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Summary. Male gametophytic selection can play a spe- 
cial role in the evolution of higher plant populations. The 
main assumption - gametophytic-sporophytic gene ex- 
pression of a large portion of a plant's genes - has been 
proven by a number of studies. Population analyses have 
revealed a large amount of variability for male gameto- 
phytic fitness. However, the data available do not prove 
that at least a portion of this variability is due to post- 
meiotic gene expression. This paper reports the analysis 
of a synthetic population of maize based on a gameto- 
phytic selection experiment, carried out according to a 
recurrent scheme. After two cycles of selection, the re- 
sponse was evaluated for gametophytic and sporophytic 
traits. A parameter representing pollen viability and time 
to germination, although showing a large amount of  ge- 
netic variability, was not affected by gametophytic selec- 
tion, indicating that this variability is largely sporo- 
phytically controlled. Pollen tube growth rate was signifi- 
cantly affected by gametophytic selection: 21,6% of the 
genetical variability was released by selection. Correlated 
response for sporophytic traits was observed for mean 
kernel weight: 15.67% of the variability was released. 
The results are a direct demonstration that pollen com- 
petitive ability due to pollen tube growth rate and kernel 
development are controlled, to a considerable extent, by 
genes expressed in both tissues. They also indicate that 
gametophytic selection in higher plants can produce a 
higher evolution rate than sporophytic selection; it can 
thus serve to regulate the amount of genetic variability in 
the populations by removing a large amount of the genet- 
ic load produced by recombination. 
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Introduction 

Evolution of higher plant populations can be produced 
by selection factors acting during all stages of sporo- 
phytic and gametophytic generations (Harding 1975). 
Because of the large number of  pollen grains produced by 
each individual plant and the competition of several pol- 
len tubes in the same style, selection is expected to be 
more effective on the male gametophyte than on the 
female counterpart. Male gametophytic fitness arises 
from paternal plant traits (pollen grain yield per plant, 
shedding time and duration) and from pollen grain traits 
(competitive ability within the anthers, viability, germi- 
nation time, tube growth rate, selective fertilization) 
(Pfahler 1975). 

The evolutionary importance of the phenomenon has 
been discussed by Darwin (1877), Jones (1928) and Hal- 
dane (1932), and more recently by Heslop-Harrison 
(1979). On the assumption that pollen trait variability is 
at least in part gametophytically controlled and because 
of the haploid condition, it has been proposed that male 
gametophytic selection may play a special role in the 
evolution of higher plants in nature (Mulcahy 1979; Ot- 
taviano and Sari-Gorla 1979; Pfahler 1983; Lee 1984) 
and in cultivated fields (Ottaviano and Mulcahy 1986) 
and may be used to develop more efficient methods of 
selection for plant breeding (Ottaviano et al. 1980, 1982; 
Mulcahy 1983; Zamir 1983). 

This idea is supported by evidence of considerable 
gametophytic gene expression and a large amount of 
sporophytic-gametophytic genetic overlap (i.e. a large 
proportion of genes expressed in both phases of  the life 
cycle). Tanksley et al. (1981) in tomato and Sari-Gorla 
et al. (1986) in maize have shown that a large proportion 
(0.60 and 0.72, respectively) of a plant's structural genes 
coding for isozymes in the sporophyte are also expressed 
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in the pollen. Willing and Mascarenhas (1984) in Tra- 
descantia and Mascarenhas et al. (1984) in maize found 
that about  20,000 m R N A  sequences are present in ma- 
ture pollen grains and that the genetic overlap is 0.60 
(60% of  the genes express in both sporophyte and game- 
tophyte). Protein synthesis by a large number of  
m R N A ' s  has been demonstrated in the germinating pol- 
len o f  Tradescantia (Mascarenhas and Mermelstein 
1981). Finally, on the basis of  distortions from Mende- 
lian segregation, it was shown that of  32 different genes 
controlling endosperm development in maize, 21 (66%) 
are also expressed in the male gametophytic phase, af- 
fecting pollen development within the anther and/or pol- 
len function (germination time, tube growth rate) (Otta- 
viano et al. 1988). 

Diverse experimental results have demonstrated the 
effect of  male gametophytic selection on the sporophytic 
generation. Positive response to gametophytic selection 
has been obtained for specific selective factors, such as 
tolerance of  low temperature in Lycopersicon (Zamir 
et al. 1981, 1982; Zamir and Vallejos 1983), of  salinity in 
Solanum (Sacher et al. 1983) and of  heavy metals in 
Silene dioica and Mimulus guttatus (Searcy and Mulcahy 
1985a, 1985 b). 

Differences in pollen competitive ability between 
inbred lines (Jones 1928; Sari-Gorla et al. 1975) and be- 
tween F1 hybrids (Pfahler 1967; Ottaviano et al. 1983) 
have been shown in maize. In the same species, correla- 
tion between pollen competitive ability and sporophytic 
growth and vigor has been reported by Mulcahy (1971, 
1974) and Ottaviano et al. (1980), although a gameto- 
phytic control of  the character has not been proven. 
Response to gametophytic selection for pollen competi- 
tive ability and positive correlated response for sporo- 
phytic traits has been detected in an open-pollinated 
population of  maize (Ottaviano et al. 1982), although it 
was not possible to give a clear-cut demonstration of  
selection acting only on gametophytic genetic variability. 
Ter-Avanesian (1978) in cotton, wheat and Vigna sinen- 
sis, McKenna  and Mulcahy (1983) in Dianthus, Mulcahy 
et al. (1975) in Petunia, and Schlichting et al. (1987) in 
Lotus corniculatus and Cucurbita pepo have proven that 
selection applied to pollen competitive ability affects the 
sporophytic generation for traits that are an expression 
of  plant growth and vigour and that the characters are 
controlled by genes expressed both in the gametophytic 
and the sporophytic phases. 

All these studies prove the efficiency of  gametophytic 
selection acting on the variability controlled by genes 
expressed in the postmeiotic phase of  the male gameto- 
phyte. However, evaluation o f  the weight o f  the phenom- 
enon as a factor that can regulate the genetical structure 
and evolution of  plant populations calls for knowledge of  
the amount  of  genetic variability of  the gametophytic 
fitness component  caused by post-meiotic gene expres- 

sion, and of  the proportion of  this variability expressed 
in the sporophytic population. 

Population analyses for sporophytic and gameto- 
phytic fitness variability have been made for Phaseolus 
lunatus, barley, Clarkia and maize (Harding and Tucker 
1969; Vasek and Harding 1976; Clegg et al. 1978). In 
some instances the variability of  the male gametophytic 
fitness parameter is comparable to the net variability in 
fitness. However, these studies do not discriminate be- 
tween sporophytic versus gametophytic genetic control 
of  important components of  gametophytic fitness, such 
as pollen viability, pollen competition within the anther 
and pollen tube competition within the style. 

The present paper reports the results of  a gameto- 
phytic selection experiment based on two cycles of  recur- 
rent selection. This analysis of  selected populations and 
of  the derived families provides the first account of  the 
amount  of  genetic variability of  pollen competitive abili- 
ty and of  the proportion of  this due to post-meiotic gene 
expression. It also confirms that selection acting on this 
component  produces correlated response in the sporo- 
phytic generation. 

Materials and methods 

Selection procedure 

A maize population (BSLE) randomly intercrossed for several 
generations was the basic material used for this study. Gameto- 
phytic and sporophytic traits were measured on families ob- 
tained by gametophytic selection. Our procedure for applying 
gametophytic selection takes advantage of the special structure 
of the maize ear. At pollination time, the length of the silks 
increases from apex flowers to basal flowers, where it can reach 
a length of 20 cm or more. Therefore, when several pollen tubes 
are competing within the same silk, the intensity of gameto- 
phytic selection increases from the apex to the base of the ear. 
Consequently, kernels at the base of the ear are recovered after 
more intense gametophytic selection, while those at the apex are 
recovered after less intense selection. Factors other than pollen 
competition in the same silk, such as tube capability to reach 
basal ovules or inhibition of some types of pollen by others, have 
been excluded (Jones 1928; Mulcahy 1971). If pollen from a 
single plant is used for pollination, any differences between 
progeny from apical or basal seed are due to gametophytic 
selection, derived from genetic variability expressed at the post- 
meiotic phase. 

This type of selection was applied according to a recurrent 
selection scheme in order to obtain a "base" population (proge- 
ny from basal seed of the ear produced under high gametophytic 
selection intensity) and an "apex" population (progeny from 
apical seeds, produced under low selection intensity). In 1979 
about 100 plants of the BSLE population were selfed and 12 
fully fertilized ears were chosen at random. From each of these 
ears 2 samples of 40 kernels were taken: 1 from the apex and 1 
from the base. The remaining kernels were discarded. In 1980 
two groups of 12 S 1 families were grown: i from the apex and 
1 from the base kernels. In each group all F 1 combinations (66) 
were produced; for each combination 3 plants of both parental 
S 1 families were used to produce 3 F1 ears; pollen from a single 
parental plant was used only once to pollinate a single ear of the 



other parent. The two populations thus produced will hereafter 
be referred to as the "apex" and "base" populations. In 1981 a 
balanced sample of each, consisting of 5 kernels of each of the 
66 x 3 = 198 ears, was sown to start a second cycle of selection, 
which was completed in 1983. The kernel sample of the "apex" 
population was formed by kernels from the top of each ear, that 
of the "base" population by kernels from the base. 

According to this procedure, within-plant male gameto- 
phytic selection was applied in four stages, two in selfing and 
two in intercrossing. In all stages of this work, plants were 
chosen completely at random to avoid sporophytic selection 
effects. Response to selection was evaluated on the basis of 60 
S 2 families (30 from the "apex" and 30 from the "base" popula- 
tion). 

The pollen competitive ability of each S z line was evaluated 
by means of the pollen mixture technique: equal amounts of 
pollen from a selected line and from a standard inbred (W22) 
carrying genes for colored aleurone (all the S 2 have uncolored 
aleurone), were mixed and used to pollinate ears of an unrelated 
F 1 hybrid (A632 x Mo17). The resulting ears were divided into 
five segments of equal length (eight kernels) and scored for 
kernel color. For each family about three fully fertilized ears 
were obtained and the overall experiment was repeated in two 
randomized blocks. 

Correlated responses for sporophytic traits (50 kernel 
weight: 50 KW; kernel number per row: KNR;  row number: 
RN) were evaluated on the basis of 160 (80 apex and 80 base) 
full-sib families in a standard field trial. A full-sib crossing de- 
sign was adopted to avoid inbreeding effect on the sporophytic 
traits. 

Statistics 

Frequencies of uncolored kernels per segment of the ears ob- 
tained by mixed pollination technique allowed estimation of  two 
gametophytic parameters. One is the proportion of uncolored 
kernels at the apex of the ear (P0; it represents the relative 
competitive ability of the line due to pollen viability and germi- 
nability. The second parameter is the coefficient of linear regres- 
sion of the proportion of uncolored kernels on ear segments 
(bp/~), representing the component of gametophytic competitive 
ability due to pollen tube growth rate. 

The data are binomial proportions, and the number of ob- 
servations for each estimated proportion, although very high 
(about 240), is not constant. Thus, normality of distribution and 
homogeneity of  error variances cannot be assumed. 

A normalization of the distribution was obtained by a trans- 
formation of the data into linear components of the regression 
between segments. The observed proportions vector p was lin- 
early transformed, by means of an operator matrix A, into a 
vector F = A p ,  according to Grizzle et al. (1969). The A matrix, 
which specifies additive operations, was used to generate linear 
functions of the observed proportion vector p. The rows of 
matrix A correspond to the orthogonal polynomial coefficients 
that define the linear component; thus the analysis of the F 
variable refers only to the linear component variability. It is 
important to note that the elements of vector F are derived from 
a large number of observations (about 1200) and consequently 
have an approximate normal distribution (Kock et al. 1977). 

The Analysis of Variance model for a randomized complete 
block design is: 

F = l # + X ~ f l + X ~ - z + e  

where X~ is the design matrix for blocks and X~ r is the design 
matrix for treatments; fl represents block effects and r is the 
vector of effects representing the linear component. 
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Taking into account the non-homogeneity of the variances, 
the linear model was fitted to the data obtained as F = Ap by 
means of weighted least square analysis. Since the suitable ma- 
trix of weights for p is: 

V~-t = W p ,  where wl j=nJpNi ,  

for F it becomes VF- 1 = [AVp A']- 1 = WE ' 
The model is now: 

F = W ~ / 2  F = W ~ / 2  1 # - -} -XBf l+XTT-{-e  

where: 

:~. = w U  xh , :~T = w U  x~ 

with E (a) = 0 and V (~) = I. 

The treatment sum of squares, adjusted for block effects, 
was obtained according to Pearce (1983) and partitioned into 
two components: Between Groups (apex versus base popula- 
tion) and Between Families (within populations). The X 2 crite- 
rion was used for both goodness of fit test and for treatment 
effects (Grizzle et al. 1969). 

The expectation for the sum of squares was obtained by the 
general procedure for expectation of quadratic form (Rao 1973). 
The computing procedure corresponds to that adopted in the 
SAS System (GLM Procedure; Goodnight and Speed 1978), and 
this program was therefore used for MS and variance coefficient 
evaluation. 

The resulting E (MS) Table is: 

Source MS Expected mean squares 

Between 
groups 

Between 
families 
Error 

GMS 1 +tr {Uo(U; ~-Uo) - t  u~) @(G) 
+ 2 t  (u; (~-Uo) ~ t ' a  2 

F(G)MS 1 + ( a - 2 )  -1 { C - u  o (u~ C -  %)-1 u;}@(G ) 

EMS 1 

where: 
u o is the vector of between-groups contrast; C -  is any general- 
ized inverse of the coefficient matrix of the "reduced" normal 
equations for treatments, and the expectation for the Error MS 
is 1, because of the transformation F=W1/2F.  

The same weighted analysis was performed on the propor- 
tions of uncolored kernels in the first segment (P0; however, in 
this case no transformation of the original variable was applied. 

The proportion of genetic variability between families (h 2) 
can be obtained as: 

/7 2 0 .2 
" 2 G + F t G )  

and its component solely due to gametophytic control as: 

0.g hg- 2 0.2 2"  fiG + F (G) -~ 0.e 

Standard Errors of variance components were obtained ac- 
cording to the procedure given by Searle (1971) for balanced 
data. Therefore, these estimates are to be considered approxima- 
te values. The expected mean squares, the proportion of  genetic 
variability between families and the standard errors for sporo- 
phytic traits were computed by standard methods (Becker 1975). 
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Results 

Table 1 shows the mean values and range of  variat ion of  
the gametophyt ic  traits of  the S 2 lines obtained by selfing 
plants  taken at r andom from the popula t ion  produced at 
high gametophyt ic  selection intensity (base) and of  the 
S2's from the popula t ion  obtained at low selection inten- 
sity (apex). The quant i ty  Pl (propor t ion  of  uncolored 
kernels at the apex of  the ears of  the single-cross hybrid) 
is the p ropor t ion  of  kernels from ovules fertilized by 
pollen of  the $2 lines in compet i t ion with the pollen of  the 
s tandard.  It represents relative gametophyt ic  competit ive 
abil i ty at the first stage of  the pollen function, the compo- 
nents of  which are the viability, size and germinat ion 
time of  the pollen grains and the tube growth rate at this 
very early stage of  tube development.  Analysis  of  the size 
(diameter)  and viability, evaluated by staining technique 
(Hes lop-Harr i son  and Heslop-Harr ison 1970) did not 
reveal significant differences between lines. Therefore, 
the variabi l i ty  in Pl can be referred to germinat ion time 
and /o r  to the early stage of  tube growth. Al though the 
character  shows a very large and significant between- 
family variabi l i ty  (analysis of  variance, not reported 
here), a difference between apex and base populat ions  
was not  detected and the mean values of  both  popula-  
tions were very close to the expectat ion of  50%. The 
heri tabil i ty of  the character  based on the between-family 
variance component  was 0.89 (SE = 0.27). 

Different results were obtained for the quanti t iy bp/s 
(coefficient of  linear regression of  the propor t ion  of  un- 
colored kernels on ear segments), representing relative 
pollen competi t ive abil i ty of  the S 2 lines due to pollen 
tube growth rate (Table 1; Fig. 1). The character  shows a 
very large amount  of  variabili ty; moreover,  the differ- 
ences between the two popula t ions  (groups) were signifi- 
cant, indicat ing that  the gametophyt ic  competit ive abili- 
ty of  the popula t ion  obtained at high selection intensity 
(base) is higher than that  obtained at low intensity. 
Quant i ta t ive  estimates of  the p ropor t ion  of  the variance 
due to popula t ions  and family (within populat ion)  are 
obta ined by means of  the weighted analysis of  variance 
in Table 2. The propor t ion  of  the genetical variance ob- 
tained by pool ing between popula t ion  and between fami- 
ly (within popula t ion)  components  was h~ =0.88 
(SE=0.22) ,  while the propor t ion  accounting only for 
between popula t ions  difference was h2=0 .19 ,  repre- 
senting 21.6% of  the total  genetic variability. The former 
value is an estimate of  the between-family heritabili ty of  
the character,  the lat ter  an estimate of  the genetical vari- 
abil i ty released under the pressure of  within-plant  
gametophyt ic  selection. 

Table 3 shows the results obta ined for sporophytic  
characters  studied on full-sib families produced by inter- 
crossing plants taken at r andom within each of  the two 
popula t ions  (base and apex). All  the characters revealed 

Table 1. Gametophytic traits of S 2 lines evaluated on the basis 
of the proportions of fertilization of the S 2 pollen (uncolored 
kernels) produced by mixed pollinations of FI(Mol7 x A632) 
hybrid ears. Pl is the proportion of uncolored kernels at the apex 
of the e a r ;  bp/s is the coefficient of linear regression of the propor- 
tion of uncolored kernels on ear segments 

P 1 bp/s 

mean range mean range 

Base population 49.27 14.79 0.31 5.34 
75.12 5.58 

Apex population 51.88 9.02 -1.24 8.50 
92.08 2.66 

Differences 2.61 n~ 1.55 ** 

Table 2. Analysis of variance of bp/s (regression coefficient of 
uncolored kernels proportion on ear segments) of S 2 line pollen 
in mixed pollinations 

Source SS DF ;C 2 Expected mean squares a 2 SE 

G 103.41 1 ** l+l.82aF2~G)+54.58a~ 1.68 1.55 
F(G) 812.98 58 ** I+2.20aFZ~) 5.92 1.16 
Error 1.82 58 ns 1 1 0.01 

ns: not significant 
** P< 0.01 

Table 3. Sporophytic values of full-sib populations 

50 KW KNR RN 

mean range mean range mean range 

Base 15.67 11 .96  46.00 39.91 15 .60  13.20 
population 19.02 51.70 18.10 

Apex 14.53 11 .22  46.80 38.70 16.3 13.70 
population 17.88 52.00 19.30 

Differences 1.14" 0.80 n~ -0.07 n' 

h~. 0.58 _+ 0.09 0.53 +_ 0.08 0.57 +_ 0.10 

Table 4. Analysis of variance of 50 KW values of full-sib popu- 
lations 

Source DF MS EMS 0 "2 SE 

Blocks 2 8.12 

Groups 1 /57.14"* aZ+3avZtG)+240a~ z 0.62 0.53 

Full-sib 158 7.48"* a z + 3 r r ~ )  1.95 0.28 
families 
(within 
groups) 

Error 318 1.647 a 2 1.65 0.13 
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tube growth rate 
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Fig. 2. Fifty kernel weight of 160 full-sib families from popula- 
tions produced by gametophytic selection 

a large amount of genetical variability, but only for mean 
kernel weight (50 KW) was the difference between base 
and apex populations significant: the mean value of this 
character is greater in the population obtained at higher 
selection intensity (Fig. 2). The analysis of variance in 
Table 4 allows for estimation of the proportion of the 
between-family genetical variability of the character 
(h2=0.60) and that accounting for the between group 
(base vs apex) difference (h~=0.16). The latter value 
represents 24.27% of the genetical variability, which can 
be interpreted as the proportion of the genetical variance 
released as correlated response to gametophytic selec- 
tion. 

Discussion 

This study shows that maize populations contain a large 
amount of genetic variability controlling important com- 
ponents of pollen competitive ability. It also provides 
information with regard to the sporophytic and gameto- 
phytic control of this variability. Relative pollen germi- 
nation time and tube growth in the early stage were not 
affected by within-plant gametophytic selection. On the 
other hand, gametophytic competitive ability due to pol- 
len tube growth in later stages was significantly affected: 
a portion of the genetical variability of the character is 
released by within-plant selection. This response to selec- 

tion is a direct demonstration that pollen tube growth 
rate is also controlled by genes expressed during the ga- 
metophytic phase. The proportion of genetical variabili- 
ty accounting for response to selection (between-groups 
component in the Analysis of Variance) probably repre- 
sents an underestimate of genetical variability due to 
post-meiotic gene expression. For a character showing 
quantitative variability, further response to selection is 
generally found (Falconer 1961). 

These results confirm that competitive ability in the 
early stage of the pollen function is largely controlled by 
the sporophytic tissues (Ottaviano et al. 1982), which can 
modulate the amount of storage material contained in 
pollen grains and supporting the first stage of pollen tube 
growth. Later on, the gametophyte changes from auto- 
trophic to auxotrophic development (Heslop-Harrison 
et al. 1984), where the growth rate is largely controlled by 
pollen style interaction and by genes of the gametophyte 
specifically connected with pollen tube growth. This in- 
terpretation does not mean that pollen development 
within the anthers is only sporophytically controlled. Ef- 
fects of post-meiotic gene expression on pollen viability 
and pollen size have been detected in cases of deleterious 
mutations of the endosperm showing pleiotropic effect 
on male gametophyte development (Ottaviano et al. 
1988). Sporophytic control of the early stage of pollen 
competitive ability can also explain the results obtained 
by Yamada and Murakami (1983), showing the superior- 



606 

ity (heterosis effect) of the pollen produced by hybrid 
combinations in comparison with that of the inbred pa- 
rents. These authors did not discriminate between the 
two components of competitive ability, and this superior- 
ity could be due to the effect of the sporophyte-controlled 
component. 

The correlated response detected for mean kernel 
weight indicates that genes expressed at the gametophytic 
phase controlling pollen tube growth rate are also ex- 
pressed during endosperm development. An alternative 
hypothesis could be based on the linkage between genes 
acting on the two different tissues. However, since the 
original population was randomly mated for several gen- 
erations, the effect of linkage disequilibrium is likely to 
be minimum on the Sz line population, which was ob- 
tained at random for all sporophytic traits. On the other 
hand, genes expressed in both the gametophytic phase 
and in the endosperm are well described in maize. These 
genes are involved in the control of starch metabolism, 
such as waxy (Brink and MacGillvrary 1924) or amylose 
extender (Moore and Creech 1972) and of endosperm 
development, as defective endosperm factors (Ottaviano 
et al. 1988). Moreover, positive correlations between pol- 
len competitive ability and kernel weight have been de- 
tected in a number of studies in maize (Mulcahy 1971; 
Mulcahy et al. 1978; Ottaviano et al. 1980; Yamada and 
Murakami 1983). Genes controlling basic metabolic pro- 
cesses such as energy production, starch metabolism and 
wall synthesis, which are important for both kernel de- 
velopment and pollen tube growth, can be hypothesized 
as contributing to the genetic overlap. This idea is also 
supported by the fact that most enzymes involved in 
these metabolic pathways are found in pollen (Brew- 
baker 1971; Dickinson et al. 1973; Heslop-Harrison et al. 
1973; Mascarenhas 1975) and by isozyme analysis show- 
ing post-meiotic gene expression and sporophytic- 
gametophytic genetic overlap (Tanksley et al. 1981; Sari- 
Gorla et al. 1986). 

In maize at least nine different loci, referred to as 
gametophyticfactors, have been detected (Nelson 1952; 
Schwartz 1960; Bianchi and Lorenzoni 1975). All these 
loci show gametophytic expression and the mutant alleles 
(Ga) confer high competitive ability to the pollen, due to 
the increased pollen tube growth rate (House and Nelson 
1958). Because of the positive interaction between pollen 
and style carrying the same Ga alleles, these genes favour 
assortative mating. Although the population analyzed in 
our study did not show the presence of such gameto- 
phytic factors - in mixed pollination they would reduce 
the fertilization due to the standard line (colored kernels) 
to a value close to zero - this does not mean that these 
loci were not involved: it is possible that various recessive 
isoalleles, having minor phenotypical effects, exist in the 
population and their segregation would produce the typi- 
cal pattern of a quantitative character. Indeed, this type 

of variability favouring self-fertilization was found by 
Jones (1928) by analysis of several inbred lines in mixed 
pollination. Although this control of the breeding system 
is not found in all cases (Pfahler 1965), it has been con- 
firmed by Ottaviano et al. (1983) in an experiment in- 
cluding inbred and F 1 hybrids and by Johnson and Mul- 
cahy (1978) who showed that competitive ability of the 
pollen in the style of the same plant is enhanced through 
successive generations of selfing. Moreover Paterniani 
(1969), selecting for reproductive isolation between two 
populations of maize, found a positive response in part 
due to a mechanism that favours fertilization by pollen 
produced within the population or prevents growth of 
pollen from another population. In the interpretation of 
the results of the experiment reported in this paper, the 
effects of genes producing this type of variability are 
likely to play a minor role. In fact, effects of Ga alleles on 
sporophytic traits, other than silk control of tube growth 
of Ga and ga pollen, have not been reported. 

Gametophytic selection and gametophytic competi- 
tive ability evaluation have been carried out at high polli- 
nation density, with hundreds of male gametophytes in 
competition within the same silk. In standard corn field 
pollination density is lower: Kisselbach (1949) estimated 
that about 13 pollen grains land on an individual silk; 
Sadras et al. (1985) had a very similar average value (12 
pollen grains) and found that the proportion of silks 
without pollen was close to zero. Therefore gametophytic 
selection, although at lower intensity, is operating in 
normal corn fields. 

The special features of the male gametophytic phase 
(haploid state and large population size) and the 
gametophytic-sporophytic expression of genes controll- 
ing both gametophytic fitness components and impor- 
tant sporophytic traits support the idea that gameto- 
phytic selection is a factor regulating the population 
structure and evolution rate. First, gametophytic selec- 
tion can be considered an important mechanism regulat- 
ing the amount of genetic variability in a population. In 
fact, natural selection acts on quantitative traits con- 
trolled by complex gene combinations; for these charac- 
ters the large amount of genetic load produced by genetic 
recombination can be removed by gametophytic selec- 
tion at a cost (loss of pollen genotypes) compatible with 
the size of the male gametophytic population. In this 
sense, gametophytic selection is a more efficient mecha- 
nism than those provided by chromosomal rearrange- 
ments, such as inversions, which eliminate the product of 
recombination in both male and female gamete popula- 
tions. Secondly, the haploid state allows attainment of a 
much higher evolution rate than sporophytic selection 
and it is maximized when sporophytic and gametophytic 
selection act in the same direction, i.e. when the two types 
of selection are positively correlated (Pfahler 1983). In 
fact, the large amount of genetic load produced to attain 
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a high evolutionary rate (Haldane 1957) would easily be 
supported if it were removed in the pre-zygotic stage 
from the male gametophytic generation. Finally, consid- 
ering crop plants, gametophytic selection can be used as 
a tool in breeding programs. Although little research has 
been carried out in this field, several interesting results 
have been obtained. They concern single genes and com- 
plex genetical characters: environmental  stress resistance, 
resistance to heavy metals and phytotoxins (for reviews 
see Zamir  1983; Ottaviano and Mulcahy 1986). 
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