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Abstract
The numbers of female and male flowers were assessed in a clonal seed orchard of Fraxinus rhynchophylla for four consecutive years from 2004 through 2007. The female and male flowers of the grafts were counted individually over the crown. Fertility variation was calculated by sibling coefficient that is related to the coefficient of variation in parental fertility. Estimated maternal and paternal fertilities based on the flower assessment were not constant but vary from year to year, and they were also found to be weakly correlated each other. Effective numbers of parents for mother and father were calculated from the sibling coefficients of maternal and paternal fertility variation. Clonal effective population sizes were estimated based on fertility variation (Ne(c)) and gender balance (Ne). The values of Ne(c) were higher in the years with good flower and seed production, while sibling coefficients were lower. On average (pooled), the values of Ne(c) were calculated to be 17.3, 21.0 and 38.1 for maternal, paternal and clonal fertility, respectively. The Ne(c) for maternal gamete pool was ranged from 9.8 to 16.7. The values of Ne for paternal gamete pool were generally higher (ranged from 14.9 to 21.9) than those for maternal. When pooled, the Ne was 47.3 and the values of Ne were higher when the gender ratio was more balanced. An option of equal seed harvest might be good to mitigate fertility variation and to improve gene diversity of seeds.
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Introduction
The maintenance and utilization of the high level of diversity for reforestation is a major criterion for breeding programs. As seed orchards become a predominant seed source, the breeding system of broad-leaves in an orchard merit increases scientific and managerial attention (Adams and Joly, 1983; Adams and Kunze, 1996). The aims of seed orchards are to produce sufficient amounts of seeds with high genetic quality and to achieve desirable genetic efficiency. The genetic efficiency of seed orchards depends primarily on the genetic value and genetic contribution of clones, the frequency of selfed embryos, and the proportion of embryos fertilized by external pollen (Matyas, 1991). The efficiency is also described as the degree to which the parental clones transfer their genetic superiority and diversity to their progenies.
However, the orchard goals can be reached only if several prerequisites are met (Woessner and Franklin, 1973; Chaisurisri and El-Kassaby, 1993). One of these biological conditions is that the orchard parents have to contribute equally to their offspring for keeping diversity high. Unfortunately, in reality, they are not equally contributing (Jonsson et al., 1976; Muona and Harju, 1989; Kang and Lindgren, 1998), which will cause the reduction of effective population size and the increase of relatedness (Kjær, 1996; Kang and Lindgren, 1999). Effective population size (Ne) and status number (Ns) have been used for monitoring taking into account what are mainly considered as variations in fertility between orchard genotypes (Frankel and Soule, 1981; Kjær and Wellendorf, 1997; Lindgren and Mullin, 1998).
Evaluating the effectiveness of female and male flower function in a wind-pollinated clonal seed orchard requires a standard measure on the relative probability of cross-pollination between all possible pairs of parents (Askew and Blush, 1990). Maternal and paternal reproductive success can be qualified by the proportion of flowers produced by each parent that is having high correlation with the number of fulfilled seeds (Kjær and Wellendorf, 1997). Field counts of female and male flowers can serve as rudimentary estimates of potential gamete contributions and hence fertility.
The objectives of this study are to calculate effective number of parents and variance effective population sizes based on the fertility variation estimated by assessment of flower production among parents. Gene diversity of seeds and pollen contamination and their effects on the management of orchard populations are also discussed.

Materials and Methods
Seed orchard and flowering assessment
The clonal seed orchard of Fraxinus rhynchophylla, operated by the Korea Forest Research Institute and located at Hwasung (lat. 36o30’N, long. 126o20’E, alt. 65m), was studied. This seed orchard was established with the intention of isolation from naturally occurring stands of this species. The seed orchard was established with grafts from plus trees in 1992. The design of the orchard was essentially random, and grafts were 2 years old at the time of establishment. The initial spacing was 5 x 5m spacing, and there has been no thinning and the survival of graft is 95 percent.
The numbers of female and male flowers were counted for all grafts in the seed orchard in mid-May for four consecutive years from 2004 through 2007. The numbers of female and male flowers of the grafts were counted individually over the crown. A ladder was used to reach the upper part of the crown. The seed orchard consists of 48 clones with 2 ha in area, and the ramets per clone varied from 1 to 24. Rate of pollen contamination would not be fixed but varied year to year and there are a limited number of ash trees surrounding the seed orchard. So, we did not consider pollen contamination in this study.

Fertility estimation
The numbers of female and male gametes produced by an individual are maternal and paternal fertilities, respectively (GREGORIUS, 1989). Expected total fertility is an average of maternal and paternal fertility. Fertility variation can be described by sibling coefficient (Kang and Lindgren, 1999), the probability that two genes taken from gamete gene pool originate from the same parent, compared to a situation where all parents give raise to the same number of offspring.
The sibling coefficient () is related to the coefficient of variation (CV) in parental fertility (Kang and Lindgren 1998; 1999). The sibling coefficient for the parental fertility can be divided into maternal sibling coefficient (m) and paternal sibling coefficient (p) as

 and                              (1)

                                (1-1)
where CVm and CVp are the coefficients of variation in maternal and paternal fertility, Nm and Np are the numbers of mother and father parents, and mi and pi are the contributions of mother and father of the i-th clone, respectively.
Total fertility variation () in an orchard is calculated in the case of that there is no pollen contamination from outside a seed orchard as (Kang and Lindgren 1999, Nikkanen and Ruotsalainen 2000),

                (2)
where Fi2 is the total fertility of i-th clone, and mi and pi are the contributions of maternity and paternity of the clone, respectively. N is the census number of parents in the seed orchard.
Equal seed harvest is often proposed to control and mitigate the effect of unbalanced contribution among parents in stands and seed orchards (Kang and Lindgren, 1999; Bila, 2000). Equal seed harvest means that maternal fertility is kept constant (m = 1). Under equal seed harvest, the sibling coefficient depends only on the paternal fertility variation and pollen contamination as

                                 (3)

Effective population size by fertility variation
Effective numbers of parents for mother [Ne(m)] and father [Ne(p)] were calculated from the sibling coefficients of maternal (m) and paternal (p) fertility variation, and clonal effective number (Ne) was estimated from the total fertility variation () as (Kang and Lindgren, 1999),

                (4)
Here Nm and Np are the numbers of mother and father parents and N is the census number of parents in the seed orchard. Relative effective number of parents (Nr) is the inverse of the sibling coefficient (i.e., Nr = 1/).

Effective population size by gender ratio
The effective population size by gender ratio was estimated based on the number of female and male parents (Frankel and Soule, 1981) as,

                                               (5)
The results were then compared with the effective population size by fertility variation.

Results

Variation of flower production

Table 1. Average flower production and coefficient of variation (CVm & CVp) between genders over 4-year assessment period in a clonal seed orchard of Fraxinus rhynchophylla
	
	2004
	
	2005
	
	2006
	
	2007
	
	Pooled

	
	♀
	♂
	
	♀
	♂
	
	♀
	♂
	
	♀
	♂
	
	♀
	♂

	Average
	3,384
	3,911
	
	1,612
	2,359
	
	337
	658
	
	947
	2,447
	
	2,093
	3,125

	CVm & CVp
	0.519
	0.514
	
	0.506
	0.481
	
	0.744
	0.573
	
	1.068
	0.903
	
	0.463
	0.532

	(CVm–CVp) a)
	0.005
	
	0.025
	
	0.171
	
	0.164
	
	-0.069


a) : difference of CV between maternal (CVm) and paternal (CVp) flower production




Effective population size by fertility variation

Table 2. Sibling coefficient (m & p), effective parent number [Ne(m) & Ne(p)] and relative effective parent number [Nr(m) & Nr(p)] for maternal and paternal gamete gene pool over four consecutive years.
	
	Maternal fertility
	
	
	Paternal fertility
	

	
	2004
	2005
	2006
	2007
	Pooled
	
	2004
	2005
	2006
	2007
	Pooled

	m & p *
	1.270 
	1.256 
	1.554 
	2.140 
	1.214 
	
	1.264 
	1.232 
	1.328 
	1.816 
	1.283 

	Ne(m) & Ne(p)
	16.5 
	16.7 
	13.5 
	9.8 
	17.3 
	
	21.4 
	21.9 
	20.3 
	14.9 
	21.0 

	Nr(m) & Nr(p)
	0.79 
	0.80 
	0.64 
	0.47 
	0.82 
	
	0.79 
	0.81 
	0.75 
	0.55 
	0.78 


* m and p represent maternal and paternal parents, respectively.




Table 3. Sibling coefficient (), clonal effective population size [Ne(c)] and relative effective size (Nr) for gene pool over four successive years in the case where both fertilities vary and maternal fertility was kept constant. Gene migration was set to be 0.15.
	
	Maternal and paternal fertility vary
	
	
	Maternal fertility constant (equal seed harvest)
	

	
	2004
	2005
	2006
	2007
	Pooled
	
	2004
	2005
	2006
	2007
	Pooled

	
	1.282 
	1.260 
	1.468 
	2.006 
	1.259 
	
	
	
	
	
	

	Ne(c)
	37.5 
	38.1 
	32.7 
	23.9 
	38.1 
	
	
	
	
	
	

	Nr
	0.78 
	0.79 
	0.68 
	0.50 
	0.79 
	
	
	
	
	
	







Fig. 1. Temporal change of relative effective number of parents (Nr) based on the female, male and clonal fertility variation under assumption of no pollen contamination in the seed orchard of F. rhynchophylla
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Fig. 2. Relative effective number of parents (Nr) at the different levels of gene migration (M) and paternal fertility (CVp) in an equal seed harvest. In the equal seed harvest from each clone, the fertility variation of maternal parents is kept to be zero (CVm = 0; m = 0) and thus there is no correlation between genders (r = 0).


Effective population size by gender ratios

Table 4. Numbers of mother (Nm) and father parents (Np) and effective population size (Ne) by sex ratio in a seed orchard of dioecious species, F. rhynchophylla
	
	2004
	
	2005
	
	2006
	
	2007
	
	Pooled

	
	♀
	♂
	
	♀
	♂
	
	♀
	♂
	
	♀
	♂
	
	♀
	♂

	Nm & Np
	21
	27
	
	21
	26
	
	20
	25
	
	19
	26
	
	21
	27

	Ne
	47.3
	
	46.5
	
	44.4
	
	43.9
	
	47.3




The values of Ne were higher than those of Ne(c). When pooled, the Ne was estimated to be 47.3. In other words, the amount of random genetic drift in the seed orchard of 48 clones is equal to that in an ideal population made up of mating randomly between 23.6 maternal and 23.6 paternal (balanced sex ratio). But, this estimation should have the assumption that the maternal and paternal parents have the same contribution to subsequent generation (Frankel and Soule, 1981).


Discussion
Fertility variation
Theory on fertility variation among seed orchard parents was formulated considering maternal and paternal fertility variation, correlation between maternal and paternal fertilities, and gene migration from outside. Fertility variation could be described by sibling coefficient, describing how much fertility varies among parents as the increase in the probability that sibs occur compared to the situation where fertility is equal across the population. Derived formulas were used to estimate parental fertility variation and applied for calculating effective parent numbers and variance effective population sizes into a monoecious species population. An equal amount of seed harvest from each parent (i.e., keeping maternal fertility equally) was also compared to the seed collection where maternal and paternal fertilities varied.  Make it short and move to the end of Abstract or Introduction.

Effective population sizes
It was assumed that contaminating pollen was not related with orchard pollen and affecting equally to the paternal parents. Under assumption of no pollen contamination, this equation confirms that the sibling coefficient, T = 0.25(m + p) + 0.5. 
Thus, the effective number of parents equals to be the census number if there is equal fertility; that is to say, with no selection the population is “ideal” and the progeny are distributed in Poisson fashion (Kimura and Crow 1963). The Np depends only on the fertility variation among clones and does not depend on how parents are related or inbred (e.g., selfing is regarded as producing two offspring). It often seems to be identical to the classical “inbreeding effective number” (e.g., Robertson 1961; Kimura and Crow 1963). 
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