b

Wind

Poll.

9.90

9.1"
10.13
9-35
9.71
8.30
8.%9
945
9.05

.
9

Width in cm.
Art. : Wind
Poll. ; Poll.
2.13 2.29-
2.13 2.03
1.89 2.28
2.13 2.20
1.98 2.20
2.03 2.13
2.03 2.18
2.23 2.24
2.30 2.28
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SAMPLE C.1LCULATIOKS OF KA.GNIFICATIOMS

To determine the magnification of each print, the distance
between two points was measured under the microscope using an
eyepiece micrometer. The same distance vias measured on the
print to the nearest one-half millimeter. The eyepiece micro-
meter was calibrated, with the aid of a stage micrometer, at
the three magnifications used for the photographs. iTll
measurements and photographs were wrlth a 10x. eyepiece lens.

All magnifications were rounded to the nearest five.

1. objective
1 eyepiece micrometer space = .01L28p71

Distance on slide = 65 eyepiece micrometer spaces
Distance on print = 61 mm

Magnification: 61 mm./ 65 spaces x .01428571 mm./space

= 61 mm. .02857113 3im

= 65.6923
= x65
2. 1IQy objective
1 eyepiece micrometer space = .00506329 nmm
Distance on slide = 80 micrometer spaces
Distance on print = 74 mm

Magnification: 74 mm./ 80 spaces x .00506329 mm./space

= 74 mm. .4050632 nmm

182.6875
x185
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5AKPLE CALCULATIOKS OF FAGWIFIGATIOFS COAT D.

ob lect') ve
1 eyepiece micrometer space = .00111111 nm

Distance on slide = 30 micrometer spaces
Distance on print = 28 mm

Magnification: 28 mm./ 30 spaces z .00111111 nmm
= 28 mm./ .0333333 lam
= 840.0008

x840



