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Abstract We examined the effects of pollen selection for
rapid pollen-tube growth on progeny vigor. First, we
crossed a wild gourd (Cucurbita texana) to a cultivated
zucchini (Cucurbita pepo cv ‘Black Beauty’) to produce
an F; and then an F, generation. Half of the F, seeds were
produced by depositing small loads of C. rexana pollen
onto the stigmas of C. pepo. These small pollen loads were
insufficient to produce a full complement of seeds and,
consequently, both the fast- and the slow-growing pollen
tubes were permitted to achieve fertilization. An F, gen-
eration was then produced by depositing small loads of F,
pollen onto stigmas of F, plants. The F, seeds resulting
from two generations of small pollen loads are termed ’the
non-selected line” because there was little or no selection
for pollen-tube growth rate on these plants. The other half
of the F, and F, seeds were produced by depositing large
pollen loads (>10 000 pollen grains) onto stigmas and then
allowing only the first 1% or so of the pollen tubes that en-
tered the ovary to fertilize the ovules. We did this by ex-
cising the styles at the ovary at 12—15 h after pollination.
The resulting F, seeds are termed ‘the selected line’ be-
cause they were produced by two generations of selection
for only the fastest growing pollen tubes. Small pollen
loads from the F, plants, both the selected and the non-se-
lected lines, were then deposited onto stigmas of different
C. pepo flowers, and the vigor of the resulting seeds was
compared under greenhouse and field conditions. The re-
sults showed that the seeds fertilized by pollen from the
selected line had greater vegetative vigor as seedlings and
greater flower and fruit production as mature plants than
the seeds fertilized by pollen from the non-selected line.
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This study demonstrates that selection for fast pollen-tube
growth (selection on the microgametophyte) leads to a cor-
related increase in sporophyte (progeny) vigor.
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Introduction

Over the past two decades, several studies have shown a
relationship between the number of pollen grains that are
deposited onto a stigma and the performance of the result-
ing progeny (see Mulcahy and Mulcahy 1975; Ottaviano
and Mulcahy 1989; Walsh and Charlesworth 1992). In gen-
eral, the progeny produced by large pollen loads have en-
hanced germination, more vigorous vegetative growth,
and/or greater reproductive output (such as flower, fruit
and seed production) than the progeny from smaller pol-
len loads (e.g., Mulcahy and Mulcahy 1975; Mulcahy et
al. 1975, 1978, Fingerett 1979; Ottaviano et al. 1983; Ste-
phenson et al. 1986; Davis et al. 1987; Winsor et al. 1987;
Richardson and Stephenson 1992; Quesada et al. 1993, but
see Snow 1990).

In 1979, Mulcahy (1979) proposed the pollen competi-
tion hypothesis to account for the effect of pollen load size
on progeny performance. He hypothesized that under con-
ditions of pollen competition (i.e., more pollen tubes than
ovules; large pollen loads), only the fastest growing pol-
len tubes achieve fertilization, whereas both fast- and slow-
growing pollen tubes achieve fertilization when there are
fewer pollen tubes than ovules (small pollen loads). Ac-
cording to this hypothesis, the correlation between fast-
growing pollen tubes and vigorous progeny is due to a large
overlap in gene expression between the gametophytic and
sporophytic stages of the life cycle.

Over the past 15 years it has been shown that a large
portion of the genome of the microgametophyte is tran-
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scribed and translated and that the vast majority of the
genes expressed by pollen are also expressed in the sporo-
phyte (e.g., Tanksley et al. 1981; Willing and Mascaren-
has 1984; Willing et al. 1988). When the pollen competi-
tion hypothesis was formulated, it was assumed that pol-
len competition could only act on heritable genetic varia-
tion in pollen performance among the microgametophytes
deposited onto the stigma. However, genetically based pol-
len-pistil interactions leading to differences in pollen per-
formance could also account for the effects of large pollen
loads on progeny vigor, if the differences in pollen perfor-
mance are determined by genetic similarity/dissimilarity
between the maternal sporophyte and the microgameto-
phyte (see Waser et al. 1987; Snow and Mazer 1988;
Schlichting et al. 1990).

Alternatively, because fruits produced from large pol-
len loads typically differ from those produced by small pol-
len loads in seed number, in the position of the seeds within
the ovary, and in seed weight, it has been suggested that
any differences in progeny vigor could be due to differ-
ences in the quantity or quality of the resources provided
to the seeds by the maternal plant (Charlesworth 1988;
Schlichting et al. 1990). Such environmental (non-genetic)
maternal effects could be mediated by phytohormones pro-
duced or accumulated in the developing seeds (Lee 1984;
Brenner 1987).

Finally, because most species regularly produce more
ovules than mature sceds (see Lee 1988), differences in
progeny vigor related to pollen load size could be due to
non-random seed abortion. For example, it has been shown
for several species that potentially viable seeds do abort
(see Casper 1988; Lee 1988; Nakamura 1988; Rocha and
Stephenson 1991), and two of these studies revealed that
under conditions that foster the survival of these viable but
normally abortive seeds, they produce less vigorous prog-
eny than the normally non-abortive seeds (Casper 1988;
Rocha and Stephenson 1991). Consequently, if differences
in vigor among the developing seeds within a fruit influ-
ence which seeds mature, as suggested by several authors
(Charnov 1979; Westoby and Rice 1982; Bawa and Webb
1984; Stearns 1987), then fruits produced by large pollen
loads would have more fertilized ovules than could be de-
veloped to maturity and would have many opportunities
for non-random seed abortion. In contrast, fruits produced
by small pollen loads would not have a surplus of fertilized
ovules and would have less opportunity for non-random
abortion.

In this study, we tested the pollen competition hypoth-
esis by subjecting Cucurbita pollen to two generations of
selection for fast pollen-tube growth. We then compared,
via greenhouse and field studies, the vigor of seeds ferti-
lized by pollen from plants selected for fast pollen-tube
growth with that of seeds fertilized by pollen from plants
that have not been selected for fast pollen-tube growth.
These experiments were designed to eliminate maternal ef-
fects, non-random seed abortion and pollen-pistil interac-
tions as possible explanations for the data.

Materials and methods
Pollen selection treatment: first generation

In the summer of 1989, 10 Cucurbita texana plants (grown from
seeds taken from a natural population in Texas and probably con-
taining some genetic variability) were crossed to 10 ‘Black Beauty
Bush’ (an inbred cultivar of C. pepo) zucchini plants that were also
grown from seeds. C. fexana (a wild gourd that is native to the south-
western U.S. and northern Mexico) is either the wild progenitor of
C. pepo (cultivated squashes) or an early escape from cultivation
(Decker and Wilson 1987; Decker-Walters 1990). Moreover, C. tex-
ana is completely cross-fertile with C. pepo and, consequently, they
could be considered one biological species (Quesada et al. 1993).
Both species are monoecious vines with indeterminate growth and
reproduction, but ‘Black Beauty’ has short internodes that give it a
bushy appearance. Seeds of both parental species were sown into an
experimental garden at the Pennsylvania State University Agricul-
tural Experiment Station at Rock Springs, Pa. Two flowers were pol-
linated on each ‘Black Beauty’ plant using the pollen of C. texana.
One flower received a small pollen load, while another flower on the
same plant received a large pollen load (see Winsor et al. 1987; Que-
sada et al. 1991 for pollination technique). A small pollen load con-
sisted of approximately 460+30 pollen grains (mean+SE; n=10), and
alarge pollenload consisted of saturating the stigma with excess pol-
len (>10 000 pollen grains). To prevent visitation by bees, both stam-
inate (donor) and pistillate (maternal) flowers were covered with
cheesecloth bags 1 day before anthesis. On the day of anthesis, pol-
len from staminate flowers from a minimum of 5 different plants was
removed with a small brush, placed into a small plastic container,
and thoroughly mixed. Following the controlled pollinations the
cheesecloth bags were again placed over the pistillate flowers.

In order to separate the effects of differences in the intensity of
pollen competition from the effects of differences in seed number,
seed weight, and seed position within the ovary, we excised the style
(at the ovary) of the flowers receiving large pollen loads 12—15 h af-
ter pollination (depending on the air temperature). A previous study
revealed that 12 h is sufficient time (at 30°C) for only the fastest pol-
len tubes to enter the ovary (Stephenson et al. 1988b). We also ex-
cised the styles from flowers receiving small pollen loads at 24 h af-
ter pollination (after both fast- and slow-growing pollen tubes had
entered the ovary). It was necessary to excise the styles because pre-
vious studies of C. pepo had shown that fruits resulting from large
pollen loads contain more but smaller seeds than fruits from small
pollen loads (Stephenson et al. 1988c) and that seed size has an ef-
fect on seedling growth (Winsor et al. 1987, Stephenson et al. 1988a).
By excising the style in this study, we obtained similar seed num-
bers and seed weights in the fruits from the large and the small pol-
len load treatments (Table 1). The mature fruits were harvested in
late autumn, and seeds were removed, washed, air-dried, counted,
and stored in paper envelopes at room temperature.

Pollen selection treatment: second generation

In the summer of 1990, 210 F; seedlings obtained from the previous
pollen competition experiment were transplanted into an experimen-
tal garden, 160 served as pollen donors and 50 as maternal plants (5
plants from each of 10 maternal plants used to produce the F;). Of
the 160 F, pollen donors, 80 were obtained from the large pollen load
treatment and 80 from the small pollen load treatment. With the same
pollination technique described above, two flowers were pollinated
on each F| maternal plant. One flower received a small pollen load
with pollen obtained from a minimum of 5 donors produced by a
small pollen load from the previous generation. The other flower of
the same recipient plant received a large pollen load with pollen ob-
tained from a minimum of 5 donors produced by a large pollen load
from the previous generation. Similar to the previous year, we were
able to control for differences in seed number and seed weight in the
progeny produced by the small and the large pollen loads by excis-
ing the style (at the ovary) of the flowers receiving large pollen loads



1215 h after pollination while excising the style of the flowers re-
ceiving small pollen loads 24 h after pollination (Table 1). The style
excision technique allowed us to again select for only the fastest pol-
len tubes in the large pollen load treatment and for both fast- and
slow-growing pollen tubes in the flowers receiving small pollen
loads. The mature fruits were harvested in late autumn and seeds
were removed, washed, air-dried, counted, and stored in paper en-
velopes at room temperature.

Effects of two generations of pollen selection on progeny vigor

In the summer of 1991, 100 F, seedlings were transplanted into an
experimental garden and these served as pollen donors. Fifty of these
F, plants were obtained from the lines selected for fast pollen-tube
growth (two generations of large pollen load treatments: denoted as
F,L-F,L), and the other 50 F, plants were obtained from the lines
that were not selected for fast pollen-tube growth (two generations
of small pollen load treatments: denoted as F,S-F,S). Ten C. pepo
cv ‘Black Beauty Bush’ plants were also sown into the experimen-
tal garden and these served as maternal plants. Two flowers were
pollinated on each maternal plant using a small pollen load. One of
the two flowers received pollen obtained from a minimum of 5 do-
nors from the selected line (F,L-F,L). The other flower on the same
maternal plant received pollen obtained from a minimum of 5 do-
nors from the non-selected line (F,S-F,S). Pollen was gathered and
applied in the same manner as the small pollen loads in the previous
two generations. Similar seed numbers and seed weights were ob-
tained from fruits resulting from the small pollen loads from the se-
lected (102+10 seed number; 160+3 mg seed weight) and non-se-
lected lines (103+11 seed number; 160+3 mg seed weight). The ma-
ture fruits were harvested in the autumn and seeds were removed,
washed, air-dried, counted, and stored in paper envelopes at room
temperature.

We conducted a greenhouse and a field experiment to determine
the effects of two generations of selection for fast pollen-tube growth
on progeny vigor. In March 1991, we chose two fruits (one produced
by F,L-F,L pollen and the other one by F,S-F,S pollen) from each
of the 10 maternal plants. Ten seeds from each fruit were randomly
chosen, weighed, assigned to 4 1 pots (containing equal parts of peat,
perlite, vermiculite, and potting soil) and randomly assigned to po-

Table 1 Seed number per fruit and seed weight of the F; and F,
progeny. The styles of flowers receiving large pollen loads were ex-
cised 1215 h after pollination and the styles of flowers receiving
small pollen loads were excised 24 h after pollination. Mean = stan-
dard error
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sitions on a greenhouse bench. We recorded the days to emergence,
leaf area at 14, 21, and 28 days after emergence, and the dry weight
of the above-ground biomass at 28 days after emergence. Leaf area
was determined using a sizing tool desctribed by Schlichting et al.
(1990).

For the field experiment conducted in the summer of 1992, we
randomly selected 5 seeds from each of the same two fruits (one fruit
produced by F,L-F,L pollen and the other one by F;S-F,S pollen)
obtained from each of the same 10 maternal plants used in the green-
house experiment. We weighed each seed, assigned it to a 125-ml
vermiculite-filled peat pot and placed these 125-ml pots side by side
in flats in a greenhouse. After emergence, the seedlings were trans-
planted to a field at The Pennsylvania State University Agricultural
Field Station at Rock Springs, Pa. The transplanted seedlings were
arranged at 2-m intervals in a random block design in the field, with
two seedlings from each maternal plant represented in each of five
different blocks (one seedling fertilized by F,L-F,L pollen and the
other one by F;S-F,S pollen). Staminate and pistillate flower pro-
duction and fruit production were recorded daily for each plant
throughout the growing season.

Results

In the greenhouse experiment, 175 of the 200 seeds ger-

minated and grew for the duration of the experiment. A
multivariate analysis of variance (which treats all five of
our measures of progeny vigor as if they were a single trait,
such as total vigor, as well as accounting for potential non-
independence of the five measures of vigor) indicated a
highly significant overall effect of pollen selection on prog-
eny vigor (Wilks’ Lambda=0.91 F(5,150)=2.97 P<0.01)
(GLM MANOVA SAS 1990). An analysis of covariance
(GLM SAS 1990) was conducted to independently evalu-
ate each measure of progeny vigor produced with F|L-F,L
or F;S-F,S pollen. This analysis showed a significant pol-
len selection effect on the number of days to seedling emer-
gence and a marginal effect (0.05<P<0.10) on the leaf area
at 14 days after emergence (Table 2). The progeny ob-
tained from small pollen loads from F,L-F,L plants (se-
lected donors) germinated faster and had a greater leaf area
at 14 days after emergence than the progeny from the un-
selected pollen donors (F;S-F,S) (Table 3). By 21 and
28 days post-emergence there were no differences in leaf

ggsera' Seed number Seed weight (mg) area. We suspect that the progeny of the selected donors
Large pollen Small pollen Large pollen Small pollen became pot-bound after 14 days, whereas the progeny of
load load load load the non-selected donors became pot-bound only after
21 days. In addition to the effects of the pollen selection
Fy 54 £23 63 £23 2006 192 £ 6 treatment, the maternal plant and the interaction of the ma-
F, 146213 166+ 12 100 £ 1 100 + 1 : .
ternal plant and the pollen selection treatment also signif-
Table 2 Mean squares and sig- . 5 .
nificance levels from the analy- Source of variance df Days to Leaf area (cm®) Biomass
sis of covariance (seed weight emergence (®
as covariate) of the greenhouse 14 days 21 days 28 days
experiment ; ]
Maternal plant (MP) 9 9.93%** 26817%% 78434 108015 9.44
Pollen selection treatment (PST) 1 28.5%*x 35954% 93 481 1.36
MP by PST 9 10.4%** 12918 32288 54792 3.67
Seed weight 1 8.08 13893 13911 1399 0.06
Error 154 3.24 13752 49642 68799 6.17

¥ ok k%% Significant at the 0.10, 0.05, and 0.01 levels, respectively
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Table 3 Effects of two genera-

tions of pollen selection on Pollen Days to Leaf area (cm?) Biomass (g)
progeny vigor in the green- selection emergence
house. Least square mean = treatment 14 days 21 days 28 days
standard error
Selected 56+02 352+ 14 651 =26 760 + 31 7.7+0.3
Non-selected 6.602 319+ 13 652 + 25 756 £ 30 75+£03

Table 4 Mean squares and significance levels from the analysis of
covariance (seed weight as covariate) of the field experiment

tion, both seed weight and the interaction of the maternal
plant with the pollen selection treatment influenced the
production of staminate flowers.

Source of variance daf Staminate  Pistillate  Fruits
flowers flowers  per plant
per plant per plant

Maternal plant (MP) 9 58.8 4.47 0.76

Pollen selection 1 101.8%* 2.27 5.63%%*

treatment (PST)

MP by PST 9 78.9%%x 6.93 1.52

Block 8 334 9.58%* 1.19

Seed weight 1 350.8%** 8.02 0.93

Error 65 33.7 4.94 0.97

#okx wxx Significant at the 0.10, 0.05, and 0.01 levels, respectively

Table 5 Effects of two generations of pollen selection on progeny
reproductive performance in the field experiment. Least square
means =+ standard error

Pollen selection Staminate Pistillate Fruits

treatment flowers flowers per plant
per plant per plant

Selected 20£0.9 52+0.3 24x0.1

Non-selected 18+0.8 48+03 1.9+£0.1

icantly influenced the days to seedling emergence (Ta-
ble 2), while the maternal plant influenced the leaf area at
14 days after emergence (Table 2).

In the field experiment, 94 of the 100 seeds germinated
and grew to maturity. The following measures of reproduc-
tive performance were recorded on each plant: (1) total
number of staminate flowers; (2) total number of pistillate
flowers; (3) total number of fruits. A multivariate analysis
of variance (MANOVA SAS 1990) revealed a marginal
overall effect of pollen selection on our three measures of
reproductive performance (Wilks’ Lambda=0.90 F(3,63)=
2.30 P<0.08). Again, it should be noted that this test treats
all three measures as a single trait, reproductive perfor-
mance, and it accounts for the potential non-independence
among the measures. In addition, we performed an AN-
COVA (GLM SAS 1990) in order to independently exam-
ine each measure of reproductive performance. The AN-
COVA revealed a highly significant effect of pollen selec-
tion on total fruit production per plant and a marginal ef-
fect (0.05<P<0.10 on total staminate flower production per
plant (Table 4). The progeny obtained from the F,L-F,L
pollen (selected donors) produced more fruits and more
staminate flowers per plant than the progeny obtained from
the F;S-F,S pollen (unselected donors) (Table 5). In addi-

Discussion

Numerous studies of both cultivated (Mulcahy et al. 1975,
1978; Mulcahy and Mulcahy 1975; Ottaviano et al. 1983;
Stephenson et al. 1986; Davis et al. 1987; Winsor et al.
1987) and non-cultivated (Fingerett 1979; McKenna and
Mulcahy 1986; Ramstetter and Mulcahy 1988; Lee and
Hartgerink 1986; Bertin 1990; Richardson and Stephenson
1992) species have shown a positive relationship between
the size of the pollen load and progeny vigor. However, the
factors responsible for this relationship have been subject
of much debate (e.g., Mulcahy 1979; Charlesworth et al.
1987; Charlesworth 1988; Stephenson et al. 1988¢; Snow
and Mazer 1988; Schlichting et al. 1990; Charlesworth and
Charlesworth 1992; Quesada et al. 1993). This study dem-
onstrated that selection for fast pollen-tube growth leads
to a correlated increase in progeny vigor as predicted by
the pollen competition hypothesis (Mulcahy 1979). This
study, however, differed from previous tests of the pollen
competition hypothesis in that it excluded the alternative
hypotheses that have been advanced to explain the rela-
tionship between pollen load size and progeny vigor (i.e.,
pollen-pistil interactions, environmental maternal effects,
and non-random seed abortion).

The small loads used in this study were insufficient to
produce a full complement of seeds (which is approxi-
mately 300 seeds). Consequently, the seeds resulting from
small pollen loads were produced under conditions of lit-
tle or no pollen competition and were the result of fertil-
ization by both fast- and slow-growing pollen tubes. In
short, there was no selection for microgametophyte per-
formance (speed of germination and/or pollen-tube growth
rate) on tubes from the plants produced by two generations
of small pollen loads (F;S-F,S). It is not clear as to why
only 15-50% of the pollen grains deposited onto the stigma
actually produced a mature seed, but a recent survey re-
vealed that similar pollen deposition to seed ratios are the
norm among angiosperms (Stephenson et al. 1995). In con-
trast, the large pollen loads used in this study greatly ex-
ceeded that necessary to produce a full complement of
seeds (Stephenson et al. 1988a) and, by excising the styles
at 12-15 h after pollination, we permitted only the fastest
growing pollen tubes (<1% of the pollen grains) to ferti-
lize the ovules (Stephenson et al. 1988b). By using this
procedure on both the parental and F, generations, we



created F;L-F,L plants that were selected for vigorous mi-
crogametophytes (fast germination and/or fast pollen-tube
growth). Because of the style excision technique, the se-
lected and the non-selected lines were produced in fruits
that did not differ in seed number (both less than a full com-
plement), seed weight, or in the positions of the ovules that
produce mature seeds (Table 1). Consequently, there were
probably no differences in maternal environmental effects
between the selected and non-selected plants, nor were
there differences in the opportunity for non-random seed
abortion.

Previously, we reported that F, plants produced by large
pollen loads were more vigorous than F, plants produced
by small pollen loads under greenhouse conditions (Que-
sadaet al. 1993). The present study showed that the effects
of selection for fast pollen-tube growth on progeny vigor
extend across generations. Because we deposited only
small pollen loads taken from both the selected (F,L-F,L)
and the non-selected (F,S-F,S) plants onto separate flow-
ers of the ‘Black Beauty Bush’ cultivar (inbred, genetically
uniform) of C. pepo, there was no selection on the pollen
that fertilized the seeds in the generation (third) that we
examined for vigor in this study. Moreover, these small
pollen loads produced mature fruits with similar seed num-
bers (less than a full complement), seed weights, and seed
positions within the ovary. Consequently, the differences
in progeny (sporophyte) performance that we found are un-
likely to be due to maternal environmental effects or to
non-random seed abortion. Rather, our findings (greater
vegetative vigor and increased reproductive output on
progeny resulting from fertilization by selected donors) are
most likely the result of prior selection on heritable varia-
tion in pollen (microgametophyte) performance and a ge-
netic correlation between pollen performance and progeny
vigor.

Previous studies that have attempted to document the
heritability of pollen performance and/or its correlated ef-
fect on progeny performance present a confusing and much
debated picture (Snow and Mazer 1988; Schlichting et al.
1990; Charlesworth and Charlesworth 1992). In Petunia
hybrida, the beneficial effect of large pollen loads were ob-
served to extend into the next generation (Mulcahy et al.
1978), but this study used one clone as a pollen donor and
one clone as a pollen recipient so that generalization may
not be warranted. In Raphanus raphanistrum, two gener-
ations of weak versus intense pollen competition (pollen
selection) produced plants whose pollen did not differ in
performance (Snow and Mazer 1988), but the differences
between the weak and the intense selection were surpris-
ingly small (see Schlichting et al. 1990). Consequently, dif-
ferences in pollen performance would be very difficult to
detect in the Snow and Mazer (1988) study. In maize, Zea
mays, four generations of selfing produced plants result-
ing from weak and strong pollen competition (selection).
The pollen produced from the strong pollen selection line
fertilized more seeds than the pollen from the weak selec-
tion line in mixtures of pollen from a reference line (Ot-
taviano et al. 1988) indicating that it is possible to select
for pollen performance, at least within a given stylar gen-
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otype (see also Johnson and Mulcahy 1978). Ottaviano et
al. (1988) also subjected a genetically variable population
of maize to four generations of pollen selection and re-
ported both improved micogametophyte performance and
a correlated beneficial effect on one sporophytic trait (seed
weight). Landi et al. (1986) selected for improved grain
yield in maize and found a correlated response with pol-
len performance. Finally, Schlichting et al. (1990) found
that additive genetic variance in the genes expressed dur-
ing both stages of the life cycle played a significant but
small role in the positive effect of large pollen loads on
progeny vigor in the ‘Black Beauty Bush’ cultivar of zuc-
chini (C. pepo). Because this is an inbred cultivar, pollen-
pistil interactions, maternal effects, and/or non-random
patterns of seed abortion played a more important role in
altering progeny vigor.

In this study, the genetic variation (upon which we se-
lected) was produced via hybridization of the common zuc-
chini with a wild gourd. It should be noted, however, that
the level of heterozygosity and the percentage of polymor-
phic loci in the F; of this study is similar to that typically
reported for outcrossing herbaceous plants (Decker and
Wilson 1987; Hamrick and Godt 1989). In natural popula-
tions, genetic variation for pollen performance can result
from mutation, gene flow among populations, and envi-
ronmental heterogeneity within populations (e.g., Snow
and Mazer 1988; Young and Stanton 1990; Schlichting et
al. 1990; Charlesworth and Charlesworth 1992).

The data from this study indicate that large pollen loads
have the potential to improve the vigor of the resulting
progeny via microgametophyte selection, especially in
outcrossing highly heterozygous populations. However,
with the exception of only one study (Snow and Mazer
1988), all the studies on the heritability of pollen perfor-
mance have used cultivated species. Carefully controlled
studies using non-cultivated species are now needed to de-
termine the efficacy of pollen selection in nature.
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