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ABSTRACT

Black locust (Robiniu pseudoacacia L.) is a leguminous forest species, suitable for a variety of uses such
as wood production of high quality (timber, poles, fuelwood), beekeeping, land reclamation and biomass
production to be used either for energy or as forage. Thirteen clones of the monophylla variety of black
locust (var. monophylla Carr. or unifolia Talou) were selected within the open pollinated families of a
progeny test for their superior growth, their green foliage (in late autumn) and their small thorns (<135
mm). These clones were tested for two years in comparison with seven open pollinated families, within
which they have been selected from, and seedlings coming from a mixture of seeds from all the open
pollinated families of the progeny test representing the average population (C,). Seedlings of a common
black locust tree were also included in the test as a control. The comparison involved the length of the
longest thorn, above ground biomass production (leaf, branch and total weight) and crude protein content
of their leaves, aiming at selecting clones suitable for animal feeding. In clones, the longest thorn length
and all the compounds of biomass produced statistically significant differences in both years while in
families, leaf, branch and total weight were found non-significant during the second year. Oligophyllous
type had significantly shorter length of the longest thorn and less leaf, branch and total weights than the
polyphyllous type of clones in both years while in families the differences were non-significant between the
two types for branch and total weight during both years. Clones had significantly higher crude protein
content compared to the families. Overall, at least three polyphyllous clones had shorter longest thorn and
were the most productive of all clones and families tested, compared to C, and the control in both years.
The expected gains from selection of these clones were satisfactory.
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INTRODUCTION

Black locust (Robinia pseudoacacia 1.) is a fast-
growing, nitrogen-fixing leguminous tree species,
native of south-eastern USA, but it has been exten-
sively planted in many parts of USA for timber
production and erosion control. It was the first
forest tree species to be introduced from N. America
to Europe and more specifically in France in 1601
for ornamental purposes. It soon became very
popular in many European countries, but also in
many other parts of the world. This wide spreading
may be attributed to its adaptability to a large range
of site conditions, potential to be easily improved,
fast growth, high timber and honey yields, abundant
and frequent seed crops, excellent rooting ability of
the seedlings and the few pests and diseases that can
damage it (KERESZTESI 1988; HANOVER 1990).
Black locust is a multi-purpose species suitable
for lumber, poles, fuel, land reclamation, beekeep-
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ing, energy biomass, wood fiber and forage (BAR-
RETT et al. 1990; BONGARTEN et al. 1992). For this
latter use has attracted the attention as a potential
perennial forage crop because of its ability to fix
nitrogen and high protein content in stems and
foliage (BARRETT 1992). KERESZTES! (1988) reports
that black locust is widely used as fodder for animals
and poultry (domestic and wild) in many regions of
the world. In the Mediterranean region, for exam-
ple, it was found to be a very important contributor
to grazing animal nutrition in extensive livestock
production systems (PAPANASTASIS et al. 1999;
PAPACHRISTOU et al. 1999).

Although there is an increasing interest in the
use of black locust as a forage plant, rather limited
breeding work is available compared with the many
cultivars for wood and honey production purposes
that have been registered mainly in Hungary and
other Central European countries. KERESZTESI
(1992) has classified some Hungarian timber-pro-
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ducing cultivars as suitable for fodder production,
too. Also, KERESZTESI (1988) reports that some
cultivars for fodder production purposes have been
developed in N. and S. Korea, mostly by mutation
breeding, characterised by the absence of thorns or
increased size of leaves and high protein content
(colchitetraploid).

The main traits that an ideotype of black locust
for fodder or forage production has to combine
include high biomass production and regeneration
ability, a high nutritive value and the absence or a
reduced number and size of thorns. The pair of
strong thorns is one of the main morphological
characteristics of black locust. It has been assumed
that they serve as mechanisms that prevent browsing
by animals, attracted by its palatable and nutritious
leaves and young shoots. However, this is doubtful
because thorns do not provide much protection
during the first year since they do not fully develop
until the end of the growing season (MEBRAHTU &
HANOVER 1989a). Anyway, thorns that arm the
juvenile stems of black locust are generally very
undesirable because they pose a hazard for human
handlers, making tending and harvesting operations
difficult (BONGARTEN 1992). As a consequence,
farmers are very reluctant to use black locust as a
fodder tree, although grazing animals have no
problems (RODER 1992; DINI 1993). For this rea-
son, selecting productive cultivars of black locust
with high nutritive value and no or reduced thorns
is of great economic interest.

Breeding for small thorns in black locust has the
risk that rapid growth may be sacrificed because
thorn length has been found to be positively corre-
lated with juvenile growth (KENNEDY 1983;
MEBRAHTU & HANOVER 1989A; DINI-PAPANASTA-
SI & PANETSO0S, 2000). An effort to surpass this
problem could be through selection of the so called
“correlation-breakers”, i.e. segregating individuals
within families which may receive unusual combina-
tions of genes that improve both characteristics
(LiBBY 1983).

Monophylla black locust (Robinia pseudoacacia
var. monophylla Carr. or unifolia Talou) (KAVVAD-
AS 1956; KERESZTESI 1983) is a botanical vartety
with a few leaflets per compound leaf and very
promising for forage production (DINI-PAPANASTA-
SI 1997). The half-sib progenies of this variety
exhibit a great variation in the number of leaflets per
compound leaf. Their number ranges from one
(which is actually a single leaf) to 27 leaflets. The
fewer the leaflets the larger is their size. In fact,
variation is manifested not only between trees, but
also within the same tree, with a tendency for the
number of leaflets per compound leaf to increase
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from the bottom to the top of the tree (DINI-
PAPANASTASI & PANETSOS 2000).

The objectives of this study were: (1) to investi-
gate the possibility of selecting clones of monophylla
black locust combining high biomass production,
with high nutritive value and no or reduced thorns,
for animal feeding purposes, (2) to compare these
clones with the open-pollinated families, where they
have derived from, so that the genetic gain of the
selection is estimated.

MATERIALS AND METHODS

The experiment was carried out in the farm of the
Forest Research Institute, 20 km NE of the city of
Thessaloniki, northern Greece (40° 35" N and 22°
58" E). Soils of the study area are sandy loams,
derived from deposits of the tertiary period, fairly
deep (1-2 m) and alkaline (pH 7.7). Climate is semi-
arid Mediterranean with 416 mm long-term mean
annual rainfall, 31.7 °C mean maximum air temper-
ature in July and 0.2 °C mean minimum in January
(TSIONTSIS 1996).

The plant material tested included:

a) Ramets of clones, produced from rooted stem
cuttings of:

(1) 12 outstanding individual trees belonging to
7 out of 14 open-pollinated tree families of
monophylla black locust tested in a progeny test in
the same farm in 1990 (DINI-PAPANASTASI &
PANETSO0S, 2000); these individuals were selected in
November 1992 for their superior growth perfor-
mance including their very dense, rich and green
foliage, as compared to their neighbours (Table 1);

(ii) an interesting spontaneous tree of monophyl-
la black locust found near the Strymon river in
Serres, prefecture of Macedonia, Greece with very
good growth, straight stem, rich foliage without
thorns and of about 25 years of age (to be named
hereafter «Strymon» clone);

(iii) The thornless and sterile globe locust (R.
pseudoacacia var. umbraculifera D.C.), normally
found as grafted tree on common black locust root-
stock, that was propagated by stem cuttings (DINI-
PAPANASTASI, 2000).

b) Seedlings of half-sib families produced from
seeds of:

(1) the 7 out of 14 monophylla black locust
families of the progeny test, where the 12 above
mentioned clones (case a,i) belonged (Table 1);

(ii) a seed mixture, composed of 20 seeds from
each one of all the 14 monophylla black locust
families of the progeny test, representing the average
population and symbolized as Cj; and
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Table 1. Clones, their leaf morphology type and the
corresponding family of monophylla black locust, in each
group of clones, within they have been selected.

No Clone Leaf morphology Family
type *
1 A-8A4) I 8A
2 A-8A(7)
3 A-8A(9) 1
4 B-2B(8) 11 2B
5 C-2B(13)
6 A-2B(15) I
7 A-A(7) 11 A
8 B-A(13) I
9 A-TA(6) 11 7B
10 A-B(3) 11 B
11 B-3A(7) I 3A
12 B-6A(8) Il 6A
13 Strymon 1
14  Globe locust
Co
C

* I - oligophyllous type and II — polyphyllous type.

(1) a randomly chosen common black locust
tree (R. pseudoacacia L.), growing in another experi-
mental farm (not connected with the above men-
tioned material), as a control (C).

For the production of ramets, hardwood cut-
tings were collected in January 1993 and planted in
rooting
benches in the greenhouse in order to have them
rooted (DINI & PANETSOS 1994). The rooted cut-
tings were transplanted to plastic bags. Due to the
different rooting ability of the clones, unequal
number of ramets per clone were finally produced.

For the production of seedlings, seeds were
collected in 1992. In April 1993, they were sown in
paper pots after being soaked in hot water for 24
hours to facilitate their germination and powdered
with fungicide to protect them from diseases. Fol-
lowing their germination in a few months, they were
transplanted in plastic bags, the same as the ones
used for the cuttings. No particular problems were
faced in the production of seedlings.

The clonal test was established in the field in
April 1994. To accommodate the problem of un-
equal number of ramets available per clone, a
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completely randomized experimental design with

unequal samples was employed (STEEL & TORRIE

1980). Altogether 420 saplings were planted in 30

rows with 14 individuals each in a spacing 2.5 x 2.5

m. Also, a row of one-year old barerooted common

black locust seedlings was established around the

plantation with the same spacing to serve as a buffer
zone. Both ramets and seedlings were cut at the end
of the first and the subsequent growing seasons.

Measurements were carried out at the end of the
first growing season (end of October — beginning of
November) in 1994 and repeated in 1995. The
following characters were included in the measure-
ments:

Leaf morphology: the saplings were classified
into the oligophyllous (few and large leaflets per
compound leaf — type 1) and polyphyllous (many
and small leaflets per compound leaf — type II)
(DINI-PAPANASTASI & PANETSOS, 2000) in both
years;

1. Length of the longest thorn (as an indicator of
thorniness of the black locust);

2. Aboveground biomass: all saplings from each
clone and 20 saplings randomly taken from each
family were cut at 20 cm aboveground and
weighed. Then a representative sub-sample from
each of them was taken, weighed, separated into
leaves and branches and weighed so that the
fresh weight of each sampling is estimated.
Subsequently, the separated leaves and branches
from each sub-sample were transferred to the
laboratory, where they were oven-dried at 65°C
for 48 hours and weighed. The dry weight of the
sub-samples were then used to calculate the
corresponding dry weights of the whole samp-
lings;

3. Crude protein content: From all the members of
each clone and family, and from the oven-dried
sub-samples that were used for the determina-
tion of dry weight, equal samples of compound
leaves were taken and analyzed for nitrogen (N)
content with the macro-Kjeldhal method
(A.O.A.C. 1990); and crude protein (CP) on a
dry matter basis (DM basis) was calculated as N
X 6.25.

Statistical analyses included one way analysis of
variance for each character among clones, among
families and combined (among clones and families)
(STEEL & TORRIE 1980). Subsequently, the clones
and families were ranked for all the biomass data on
the basis of the performance of the average popula-
tion (C,) plus one or two standard deviations (Cy+10
or C,+20), while for the length of the longest thorn
the ranking was done also on the basis of C, but
minus 1o and 20 since the objective was to select for
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reduced length. The standard deviation was calcu-
lated from the one— way ANOVA table as follows:

ErrorMS
G = ————
\J r

where: MS = Mean squares, r = mean number of
saplings in the clones and families.

In addition, the t-test was applied to compare
the number of saplings belonging to the oligophyl-
lous and polyphyllous types within clones and
families as well as their crude protein content.

For estimating the heritability of families (hfz)
the following formula was applied:

c
2
hi = —L
2 2
o; +0,
2 . .
where: o) = family component of variance,

of, =variance due to the trees within each family.

For clones, the same formula was used but 0?
was replaced by Gi indicating the clone component
of variance.

For the calculation of the upper and low confi-
dence limits with probability 90 % of the heritability
coefficients, the following formulas were used
(KNAPP et al. 1985):

UCL=1-{F,. * (Fy4)} “and
LCL=1- {Fexp' * (FO.OS) ﬁl} -

where F,,,.= the F value of the ANOVA table, F.;
= The F value of the statistical table with probabil-
ity of p < 0.05.

Finally, the expected genetic gain were calcu-

lated by using the following formula (PANETSOS
1986):

G=8* hf = (Mean of selected clones — C)) * hf

Where hf = heritability of clones, S = selection
differential, C, = mean population.

RESULTS AND DISCUSSION

Leaf morphology characters

All the ramets of the monophylia clones maintained
the leaf morphology type (I - oligophyllous or II ~
polyphyllous) of their ortet trees as described by
DINI-PAPANASTASI and PANETSOS (2000). On the
contrary, both types of trees coexisted within all the
half-sib families, as it was expected.

Length of the longest thorn
All the ramets derived from the globe locust were
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Figure 1. Ranking of clones and families according to the mean length of the longest thorn in 1994 and 1995 (in 1994 mean
Cy—10=9.9, mean C;-20 = 8.2; in 1995 mean C,-10 = 13.5, mean C, 20 = 11.4).
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maintained completely thornless,
just like their ortet tree, in both
years of experimentation. This, how-
ever, did not happen in the
monophylla black locust.

The mean length of the longest
thorn for both clones and half-sib
families is presented in Figure 1. In
the first year, clones A-8A (9) and
B-A (13) were completely thornless,
while some of the ramets of the clon-
es A-8A (7), A-2B(15), B-3A(7) and
Strymon were also thornless. The
half-sib families had less variation in
the mean but higher in the individ-
ual values compared to clones. The
longest thorn was produced by the
control treatment (common black
locust), which had a mean of 16 mm
and a range from 8 to 28 mm. The
statistical analysis produced signifi-
cant differences both within clones
and within families. The same was
found in the combined analysis of
both progenies (Table 2).

In 1995, mean length of thorns
was increased by 104 % in the
clones. The clones A-8A (9), B-A
(13) produced thorns this year but
both of them as well as B-3A (7)
maintained certain ramets without
any thorns. In the half-sib families,
the average increase of the thorn
was 38%. The control treatment had
the highest range in individual val-
ues of the longest thorn length to-
gether with the monophylla family
3A but its mean length was shorter

. than the families 3A and B (Fig. 1).
The statistical analysis produced
significant differences both among
clones and among families, while
< clones had again statistically shorter
= length of the longest thorn than the
% families (Table 2).

~ As far as the two leaf morphology
S types are concerned, oligophyllous
= type had significantly shorter thorn
< length than the polyphyllous in both
V' years (Table 3). Also, although not
% Mmeasured, the polyphyllous type
* appeared to have more thorns than
& the oligophyllous one. It should be
© noted that the length of the longest

a, thornis a reliable and objective trait
*

ficant

signi

no
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Table 3. Means of individual traits of two types of clones or two types of individuals within families

(oligophyllous — I and polyphyllous — II) with their t-test values for two years (1994-1995).

% 1994 1995

%» Traits

g Typel Typell t-test value Typel Typell t-test value

&

y Longest thorn length 0.5 6.6 13.32  *** 4.1 10.1 8.14  Hxx

g (mm) 84.5 152.8 3.76  *x* 200.1 427.7 499  xk¥x

d Leaf weight (g/plant) 76.8 124.0 2,14 * 294.1 636.0 3.66  kxx
Branch weight (g/plant) 159.6 275.9 3.02 4942  1063.8 421  *xx
Total weight (g/plant)

% Longest thorn length 10.1 134 6.21  kw* 14.7 17.6 4.4 *Hk

= (mm) 109.8 141.6 2.51 * 271.1 352.2 278 *

E  Leaf weight (g/plant) 141.2 173.3 145 ns 525.7 657.9 1.78  ns

% Branch weight (g/plant) 250.9 3134 1.9 ns 796.8 1010.1 2.1 *

Total weight (g/plant)

but it does not seem to give a good picture of thorni-
ness in black locust. Although they produced some
thorns particularly in the lower parts, clones practi-
cally looked thornless since a large part of their
foliage did not have any thorns, even in the second
year. This means that the number of thorns should
be also measured or estimated if a more reliable
picture of the thorniness of black locust is to be
desired (DINI-PAPANASTASI & PANETSO0S, 2000).
On the contrary, families appeared to have more
thorns than clones.

Contrary to the number and size of leaves, which
are inherited by the ramets of each clone, thorns
seem to be affected mainly by other factors. Accord-
ing to SCHAFFALITZKY DE MUCKADELL (1959)
mentioned by KENNEDY (1983), thorn is a juvenile
character for common black locust, but it is also
affected by shade. DINI- PA-PANASTASI & PANETS-
0s (2000) also reported for monophylla black locust
that the oligophyllous type trees had fewer and
smaller thorns than the ones of the polyphyllous
type, which is associated with increased growth. In
other words, thorn number and length is positively
correlated with growth and with the number of
leaflets per compound leaf.

The fact that the ramets of the same clone had
variable sizes of thorns and co-existed with com-
pletely thornless ones should be attributed to the
topophysis hypothesis. This hypothesis can be
supported by the fact that among the 12 ortet trees
of the original plantation, only A-8A(9) was practi-
cally thornless, while the others had simply very
short thorns. This is because the stem cuttings were
cut from the top of trees which has an advanced
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growth stage (PANETSOS 1986) thus producing
shorter thorns (SCHAFFALITZKY DE MUCKADELL
1959 mentioned by KENNEDY 1983). The increase of
the thorn length during the second year should be
attributed to the cutting of trees at the end of first
year, which suspended the maturity (LIBBY & HODD
1976) and rejuvenated the trees thus resulting in
longer thorns.

It seems therefore that the production of com-
pletely thornless clones in monophylla black locust is
rather unrealistic breeding endeavor. Nevertheless,
several clones were produced with much shorter and
much fewer thorns than the common black locust. It
remains to be seen what could happen to the thorns
with the absence of the annual clear cutting, which
was applied in this experiment.

Biomass

Globe locust had a very different growth pattern
compared with the monophylla and common black
locust; it was characterized by a prostrate form with
a very dense branch development and much smaller
leaflets per compound leaf and its biomass produc-
tion was limited. For this reason, it was excluded
from the statistical analysis so that the variability
estimations for clones are not influenced.

The mean values for the biomass traits of the
monophylla black locust are shown in Figure 2. It is
clear that leaf and branch weights had a wide varia-
tion in both clones and half-sib families and in both
years. However, this variation was larger in clones
than families and in the second than in the first year.
As a result, the mean values of total weight (leaves
and branches) of clones ranged from 80 to 532 g
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Figure 2. Ranking of clones and families according to their above ground biomass production (1994-1995) (in 1995 mean

C, +10 = 1088 and mean C, +20 =1362.

plant™ in 1994 and 310 to 2576 g plant™ in 1995, an
average increase of 254 %. For the half-sib families,
the variation of the mean values in 1994 was from 197
to 406 and from 624 to 1191 g plant™ in 1995, an
average increase of 226 % . Overall, clones A-7B (6),
A-B (3) and B-2B (8) were the most productive
progenies, especially in the second year when far
exceeded even the most productive families (Fig. 2).

The statistical analysis produced significant
differences for all weight traits in both years for
clones but only in the first year for families while the
combined analysis of both progeny types produced
significant differences in both years (Table 2).

The large variation observed in the weight
parameters of both clones and families should be
attributed to some extremely low values, which
probably have been due the adverse microenviron-
ment of the experimental area or to the difficulties in
the initial establishment of the plants. Specifically
for the clones, part of the variation within each of
them may have been also caused by the differences
in the ramets derived from rooting of stem cuttings.
MEBRAHTU & HANOVER (1989b) have attributed
similar large variation within clones of black locust
to the different sizes of the root cuttings used for
their production.

The difference in biomass between the first and
the second year of the experiment reflect the stump
sprouting capacity of the individual clones and
families studied. The average increase of biomass in
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clones was higher (254 %) than in families (226 %).
The individual values ranged from 114 to 430 % for
clones and from 153 to 265 % in families. These
percentages are much higher than the ones attained
in other fast growing species such as the plain trees,
where PANETSOS (1989) has found stump sprouting
capacities 63.5 % for Platanus occidentalis and 56.4
% for P. orientalis. Of the three productive clones,
A-7B (6) had the highest sprouting capacity fol-
lowed by B-2B (8) and A-B (3). Among the families,
no substantial differences were recorded but all of
them had higher percentages than the control.

Polyphyllous clones produced significantly
higher total, leaf and branch biomass in both years.
Leaf biomass was significantly higher in the
polyphyllous trees of the families, too but not the
branch biomass, while total biomass was signifi-
cantly higher only in the second year (Table 3). The
fact that the polyphyllous clones were more produc-
tive compared with the oligophyllous ones confirms
the results of the progeny test carried out earlier
(DINI-PAPANASTASI & PANETSOS, 2000). In addi-
tion, the fact that polyphyllous clones had longer
longest thorn than the oligophyllous ones is also
supported by the positive correlation of growth
(height and diameter) with increased thorn size,
which was found in the same progeny test.

Ranking of clones and families
For ranking the 13 clones and 9 families, the popula-
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tion C,was used as a base. As far as the thorn length
is concerned, all clones had mean values less than C,
and the control by at least 20 in 1994 (Figure 1).
Among the most productive clones, B-2B (8) had
shorter thorns than C;by 57 % and the control by 66
%, A-B (3) by 41 % and 58 % and A-7B (6) by 27 %
and 47 % respectively for C; and the control. In
1995, clone B-2B (8) maintained the ranking order
of the previous year (difference at least 2o from both
C, and control). In the other two clones, the differ-
ences were reduced but they were still maintained
superior to C; and the control except A-7B (6),
which did not significantly differ only from C,.

For total weight, the first three cells of the
ranking scale were occupied by the polyphyllous
clones A-B (3), A-7B (6) and B-2B (8) which ex-
ceeded C, by more than 20 in both years (Figure 2).
More specifically, A-B (3) exceeded C, by 117 % and the
control by 31 % in 1994 and by 139 % and 89 % respec-
tively in 1995. Clone A-7B (6) exceeded C, by 98 %
and the control by 20 % in 1994 while in 1995 the
differences were 216 % and 150 % respectively for C,
and the control. Finally, B-2B (8) exceeded C, and
the control respectively by 100 % and 21 % in 1994
and by 130 % and 82 % in 1995. Among families, the
most promising in terms of total weight were 3A

and 6A (Figure 2). Similar results with the total
weight appeared also when leaf and branch weight
were considered separately (Figure 2). On the other
hand, the control was also superior of C, by more
than lo which indicates that common black locust is
more productive than the average population of
monophylla black locust, a result also found by
PAPANASTASIS et al. (1998).

Crude protein content

Clones contained significantly higher crude protein
(by 18 %) than families (Table 4). This difference
should be attributed to the fact that the selection
favored the late growing trees, which continued to
have green leaves in autumn. On the contrary, no
significant differences were found between the two
leaf morphology types of clones (Table 4).
Heritabilities

During the first year of the experiment, the
heritability estimates for the various characters
studied ranged from 0.55 to 0.997 for clones and
from 0.52 to 0.88 for families (Table 5). For the
branch weight, the heritability estimate were higher
in families than in clones, and for the total dry
weight almost the same, although the opposite
would be expected, due to the great amount of
additive genetic variation which is captured by

Table 4. Comparison of mean crude protein content (DM basis, g/kg) of clones vs families and oligophyllous (type I) vs

polyphyllous (type II) clones with their t-test values.)

Type of comparison Clone

Families t-test value

Clone vs. families 173.6

146.8 7.01%**

Clone type I

Clone type 11 t-test value

Type I vs. type 11 172.0

175.3 0.52 NS

**% P<0.001 and NS: not significant

Table 5. Heritability estimates with their upper and lower confidence limits (90 %) of clones and families for individual traits

(1994 and 1995).
1994 1995
. Clones Families Clones Families
Trait

2 LCL-UCL I LCL-UC B LCL-UC 2 LCL-UC

* ' L L L
Leaf weight (g/plant) 072 047-085 052  0.05-0.76  0.80  0.63-0.90 0.33  0.00-0.66
Branch weight (g/plant)  0.55  0.46-0.76  0.64  0.28-0.82  0.78  0.58-0.88 045  0.00-0.73
Total weight (g/plant) 0.66 0.36-0.36 0.63 0.26-0.81 0.79 0.60-0.89 043  0.00-0.71
Longest thorn length 0.997  0.92-0.98 0.88 0.76-0.94 0.88 0.78-0.94 0.76  0.55-0.88

(mm)

120



FOREST GENETICS 11(2):113-123, 2004

Table 6. Expected genetic gains from the selection of the three best clones based on the high biomass production (g/plant)
and the small thorn (mm) length compared with the mean population C, and the control (common black locust) during 1995
(in brackets the confidence limits of genetic gain for probability 90 %).

Selected clones

Trait Cf);npared

wit A-B(3) A-TB (6) B-2B (8)
Longest thorn Co 3.52 (3.12-3.76) 1.0 (0.7-1.0) 7.6 (6.7-8.1)
length 365 (287-410) 396 (288-411) 398 (313-447)
Leaf weight 528 (393-596) 1018 (757-1304) 440 (327-496)
Branch weight 894 (679-1007) 1392 (1057-1568) 838 (637-944)
Total weight
Longest thorn Common 6.2 (5.5-6.6) 3.6 (3.2-3.9) 10.2  (9.0-10.9)
length black 299 (236-337) 300 (236-338) 332 (261-374)
Leaf weight locust 424 (316-479) 914 (680-1031) 336 (250-379)
Branch weight © 724 (550-816) 1222 (928-1377) 668 (508-753)

Total weight

clonal selection (LIBBY 1983). These high family
heritability estimates can be attributed to the large
and equal number of seedlings per family and
especially to the fact that a lot of vigorous plant
seedlings of uniform size were available. This unifor-
mity of plant stock increased the h” by reducing the
phenotypic variance. In the case of clones, on the
contrary, the lack of uniformity of propagules
within each clone probably prevented a fast and
uniform establishment of all the plants during the
first year, with a negative impact on heritability
estimates. The opposite occurred in the case of thorn
length where clearly higher heritabilities were esti-
mated for clones than for families with very narrow
confidence limits.

In the second year of the experimentation the
heritability estimates for the clones were higher than
those for families (Table 5). For all the compounds
of biomass, the heritability estimates for clones
ranged from 0.78 to 0.80 while their confidence
limits ranged from 0.58 to 0.90. The corresponding
heritability estimates for the families were reduced
and ranged from 0.33 to 0.45 while the confidence
limits became wider with a great reduction of the
lower one. The thorn length heritability estimates
for the second year were lower for both clones and
families with a reduction of 12% and 14% respec-
tively with “widening” of the confidence limits to the
lower, especially in the families (Table 5).

In general, the higher heritability estimates for
the clones during the second year, in comparison
with the families, could be attributed to their good
establishment in the plantation and the consequent
smoothing of environmental variance with the
positive effect to heritability estimates increment
(NAMKOONG & CONKLE 1976).

© ARBORA PUBLISHERS

Expected genetic gain

Table 6 shows the expected genetic gains for the
three clones A-B (3), A-7B (6) and B-2B (8) for the
most important traits, namely leaf weight, branch
weight, total biomass and thorn length, as compared
to the mean population C; in 1995. It is clear that
these gains were considerable, especially in total
biomass production. Among the three clones with
the best performance, B-2B (8) had the lowest
biomass gains but the highest in reduced thorn
length.

In Table 6, the expected genetic gains from the
selection of the three promising clones, as compared
to the control during 1995, are also presented. They
were also remarkably high for the biomass produc-
tion, although lower than the ones compared with
C,. Nevertheless, the expected genetic gains of the
thorn length were much more higher compared to
G,

The estimated heritabilities were most probably
overestimated having consequently a positive impact
on the corresponding values of the expected genetic
gains. However, the above positive results for the
three selected clones do not change even though we
consider the lower confidence limits of the expected
genetic gains. The results suggest that clones A-7B
(6), A-B (3) and B-2B (8) are very promising for
increased biomass production with a few thorns and
high crude protein content in the leaves. Their
superiority is maintained in the following the first
stage years since the clonal test is still going on.
However, more testing is needed before these three
clones are released for commercial purposes.

Considering all the results mentioned above, it
could be concluded that the selection of clones
combining high biomass production, high regenera-
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tion ability after cutting, reduced thorn length and
high CP content of the leaves is feasible. In addition,
genetic gains achieved for the most important traits
namely leaf weight, branch weight, total biomass
and thorn length, compared with the mean popula-
tion C,, where the clones derived from, and the
common Robinia (control) are considered satisfac-
tory. In general, polyphyllous clones were more
productive and with longer their longest thorn
compared with the oligophyllous ones.

ACKNOWLEDGEMENT

This research was financed by the Greek Ministry of
Agriculture and by the CAMAR programme of the
European Commission (8001 — CT 90 — 0030).

REFERENCES

A.O.A.C. 1990: Official methods of Analysis, 15th ed.
Association of Official Analytical Chemists, Washing-
ton, DC, 746 pp.

BARRETT R. P, MEBRAHTU, T. & HANOVER, J. W. 1990:
Black locust: A multi-purpose tree species for temper-
ate climates. /n: Advances in new crops. (eds J. Janick
& J. E. Simon). pp. 278-283. Timber Press, Portland,
OR.

BARRETT, R.P. 1992: Forage Plantation Management for
Black Locust. In: Proceedings of International Con-
gress on: Black Locust: Biology, Culture & Utiliza-
tion, held June 17-21 1991. (eds J.W. Hanover, K.
Miller & S. Plesko). pp. 259-272. Michigan State
University, USA.

BONGARTEN, B. 1992: Genetic variation in black locust
within its native range. In: Proceedings of Interna-
tional Congress on: Black Locust: Biology, Culture &
Utilization, held June 17-21 1991. (eds J.W. Hanover,
K. Miller & S. Plesko). pp. 78-97. Michigan State
University, USA.

BONGARTEN, B. C.,HUBER, D. A. & APSLEY, D. K. 1992:
Environmental and genetic influences on short-rota-
tion biomass production of black locust (Robinia
pseudoacacia L.) in the Georgia Piedmont. For. Ecol.
Manage. 55: 315-331.

DINI, O. 1993: The Genetic Potential of Robinia
pseudoacacia L. In: Fodder trees and shrubs in the
Mediterranean production systems: Objectives and
expected results of the EC research contract. (ed. V.
Papanastasis). pp. 153-159. AGRICULTURE, EUR
14459 EN.

DINI - PAPANASTASI, O. 1997: Inheritance of traits of
Robinia pseudoacacia L. and their relation with
biomass production. PhD Thesis, Aristotle University
of Thessaloniki, Greece, 152 pp.

DiNI, O. & PANETSOS, C. 1994: Vegetative Propagation of
Robinia pseudoacacia L. Cahiers Options Méditerr. 4:
85-91.

DINI — PAPANASTASI, O. 2000: Globe locust (Robinia
pseudoacacia var. umbraculifera D.C.): a potential

122

forage species? Cahiers Options Méditerr. 45: 99-102.

DINI — PAPANASTASI, O. & PANETSOS, C. 2000: Relation
between growth and morphological traits and genetic
parameters of Robinia pseudoacacia var. monophylla
Carr. in northern Greece. Silvae Genet. 49 (1): 37-44.

HANOVER, JW. 1990: Physiological genetics of black
locust (Robinia pseudoacacia L.): a model multipur-
pose tree species. /n: Fast Growing Trees and Nitro-
gen Fixing Trees. (eds D. Werner & P. Mdller). pp.
175-183. International Conference, Oct. 8-12 1989,
Marburg, Germany.

KAVVADAS, D. 1956: Illustrated Botanical Dictionary.
Volumes I-IX. Athens.

KENNEDY, J.M., JR. 1983: Geographic variation in black
locust (Robinia pseudoacacia L.). M.S. Thesis, The
Univ. of Georgia, Athens, G.A. 66 pp.

KERESZTESI, B. 1983: Breeding and cultivation of black
locust, Robinia pseudoacacia, in Hungary. For. Ecol.
Manage. 6: 217-244,

KERESZTESI, B. 1988: Black locust in other countries. In:
The Black Locust. (ed. B. Keresztesi). Pp. 181-189.
Hungarian Academy of Science. Budapest.

KERESZTES], B. 1992: Breeding of black locust in Hun-
gary. In: Proceedings of International Congress on:
Black Locust: Biology, Culture & Utilization, held
June 17-21 1991. (eds JW. Hanover, K. Miller & S.
Plesko). pp. 107-114. Michigan State University,
USA.

KNAPp, S. I, STROUP, WW. & ROss, W. M. 1985: Exact
confidence intervals for heritability on a progeny
mean basis. Crop Sci. 25: 192-194.

L1BBY, W.J. 1983: The Clonal Option. Norwegian Forest
Research Institute. No.1432. As, NLH, Norway.
Li1BBY, W.J. & HODD, J.V. 1976: Juvenility in hedged

radiata pine. Acta Hort. 56: 91-98.

MEBRAHTU, T. & HANOVER, J.W. 1989a: Heritability and
expected gain estimates for traits of black locust in
Michigan. Silvae Genet. 38: 125-130.

MEBRAHTU, T. & HANOVER, J.W. 1989b: Photosynthesis
and growth in black locust clones. Nitrogen Fixing
Tree Res. Rep. T: 115-116.

NAMKOONG, G. & CONKLE, M.T. 1976: Time trends in
genetic control of height growth in ponderosa pine.
For. Sci. 22: 2-12.

PANETSOS, K.P. 1986: Forest Tree Breeding. Yiahoudis —
Yiapoulis. Thessaloniki, Greece, 308 pp. [In Greek].

PANETSO0S, K. P. 1989: Biomass yield of short rotation
Platanus species in Greece (Results from three succes-
sive cycles). In: Proceedings of the International
Conference on Biomass for Energy and Industry.
Policy, Environment, Production and Harvesting (Vol.
1). (eds G. Grassi, G. Gosse & G. dos Santos).
pp.1388-1392.

PAPACHRISTOU, T. G., PLATIS, P. D., PAPANASTASIS, V. P.
& TSIOUVARAS, C. N. 1999: Use of deciduous woody
species as a diet supplement for goats grazing Mediter-
ranean shrublands during the dry season. Anim. Feed
Sci. Technol. 80: 267-279.

PAPANASTASIS, V.P, PLATIS, P.D. & DINI ~ PAPANASTASI,
0. 1998: Effects of age and frequency of cutting on
productivity of Mediterranean deciduous fodder tree
and shrub plantations. For. Ecol. Manage. 110:283
-292.



FOREST GENETICS 11(2):113-123, 2004

PAPANASTASIS, V.P., Tsiouvaras, C. N,
DINI-PAPANASTASI, O. VAITSIS, T., STRINGI, L.,
CERETI, C. F,, DUPRAZ, C., ARMAND, D., MEURET,
M. & OLEA, L. 1999: Selection and utilization of
cultivated Fodder Trees and Shrubs in the Mediterra-
nean Region. (Compiled by V. P. Papanastasis).
Options Méditerr. SERIE B: Etudes et recherches, No
23, 93pp.

RODER, W. 1992: Experiences with tree fodders in temper-
ate regions of Bhutan. Agrofor. Syst. 17: 263-270.

© ARBORA PUBLISHERS

SCHAFFALITZKY DEMUCKADELL, M. 1959: Investigations
on aging of apical meristems in woody plants and its
importance in silviculture, Forstl. Forsogsv. Danmark
25: 310-455.

STEEL , R.G.D. & TORRIE, JH. 1980: Principles and
Procedures of Statistics. McGraw-Hill Book Co.,
Sydney, 633 pp.

TSIONTSIS, A. 1996: Meteorological data of the Forest
Meteorological Stations of Northern Greece. Forest
Research Institute. Thessaloniki, Greece, 108pp.

123



