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INTRODUCTION

A common problem that exists in the attempt to breed certain
tree fruits is that of self-incompatibility, the inability of an indi-
vidual to pollinate itself and produce fruit or seed. The ramifications
of such a condition are evident. If a variety is unable to pollinate
itself, it requires a pollinator variety planted near enough for
insects or wind to transfer pollen from the pollinator variety to effect
pollination and fruit set.

Disadvantages of using pollinators are: (1) interplanted
varieties have to be pruned and handled differently throughout the year,
(2) fruit and nut harvesting must be accomplished without mixing
varieties, (3) good pollination requires ample pollen carriers (bees),
good weather in which the carriers can work and ample overlap of the
bloom, which is not possible due to different.temperatures every year.
Weak beehives, bad weather, and insufficient bloom overlap often limit
pollination enough to reduce the yield significantly.

Incompatibility is genetically controlled and can bhe expressed
in several different ways and in different locatioms. Pollen grains
can simply fail to germinate on &he stigmatic surface or if they do,
the pollen tubes may not penetrate the stigma. If the pollen tubes do
penetrate the stigma, they may become arrested at some point down the
style. Even if the ovary tissue is reached, the pollen tubes still may
not be able to effect fertilization. In some situations the pollen
tubes grow the entire distance down the style but grow so slowly that

the ovule is no longer viable when the pollen tube reaches it (Ascher,
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1966). If the incombatibility reaction is determined by the parent, it
is sporophytically controlled (Hughes & Babcock, 1950). TIf the reaction
is determined by the genetic makeup of the pollen grain, it is gameto-
phytically controlled.

This study was undertaken to establish the feasibility of using
pollen tube behavior as an indicator of compatible and incompatible
crosses in breeding of fruit trees, If, after controlled crosses of
known parent materials are made, pollen tubes do behave in a predict-
able manner, this method could conceivably be used as a screen for
incompatibility.

The traditional method of testing for self-compatibility is to
wait until the tree in question is old enough to produce blossoms and
place bags over the blossoms to exclude foreign pollen and later
observe for fruit set. This method has pitfalls. The movement of the
bag on the branch can knock the delicate blossoms off and negate the
test. If a frost occurs, the bloom can be damaged and will drop even
though fertilization had taken place. Placing a bag over the blossoms
creates an artificial microclimate around the pistil which can have an
effect on the pollination or fertilization process. Using seed set as
a criteria to defermine compatibility can be unreliable because seed
set can be induced or be apomictic (Emersomn, 1938).

Thus, by this method, if fruit sets after bagging, we are
fairly safe to assume that the selection is self-compatible. But, if
no fruit sets, we do not know if the tree is self-incompatible or the
bag simply knocked the blossom off. So not only do we want to speed up

the screening process, we also want to make the test more reliable.



LITERATURE REVIEW

The Nature and Mechanisms of Incompatibility and
Expression in Pollen Tube Growth

East and Mangelsdorf (1925), in their studies with species of
Nicotiana, developed several correlations between the presence of self-
incompatibility and pollen tube growth. They observed that in
compatible matings, pollen tube growth was accelerated and affected
fertilization, while in dincompatible matings pollen tube growth was at
a slow and steady rate which usually did not allow fertilization to
occur while the egg was still viable. They suggested that this behavior
was hereditarily controlled. To explain this phenomenon, East and
Manglesdorf (1925) proposed the oppositional factor hypothesis. In this
model there are alleles or sterility genes labelled Sl’ 82, 83, etc.,
which are possessed by the two individuals in the cross. Any two spe-
cific S genes can function as a pair of allelomorphic genes. The actual
mechanism was still not understood.

In a later paper, East and Mangelsdorf (1926) go on to explain
that there was an interaction between the pollen tubes and the stylar
tissue and this was due to their genetic makeup. But they did not know
if having different genetic formulae induced, inhibited, or accelerated
pollen tube growth. They did find that: (1) there were three distinct
sterility factors, Sl’ SZ’ 83, etc., (2) that pollen tubes carrying the
same factor as those in the style were inhibited, (3) reciprocal
crosses between plants having common factors yielded unlike progenies

and the § group in which the female belongs was always absent in the



progeny, (4) populations produced by selfing gave expected segrega-
tions, (5) crosses between heterozygotes and homozygotes gave fertility
reactions expected, and (6) materials being tested indicated the
presence of additional § factors.

Through experiments performed by Crane and Lawrence (1929), it
was learned the pollen tube could not function normally in a style
carrying the same S factors and was arrested in crosses involving indi-
viduals possessing the same genetic composition. They also indicated
that the S factors were acting in pairs and the factors were inherited
independently. Crane and Lawrence indicated that polyploid plants can
carry more than one factor of incompatibility. 1If this were true of
the gametes, greater variation in pollen tube growth could be expected.
This is due to the independent assortment of the S genes during meiosis.

In 1930 a study was made on incompatibility in polyploids by
Lawrence. The pollen tube growth was found to be dependent upon the
"ratio of like and unlike factors between the male gametophyte and the
female sporophyte" (Lawrence, 1930, p. 273). This confirmed the ear-
lier models of Crane and Lawrence. The model for polyploids is differ-
ent from that of diploids in that only some of the pollen tubes present
were inhibited. This depended upon the combination of S factors present.
Lawrence summarized his findings by saying: "The polyploid theory is
shown to imply that like factors in pollen and pistil positively
inhibit and unlike factors positively promote pollen tube growth, but
the potencies of these two opposite reactions are not equal." (Lawremnce,
1930, p. 293)

In the diploid Prunus avium L., self-incompatibility and cross-




incompatibility are both common and are always reciprocally expressed

(Crane & Lawrence, 1929). In the hexaploid Prunus domestica L.,

different degrees of compatibility as well as complete compatibility
are observed (Afify, 1933). They are: (1) pollen grains did not ger-
minate, (2) the pollen tubes grew a very short distance and bent
upwards, (3) the pollen tubes grew about ome fourth of the way down the
style, (4) the pollen tubes grew approximately one half of the way down
the style, and (5) the pollen tubes grew all the way down into the
ovary and effected fertilization. Afify concluded that again selective

processes were at work. Observations of Malus pumila Mill. were

similar and his conclusions were the same.

According to Anderson and Sax (1934), there are three means of
testing for the oppositional factor hypothesis: (1) there should be
inter-fertile and intra-sterile classes, (2) two levels of cross-
fertile matings, fully compatible and semi-compatible should be observed,
and (3) there ahould be two main classes of pollen in semi-compatible
crosses, inhibited and uninhibited in equal numbers. Anderson and Sax
did intra-sterile crosses. But due to poor microscopic technique, they
were unable to tell just how far the pollen tubes travelled down the
style and could not prove the existence of two distinct grades of
cross-fertile matings. The data also did not indicate the presence of
completely inhibited and uninhibited classes of pollen in equal numbers.

Sears (1937) wrote a 18l-page doctoral thesis exploring the
eyvtological phenomena of self-sterility of angiosperms. Sears
explained that incompatibility can occur in the stigma, style or ovary.

In the stigma, incompatibility is expressed as a decrease in pollen



germination. If the response is in the style, germination is normal,
but pollen tube growth is inhibited in a variety of ways. The pollen
tubes may grow all the way to the ovary but the egg may still not be

fertilized as a result of incompatibility.

Since pollen grains will germinate on sugar or agar solutions,
it can be assumed that pollen does not require a specific stimulating
substance. Thus, if viable pollen does not germinate, the stigma must
possess some inhibiting substance. If the stigma is removed, incom-
patible pollen will germinate, indicating that the reaction is restric-
‘ted to the stigmatic surface. Likewise, Sears observed that if the
style was excised as well, incompatible pollen can still contribute
gametes that will fertilize the female sporophyte. So, in the first
class of incompatible inhibition, pollen germination plays the major
role in incompatible behavior.

In investigating the second class of incompatibility where
pollen tubes are inhibited in the style, Sears (1937) made an SlSZ X
SlS3 cross. Upon observing the styles, a normal distribution of pollen
tubes was observed with many tubes growing all the way down and the rest
of the tubes stopping at varying lengths, most ending near the stigma.
Using the oppositional factor hypothesis, Sears assumed that the long
tubes were ones carrying the compatible S3 gene (unlike Sl or Sz) and
the short tubes were incompatible, carrying an Sl gene that reacted
against the Sl gene in the stylar material. Morphological differences
between compatible and incompatible pollen tubes were observed. Many

of the incompatible pollen tubes had abnormally thick walls or the tips

were swollen in a bulbous shape.
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Using seed set as a criterion to determine compatibility can be
unreliable because seed set can be induced or be apomictic (Emerson,
1938). Examination of pollen tube behavior directly in the style could
be a more definitive test and eliminates the need for progeny tests.
Emerson, in 1940, did a very interesting experiment involving

grafting styles of Oenothera organensis and made some enlightening

observations. The response of pollen tubes with differing genetic
makeup dépended on the genetic makeup of the style only and was not
influenced by the type of ovary present. Yasuda (1934) proposed that
the ovary produced substances that diffused from the placental region
and exerted an influence on the pollen tubes. However, from Emerson's
observations, it appears that this is not the case.

To this point, most attention has been given to pollen tube
behavior in self or intraspecific pollinations. What about interspe-
cific pollinations? Roy (1939) made crosses between two species,

Prunus divaricata var. Myrobalan yvellow (a diploid) and Prunus domes-

tica var. Victoria (a hexaploid). After 7 days, some interesting obser-
vations were made. When the diploid was pollinated by the hexaploid,
about 6 percent of the blossoms matured to fruit. When the hexaploid
species was pollinated by the diploid, 15 percent matured. Roy assumed
that because the style length of the diploid was almost twice that of
the hexaploid, the pollen tubes of the diploid must have travelled twice
as fast as those of the diploid gametophyte. The causes of the slower
growth rate of the hexaploid pollen tubes in the diploid style as com-
pared to the diploid in a hexaploid were not explained.

Brewbaker (1957) classified incompatibility of plants in two
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broad classes, heteromorphic and homomorphic. Heteromorphic incompati-
bility is simply expressed in terms of different forms of floral
morphology which can physically impede pollen deposition on the stigma.
Homomorphic incompatibility is an internal genetically controlled mech-
anism. The homomorphic class consists of gametophytic and sporophytic
types, both of which are based on the action and interaction of multiple
alleles for sterility.

In order to explain the "oppositional factor" scheme of inheri-
tance, the following points must be considered. There is a single
series of alleles that control compatibility in cross or self-
pollinations. If a pollen grain has any one of these alleles in common
with the style, inhibition takes place. This gives all plants the
potential for being self-incompatible unless homozygotes are produced
by some device for breaking down the incompatibility barrier (East &
Mangelsdorf, 1926). Since the incompatibility reaction is determined
by the allele carried in the pollen, its behavior is termed gametophytic.
In the gametophytic system, the incompatibility reaction occurs during
some stage of pollen tube growth or fertilization. Behavior is deter-
mined by the five alleles present or not present in the pollen grain.
Thus, it is gametophytically determined.

Hughes and Babcock (1950) identified a system that is different
from that described above. 1In Crepis, unlike Nicotiana species, all
families do not react identically toward their parents. In Nicotiana,
under the gametophytic system, most specles are cross-incompatible with-
in the group and compatible with species of other groups. 1In Crepis,

species may be compatible with species of its own group as well as with



species of a variety of other groups. Crepis is similar to Nicotiana

in that probably only one allele in common is sufficient to cause
incompatibility, but the difference in behavior is due to the allele
being different. Hughes and Babcock state that the reciprocal differ-
ences in Crepis cannot be accounted for by gametophytic determination.
All of the pollen from one individual in this system acts the same in
that all of the pollen either fails to germinate or will not penetrate
the stigma. Thus, the pollen behavior is determined by the genotype of
the parent and not according to its own genotype, and is sporophytically
controlled.

Bateman (1955) explains that in the sporophytic system, the
incompatibility system is determined before meiosis and resides in a
structure formed at an early stage of development. He explains also
that the pollen wall is made from the cytoplasm of the pollen mother
cell and if the incompatible mechanism is in the wall, there would be
inhibition immediately when it came in contact with the stigmatic sur-
face. But if the compatibility is gametophytically controlled, the
incompatibility mechanism is determined after meiosis and the effects
are not expressed until the gametophyte is at a certain stage of develop-
ment, e.g., pollen tube growth in the style.

Heslop-Harrison (1975) developed the following schematic flow
chart to describe sporophytic control (in: %ée Nettancourt, 1977, p.

72):
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Diploid sporophytic parent Diploid sporophytic parent
of male gametophyte of female gametophyte

Synthesis of "recognition Synthesis of "recognition

proteins” in the tapetum proteins" in microbodies in
the stigmatic papillae
Transfer to the axine
during pollen maturation Transfer to the stigmatic
surface to contribute to
the outer pelicle
POLLINATION
Interaction of the exine and pellicle
recognition factors—-activation of the
male gametophyte and stigma papilla
leading either to....
ACCEPTANCE REJECTION
A natural question to ask at this point is: How does the
presence of the § gene actually inhibit pollen tube growth? Ascher
(1966) explains that S genes can operate by controlling operons inside
the pollen tube that regulate the metabolic rate. 1In gametophytic
systems there are two operons controlling two different rates of meta-
bolism and consequently pollen tube growth rates. The low velocity
operon involves the metabolism of only pollen reserves and simple stylar
components resulting in only slow constant growth typical to incompati-
ble pollen tubes. The second, high velocity operon involves the
activation of a different metabolic pathway that results in the typical
rapid growth of compatible tubes.
It is believed that as a pollen tube grows down the style,

stylar regulators controlled by S alleles diffuse into the pollen tube

to interact with the products of the pollen regulators. If the two
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regulators are the same, they combine to form a dimer represser which
blocks, in some way, the high velocity system. The low velocity system
continues, and the pollen tube grows at a slow rate until the pollen
reserves are depleted and incompatibility results. Otherwise, as soon
as the necessary stylar metabolites reach the tube, the high velocity
system goes into effect (Heslop-Harrison, 1975).

Child (1966) indicates that whether or not fertilization takes
place may well depend upon how long the ovule remains viable. The ovule
tends to remain viable and receptive to fertilization for a limited
time and if pollen tube growth is too slow due to incompatibility,
temperature outside the optimum range, or other factors, it may not
reach the ovule in time.

Studies Done in Various
Pomological Crops

The type of self-incompatibility found in the Rosaceae family
is the homomorphic type and gametophytic system (de Nettancourt, 1977,
p. 16). There 1s variability in the behavior and fertilization capa-
bilities depending upon the genetic factors involved in each species.

Fruit set in Malus sylvestris Mill. has been shown to depend on:

(1) temperature, (2) ovule longevity (Child, 1966), (3) pollen viabil-
ity, (4) the ability of the pollen tube to penetrate the loculus, and
(5) the physiological condition of the ovule at the time of fertiliza-

tion (Stott, 1972). TIncompatibility in Pyrus communis L. as well as

Malus sylvestris was determined by Modlibowska (1945) to be due to

physiological reactions between the pollen tube and the stylar or

ovarian tissues.
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A common incompatibility response in Prunus salicina Landl. is

the swelling of the tip of the pollen tube and the tube contents
becoming separated from the pollen tube wall (Thiele & Strydom, 1964).

Commercial varieties of Prunus avium L. are self-incompatible (Way,

1968) and as of 1968 there were 16 incompatibility groups based upon
the S-gene combination being carried by the variety. Smole (1976) has
agsembled a large literature review on the genetics of incompatibility

due to pollen tube inhibition as it relates to Prunus avium. In Prunus

avium incompatible crosses and selfs usually have their pollen tubes
inhibited in the loculus of many aborting embryos (Anvari & Stosser,

1

1978).

Raptopoulos (1941) indicates that induced tetraploid cherries
are self-compatible, while triploids are not. The self-incompatibility
in triploids was expressed as oppositional factors of incompatibility
as well as high sterility of pollen and deformation of the styles.

Commercial varieties of Prunus amygdalus Batsch. are almost

entirely self-incompatible. There have been some self-compatible cul-
tivars discovered originating from the Apula region of Italy, but they
have too many defects to be useful as commercial varieties. However,
many are currently being used for breeding purposes (Grasselly & Olivier,
1976). After bloom the flower is only receptive for 3-4 days, so polli-
nation must take place promptly. Exactly how long the flowers remain
receptive depends upon the varieties involved (Griggs et al., 1975).

Both self-compatible and self-incompatible varieties of Prunus
armeniaca L. are cultivated today. Many varieties are of high quality

and would be used much more widely were it not for their
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self-incompatible nature. The presence of self-compatibility can be
traced back to the origin of the variety. Tunisian forms are univer-
sally self-compatible, while Spanish and North American forms show self-
compatible features but still produce more fruit when cross—pollinated
(Valdeyron & Crossa-Raynaud, 1956). In breeding trials by Kostina
(1970), the self-unfruitfulness of European cultivars was confirmed,
while cultivars of Middle-Asian and Irano-Caucasian groups tend to be
self-incompatible. Kostina also indicates that hybrids of the two
groups segregate out predictably. The rates were not given.

Of the more common varieties of Prunus armeniaca grown in North

America, Perfection and Riland are self-incompatible, while Blenheim,
Royal, Tilton, and Moorpark are self-compatible. All six are cross-
compatible (Schultz, 1948). Schultz indicates that wind can cause the
anthers to brush the stigma and result in good fruit set without insect
vectors if the varieties are self-compatible.

Little has been published on pollen tube growth in Prunus
armeniaca as it relates to incompatibility. Facteau and Rowe (1977)
did a study on the effects of HF and HCl on pollen tube growth in wvivo
but did not relate it in any way to incompatibility. The only other
study that this author knows of is a thesis done by Abdullah Farooq Lodhi
(1962) at U.C., Davis, on the comparative cytology of self-compatible
and self-incompatible apricots. In this study, Lodhi determined that
there was evidence indicating that incompatibility is responsible for
the higher degree of sterility in most members of Fl seedlings of two

apricot clones.
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Microscopic Techniques Used in
Studying Pollen Tubes

A variety of preparation sequences, stains, and light sources
have been used in attempting to accurately determine how far pollen
tubes have grown down the style. Early papers report using aceto-
carmine stain in lactic acid (Chandler, 1931; Esser, 1955) which stains
the pollen tubes a dark red, leaving the surrounding tissues a very
light red. Buchholz (1931) used acid fuchsin in alcohol and cleared his
material with lactic acid. Acidified aniline blue in combination with
safranine has been used with questionable results (Dionne & Spicer,
"1958; Nair & Narasimhan, 1963).

Datta and Naug (1967) compared cotton blue and carmine on a
variety of plant materials. They found that with angiosperms, fixing
the material in acetic-alcohol, clearing with lactic acid, and then
staining with 1 percent cotton blue in lactophenol gave the best
results. Apples, pears, and cherries have been observed successfully
with resorcin blue in glycerin after killing and fixing the pistils by
autoclaving in Na2803 (Ivanicka, 1977). The autoclaving also enables
the tissue to be softened enough to be squashed under a cover slip,
eliminating the need for dissecting out the center core of the style or
sectioning with a microtome which is a very time-consuming process.

All of the techniques employed above utilize direct or phase
incandescent light. Although the pollen tubes could be followed in some
tissue, usually they were barely visible or confused with xylem elements.
As early as 1957, Currier and Strugger reported that pollen tubes

stained with water-soluble aniline blue in a phosphate buffer and
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viewed with fluorescent light showed brightly in contrast to the other
stylar tissues. This phenomenon was later explained by Eschrich and
Currier (1964). Callose, a plant material found in many parts of the
plant, when stained with water-soluble aniline blue and irradiated
with ultra-violet light, fluoresces brightly. Pollen tubes contain a
large amount of callose in their walls in addition to thick callose
plugs which are spaced irregularly in the pollen tube itself. The com-
bination of these two phenomena results in this technique being an
excellent tool for observing pollen tube growth. Only water~soluble
aniline blue produces the desired fluorescing response, not the alcohol-
soluble type.

The same year that Currier and Strugger were using fluorescent
light microscopy with callose of Allium cells, Muller-Stoll and Lerch
(1957) were using a similar technique for studying callose. Martin

(1959) observed pollen tubes of Lycopersicon by fixing the styles in

FAA for 24 hours, rinsing with tap water, clearing with NaQOH, rinsing,
and staining with 0.1 percent aniline blue in O0.1IN K3P04. Majumder
(1964) used the same technique with pineapple. Pollen tubes of rhodo-
dendron have been observed successfully by using the above technique
(Khe & Baer, 1968). Tomer and Gottreich (1975) observed the fertiliza-
tion process by dissecting the ovules out, fixing in glacial acetic
acid, and clearing in NaOH, and staining in 0.2 percent aniline blue.
The pollen tubes were also easy to observe.

Hurter (1976) has developed the technique for staining and
observing pollen tubes of plums. He fixed and softened the styles by

boiling them in 5.0 percent NaZSOB’ then washed in water and stained
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with 0.1 percent aniline blue in 0.1 percent K3P04. Hurter (year
unknown) also describes a technique for observing pollen tubes of
Marianna plum rootstock. The results were very good, with the pollen
tubes fluorescing a bright yellow-green and the background material
remaining a dark green-blue. Bowerman (1976) used a similar technique
in observing pollen tubes in Vaccinium, where only the concentration of

the Na,S0 has been altered with good success.

3



MATERTALS AND METHODS

Materials for this study were obtained from eight selections of
apricot grown at the USDA-SEA Fruit Production Research Station in
Fresno, California. K53-57, Castlebrite, B60-12, B69-85, and Flaming
Gold were known to be self-compatible. The self-incompatible selections
were B67-10, K113-40, and K55-39. The experiment was performed in 1978
and repeated in 1979.

As each selection reached the red-bud stage, branches approxi-
mately 1 meter long were cut and taken indoors and placed in glass jars
full of tap water. In 1978, the branches were placed in a laboratory
where the temperature ranged from about 20 to 22°C and the relative
humidity ranged from 59 to 72%. Large pans of water were set out in an
attempt to maintain the upper range of humidity because the pistils,
when emasculated, were prone to drying and dropping off, reducing the
sample size. In 1979, the branches were kept in a greenhouse, where the
temperature ranged from 22 to 35°C and the relative humidity ranged
from 42 to 55%. If a selection was in a more advanced stage of bloom
than the others, the branches were stored in a bucket of water at about
2°C from 2 to 4 days to allow the other selections to catch up.

As each selection reached the popcorn stage, it was emasculated
and the anthers from each were rubbed out to obtain the pollen. 1In
addition to the emasculated androeciums, popcorn stage blossoms were
picked from the parent tree and rubbed out to assure a good supply of

pollen. The process of emasculation and pollen preparation took 2 days.
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On the third day the pistils on all of the branches were pollinated by
coating the tip of the finger with pollen dust and dabbing the stigmas.

Each selection was selfed with its own pollen. The four types
of crosses made were: self-compatible x self-compatible,
self-compatible x self-incompatible, self-incompatible x self-compatible,
and self-incompatible x self-incompatible. The self-compatible x self-
compatible crosses were: K53-57 x Castlebrite, B60-12 x B69-85, B60-12
x Castlebrite, and B69-85 x Flaming Gold. The self-compatible x self-
incompatible crosses were: B60-12 x B67-10, B69-85 x K113-40, and
B60-12 x K113-40. The self-incompatible x self-compatible crosses were:
IK55—39 x Flaming Gold, and B67-10 x Flaming Gold. The self-
incompatible x self-incompatible cross was B67-10 x K113-40. Sixty
pistils for each cross were pollinated.

Ten pistils were collected from each cross 1, 2, 3, 4, 6, and
10 days after pollination (P+1, 2, 3, 4, 6, 10, respectively) and placed
in a 5.0 percent solution of Na,SO, and autoclaved for 5 minutes at

2773
121°C., The pistils were then transferred to fresh Na2803 and frozen,
The pistils were kept frozen from 1 to 12 months until examined.

The pistils were allowed to thaw to room temperature before
examination. The pistils were rinsed in H20 and placed on a glass slide
in a few drops of stain. The stain solution was 0.lg water-soluble
aniline blue + 0.71lg K3PO4 in 100ml HZO' Occasionally, the stain solu-
tion would lose its characteristic deep blue color but was easily
restored by adding a few drops of 10 percent HCl. This loss in color,

though, did not greatly affect the staining ability. The epidermal

layers and hairs were stripped off with a teasing needle and tweezers.
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The exposed central portions of the pistils were then transferred to a
new slide with a few drops of stain solution. Several stain concen-
trations and formulas were tried and the one used by Bowerman (1976)
was found to give the best results.

After arranging the pistils on the slide, a cover slip was
gently lowered onto the pistils. The pistils were squashed by carefully
pressing the cover slip with the wood end of the teaser. An oversized
slide and cover slip were used to allow viewing several pistils at once.
A few semi-permanent slides were made by sealing the edges of the cover
slip with parawax.

The pollen tubes were observed using a Leitz Dialux microscope,
ultraviolet light source, UG-1 and BG-12 excitation filters, K510
barrier filter and 125X magnification. The optimum combination of fil-
ters was arrived at through trial and error.

If stained and squashed properly, the pollen tubes fluoresced a
bright yvellow-green and could be followed fairly well through the stylar
tissue down to the ovary. The ovary tissue fluoresced a bright red
compared to the stylar tissue which appeared a dull to bright olive-
green. Often the pollen tubes were obscured in the stylar tissue which
sometimes fluoresced too brightly and the actual lengths of the pollen
tubes could only be estimated, Estimates of the pollen tube lengths
were made by counting the number of fields of vision it took to encom-
pass the entire length of the pollen tube, By dividing that value by
the number of fields of vision it took to observe the whole style, a
figure for the relative length of pollen tube growth down the style was

established.



RESULTS AND DISCUSSION

The results of the microscopic examinations are reported in
Table 1 and Table 2. The pollen tubes in the pistils were measured in
each sample, beginning at P+1, until the average length equaled 95
percent of the style length or more, or until P+10, whichever came
first (except in five of the 1978 crosses). When a pollen tube reached
the ovary tissue, its length was assigned a value of 100 percent of the
style's length.

As noted in the materials and methods section of this study,
the pistils of some of the crosses were prone to drying up and falling
off the branches. When this happened, fewer living pistils were left
intact to dissect and examine. This was especially a problem in 1978
where the sample size of some crosses was severely reduced. In 1979
more pistils were pollinated than in 1978 in an attempt to compensate
for this. TFuture users of this technique should consider adding a sub-
stance to the jars of water that is known to prolong the 1life of cut
flowers (which is, in a sense, what these cut branches were).

The distance down the style that a pollen tube had grown was
determined by the most proximal point where a pollen tube could be seen.
This does not imply that there were not pollen tubes that went farther.
If the pollen tubes fluoresced dimly, or the background stylar tissue
showed too brightly, it was difficult to ascertain exactly where the
pollen tubes ended. Often only the callose plugs fluoresced and
sometimes the thin strands of pollen tube tissue that connected them.

After viewing several styles with pollen tubes, the observer became
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Table 1. Distance pollen tubes observed down styles of hand pollinated
apricot blooms (1978).

Time after pollinationz
Cross Type P+1 P+2  P+3  P+4 P+6 P+10

x 4 7 8
av 65 74 55
7 25 57 88

B60-12 X 7 SF

Flaming Gold X SF X # 8 8 14 7
d 41 92 87 93
A 0 60 69 86
Castlebrite X SF X # 9 6 8 10 5
d 35 68 59 73 100
% 0 17 25 50 100
K53-57 X SF X # 7 4 7
d 56 36 82
Z 0 0 71
B69-85 X SF X i 7 10
d 54 95
% 0 90
B67-10 X SIFt X # 10 8 7 9 8
d 23 33 34 61 61
% 0 0 0 0 13
K113-40 X SIF X # 3 6 3 8 5 8
d 0 33 44 55 63 32
% 0 0 0 13 20 0
K55-39 X SIF X # 7 8 10 3 8 i
d 55 44 62 50 42 49
% 0 0 20 0 13 0
B67-10 x K113-40 SIF x SIF # 11 10
d 65 100
% 0 100
K53-57 x Castlebrite SF x SF # 2 6
d 79 100
yA 0 100
B60-12 x Castlebrite SF x SF # 4 6

d 20 58
pA 0 50
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Time after pollination

Cross Type P+1 P+2 P+3  P+4  PH6 P+10

B60-12 x B69-85 SF x SF i 5 9

d 56 86

% 0 86
B69-85 x Flaming Gold SF x SF # 8 8

d 52 100

7 0 100
B60-12 x B67-10 SF x SIF # 6 8 9

d 35 73 100

% 0 63 100
B69-85 x K113-40 SF x SIF # 9 10

d 55 100

% 0 100
B60-12 x K113-40 SF x SIF 11 7

d 67 100

7% 36 100
K55~39 x Flaming Gold SIF x SF # 9 10 11

d 57 93 100

% 0 90 100
B67-10 x Flaming Gold SIF x SF # 10 10

d 33 100

% 0 100

ZP+l, P+2, etc. represents 1 day, 2 days, etc,

applied to the pistils.

7 x

£
S
il

d =
style length

u

= gelfed.

self-fertile.

number of pistils examined in the sample.

after pollen was

average length of pollen tube growth reported as percent of
that the longest pollen tube was observed to reach.

tubes reach the ovary tissue.

tsIp

= gelf-infertile,.

% = percentage of the pistils in the sample to have pollen



23

Table 2. Distance pollen tubes observed down styles of hand pollinated

apricot blooms (1979).

. . . Z
Time after pollination

Cross Type P+l  P+2 P+3  P+4 P+6 P+10
B60-12 X 7 st x #Y 5 7 5
dav 69 94 100
Zu 0 88 100
Flaming Gold X SF X it 10 10
d 69 99
A 10 90
Castlebrite X SF X # 10 9
d 74 98
% 70 89
K53-57 X SF X # 4 5 4
d 60 59 100
% 0 40 100
B69-85 X SF X # 7 10
d 70 100
% 57 100
B67-10 X STFE x ¢ 10 10 8 9 5 3
d 55 78 74 7 47 65
A 0 0 25 22 0 0
K113-40 X SIF X # 4 8 8 v 6 1
d 35 84 47 69 45
% 0 63 13 14 17
K55-39 X SIF X # 7 9 9 9 9 9
d 42 54 57 63 45 64
% 0 22 0 0 10 10
B67-10 x K113-40 SIF x SIF # 5 6 8
d 83 94 97
% 20 83 89
K53-57 x Castlebrite SF x SF # 10 8 7 7
d 30 87 93 100
% 30 67 71 100
B60-12 x Castlebrite SF x SF i 7 9
d 96 97
A 71 89
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Table 2, (Continued)
Time after pollination
Cross Type P+1  P+2 P+3  P+4  P+6 P+10

B60-12 x B69-85 SF x SF # 4 8

d 79 100

% 25 100
B69-85 x Flaming Gold SF x SF # 9 5

d 90 100

7 13 100
B60-12 x B67-10 SF x SIF # 2 2 7

d 70 100

Z 50 100
B69-85 x K113-40 SF x SIF # 10 9
{ d 92 100

yA 20 100
B60-12 x K113-40 SF x SIF # 7 11

d 66 100

% 14 100
K55-39 x Flaming Gold SIF x SF # 7 7

d 76 100

yA 13 100
B67-10 x Flaming Gold SIF x SF # 5 7

d 90 99

% 40 89

zP+l, P+2, etc. represents 1 day, 2 days, etc. after pollen was

applied to the pistils.

7 X = selfed.

gy = gelf-fertile.

Y# = number of pistils examined in the sample.

V4 = average length of pollen tube growth reported as percent of
style length that the longest pollen tube was observed to reach.

u

tubes reach the ovary tissue.

tSIF = gelf-infertile.

Z = percentage of the pistils in the sample to have pollen
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"trained" to discern between callose plugs and other artifacts that
glowed similarly. The path of the pollen tubes could often be deter-
mined by following the callose plugs. Since the ovary tissue fluoresced
a bright red and is granular in appearance, the pollen tubes contrasted
sharply. 1Tt was obvious if a pollen tube had entered the ovary tissue
or not, but the same cannot be said for how far a pollen tube went
through the style. That is why both wvalues are given for each cross,

An examination of the tables shows that pollen tubes resulting
from self-compatible selves and all of the crosses reached the base of
the style by P+2, 3, or 4. The self-incompatible self, however, either
never reached the base of the style, or reached the base after 6 days.
Occasionally, a pistil would have a pollen tube that reached the base
but none in succeeding days. Consideration of the number of pistils
examined should be concomitant to examining the percentage to reach the
base. If the number of pistils examined is small, a single pistil show-
ing a 100 percent value can give a deceivingly high percentage value.

During the pollination process, it is very easy to contaminate
a cross with the pollen from previous crosses, especially if one does
not wash his hands between crosses. When a self-incompatible self
showed pollen tubes reaching the base while the average length was still
low or when none was observed in following days, it was judged to be
due to either contamination or a phenomenon of self-incompatible selves.
If we were to assume that all of the selections were cross compatible,
any stray pollen from another selection would grow down the style and
fertilize a selfed self-incompatible selection, making it appear to be

self-compatible. During the pollination process, the branches being
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treated should be isolated from the rest to reduce the chance of con-
tamination.

Due to bad weather, attempts to bag blossoms on the parent
trees to see if they behaved normally that year failed. In an attempt
to see if self-compatibility or self-incompatibility is transmittable,
40-100 of the progenies of the crosses were also bagged in the field,
with similarly disappointing results. The paper bags were either torn
off, torn open, or knocked around by the wind so much that the delicate
flowers were knocked off to give a no-set value.

There are bold differences between the self-incompatible selves,
self-compatible selves, and all of the crosses. Therefore, I believe
that when considering pollination, apricots do behave predictably. The
fact that self-incompatible x self-incompatible crosses behave similarly
to self-compatible selves suggests that crossing in apricot removes the
self-incompatibility reaction and that there is very little cross-
incompatibility. This is only of academic interest since our goal is
to screen for self-compatibility as an existing trait.

In evaluating this experimental procedure as a screening tech-
nique, a few problems are evident and need to be worked out. The micro-
scopic technique needs to be developed further to make viewing the pol-
len tubes easier and more definite. This would eliminate much of the
guesswork in estimating the position of the pollen tubes and enable a
person with less training to do the screening. The conditions under
which the branches were kept needs to be maintained at a moderate
temperature and fairly high humidity.

The advantages of this system could be summarized thus:
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though we cannot accelerate much when the trees first bear enough
flowers, once the tree does reach popcorn stage, the whole process can
be initiated and data collected within 15 days. Using the bagging sys-
tem, a few weeks must pass before fruit set can be evaluated. Since we
have eliminated the problems associated with tying a bag over the
blossoms, the lab technique is in this respect more reliable. Since the
crosses are done inside, we are not subject to weather variation. If
the selection fails to set fruit in the field, we did not discover ex-
actly why. It may be due to the bag knocking the flower off. But if
the pollen tubes are behaving in an incompatible manner, the range of
causes are narrowed considerably. And, finally, the whole system
requires only a moderate amount of training.

The disadvantages of this system are easy to identify. Careful
timing is required to assure that everything is done in accordance with
the developmental age of the flower. A high level of sanitation to
guard against stray pollen grains must be maintained. Adequate green-
house or lab space must be available where the branches can be undis-
turbed. The microscopic technique requires a few days of practice to
develop a proficiency in preparing the pistils and In viewing the pollen
tubes. Also, the microscope used is rather complicated and very expen-
sive, thereby limiting the number of people who can use this system.

If an alternate staining technique could be developed to use incandes-
cent light successfully, a conventional microscope could be used.

In summary, microscopically testing for self-compatibility

shows great promise. Most of the problems and disadvantages can be
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worked out in time. Since breeding tree crops is a slow and expensive
process, anything that would speed the process and make the screening

process more reliable would be of great value.
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