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Abstract

Growth characteristics and fertility variations were evaluated
at four natural stands of tropical arid zone species, A. leuco-
phloea in southern India. Three stands (TNL 1, TNL 2 and PDM)
were situated in dry upland regions while one stand (RKP) was
at waterlogged site. The tree height and girth at breast height
did not vary between stands in two years. Fertility variation
(sibling coefficient, \y) was estimated based on flowering abun-
dance and fruit set collected for two consecutive years. Fruit
production per tree was generally lower in the RKP stand than
the other three stands. No year-to-year variation was observed
on fruit set in all stands. Growth and flower production showed
a weak-positive correlation in both years (R* =0.39 to 0.1). The
correlation to check if the larger inflorescence size, the higher
number of fruit production was also failed. Male fertility varia-
tion did not vary much among stands (y, = 1.28 ~ 1.62).
Female fertility variation was low (y, =1.71~2.02)in the three
stands situated in dry upland regions than the RKP stand
(w, = 4.09 ~ 4.16). The cumulative contribution of trees to the
overall fertility was deviated from the ideal situation (equal
contribution) in all stands, especially the RKP stand showed a
skewed distribution (R? < 6.5). The effective population size
was low in the RKP predicting a high genetic drift when com-
pared with other sites. Similarly high group coancestry and low
gene diversity were observed in the stand RKP. The implica-
tions of fertility variation on gene diversity of the species and
future management of the natural stands were also discussed.
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Introduction

The genus of Indian Acacia encompasses a wide variety of spe-
cies of which Acacia leucophloea (Roxb.) Willd. maintains a lar-
ger domain. A. leucophloea is one of the potential non-timber
forest products of peninsular India and holds a larger natural
distribution than other nations where the species occurs in its
native ranges. A. leucophloea supports the rural livelihood by
providing small scale uses such as fodder, fuel wood, small tim-
ber and shade for livestock pasture over centuries. The tree is
extremely tolerant to heat and drought, however, its tolerance
to salinity or alkalinity is conflicting. The species contributes to
soil improvement through nitrogen fixation. Besides, it is
reported to contain several medicinal properties (Parotta,
2001). Despite these facts, no significant effort has been initi-
ated in the country to generate management strategies for
sustainable utilization and conservation of the species. More-
over, woodlands of A. leucophloea face continuous destruction
on a large scale year-by-year due to the conversion of land to
other purposes. In this context, there arises a need to generate
and share knowledge towards the development of a technolo-
gical base for conservation and effective use of the genetic
resources of the species.

Breeding system aspects of the species such as flowering
pattern, abundance, stigma receptivity, floral visitors, legiti-
mate pollinators, fruit set percent, etc. have not been investiga-
ted or reported until now. Based on quite a few reports pub-
lished on reproductive biology of Indian Acacias (Mandal and
Ennos, 1995; Tandon et al., 2001; Solomon Raju et al., 2006), it
can be presumed that A. leucophloea is a favorable outcrosser.
However, this has to be substantiated. Occurrence of high
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density and sometimes pure stands of this species are com-
mon features associated with most of the dry or degraded
areas from central to southern India. But the differences in
flowering and pod production across populations have not
been reported elsewhere. These will have strong implications
in germplasm collection, tree improvement and genetic con-
servation programs (Sedgley and Griffin, 1989).

As far as forest trees are concerned, viable natural stands
are the starting point of domestication and a proper selection
of plus trees from natural stands is obligatory for the successful
operation of any tree breeding program (Gregorius and Muller,
1975). Tree growth is frequently the sole criterion for selection
of seed stands (Varghese et al., 2008). Earlier, several researches
have proved that fertility estimation of forest trees by assessing
flower and fruit production for consecutive years seems to be a
feasible approach for selecting good stands (Bila and Lindgren,
1998; Nikkanen and Ruotsalainen, 2000; Krouchi et al., 2004;
Varghese et al., 2006; Kamalakannan et al., 2007). It is implicit
that variation in flowering abundance has a strong influence
on the genetic diversity of seed crops (Nunney, 2000; Vasudeva
et al, 2004). Hence, the ideas obtained from fertility parame-
ters will help in identifying elite parental genotypes that could
supply a seed source in establishing new stands. Tree fertility is
broadly defined as the relative number of successful gametes
of an individual (Gregorious, 1989). It is usually measured by a
sibling coefficient () and by the fertility coefficient of variati-
on (CV) (Kang et al., 2003). Though both of these measures indi-
cate unequal contributions of genotypes to the next genera-
tion in forest tree populations, Kang et al. (2003) recommend
the use of \J, as this value is related to probability that gametes
from the same parent or individuals are sibs in the progeny
whereas the dispersion parameter CV is not sensitive to that.

Documentation of fertility parameters within a breeding
population is worthwhile because these parameters to a larger
extent determine the genetic diversity. Male and female fertil-
ity variation in forest trees has been widely reported in seed
orchards (El-Kassaby, 1995; Bila et al., 1999; Kang et al., 2004;
Vasudeva et al., 2004; Kamalakannan et al., 2007) whereas sel-
dom reported in natural stands (Linhart and Mitton, 1985;
Krouchi et al., 2004). Such variation is due to the cumulative
contribution by genotype of individuals, environmental fac-
tors as well as forest management practices (El-Kassaby and
Cook, 1994; Bila and Lindgren, 1998). The main focus of fertility
variation is to determine the effective population size because
differential contribution of tree toward gamete production is a
common feature in most tree populations. If a population has

Table 1
Information on location, specifics and climate of the study sites

few fertile individuals, only genes from these individuals will
be over-represented in the progeny population, thereby reduc-
ing the effective population size. This in turn increases related-
ness and inbreeding (Lindgren et al., 1996). Therefore by
making contributions as equal as possible among trees this
relatedness can be minimized and genetic gain will be
enhanced.

The main objectives of the present study are to evaluate
the fertility variation in selected natural stands of A. leuco-
phloea in southern India on the basis of flower and fruit pro-
duction over a period of two consecutive years, and to estima-
te the effective population size and gene diversity of seed
collected from the stands. The impact of fertility variation on
growth and gene diversity of the species and the implication
on future management and breeding were also discussed.

Materials and Methods

Studied seed stands and species

Natural stands of A. leucophloea across various latitudes in
southern India were selected for this study. Thennilai 1 (TNL 1),
Thennilai 2 (TNL 2) and Palladam (PDM) stands are located in
dry regions exhibiting more or less similar rainfall patterns
(Table 1). Among them TNL 1 and TNL 2 are separated by about
one kilometer. Rayakavundanpudur (RKP) stand is at water-fed
site receiving a high rainfall than the other three stands. In this
location, the individuals of the species remain waterlogged for
at least 3 months in a year. The average age of trees in the four
stands is 40 to 60 years.

Acacia leucophloea is a small and medium-sized,
deciduous thorny tree that could attain a height of 25 m. The
trunk is stout, dividing into several large diameter branches. In
most cases, formation of clear bole is absent. The outer bark is
yellowish brown to white and the inner bark is smooth, light
red in colour, exfoliating in irregular scales. Leaves are bipinnate
(2to 6 cm long), leaflets range from 12 to 30 in pairs (3 to 6 mm
long), obtuse and ciliate along the margins.

Flowers are yellow, borne in globose heads 6 to 9 mm in
diameter arranged in terminal panicles that are of 30 cm in
length. The pedicels are stout with a toothed ring of bracts. The
calyx (1.2 mm) and corolla (2.5 mm) are prominent. Seeds are
borne in characteristic pods which are of 10 to 20 cm long and
0.6 to 0.8 cm wide. Pods (fruits) are sessile, thin and flat covered
with pale brown tomentum. Seeds (10 to 20/pod) are oblong,
dark brown and measure about 6 x 4 in size.

Location Topography Area (ha) Latitude Longitude Annual rainfall (mm) Annual temp. (°C)
TNL 1 Well drained plain 3.0 76 10°56'55" N 77°50'35" E 600- 700 22-42
TNL 2 Well drained plain 1.7 54 10°56'51" N 77°5011" E 600- 700 22-42
RKP Water-logging undulate plain 1.0 42 10°30'34" N 77°4320" E 800-1500 24-40
PDM Well drained plain 2.0 57 10°59'26" N 77°17'51"E 600-1200 22-38

* All locations are the regions where the species occurs as natural stands.



Data collection

The flower and fruit production in natural stands of A. leuco-
phloea were observed and recorded for two consecutive years
(2009 and 2010). Tree height was measured by a long pole
marked at regular intervals. Girth at breast height (GBH) was
measured at 1.3 m from the ground level using a measuring
tape. The number of primary branches, the number of second-
ary branches and the number of tertiary branches of the
representative primary branch were counted in each tree. The
flowers per tertiary branch were recorded during the flowering
months (late August to October) for all trees either by ocular
estimation or by pulling down the representative primary
branch using a clasp. In case of very high branches a binocular
(Leica 42X) was used.

Similarly the number of fruits in respective trees was
recorded during the period of January to March. The period of
both flower and fruit recording slightly varied between the
stands. The total numbers of flowers and fruits produced per
tree were obtained by extrapolating the counts made on flow-
ers and fruits (Kang and Lindgren 1998, Bila et al. 1999).

Fertility variation estimation
Each individual has a fertility value, the ability to transmit
genes to the offspring. Fertility can be regarded as the progeny
mothered or fathered by an individual relative to others in the
population (Devlin and Ellstrand, 1990). The male and female
fertility of a tree is considered to be proportional to the num-
ber of male and female gametes produced by the tree
(Gregorius, 1989). Gender fertilities were assumed to the num-
ber of reproductive structures (male fertility as number of flow-
ers and female fertility as number of fruits in this study)
expressed as a proportion of all trees. Total fertility of a tree (p)
was taken as the average of the male (m) and female (f) fertil-
ities of each tree.

Fertility variation was described by the sibling coefficient
(y). A sibling coefficient expresses the probability that two
genes drawn randomly from the gamete gene pool originate
from the same parent compared to the probability when the
parents have equal representation. The \ is a standardized
measure that does not depend on the census number of
parent genotypes (N), but only on how variable their fertility is.
Thus the fertility of each parent is given as a fraction of all
gametes. This concept was introduced by Kang and Lindgren
(1999) as

N

y = NZ P
where N is the census number of parents in a population, p, is
the probability that a gene in the offspring originates from
parent i (in other words it is the individual fertility of i tree in
the population).

From the above equation, a maternal sibling coefficient
) and a paternal sibling coefficient () can be arrived as fol-
lows:

N
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where m_ is the male fertility and f;is the female fertilities from
parent i, respectively.

Group coancestry and effective population size

The average relatedness among the members of a population
is described by group coancestry (®) which is the probability
that two randomly sampled gametes contain the same gene
(Cockerham, 1967). Following Lindgren and Mullin (1998), this
probability is given by

N N N N
6= ZIPIZIPJHU = Z Zl’fpﬂa
Pl

=1 j=1
where p, andpj are the probabilities that genes sampled at ran-
dom from the gamete pool originate from genotypes i and j,
respectively and 0,is the probability that genes sampled from
genotypes i and j are identical by descent (i.e., coancestry
between genotypes i and ).

If different sexes among parents are considered, this
expression can be divided into paternal, maternal components
and an interaction term, so that

O = (m, + )3 (m, + £,

N

N
=me
=
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In case if there is no correlation between genders in fertility,
the last term in the above equation is zero. Assuming that
genotypes unrelated and non-inbred, all pair-wise coancestries
are equal to zero, and all self coancestries equal to 0.5.The
group coancestry can thus be calculated from individual fertil-
ities (p) considering male (m) and female (f) fertilities as

005 p’ = o,sﬁ(L ;ﬁj
i1 i1

The status number (V) can be considered as an effective popu-
lation size) is the number of genotypes sampled from the refe-
rence population that would cause the same deviation in gene
frequencies in the studied population (Lindgren and Mullin,
1998) as

N, 03
®

The relative status number (V) can be used to relate to the

actual number as

A
N
Gene diversity

Expected gene diversity (GD) is equivalent to the expected
heterozygosity in a population following random mating and
is a function of group coancestry (Nei, 1973; Lacy, 1995). Gene
diversity can be formulated as GD =1 - Xq7*, where g, is the fre-
quency of allele i and the summation is over alleles at that
locus. If all alleles are unique in a large source population (also
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known as the reference population) of unrelated and non-
inbred individuals, the gene diversity can be set to one and the
gene diversity of the descendants, as a proportion of diversity
in the source population, can be estimated as

GD =1-0 035

parents

parents
s parents

It should be noted that group coancestry and status number
are closely correlated to the loss of gene diversity relative to
the source population. The decrease in heterozygosity com-
pared to the reference population reflects the accumulation of
coancestry and inbreeding associated with variation in fertility
among parents.

Data analysis and cumulative curve

A correlation coefficient was calculated between growth char-
acter (height and GBH) and reproductive output (flower and
fruit). As the number of flowers per inflorescence varied great-
ly, a correlation coefficient was also carried out against flower
and fruit production by individual trees in all stands to check
whether larger inflorescences produced large number of fruits.
One-way ANOVA was performed for each floral trait in order to
elucidate the differences between years as well as among
stands. A stand-wise cumulative contribution of trees and the
correlation coefficient between the cumulative contribution
and the percentage of tree was computed for both years.

Results

Growth and reproductive traits

The analysis of variance for all traits exhibited significant differ-
ences among four stands of A. leucophloea in 2009 and 2010.
As the growth of tree was relatively slow, the height and GBH

Table 2
A characteristic of growth traits (height and GBH) and reproductive outputs (flower and fruit) in four natural stands of A. leuco-
phloea in 2009 and 2010.

did not have the distinct variation between populations (Table 2).
Among populations, the average of tree height ranged 4.52 m
at RKP and 5.42 mat TNL 2, while GBH ranged between
49.03 cm atTNL 1 and 62.94 cm at TNL 2.

A considerable variation of flowering in primary branches
was founded (Table 2). The stand RKP produced 3.43 primary
branches in both years while TNL 2 produced 4.52 and 4.64 pri-
mary branches in 2009 and 2010. The grand mean for the trait
was 3.97.The stands TNL 1 and TNL 2 exhibited higher number
of primary branches than the grand mean.

The mean of inflorescence per primary branch ranged
from 156.81 to 160.93 and 282.33 to 303.56 for 2009 and 2010
(Table 2). Among stands, TNL 2 was found to most excel for
inflorescence per primary branch in both years. The flowers per
tree exhibited considerable variation among stands. The stand
TNL 2 recorded the highest number of flower in both years while
the stand TNL1 recorded lowest flower production (Table 2). The
stand TNL 1 showed high fruit set percent (0.27 %) in both
years even though the number of flower/tree and the number
of fruit/tree were intermediated. The stand TNL 2 showed high-
est flowers/tree and fruits/tree in 2009 and 2010. The stands
TNL1 and TNL 2 were superior for fruits/tree, flowers/tree and
fruit set percent compared to the other stands.

The coefficient of determination (R? values) calculated
between girth at breast height (GBH) and flower production
revealed positive and weak correlation for all stands in 2009
and 2010 (Figure 1), implying that tree growth would not be a
constraint for flower production in A. leucophloea (see also
Table 2). Similarly, no positive correlation was observed
between inflorescence size and fruit set (i.e., the larger inflo-
rescence size, the larger fruit set) for both years (Figure 2).

Height (m) GBH (cm)
TNL1 2009 5.04 49.03 4.00
2010 4.07
TNL2 2009 5.42 62.94 4.52
2010 4.64
RKP 2009 4.52 54.10 343
2010 343
PDM 2009 4.79 54.67 3.82
2010 3.89
Grand mean 4.94 55.18 3.97
SE(d) 0.19 3.62 0.26

Inf/Pri Fruits/Infl Flowers/tree Fruits/tree Fruit set (%)
175.30 5.68 381101 1013.78 0.27
180.06 5.97 400091 1110.32 0.27
28233 5.76 773856 1770.15 0.22
303.56 5.92 838259 1990.78 0.22
156.81 25 402737 433.71 0.12
160.95 2,62 430175 432.28 0.13
199.73 4.54 533768 994.65 0.18
203.63 4.38 550535 1011.56 0.16
207.06 4.67 538815.3 1094.65 0.19
13.987 0317 36820.9 79.144 0.01330

GBH - girth at breast height; PriBr —the number of flowering primary branches; Inf/Pri — the number of inflorescences per primary branch
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Figure 1

Correlation between girth at breast height (GBH) and number of flowers from individuals in four natural stands of A. leuco-
phloea in 2009 and 2010.
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Figure 2

Correlation between flowers and fruits per inflorescence from a total of 229 individuals in four natural stands of A. leuco-

phloea in 2009 and 2010.

Flowering and fertility variation

The percentage of flowering tree was very high ranged from
93 % to 100 % (Table 3). All trees produced flowers in the stands
of TNLT and TNL 2 in both years. In the stand RKP, seven and
three trees did not produce any flower in 2009 and 2010,
respectively, which would not contribute to transmit their
genes to next generations.

Fertility variation estimated and expressed as sibling coef-
ficients, varied from 1.28 to 4.16 among the natural stands
during the study period (2009 and 2010). Male fertility varia-
tion () ranged from 1.28 ~ 1.62 and did not vary much
between years and among stands (Table 3).The female sibling
coefficients were larger than the male sibling coefficients in all
populations(Table 3), meaning that the variation of female fer-
tility was larger than the variation of male fertility among indi-
viduals. The TNL 2 stand recorded very low female fertility

Table 3

variation (y, =1.71 ~ 1.90), and the RKP stand revealed the
highest female fertility variation (4.09 ~ 4.16). The combined
sibling coefficients (\) were more or less similar in two succes-
sive years (Table 3).

Effective population size and gene diversity

The effective population size (N) of the RKP stand was low
(10.26 and 10.08) in both years (Table 3), indicating that a quar-
ter of the individuals in the population showed the same
amount of dispersion of allele frequencies under random
genetic drift or the same amount of inbreeding as the refe-
rence population. The TNL 1 stand showed comparatively
higher effective population sizes (N, =43.13 and 41.48) contrib-
uting effectively to seed production. The RKP stand showed
the lowest N in both years.

Percent flowering, fertility variation, effective population size, group coancestry and gene diversity in natural stands of A. leuco-

phloea in 2009 and 2010.

Survey
year

Flowering (%)

Fertility variation
(sibling coefficient)*

TNL1 2009 100 137 1.76 1.44
(N=76) 2010 100 1.53 1.83 1.56
TNL2 2009 100 1.28 1.71 1.42
(N=54) 2010 100 135 1.90 1.54
RKP 2009 93 1.62 4.09 218
(N=42) 2010 97 1.52 4.16 218
PDM 2009 98 1.36 1.94 1.52
(N=57) 2010 98 1.42 2.02 1.61

Relative effective GD**

pop. size (Nr)

Effective pop.
size (Ns)

Group coancestry ()

43.13 0.56 0.012 0.98
41.48 0.54 0.012 0.98
31.41 0.58 0.012 0.98
28.34 0.52 0.017 0.98
10.26 0.24 0.048 0.95
10.08 0.24 0.049 0.95
29.33 0.51 0.017 0.98
28.12 0.49 0.018 0.98

*y_ - male fertility variation, y,- female fertility variation and y-total fertility variation

**GD: gene diversity estimated by group coancestry
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Cumulative contribution curve of individual trees to overall fertility estimates in four natural stands of A. leucophloea.
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Relative effective population sizes (V) were similar among
populations (about 50 %). The RKP stand showed the lowest
relative effective population size (24 %). There were no signifi-
cant differences in N and N, between years. The values of
group co-ancestry (®) in natural stands of A. leucophloea varied
from 0.012 to 0.049 (Table 3). The highest ® value was recorded
in the RKP stand (® = 0.049) and hence the lowest gene diver-
sity (GD) value of 0.95was predicted. The value of ® produced
great impact on gene diversity as GD = 1 — ®. The other three
stands showed similar values of ® (about 0.11 to 0.12) and the
gene diversity of 0.98 to 0.99 (Table 3). The group coancestry
between years was also very similar in all stands.

Cumulative contribution

The cumulative contribution of trees to the overall fertility esti-
mates per stand for 2009 and 2010 were expressed by the
and y,values (Figure 3). A cumulative contribution curve
describes the relative proportion of trees to the accumulative
gamete contribution. In an ideal situation, that is expecting an
equal contribution from each of the individuals (a condition
where = 1), this cumulative curve attains a straight line. There
was a large deviation in cumulative contribution from expecta-
tion in all stands. From Figure 3, it could be inferred that three
stands (TNL I, TNL 2, and PDM) showed a similar trend
(R? = 0.85) in both years. Only the RKP stand showed a skewed
distribution (R?< 6.5) in both years. It could thus be said that
the RKP stand was much more deviated from the ideal situation
compared to the other three stands.

Discussion

Natural stands of A. leucophloea in the present study share
similar environmental conditions and hence exhibit similar
developmental change, pollination mechanism and seed
dispersal mode. There is lack of proper management, but trees
grow profusely and thinning is rarely done in the stands. These
stands are found in large numbers over generations in the arid
and semi-arid regions of southern India. Tree improvement
program of A. leucophloeais in high fragmentation in the coun-
try. Regarding the establishment and utilization of seed stands
or seed orchards, many factors such as fertility, phenology and
pollination should be surveyed.

Growth and reproductive output

If pollination does not act as a limiting factor, the fruit or seed
production goes fairly as a function of plant size in most tree
species (Crawley, 1997). From the girth class it is clearly indi-
cated that A. leucophloea falls under the category of small to
medium size trees. In general, a good correlation between tree
dimension and reproductive capacity is expected because tree
dimension is directly related to the factors that determine fer-
tility such as tree age, tree vigor and local environmental con-
ditions (Krouchi et al., 2004). In Ponderosa pine, Linhart and
Mitton (1985) observed that both male and female production
increased with increasing diameter. On contrary, Debain et al.

(2003) found a linear correlation between tree dimension and
fertility only for those trees that grow on the margin of stand
and not for those within stand.

Similarly, a weak correlation was observed between the
circumference and the number of male branches in natural
stands of Cedrus population (Krouchi et al., 2004). In concur-
rence with these, a weak positive correlation was obtained
between GBH and flower production in all stands as well as for
both years in the present investigation. Krouchi et al. (2004)
further argued that dimension or girth class did not serve as a
good predictor of female fertility in the case of larger trees.

Teak trees in natural stands are bearing more number of
flowers at primary branches (PriBr) and hence more number of
fruits (Varghese et al., 2008). This is also evident in the case of
A. leucophloea as it produced more number of PriBr in all study
locations. Various parameters such as flowering primary bran-
ches (PriBr), number of inflorescences per primary branch
(Infl/Pri), fruits per inflorescence, fruit set percent, flower and
fruit production per tree varied considerably across stands. A
similar variation in such traits had been reported in natural stands
of Cedrus atlantica (Krouchi et al.,, 2004), teak (Varghese et al.,
2008) as well as in seed orchards of teak (Bila et al., 1999; Varghese
et al., 2006), Norway spruce (Nikkanen and Ruotsalainen, 2000),
Pine species (Bilir et al.,, 2002; Kang et al., 2004) and Eucalyptus
(Kamalakannan et al., 2007).

Monitoring of male and female fertility parameters over
years would be useful in detecting the variations in seed pro-
duction at a temporal scale which is an indicator of the influ-
ence of climatic factors in producing floral traits (Linhart and
Mitton, 1985; Arista and Talavera, 1997; Koenig and Knops,
2000). Hence it could be suggested that it would be better to
include more number of flowering seasons or years so that
exact causes for variation could be easily envisaged while stu-
dying the year-effect on the growth and reproductive output
of the tree species.

Fertility variation

Tree age, growth and location have long been recognized as
crucial factors controlling fertility in several plants (Sedgley
and Griffin, 1989; Crawley, 1997). Trees of A. leucophloea inclu-
ded in this study are mature representatives from arid and
semi-arid environments where the annual rainfall is relatively
low. Nevertheless, their flowering output is not constrained by
the rainfall as the trees exhibit profuse flowering. This adapta-
tion has been reported in several Acacias (Tandon et al., 2001;
Solomon Raju et al., 2006). Like majority of the summer flower-
ing Acacias (Milton and Moll, 1982; Tandon et al., 2001), A. leu-
cophloea also flowers during rainy season particularly after
monsoon.

In all stands, the female fertility was relatively higher than
the male fertility. It clearly indicates that a larger proportion of
flowers get aborted or fail to set fruits. This may be due to lack
of fertilization or availability of legitimate pollinators. A similar
condition has been encountered in natural stands of teak
(Varghese et al., 2008). Moreover as reported earlier in several
other Acacias (Moffett, 1956; Moran et al., 1989; Muona et al.,
1991; Mandal and Ennos, 1995; Solomon Raju et al., 2006),



A. leucophloea might have also adapted for outcrossing mecha-
nism thereby increasing the risk of seed or fruit set. Thus, seed
production in natural stands is a major constraint. In addition,
information on seed biology such as seed viability, dormancy
period and germination is not clearly understood. This would
have a strong negative impact on stand practices as well as
regeneration of new stands. Excessive fertility of a few trees
can lead to relatedness among progenies and as a result there
will be greater erosion in genetic diversity (Kang et al., 2004;
Kamalakannan et al., 2007). Such a condition is not observed in
the present study as an equal contribution was achieved in all
four stands.

As a general thumb rule, Kang et al. (2003) suggested a
sibling coefficient () value of 2 for seed orchards and 3 in
cases of natural stands. In the present study, all stands (except
RKP) fitted well to the recommended value. Seed orchards,
established with selected materials from several plus trees, are
expected to provide large amounts of seeds with high genetic
value (Ericksson et al., 1973). So it is obvious that these orchards
to have y value less than that of natural stands. In case of
A.leucophloea, however, the \y value of natural stands was less
than 2, which is recommended for seed orchards. Such a low
fertility had been earlier reported in natural stands of conifers
(Lindgren and Lindgren, 1976).

In the present investigation, the fertility variation has been
monitored for only two successive years. Varghese et al. (2008)
observed strong positive year-to-year correlations for various
fertility parameters such as proportion of fertile trees, flowers
and fruits produced per tree in natural stands of teak. In gene-
ral, the teak flowering depends largely on rainfall and soil type.
In this context, precipitation has nothing to do with flower pro-
duction as A. leucophloea is a dry zone species. Whereas her-
maphroditism associated with self-incompatible mechanism
or delayed poor selfing (Tangmitcharoen and Owens, 1997),
ageing of tree (Kang et al., 2004) and lack of silvicultural prac-
tices (e.g. thinning) might be reasons for the low variation of
fertility across years in the stands of A. leucophloea.

Effective population size and gene diversity

Natural stands in general tend to have higher fertility variation
and hence a low effective population size when compared to
seed production areas or seed orchards. Varghese et al. (2008)
had observed this in natural stands of teak. According to
Pinyopusarerk and Hardwood (2003), seed collection could be
done in orchards where 50 % of trees are fertile. Though their
estimates were based on the performance of Eucalyptus
orchards, it could be considered as they were highly preferred
in arid regions and had been established in several dry tracts of
southern India. The present study indicated that TNL 1, TNL 2
and PDM could be considered for seed source stands as they
had more than 50 % of effectively contributing trees. Such a
high status number (Ns) in species growing in arid regions is
comparable with a high value reported by Kamalakannan et al.
(2007) in seedling seed orchards of E. camaldulensis estab-
lished in an arid zone.

Kamalakannan et al. (2015a) had observed a low parental con-
tribution from individuals (only 20 %) in seed stands of two
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tropical species namely Tamarindus indica and Azadirachta
indica. Hence it should be noted that even sometimes in seed
stands, individuals exhibit a high deviation in gamete contri-
bution owing to rainfall and other environmental conditions.

All stands showed a near equal value of coancestry while
RKP recorded a little high value. Expected gene diversity
decreases with increasing coancestry (Kang and Lindgren,
1999). But when comparing with values of gene diversity
reported in the other orchard crops, A. leucophloea recorded
relatively low coancestry values. The value of coancestry seems
to be more relevant while discussing about the performance of
orchard species.

Low fruit set percentage

Forest trees exhibiting lower fruit set is not a rare or unusual
phenomenon and have been generously reported in several
instances (Stephenson, 1981; Solomon Raju and Rao, 2002;
Solomon Raju et al.,, 2006). Resource availability, pollen avail-
ability, predation, adverse climatic conditions and genetic fac-
tors may all act to constrain tree fertility (Charlesworth, 1989;
Burd, 1994). Among these, first two receive more attention.
Pollinator behavior and plant mating systems are influenced
by a variety of plant traits including floral morphology, self-
incompatibility and inflorescence architecture (Wyatt, 1982;
Harder and Barrett, 1996; Richards, 1997). A. leucophloea recor-
ded low fruit set in all four natural stands. In fact most of the
individual trees exposed the inflorescence stalk clearly with no
fruit set in them.

Based on the observations in the present study three pos-
sible reasons could be attributed for such a low fruit set. Flow-
ers of A. leucophloea are tiny, borne in globose heads, each
head consisting of sessile flowers. First, regarding the floral dis-
play it is not that much attractive. The flower is inconspicuous;
colour is not distinct and almost resembled the bark colour of
the tree. The flowers also do not have any particular odour. This
may be one of the reasons that fail to attract legitimate pollina-
tors or floral visitors for effective pollination, and this causes a
low fruit set of A. leucophloea (Moran et al., 1989; Muona et al.,
1991; Mandal and Ennos, 1995; Tandon et al., 2001). The poor
information on the breeding system or pollination ecology of
A. leucophloea eventually cultivates the problem which has to
be investigated in detail in future studies.

The second probable reason for a low fruit set may be due
to inbreeding. Not only isolated trees show low fruiting pattern
but also trees in clusters exhibit very low or no fruiting at all.
Due to lack of effective pollinators and at the end of flowering
period, the plants may undergo certain level of selfing in which
no fruit set could be observed sometimes. Moreover the tree
age is a factor that determines flower production and fruit set-
ting but the age of trees growing in studied natural stands are
unknown.

The third reason for decreased fruit set is attributed by
ants that feed on the flowers. It is evident that pollen grains
produced by flowers are rich in nutrients. Pollen has carbohy-
drates and proteins as reserves. In addition, it possesses vita-
mins, minerals, coenzymes and sterols (Schmidt and
Buchmann, 1992) and hence foraged by a wide range of
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pollinators. In case of A. leucophloea as pollen remains in clus-
ters, ants feed on them much. The association of ants on
individual trees was apparent in all natural stands that were
included in this study. Ants collect even fresh flowers (freshly
opened globose heads) and roll them to their hives that were
mostly present beneath trees. Hence, it would be apt to
describe them as resident foragers in this case. A noted
ant-tree association had already been reported in case of
A. sinuata (Solomon Raju and Rao, 2002) and in A. caesia
(Solomon Raju et al., 2006).

Implications on future management and breeding
Evaluating the consequence of breeding operations in seed
stands or natural populations requires predictions of fertility
variation (Bila et al., 1999; Kang et al.,, 2003). However in most
cases of tropical trees, this information does not exist. The pre-
sent work may serve as the first report describing tree fertility
of species based on the data collected on flowering abun-
dance, fruit set and seed production in natural stands.

Despite it is a potential species to grow in dry locations, no
progressive effort has been taken for assemblage of germ-
plasm or rising in seed orchards. The one prominent reason
may be the fact that it is a very slow growing long-lived tree.
Though it produces secondary timber, the tree does not form
clear bole and is generally of medium size. The tree also has
prominent thorns. These are the facts that account for a gene-
ral negligence. According to Suangtho et al. (1999), conserva-
tion stands are of great significance as they needed to con-
serve diversity for sustained improvement in advanced
generations. This, in particular, is of more use for long-lived
trees that have high fertility variation and hence a low fruit set.

Low fruit set in all natural stands indicates that this tree
has inadequate pollination mechanisms. Based on the infor-
mation on fertility variation, better performing stands can be
identified at local scale for quality germplasm collection. Later
these can be enhanced into seed stands through repeated
management practices. Management practices would be as
simple as it does not even need much irrigation. It is apparent
from the present study that the waterlogged stand RKP was
underperforming than the other three natural stands situated
on dry patches, i.e. water has nothing to do with flowering or
fruiting in this species.

Enhanced genetic gain through assemblage of elite geno-
types is the main reason for establishing seed orchards
(Kang and Lindgren, 1999). Equal collection of seeds from
representative clones is one of the major strategies to increase
the effective population size in a seed orchard. But this cannot
be applied exactly to the natural stands. A. leucophloea does
not produce coppice shoots and also cannot be regenerated
through cuttings. This forms another major constraint in their
natural regeneration. Moreover germination studies remains
unavailable. Hence it can be suggested that plus trees can be
identified in natural stands of A. leucophloea and seeds can be
collected from them based on the data on fertility variation
and seed production. These can be used for assembling elite or
superior genotypes for sustained improvement as well as
management of stands.

Based on the inputs of fertility variation and effective populati-
on size, the pure natural stands can serve directly as seed pro-
duction areas followed by thinning. Kamalakannan et al.
(2015b) had tried this option in a clonal trial of E. camaldulensis
and worked out the possibility of converting into a clonal seed
orchard. In their evaluation, it was recommended that the trial
could be converted into a clonal seed orchard after selective
thinning and the effective population size could be enhanced
to 52 % from the earlier 30 % based on the fertility of retained
trees.
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