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The major objective of the forest genetics program which I initiated

in 1959 was to elucidate the role of the genotype and the mode of genetic

control of traits in a forest tree species that are of importance to

society. Trembling aspen (Populus tremuloides Michx.) was selected as the
experimental tree, and trees in 26 natural stands scattered throughout

the Adirondack Mountains and adjoining regions of New York State were

selected using random procedures to serve as parents in controlled crosses.

Since most economically important traits are quantitative in nature,

experimental designs have been chosen that permit the estimation of the

heritability of traits on the basis of the covariance between half-sibling

families. The results of seven years of observations on flowering in

three of the oldest experimental plantings will be reported in this paper.

An understanding of the genetic control of traits such as sex

determination, sex ratio, and earliness and frequency of flowering is of

more general importance than to merely satisfy the esoteric interest of

aspen and poplar breeders. It is conceivable that one day we may want

to plant only one of the two sexes because of some important sex-related

or sex-linked trait. As an example, Gullion and Svoboda (1972) reported

that the floral buds of staminate trees are a major food source for ruffed

grouse (Bonasa umbellus L.) in northern Minnesota. They found that the
more rapidly developing, hence larger staminate buds provide a greater

amount of food per bud than vegetative of pistillate floral buds. This

permits the bird to "fill up" quickly, thus reducing the time when it is

exposed to predation and the energy expended to maintain body temperature

during cold winter evening feeding periods. They reported other field

observations, such as the high incidence of staminate-flowered trees

within sight of drumming logs, which support their conclusion that the

staminate aspen tree is an integral component in the ecology of the

ruffed grouse in northern forests. Other sex-related traits that could

be important in breeding aspen to serve as a component in a multiple-purpose

management area include earliness and frequency of flowering.

Most studies of sex ratios in Populus spp. report an excess of males
to females in natural stands, provenances and families from controlled

crosses. Pauley (1949) found an excess of staminate-flowered clones among

superior clones of several native Populus spp. selected by Helge Johnsson
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and him throughout United States and Canada. The results of studies since

that time, summarized in Table 1, clearly indicate an excess of

staminate-flowered trees in three Populus species, but in only two cases
are the deviations from a 1:1 sex ratio statistically significant.

The results herein reported are based upon the sex expression in 36

families produced by controlled crosses of trees from 15 natural stands in

this northern New York State population. A strong genetic control of sex

ratio and earliness of flowering has been found. The numbers of years of

observations of flowering, however, are inadequate to clearly elucidate

genetic control of the flowering frequency. Similarities among half-sibling

families and differences between unrelated groups, though, clearly suggest

a predictable genetic control for this trait that can be determined in a

few more years.

MATERIALS AND METHODS

Thirty-six F 1 families, each composed of 30 full siblings were planted

at an 8' x 8' spacing in replicated plots at the College's Genetic Field
Station, Tully, New York. The twelve families in Experiment 1 were

produced in 1961 by crossing three pistillate-flowered trees, Nos. 0S105,

FR301, and CL307, to each of four staminate flowered trees, Nos. FU101,

FR308, CL306, and ES203. One-year-old seedlings were field planted in 1962

according to a randomized complete block design with three blocks of twelve

families each, and 10 trees per family per block. The stems of these trees

were cut back to about one foot above ground in the spring of 1965 because

of a severe infestation of Saperda beetles, and a single basal sprout was

selected that next summer to serve as the new stem. Thereafter a

combination of sanitary practices and spraying with insecticides controlled

this insect. The effect of this cutting back of the stems, however, has
resulted in trees whose root systems are four years older than the stems.

The remaining 24 families were field planted in 1964 as Experiments 4-5 in

a randomized complete block design with two blocks and 15 trees per family

in each block. One-year-old seedlings were lined out for one year, and the

two-year-old seedlings were field planted. These families represent the

remnant of a large crossing program in 1962 in which 10 pistillate- and

1 0 staminate-flowered trees were crossed in all combinations. Failure of

certain crosses and a high winter mortality of 1-year-old seedlings

resulted in this "salvage" planting. Twelve of these families are from

three female parents (LE203, ES110, and HE107), each crossed to four male

parents (FU101, ES208, 0A102, and LE108). The remaining families can be

grouped in several ways for analyses, e.g., five "females" each crossed

to two males from a group of five, etc. In both plantings trees that died

in the first 2 or 3 years were replaced. Later, a basal or root sprout
was selected for trees that died or were cut back, and the year was

recorded when this occurred so tvole damage in 1967.

Beginning in the spring of 1968 and each year since, each tree has

been scored for the occurrence of floral buds. The sex was determined

using only one or two buds but many trees have been independently "sexed"

two or more years. If an inconsistency was found in different years,
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multiple samples from several crown locations were taken. These

inconsistencies, however, were rare and proved to be due to hermaphroditism

occurring in parts of the crowns rather than classification or recording

errors. The sex was not determined for a few trees (17 in Experiment 1

and 20 in Experiment 4-5) due to the presence of only a few floral buds

high in the crown that couldn't be reached with a pole pruner. Tree

ladders weren't used because of damage due to the excessive pruning of

branches required for their use.

RESULTS

Sex Ratio.--The ratio of males to females and the total number of

flowering trees for the years 1970 through 1974 for Experiment 1 and 4-5

are given in Table 2. The data for 1968 and 1969 are not included as the

numbers are small. Only 13 trees, all pistillate, flowered in 1968, and

in 1969, eight trees, 5 staminate- and 3 pistillate-flowered were counted.

Thereafter the numbers are sufficiently large to give reasonably reliable

estimates of the sex ratios. Note that the number of males exceeds

females for all experiments and the pooled data for the years 1970-1973

except for Experiment 4-5 in 1970 when the numbers of each sex were

equal. In 1974, however, which proved to be one of the best "flowering

years" for aspen in this area in many years, the sex ratios are close to

1:1 for each of the separate experimental groups and for the pooled data.

A similar result is obtained if all data for all years are pooled. The

results of the Chi-square tests for Goodness of Fit to an expected sex

ratio of 1:1 clearly support the conclusion that in the first years of

flowering the proportion of males exceeds that of females, but as the

trees become older, a larger proportion of the trees flowering for the

first time are female so that the overall sex ratio approaches the

expected 1:1 ratio. This was attained in these experimental groups in
1 974.

A small number of trees in each experiment flowered, but the sex

was not determined, This group includes 17 trees in Experiment I, or

7% of the flowering trees, and 20 trees or 5% of the flowering trees in

Experiment 4-5. These could be predominantly male as some trees that

were originally not sexed, were later identified as female when the

catkins were observed to persist after pollen shed ceased in other trees,

and later seed was shed. If all of the trees of unknown sex were male,

the sex ratios for each of the experimental groups and for the pooled

data would not differ from the 1:1 ratio, but in all cases the number of

males would slightly exceed that of females.

It was noted in the early years of classifying these trees that

families in which tree FU101 served as the male parent were composed

l argely, if not wholly, of pistillate-flowered trees. Quite by chance

this tree was used in both experimental groups considered here. Of the

1 22 progeny of this tree that flowered in or before 1974, 116 are female,

four are male, and two are unknown, as the sex was not determined. When

these families are excluded from the data as shown in the last lines of

Table 2, the males greatly outnumber the females, and the results of

the Chi-square tests for Goodness of Fit to a 1:1 sex ratio are

statistically significant at the 1% level of probability for Experiment

1, Experiment 4-5 and for the pooled data.
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The variability in sex ratios appears to be related to parentage.

This can be seen in Table 3 in which sex ratios are given by groups of

maternal and paternal half-sibling families for both Experiments 1 and

4-5. The total number of living trees in each group in 1974 and the

percentage of the living trees that have flowered are also given in the

table. In general, higher proportions of males occur in the Experiment

1 families than in Experiment 4-5, but one of the paternal half-sibling

groups in Experiment 4-5, WA111, exhibits the most disproportionate sex

ratio, namely 3.43:1. The number of flowering trees, however, is small

so that this could represent chance variation. The group with the

l argest number of males relative to females is the ES203 paternal

half-sibling group in Experiment 1 which has a ratio of 3.17:1. The

excess of males to females, however, occurs in all groups except the

OS105 maternal half-sibling and the FU101 paternal half-sibling groups

i n Experiment 1. In contrast, only two of the five maternal half-sibling

groups in Experiment 4-5 have more males than females, but in all of the

paternal half-sibling groups except FU101 males exceed females, which is

i n accord with the observations for the Experiment 1 paternal half-sibling

groups.

The effect of FU101 on the maternal half-sibling groups is to

greatly distort their sex ratios. If families with FU101 as the male

parent are excluded from the maternal half-sibling groups, the sex ratios
i n Experiment I become 1.79:1 for 0S105, 1.95:1 for FR301, and 3.75:1

for CL307 and in Experiment 405, 2.31:1 for LE209, 1.32:1 for LE203,

1.94:1 for ES110, 1.08:1 for HE107, and 1.35:1 for CL108. It is obvious

that this one staminate-flowered tree has an enormous effect on the sex

ratios in the maternal half-sibling groups as well as on the overall sex

ratios for each of the experimental groups and the pooled data (see

Table 2).

Earliness of Flowering.--Summaries of the data for earliness of

flowering are presented in Table 4 for Experiment 1. The results are

given as the mean age and the range in age when floral buds were first

initiated, i.e., the year prior to flowering. These values are given

for each sex and all trees in each family, in each maternal and paternal

half-sibling group of families, and for all trees in this experiment.

A bar graph showing the number of trees of each sex and of unknown sex

that first formed floral buds at each year of age is given for Experiment

1 in Figure 1.

In Experiment 1 the mean age of floral bud formation, based on all

trees, is 5.8 years, with the average for the staminate-flowered trees

almost one year less than for the pistillate-flowered trees, namely 5.3

and 6.2 years, respectively. This difference between sexes is found

within all families except two, OS105 x FR308 and OS105 x ES203. The

numbers of flowering trees in these two families are small, so that this

non-conformity to what is observed in the other ten families could

represent chance variation. The sex difference is also obtained for each

of the seven half-sibling groups, with the average age of first flowering

for staminate-flowered trees less than that for pistillate-flowered trees.

The actual basis for these differences in mean values can be clearly

seen in Figure 1, with the majority of the males flowering at ages 4 and

5 and females at 8.
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Earliness of flowering also varies considerably among families and

among the half-sibling groups. Family means range from 4,7 years for

family 0S105 x FR308 to 7.1 for FR301 x FU101. The large value in this

second family, however, is largely due to the occurrence of only

pistillate-flowered trees except for one whose sex was not determined,

and, as just discussed, to the older average age of first flowering in

females than in males. The disproportionate sex ratio due to male parent

FU101 accounts for the older age of flowering for its three half-sibling

families (6.4, 7.1, and 6.2 years) and for the group mean (6.5 years)

compared with the other families and half-sibling groups. Only one other

family, FR301 x FR308, has a mean value in this range, and the large value

is primarily due to the old age for the first flowering of the female trees.

Only six female trees have been identified in this family, and all six

flowered for the first time in 1974.  Comparisons of the three families

comprising each of the four paternal half-sibling groups show that in each

case, the family with FR301 as the female parent has the largest mean

values for age of flowering for both pistillate- and the staminate-flowered

trees and, as would be expected, also for all trees that have flowered.

This suggests that the cause is genetic, with FR301, the common parent,

contributing genes for late flowering. This is further supported by the

fact that the values for the FR301 maternal half-sibling group means, i.e.,

7.0 for females, 5.8 for the males and 6.4 for all 80 flowering trees, are

greater than the corresponding values for the other two maternal

half-sibling group means given at the bottom of Table 4.

Only one other family appears to differ markedly from the rest of the

families in earliness of flowering in Experiment 1, namely OS105 x FR308.

The mean age of first flowering in this family is the youngest for each of

the sexes and for all trees compared with the other eleven families. It

doesn't appear, however, that this is due to genetic factors for earliness

since only fourteen of the 28 trees (2 died before flowering) had flowered

by 1974. The family means, therefore, will increase considerably when all

trees have flowered. The distribution of ages of first flowering in most

families is somewhat bimodal with the first peak at age 4 and the second at

8. These peaks are also obvious for each sex in Figure 1. In family OS105

x FR308 the first peak is pronounced, with 6 of the 14 trees first flowering

at 4, but the second peak doesn't really exist since only two trees

flowered at 8 years of age. Perhaps it will occur in the next few years.

In any event, the smaller number of older trees compared with the earlier

flowering trees in this family relative to the other eleven families is

responsible for the smallest mean values occurring for this group. The

family may, in fact, have genetic factors for lateness rather than

earliness since half of the trees have yet to flower!

The marked difference in the mean age of floral bud initiation for the

trees in Experiment 4 (Table 5), 7.2 years, and in Experiment 1, 5.8 years,

no doubt has a developmental cause rather than genetic. Recall, the trees

in Experiment 1 were cut back in 1965 and a new basal or root sprout was

selected to serve as the new stem. In the spring of 1974, these trees had

9-year-old stems and 13-year-old root systems. The trees in Experiment 4,

however, developed from the original seedlings so that they were 12 years

of age in 1974. In both experiments, however, trees died, were cut back

due to Saperda galls, or were girdled by voles so that all trees are not

the same age in 1974. The number of younger trees in Experiment 1 is only

37, which is 11.0% of the 336 trees still living in 1974. Of these, 15
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have flowered. Three are female, eight are male, and four are of unknown

sex. Their effect would be to reduce the mean age of first flowering

based on all trees, as their average is 4.4 years. The effect of the

younger trees on the Experiment 4 results would be much greater as 105

of the 305 living trees in 1974 arose from sprouts. This constitutes

34.4% of the trees, or three times as many as in Experiment 1. The

greater damage in this experiment was primarily due to extensive girdling

by voles in 1967. Forty-eight have flowered which includes 25 female,

1 9 male, and 4 of unknown sex. Their average age for first floral bud

formation is 4.3 years. This compares with an average age of 7.99 years

for first floral buds for the original trees (164 flowering trees). The

net effect has been to reduce the average age to 7.2 years for all trees.

It should be noted that the average age of first floral bud formation for

the younger sprout trees is almost exactly the same for Experiments 1 and

4, namely 4.4 and 4.3 years, respectively. This provides additional

support to the conclusion that the difference in age for first flowering

in these two experiments is due to differences in their developmental

histories rather than genetic. It appears that stems of sprout origin

will flower, on the average, two to three years earlier than those of

seedling origin.

The variation in age of floral bud initiation in Experiment 4 trees is

shown in Table 5, The differences between the sexes and among the

families and half-sibling groups is similar to that observed in Experiment

1. The difference between the sexes is not as large, namely 6.9 years for

staminate- and 7.4 for pistillate-flowered trees. This can also be seen

in Figure 2 in which there are no big differences in flowering in the two

sexes in any year except perhaps 1974 with 18 females and 8 males. This

difference in age of the two sexes occurs in 6 of the 9 families in which

both sexes occur. The exceptions are family HE107 x 0A102 in which there

is no difference, ES110 x 0A102 with the females' mean age 8.0 and males',

8.1, and ES110 x LE108 with female and male means of 7.0 and 7.9,

respectively. The numbers of flowering trees in these last two families

are not large, so that this could represent chance variation. It could,

however, be in part genetic as trees ES110 and 0A102 are each one of the

parents in two of the three families. In addition, the mean ages for the

two sexes in the two half-sibling groups is either the same (the ES110

maternal half-sibling group) or the female's mean is smaller than the male

mean (7.1 and 7.3, respectively, for paternal half-sibling group 0A102).

Some of the extreme mean values for earliness and for lateness in

flowering appear to be associated with particular parents. Female parent

ES110 seems to contribute genes for lateness to all of its half-sibling

progeny families. If the means for the female, male, and the family are

compared in the three families making up each of the four paternal

half-sibling groups, the values for the family with ES110  as the female

parent are the largest except for the female mean in the LE108 paternal

half-sibling group. The HE107 x LE108 female mean value is the largest

in this group. The effect of ES110 is also reflected in comparisons of

the means of the maternal half-sibling groups, namely, values for the

ES110 maternal half-sibling group are the largest!

Two trees appear to have genetic factors for earliness, HE107 and

LE108. These factors, however, are not as consistently expressed in the

half-sibling groups of the two trees when comparisons of family means are
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made. The most unexpected result is that the family in which both of

these two trees were the parents (HE107 x LE108) does not rank as the

earliest flowering in either of the two parental half-sibling groups! If

the two parents do have genes for earliness in flowering, they obviously

are not additive in their effects. In fact, the interaction appears to

have the opposite effect, resulting in lateness in flowering.

These sets of data for Experiments 1 and 4 have been analyzed using
an Analysis of Variance so that estimates of the heritability for earliness

of flowering could be made based upon the covariances of maternal and

paternal half-sibling groups. The results of these analyses are presented

in Table 6. The method of analysis using plot means for partitioning the

between families sums of squares was followed for ease of calculation

because of the unequal numbers of trees per family (see Kempthorne 1957).

The heritability values are not especially large for either experimental

group, but the estimates based on the covariances of maternal half-sibling

families are larger than those based on the parternal half-sibling

covariances. This could mean that there are also maternal or cytoplasmic

effects present as well. The difference in size of the estimates in the

two experiments probably represents chance variaiton due to the small

number of parents. The real values probably occur in the range obtained

here, namely 0.13 to 0.40.

Frequency of Flowering.--The results of the observations on the

frequency of flowering for Experiments 1 and 4 are presented in Table 7.
These data are based on trees that initially flowered prior to 1974, i.e.,

only trees that could have flowered two or more years. This has greatly

limited the number of trees, especially in Experiment 1 as many trees

flowered for the first time in 1974 (see Figures 1 and 2). The 1974

flowering data for trees that had previously flowered, however, are

included in these results. The data are presented in two ways, the mean

number of years of flowering and the mean frequency of flowering. This

l atter value is calculated for each tree by dividing the number of years

flowering occurred by the number of years that have elapsed since

flowering was initiated. If a tree flowered every year, the flowering

frequency would be 100%. These data are presented for each sex and for

trees whose sex was not determined in each family, each maternal and

paternal half-sibling group, and the grand totals for each experiment.

A statistical analysis had not been completed as the numbers of trees are

small, especially in certain families.

Perhaps the most surprising result is the high frequency of flowering

in both sexes. In Experiment 1, female trees flowered, on the average,

approximately two out of three years (67%) once flowering had begun, and

males, almost 80% of the years. The frequencies for the two sexes is

even higher for Experiment 4, being 82% and 88% for females and males,
respectively. This difference between the sexes is in accord with

general observations that male trees flower more often than females. It

amazed me, however, that the difference wasn't larger! Comparisons of the

flowering frequencies of the two sexes in each family and in the pooled

half-sibling groups show a general accord with this sex difference. Where

exceptions occur, the numbers of trees are relatively small so that chance

variation could be a factor. The higher frequencies observed for

Experiment 4 compared with Experiment 1 could represent genetic differences
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between the parent trees used in each experiment, This is also supported

by a comparison of the flowering frequencies of pistillate-flowered trees

with FU101 as the common male parent in each experiment. For Experiment

4, the frequency is 72% and for Experiment 1, 62%. This presumably

would be due to the different female trees in each group. It could,

however, represent a difference between trees of seedling origin and of

sprout origin, with those of seedling origin flowering more frequently!

Another factor is chance, since the numbers of trees in these groups are

quite small.

Comparisons of maternal and paternal half-sibling group means do not

reveal large variations in frequencies of flowering within each experiment

except for female parent 0S105 in Experiment 1 and FU101 in both

experiments. The half-sibling group in which each of these trees is the

common parent exhibits a lower frequency of flowering than the other

half-sib groups. This is also generally found when families with these

trees as one parent are compared to other families in the half-sibling

group. For example, if the frequencies of flowering of the pistillate-

flowered trees in the FR301 maternal half-sibling families are compared,

the frequency for family FR301 x FU101 female trees 68%, is the lowest

in the four families.

Comparisons of the data for the mean number of years of flowering

in each experiment show that the value for the staminate-flowered trees

is usually greater than that for the pistillate-flowered trees within

families, within half-sibling groups, and in each experiment. This, no

doubt, reflects two previously observed differences between the sexes,

namely that males flower at a younger age (see Tables 4 and 5) hence would

have more years in which to flower, and males flower more frequently.

There are a few exceptions to this in the family means and also half-sibling

group means, but chance could be a factor as the numbers of trees in the

exceptional families are relatively small. There aren't any obvious

patterns of relationship of the exceptional families that can be linked to

a common parent, so it is not likely that genetic factors are involved.

Larger numbers of trees and greater number of years of observation of

flowering are needed to elucidate the role of genetic factors in

determining the frequency of flowering in trembling aspen.

SUMMARY

Results are presented from observations of flowering in thirty-six

families of Populus tremuloides over a seven-year period, 1968 through

1 974. The families originated from controlled crosses of trees from 15

natural stands scattered throughout the Adirondack Mountains and adjoining

regions of New York State. A system of mating was used to permit the

estimation of the heritability of quantitative traits on the basis of the

covariances of maternal and paternal half-sibling families. One

experimental group of 12 families, produced in 1961, was cut back at four

years of age because of heavy insect damage and basal or root sprouts were

selected as the new stems. In 1974 these trees have 9-year-old stems on

1 2-year-old root systems. The other 24 families are of seedling origin

and 12 years old in 1974.

The sex ratio, based on 600 flowering trees in all families does not

differ from a 1:1 ratio, but if progeny of one male parent are excluded,
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the deviation of the observed ratio from an expected 1:1 ratio is highly
significant, Males then far outnumber females. Quite by chance this male

was the only tree used in two of the experimental groups of 12 families

each and so has a disproportionate effect. It produced 116 female and 4
male progeny, plus 2 whose sex wasn't determined! In most families, however,

the males outnumbered females but this probably is also an age effect.

The ratios vary among half-sibling groups of families, hence there appears

to be a strong genetic determination for sex ratio.

Earliness of flowering also appears to be under strong genetic control,

with some evidence for sexual dimorphism and a bimodality in the

distribution for age at first floral initiation. Males flower earlier

than females, with an average age difference of 0.9 years for trees of

sprout origin and 0.5 years for those derived from seedlings. This, of

course, affects the sex ratio in younger stands. The bimodality is due

to two peaks that occur at ages 4 and 8 for the trees of sprout origin and

at 7 and 11 for those of seedling origin. The first peak, in 1971, does

not coincide with a "good seed year" for aspen so that it is felt that the

distribution does not wholly reflect variations in environmental factors

affecting floral initiation. There is also evidence for family differences

attributable to common parentage.

Estimates of the heritability for earliness of flowering are not

particularly large, being .405 and .298 based upon covariance estimates

for female and male half-siblings in one group and .207 and .130,

respectively, for a second group. The numbers of parent trees, however,

were small so that these differences probably represent chance variation.

The higher values based upon the contributions of female parents could

reflect maternal effects. These values probably are underestimated and

would no doubt increase if variability due to sex dimorphism and

bimodality in the distribution of age at first flowering were partitioned

as sources of variation. This should decrease the estimate of the

environmental variance, hence increase the heritability estimates.

Information on frequency of flowering is quite limited due to the

smaller number of trees available for study. Only trees flowering prior

to 1974 were used. Several families had only five or fewer trees so that

an analysis was not attempted. There is good evidence for sexual

dimorphism for this trait, but the difference isn't large, being 12% for

the trees in one experiment and 6% for the other. In both groups the

frequencies are surprisingly high, with values of 73% and 84% based on

all flowering trees in each of the two experiments. There is some

evidence that lower flowering frequencies in certain families are due to

factors contributed by a common parent. High frequencies in families,

(several in both experiments were close to 90%) however, do not appear to

be attributable to any particular parent. Larger numbers of trees and

more years of observation are needed to elucidate the role of genetic

factors in determining the frequency of flowering in aspen.
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