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POLLEN TUBE ATTRITION IN ERYTHRONIUM GRANDIFLORUM!'

MitcHELL B. CRUZAN

Department of Ecology and Evolution, State University of New York at Stony Brook,
Stony Brook, New York 11794, and
The Rocky Mountain Biological Laboratory, Crested Butte, Colorado 81224

ABSTRACT

Seed set after selfing in E. grandiflorum is often reduced relative to seed set after crossing;
however, the compatibility patterns seen are not due to genes of major effect (i.e., S alleles).
There is quantitative variation in the proportion of pollen tubes reaching the base of the style
after both self- and cross-pollinations. Pollen tubes require between 24 and 72 hr to reach the
ovary, but pollen tube growth ceases after 72 hr. When styles were removed from the ovaries
5 days after pollination, between 10 and 80% of the pollen tubes in the stigma had not reached
the base of the style. The number of pollen tubes at the base of the style is a much better
predictor of seed set than is the number of pollen tubes in the stigma. Pollen tube attrition is
not affected by the age of the recipient flower or by the number of pollen donors contributing
to the stigmatic pollen pool. The number of pollen tubes reaching the base of the style is
dependent upon the source of the pollen and appears to be a decelerating function of the number

of pollen tubes present in the stigma.

SEED PRODUCTION in angiosperms depends
upon a sequence of steps, including pollen
transfer to the stigma, pollen germination and
pollen tube growth, ovule fertilization and seed
development, and finally seed maturation and
dispersal. Attrition during each step deter-
mines the upper limit on the number of par-
ticipants (i.e., gametes or zygotes) in subse-
quent processes, and variation in the number
of gametes or embryos successfully passing a
particular stage contributes to variation in the
reproductive success of the sporophytes in-
volved in a particular mating. Although much
attention has been given to pollen transfer
(Jones and Little, 1983; Real, 1983) and more
recently to patterns of postfertilization ovule
and fruit abortion (Stephenson, 1981; Bertin,
1982; Lee and Bazzaz, 1982), less effort has
been made to quantify variation in the fertil-
ization success of pollen tubes after compatible
crosses, especially in noncultivated species. The
populations of Erythronium grandiflorum used
in this study do not appear to contain com-
patibility genes of major effect as have been
recorded for other plant species (i.e., S loci)
(unpublished data). Plants often produce fruit
and varying amounts of seed after selfing, but

! Received for publication 12 April 1988; revision ac-
cepted 10 October 1988.
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usually not as many seeds as can be obtained
through crossing (Thomson and Cruzan, un-
published data). The quantitative variation in
seed production seen after selfing also occurs
for crosses between different individuals, and
islargely due to variation in the degree of pollen
tube attrition occurring in the style (see below).
Quantitative variation in the fertilization suc-
cess of pollen tubes after single-donor crosses
has generally been described as partial incom-
patibility or pseudo-self-compatibility (de Net-
tancourt, 1977) and has usually been attributed
to a breakdown of an S allele based self-in-
compatibility system (Ascher, 1984).

The work described here grew out of the
observation that seed set after single-donor
hand pollinations often was much less than
seed set in open-pollinated flowers. It was also
observed that this reduction in seed set was
largely due to the attrition of pollen tubes dur-
ing growth in the style. Some of the ways in
which natural pollination can differ from hand
pollinations are 1) the age of the flower at the
time of pollination, 2) the number of pollen
donors contributing to the stigmatic pollen pool,
3) the total amount of pollen received as in-
dicated by the number of pollen tubes in the
stigma, and 4) the number of pollinations re-
ceived. In this paper I consider how the first
three factors affect the growth of pollen tubes
in the style; in addition, I determine the rate
at which pollen tubes reach the ovary after
single pollinations.

METHODS — Erythronium  grandiflorum
Pursh (Liliaceae) is a perennial herb arising
from a buried corm. The two strap-shaped
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leaves appear above ground in early spring
shortly after snowmelt, and plants flower soon
after the leaves appear. Inflorescences bear from
one to several flowers, with one- and two-flow-
ered plants being most common. Flowers are
large (2 to 3 cm long), with six yellow tepals
and six large anthers in two whorls of three
anthers each. Anthers in both whorls are in-
dehiscent at the time of anthesis, and anthers
in the outer whorl usually dehisce on the same
day. By the third day of anthesis, anthers in
both whorls are typically fully dehisced and on
the fifth day the tepals usually begin to senesce.
The cleft in each of the three stigma lobes is
continuous with a channel of the hollow, fluid-
filled style. The three channels are open to each
other to form a single lumen, Y-shaped in cross
section. Although pollen tubes from different
lobes tend to grow down the channels of the
style separately, they intermingle at the base
of the style, so that pollen tubes originating
from any of the three lobes can fertilize ovules
in any of the three locules (personal observa-
tion). Other species of Erythronium commonly
reproduce vegetatively (Blodgett, 1900; Banks,
1980), however this mode of reproduction
rarely occurs in E. grandiflorum (D. Inouye,
personal communication).

I conducted the experiments near the Rocky
Mountain Biological Laboratory in Gothic,
Colorado, during May and June of 1986 and
1987. In all cases where pollen was mixed prior
to pollinations (see below), I collected fresh
pollen from plants within the same population
as the recipients by randomly selecting plants
along a 50 to 100 m transect. I made pollen
mixtures by combining an equal number of
freshly dehisced anthers from each donor. Since
outcrossing distance can have an effect on the
degree of pollen tube attrition (Cruzan, un-
published data), these pollen mixtures typically
contained pollen from several distance classes
for each recipient. Using a thick piece of fishing
line, I pollinated plants in situ by evenly coat-
ing stigmas with pollen. Pollen clings readily
to nylon fishing line due to its static properties,
making it an excellent tool for hand pollina-
tions. With the exception of the flower age ex-
periment (see below), I made all pollinations
two to three days after anthesis. I protected
stigmas from pollen deposition by pollinators
by placing hollow dried grass straws over their
gynoecium. Straws were slit at their base in
order to obtain a snug fit on the ovary. Five
days after pollination 1 removed the grass
straws, excised the styles, and fixed them in
70% ethanol. Removal of styles at this stage
has no effect on subsequent fruit and seed set
(see below). Ovaries were either excised five
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days after pollination or were left until fruits
were mature.

I made observations of pollen tubes using a
Wild stereoscopic microscope at X 50. I care-
fully slit styles longitudinally, laid them flat,
and stained them for 10 min with one drop of
acidified 0.1% aniline blue (acidified with hy-
drochloric acid until the solution turned dark
blue) and one drop of acetocarmine (40% acetic
acid saturated with carmine). By using wet
mounts of styles, I could manipulate pollen
tubes with a fine insect pin to facilitate count-
ing. I counted pollen tubes within 1.0 mm of
the tips of the stigma lobes and within 1.0 mm
of'the cut end at the base of the style. I analyzed
data either as raw counts of pollen tubes in the
stigma (TS) and at the base (TB) of the style
or as the fraction of pollen tubes not reaching
the base of the style (i.e., [TS — TB/TS]), which
I term “stylar attrition of pollen tubes.” For
those flowers that set fruit, I counted the num-
ber of seeds set (SD) and determined the “ovar-
ian attrition of pollen tubes” as (TB — SD/
TB). Ovarian attrition includes all sources of
failure of pollen tubes in the ovary, including
failure to fertilize an ovule and postfertilization
abortion of ovules.

The above measures were entered as depen-
dent variables in analyses of variance or co-
variance using the GLM procedure of SAS (SAS
Institute, 1982). Fruit set patterns were ana-
lyzed using log-linear models with the CAT-
MOD procedure of SAS (SAS Institute, 1982).

Pollen tube growth rate—1 pollinated flowers
and collected styles at 1, 2, 3, 4, or 5 days after
pollination to determine the amount of time
required for pollen tubes to reach the ovary.
Using two-flowered plants as recipients in a
balanced incomplete block design, I gave each
plant a random pair of the above treatments.
I pollinated each flower on the second day after
anthesis with an equal mixture of pollen col-
lected each day from a different set of five plants.
When making pollinations, I recorded the time
of pollination for each flower and excised and
fixed the style after the assigned interval for
pollen tube growth.

Flower age—1In order to determine the effect
of recipient flower age on pollen tube growth,
I pollinated flowers either on the day of an-
thesis or three or five days after anthesis. |
applied the above three treatments in pairs to
two-flowered plants in a balanced incomplete
block design. I collected pollen from five dif-
ferent plants and made equal mixtures of their
pollen each day. Five days after pollinating
flowers, I excised and fixed their styles.
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Pollen Tube Attrition

Fig. 1. Pollen tube attrition in individual styles of Er-
ythronium grandiflorum. The data are pooled from the
flower age experiment, the self/outcross experiment, and
from both donor number experiments. The crosshatched
portion of the bars represents cross-pollinations; the empty
portion of the bars, self-pollinations.

Self/outcross pollinations—1 made single-
donor pollinations to 27 three-flowered plants
using either self-pollen from the same flower
or outcross pollen from a neighboring plant
(within 2 m) to determine the average degree
of pollen tube attrition for self- and cross-pol-
len. For each plant, I selfed one flower and
crossed the other two, rotating the treatments
among flower positions for different plants. Five
days after pollinating, I collected styles and
analyzed them to determine the degree of pol-
len tube attrition. I collected fruits when ma-
ture and counted the seeds from each fruit.

Donor number—1 manipulated the number
of donors contributing to the stigmatic pollen
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load to determine effects of pollen load diver-
sity on pollen tube growth, and fruit and seed
set. Using an equal amount of pollen from each
donor plant (one anther per donor), I made
mixtures of either one, three, or ten donors. 1
conducted this experiment in both 1986 and
in 1987. In 1986, I used three-flowered plants
and collected indehiscent anthers several days
prior to pollinations. I stored anthers in air-
tight vials at 2 C. On the day pollinations were
made, I opened the vials containing anthers to
allow anthers to dehisce. I applied all three
treatments to each recipient plant with treat-
ments rotated among flower positions. In 1987,
I used two-flowered plants, and I collected the
pollen used for pollinations each day from
plants within the same local population as the
recipients. I used the same three treatments in
a balanced incomplete block design with pairs
of treatments randomly assigned to the two
flowers of each recipient plant. In both years,
styles were collected five days after pollination
and fruits were collected when mature. I count-
ed and weighed seeds from each fruit as a group.

REesuLTs—Pollen tubes in Erythronium
grandiflorum were easily observed and count-
ed using the methods described above. After
staining, pollen tubes appeared dark blue
against the light blue background of the wall
of the stylar canal. Tubes adhered weakly to
the style wall and to each other but were easily
separated with a fine insect pin so that rela-
tively precise counts could be made.

The number of pollen tubes reaching the
base of the style was often substantially less
than the number in the stigma (Table 1), and

TABLE 1. Summaries of experiments conducted on Erythronium grandiflorum during the 1986 and 1987 field seasons.
Sample sizes and means for the number of pollen tubes present in the stigma and at the base of the style and the
percent pollen tube attrition are given for the styles analyzed. The number of fruits set, the mean number of seeds
per fruit, the minimum number of unfertilized ovules (pollen tubes at the base of the style minus the total number
of ovules), and the percent ovarian attrition (pollen tubes at the base of the style minus the number of seeds set,
divided by the number of tubes at the base of the style) are given for those experiments in which fruits were collected.
Sample sizes reported for pollen growth do not include crosses for which there were no polien tubes present. The
sample sizes for fruits give the total number of fruits set for each experiment. Numbers in parentheses are standard

deviations
Pollen tubes Fruits .
Stylar Unfert. Ovarian
Experiment N Stigma Style attrition N Seeds ovules attrition
Flower age 60 82.8 39.5 48.8 - - - -
1986 (39.8) (19.2) (17.3)
Self/outcross 74 65.6 25.8 62.0 23 333 30.1 18.5
1986 (47.6) (25.8) (30.1) (19.0) (22.2) (36.3)
Donor no. 43 54.2 31.1 40.7 31 28.9 31.2 22.4
1986 (36.3) (20.3) (23.3) (15.5) (20.3) (21.4)
Donor no. 145 129.3 77.6 395 92 334 —-14.9 56.9
1987 (49.1) (30.8) (20.4) (14.8) (27.3) (18.2)
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TABLE 2. The determination of seed set by the number of
pollen tubes present in the stigma and at the base of
the style in Erythronium grandiflorum. Results are
given for each experiment in which fruits were col-
lected. Values are the standardized partial regression
coefficients (path coefficients) from a multiple regres-
sion analysis which included both parameters. Num-
bers in parentheses are the probabilities from t tests
testing for a regression coefficient equal to zero
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Experiment N Stigma Style
0
Self/outcross 23 0.045 0.648 24 48 72 % 120
(0.81) (0.0025) Hours after Pollination
Dc;rglgg no- 3 (g%;; (8'83(9)1) Fig. 2. The relationship between the growth interval
0' 7 0' 365 and the number of pollen tubes reaching the base of the
Donor no. 92 '026 0‘ 0028 style in Erythronium grandiflorum. The vertical bars rep-
1987 0.52) ©. ) resent the standard error of the mean. Means associated

there was considerable variation in the degree
of pollen tube attrition in all of the experiments
(Fig. 1). In two of the three experiments, many
ovules typically remained unfertilized after
single hand-pollinations, since there were more
ovules present than there were pollen tubes at
the base of the style (Table 1). In all three
experiments where fruits were collected, the
number of pollen tubes present at the base of
the style was a much better predictor of seed
set than was the number present in the stigma
(Table 2). For these pollinations, seed set was
virtually unaffected by the number of pollen
tubes in the stigma.

Pollen tube growth rate — The fastest growing
pollen tubes required approximately 24 hr to
reach the ovary for most pollinations (Fig. 2).
The number of pollen tubes reaching the base
of the style increased rapidly between 24 and
72 hr but few or no additional pollen tubes
grew to the ovary after 72 hr (Fig. 2). The pollen
tube growth interval had a significant effect on
the number of pollen tubes at the base of the
style, but the position of the recipient flower
and the growth interval by flower position in-
teraction did not (Table 3).

Flower age —The age of recipient flowers had
a significant effect on the number of pollen
tubes in the stigma but had no apparent effect
on the number of pollen tubes at the base of
the style or on the degree of pollen tube attrition
(Table 4). Fewer pollen tubes were present in
flowers pollinated on the first day after anthesis
(mean = 79.0, SD = 29.3) than were present
in flowers (86.3, SD = 33.4). The significant
flower age by flower position interaction for
the number of pollen tubes present in stigmas
(Table 4) was due to second flowers having
more pollen tubes in their stigmas than first

with the same small case letter are not significantly different
from each other.

flowers on the first day after anthesis, but fewer
pollen tubes in their stigmas for third and fifth
day pollinations. The mean pollen tube attri-
tion in this experiment taken across treatments
was 48.8% (SD = 17.3, N = 58). The number
of pollen tubes at the base of the style tended
to increase slightly with flower age (linear
regression slope = 10.3), but this increase was
not significant (F = 2.51, P > 0.15 for a test
that the slope is equal to zero).

Self/outcross pollinations —Cross-pollina-
tions typically resulted in lower levels of pollen
tube attrition than did self-pollinations (Fig.
1). Although the numbers of pollen tubes pres-
ent in the stigma were similar for both cross
types (F'= 0.13, P > 0.71, df = 1,65), pollen
tube attrition was much greater for self- (94.3%,
SD = 10.6%, N = 22) than for cross-pollina-
tions (48.3%, SD = 24.6%, N = 52) (F=104.1,
P < 0.0001). Fewer pollen tubes were present
at the base of the styles of self-pollinated (6.63,

TABLE 3.  The effect of time on the number of pollen tubes
reaching the base of the style in Erythronium gran-
diflorum. The identity of the recipient plant was en-
tered as a random variable; flower position and the
amount of time pollen tubes were allowed to grow were
fixed variables, and the number of tubes present in the
stigma of each style was entered into the model as a
covariate. Significance values are based upon the type
III sums of squares from the GLM procedure (SAS
Institute, 1982)

Source df F value P
Flower position 1 0.41 0.5273
Growth interval 4 17.38 0.0001
Interval + position 4 0.81 0.5286
No. of tubes 1 1.37 0.2491
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TABLE 4. The effect of flower age on the number of pollen tubes present in the stigma, the number of pollen tubes
reaching the base of the style, and the degree of pollen tube attrition in Erythronium grandiflorum. The identity of
the recipient plant and the pollination date were entered as random factors and flower age and flower position were
fixed factors. The number of pollen tubes present in the stigma is the response variable in the first ANOVA and is
treated as a covariate in the second two ANOVAs. Probabilities are based upon the type III sums of squares for

GLM procedure (SAS Institute, 1982)

Tubes in stigma Base of style Attrition
Source df F P F P F P
Flower position 1 2.09 0.1699 0.02 0.9031 0.70 0.4203
Flower age 2 4.33 0.0343 2.52 0.1188 2.06 0.1699
Age * position 2 5.50 0.0173 0.76 0.4876 1.02 0.3885
Tubes in stigma 1 - - 0.44 0.5198 4.60 0.0531

SD = 15.2) than cross-pollinated flowers (33.9,
SD = 25.2) (F = 26.32, P < 0.0001). Only 2
of the 22 selfed flowers set fruit, whereas 21
of the 52 crossed flowers produced fruits.

Donor number—The number of donors con-
tributing to the pollen pool had little effect on
pollen tube growth, but some effect on seed set
and seed weight. In both years there was no
significant effect of donor number on the num-
ber of pollen tubes present in the stigma, at

TABLE 5.

the base of the style, or on the degree of pollen
tube attrition (Table 5). In 1986, there were
effects of pollen donor number on the average
number of seeds per fruit and average seed
weight, but these effects were not detected in
1987 (Table 5). There were strong linear and
quadratic effects of the number of pollen tubes
present in the stigma on the number reaching
the base of the style in 1986 and on the degree
of pollen tube attrition in the style in both years
(Table 5). The number of pollen tubes reaching

The effect of the number of pollen donors contributing to the stigmatic pollen pool, position of the recipient

flower, and the linear and quadratic contributions of the number of pollen grains on the stigma on pollen tube
numbers, attrition, seed set, and seed weight in Erythronium grandiflorum. The identity of the recipient plant and
pollination date were treated as random effects in the model. F values from type III or type IV sums of squares
from the GLM proedure of SAS and probabilities for each test (in parentheses) are given. The number of pollen
tubes in the stigma is treated as a dependent variable in the first column and as linear and quadratic covariates for
the rest of the models. Each table contains the results from a separate year

Pollen tubes Tube attrition
df Stigma Base Style Ovary Seeds Seed wt.
1986 Experiment source

Flower position 2 1.33 1.02 1.05 3.71 2.20 1,693.80
(0.33) (0.44) (0.43) (0.34) (0.43) (0.02)

No. of donors 2 0.28 1.34 1.84 4.19 159.11 2,285.01
(0.76) (0.36) 0.27) (0.33) (0.06) (0.02)

Donors * position 4 0.37 0.06 1.73 1.27 10.17 379.09
(0.83) (0.99) (0.31) (0.53) 0.22) (0.04)

Tubes in stigma 1 - 15.02 6.01 0.57 132.28 471.60
(linear) (0.02) (0.07) (0.59) (0.06) (0.03)
Tubes in stigma 1 - 9.42 8.74 0.41 41.65 70.55
(quadratic) (0.04) (0.04) (0.64) (0.10) (0.08)

1987 Experiment source

Flower position 1 0.79 3.48 3.22 0.50 1.70 0.41
(0.38) (0.07) (0.08) (0.49) 0.21) (0.53)

No. of donors 2 0.01 0.70 0.41 1.11 1.45 0.02
(0.99) (0.50) (0.66) (0.35) (0.26) (0.98)

Donors * position 2 1.48 0.53 0.54 0.99 1.99 0.27
(0.24) (0.59) (0.59) (0.39) (0.18) 0.77)

Tubes in stigma 1 - 0.00 19.00 0.00 1.00 0.86
(linear) (0.98) (0.0001) (0.96) (0.33) 0.37)
Tubes in stigma 1 — 1.47 7.78 0.08 0.71 0.61
(0.23) (0.0079) (0.79) 0.41) (0.45)

(quadratic)
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the base of the style increased nearly propor-
tionally with the number of pollen tubes in the
stigma at very low numbers, but decelerated
as the number of pollen tubes in the stigma
increased (Fig. 3).

The probability of fruit set for these polli-
nations was affected by the position of the re-
cipient flower and the number of pollen tubes
at the base of the style (Table 6). The number
of pollen donors used had no significant effect
on fruit set in either year (Table 6).

DiscussioN—Pollen tube attrition in Ery-
thronium grandiflorum is clearly an important
factor affecting the reproductive success of in-
dividual plants acting both as pollen donors
and recipients. The number of pollen tubes
reaching the base of the style increased rapidly
between 24 and 72 hr after pollination and few
or no pollen tubes grew to the ovary after 72
hr. The number of pollen tubes present at the
base of the style five days after pollination de-
termined between 13 and 50% of the variation
in seed set, whereas the effect of the number
of pollen tubes present in the stigma was neg-
ligible. The reason for pollen tube failure dur-
ing growth in the style in E. grandiflorum re-
mains obscure, and the major sources of
variation that determine the degree of pollen
tube attrition were not revealed by the exper-
iments conducted. The results do, however,
provide some information about the nature of
this phenomenon.

Both genetic and environmental factors may
contribute to the degree of pollen tube attrition
that occurs for a particular cross. It seems rea-
sonable to examine environmental factors that
affect incompatibility, since the physiological
mechanism responsible for pollen tube attri-
tion in E. grandiflorum may be the same that
is responsible for incompatibility responses in
other species, especially partial- or pseudoin-
compatability. Environmental factors that have
been reported to effect incompatibility re-
sponses include ambient temperature and
flower age (de Nettancourt, 1977). In Lilium
self-compatibility responses have been re-
ported to break down with recipient flower age
(Ascher and Pelloquin, 1966). Pollen tube at-
trition in Erythronium grandiflorum did not
change appreciably across the normal lifetime
of flowers (Table 4). The number of pollen
tubes present in the stigma was reduced for
younger flowers, probably because of lower rates
of pollen germination. Thomson (personal
communication) reported slower germination
rates for pollen on young stigmas in E. gran-
diflorum and speculated that this effect is prob-
ably due to the lower amounts of stigmatic
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TABLE 6. The effect of recipient flower position, number
of pollen donors, number of pollen tubes at the base
of the style, and the degree of pollen tube attrition on
Sfruit set in Erythronium grandiflorum. Fruit set was
the dependent variable in a log-linear model in which
Sflower position and the number of pollen donors were
entered as categorical variables and the number of
pollen tubes at the base of the style and pollen tube
attrition were entered as continuous variables. Chi
square values are given for both years in which the
experiment was conducted. Numbers in parentheses

are probabilities
1986 1987
Parameter df x? df x?
Intercept 1 0.32 1 0.04
(0.52) (0.83)
Flower position 2 5.00 1 9.43
(0.08) (0.0021)
Donor no. 2 2.61 2 1.93
(0.27) (0.38)
Tubes at base 1 3.90 1 3.02
(0.05) (0.08)
Tube attrition 1 2.88 1 0.05
(0.09) (0.83)

exudate present. Ambient temperatures did not
vary to any great extent during the experiments
reported here, so this factor is also probably
not important in determining the variation in
pollen tube attrition observed.

Pollen tube attrition in Erythronium gran-
diflorum is not strictly a characteristic of pollen
donors or pollen recipients, but is strongly in-
creased after self-pollinations and can vary for
individual donors when crossed with different
recipients (Cruzan, unpublished data). In this
way it resembles a multilocus incompatibility
system such as the “‘heterosis model” proposed
by Mulcahy and Mulcahy (1983). However,
patterns of pollen tube attrition do not strictly
follow the predictions of a multilocus incom-
patibility model, as can be seen when single-
donor crosses are compared to multiple donor
crosses. Increasing the number of pollen do-
nors contributing to a stigmatic pollen load
would present a more representative sample of
the compatibility types present in a population
to pollen recipients. Although the mean re-
sponse of recipients in terms of the degree of
pollen tube attrition would not be expected to
change from single to multiple donor crosses,
the variance among responses should decrease
when a more representative sample is pre-
sented to individual recipients. The variance
in the degree of pollen tube attrition did not
differ significantly among the single-donor
(mean = 32.6%, s> = 826.2) and ten donor
(mean = 45.6%, s> = 511.4) treatmentsin 1986
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Fig. 3. The number of pollen tubes reaching the base of the style as a function of the number of pollen tubes in
the stigma for Erythronium grandiflorum. Separate plots are given for 1986 and 1987. The solid lines represent the
relationships expected if equal numbers of pollen tubes were present in both the stigma and at the base of the style.
The dashed lines are the best fit lines from polynomial regressions with intercepts of zero; (TB = [0.874]TS +
[~0.0029]1TS?) for 1986 and (TB = [0.797]TS + [—0.0013]TS?) for 1987.

This content downloaded from
130.15.244.167 on Tue, 30 Apr 2024 20:00:39 +00:00
All use subject to https://about.jstor.org/terms



April 1989]

(F=1.62, P > 0.25 with 9/22 df). In 1987
the variance was greater for the ten donor treat-
ment (mean = 41.3%, s> = 522.8) than it was
for the single-donor treatment (mean = 39.0%,
s2 = 305.9) (F = 1.71, P < 0.05 with 46/46
df). If pollen tube attrition were strictly due to
many incompatibility loci, each having a small
effect, then the variance in the degree of pollen
tube attrition should have decreased when more
donors were present. Although genetic factors
may be important in determining the degree
of pollen tube attrition, simple genetic com-
plementarity does not completely explain the
patterns of pollen tube attrition found.

A decrease in the variance of the compati-
bility response when more pollen donors are
present would also be seen if there were mentor
effects (de Nettancourt, 1977; Visser and Mar-
cucci, 1987) between pollen from different do-
nors. Mentor effects occur in mixtures of pollen
from different sources when pollen of one in-
compatibility type mediates the incompatibil-
ity response of pollen of a different incompat-
ibility type. Mentor effects would tend to
decrease the variance among fertilization abil-
ities of individual pollen tubes when more do-
nors were present to an even greater extent
since the overall compatibility response should
follow the average compatibility of all the pol-
len tubes present.

Another factor which affects the degree of
pollen tube attrition is the apparent upper limit
on the number of pollen tubes allowed to grow
to the ovary. The number of pollen tubes suc-
cessfully passing to the base of the style was
not a linear function of the number of pollen
tubes present in the stigma, but decelerated so
it appeared to asymptote near 90 to 100 pollen
tubes (Fig. 3). The exact shape of this curve
for individual crosses may be dependent upon
the particular combination of pollen donor and
recipient involved in a cross. Towards the up-
per limit of pollen tubes there may be physical
or physiological limits to greater numbers of
pollen tubes growing to the ovary. One pos-
sibility is that the constriction of the lumen at
the base of the style does not allow large num-
bers of pollen tubes to pass. Similar cases have
been reported for other species where a large
decrease in the size of the transmitting tissue
occurred at the top of the style (Modlibowska,
1942; Cruzan, 1986). However, the ends of
pollen tubes of E. grandiflorum after five days
of growth are typically evenly distributed along
the length of the style rather than accumulated
at any particular point (personal observation).
It may be more likely that the pollen tube growth
substances supplied by the stylar tissue are lim-
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ited or that individual pollen tubes are inhib-
ited from further growth.

Although I usually applied a sufficient
amount of pollen to fertilize all of the ovules
present, many ovules were left unfertilized be-
cause of pollen tube attrition (Table 1). This
occurred for all experiments except the 1987
donor number experiment, where stigma load
sizes were very large and less pollen tube at-
trition occurred (Table 1). It is possible that
those tubes not growing to the ovary were in-
herently incapable of doing so, but this is not
a completely adequate explanation since the
degree of attrition is often not consistent for
individual donors across recipients (Cruzan,
unpublished data). Since plants should be un-
der strong selection to produce highly vigorous
pollen which would fertilize as many ovules as
possible (Haldane, 1966; Janzen, 1977), it is
more likely that pollen tubes were inhibited
from growing to the ovary due to interactions
with the stylar tissue. Stylar tissue or style ex-
udates have been implicated in modifying pol-
len tube growth in several instances (Pfahler,
1967; Sari Gorla, Bellintani, and Ottaviano,
1976; Malti and Shivanna, 1985; Mulcahy and
Mulcahy, 1986). It would seem reasonable to
presume that inhibition of certain pollen tubes
in favor of others would confer some advantage
to pollen recipients, possibly by modifying off-
spring vigor (Mulcahy, Mulcahy, and Ottavi-
ano, 1975; McKenna and Mulcahy, 1983).
There is no evidence, however, whether those
pollen tubes that are inhibited from further
growth would actually produce inviable or low
quality offspring.

Pollen tube attrition is an important phe-
nomenon in determining the reproductive suc-
cess of Erythronium grandiflorum plants, al-
though the advantage that pollen recipients
receive by limiting the number of ovules fer-
tilized remains obscure. Quantitative variation
in pollen tube attrition after compatible crosses
has also been found in Petunia (Ascher, 1984;
Cruzan, unpublished data), and Delphinium
nelsonii (Waser et al., 1987). Patterns of vari-
ation in the reproductive success of plants has
long been of interest to ecologists and evolu-
tionary biologists (Willson and Burley, 1983;
Stephenson, 1981; Bertin, 1982). In many of
these studies, variation in seed production has
been assumed to be caused by postfertilization
seed abortion, although the exact causes are
usually not determined (Bertin, 1982; Lee and
Bazzaz, 1982). Simply measuring the number
of seeds produced for crosses is not an adequate
approach to this kind of problem, since seed
set is the culmination of a series of processes
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and patterns that occur at a particular stage
may be obscured by variation at other stages.
Better interpretations of the patterns we ob-
serve for seed production can be made with a
more complete understanding of the patterns
occurring at each stage in the reproductive pro-
cess (Lyons et al., in press). More detailed stud-
ies of the reproductive patterns in plants on a
population level are needed in order to assess
the validity of several evolutionary hypotheses
that have been suggested (Willson and Burley,
1983; Stephenson and Bertin, 1983).
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