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In selecting black locust for specific purposes a thorough
knowledge of the relation between growth and morphological
characters as well as genetic parameters is needed. This rela-
tion is particularly useful for thorns which are an undesirable
trait causing significant problems during tending of young
plantations and harvesting of mature trees or injuries to graz-
ing animals (MEBRAHTU and HANOVER, 1989; BONGARTEN, 1992).
For this reason, selecting cultivars with no or few thorns is of
great economic interest. KENNEDY (1983) has found weak posi-
tive but statistically significant relationships between thorn
length and height, and diameter in one-year old seedlings.
Similar results were also found by BLOESE et al. (1992) in older
saplings (2 to 5 years old) who came to the conclusion that se-
lection for higher growth rates results in a tendency for longer
thorns. Since thorniness however is mainly associated with
young age (BONGARTEN, 1992), it is doubtful whether a signifi-
cant relationship exists, between thorn length and growth in
older ages. 

Growth of trees is also related to leaf size. KENNEDY (1983)
has found a positive relationship between height and number
of leaflets per compound leaf, but the equivalent relationship
with diameter was weaker. He also found a positive relation-
ship between the number of leaflets per compound leaf and the
length of rachis, while the relationship with the thorn length
was weaker. All these studies were carried out in one-year old
seedlings in the nursery, and remain to be seen if the same
relationships are valid in older saplings.

Finally, of special importance is the relation between the
growth characters themselves, namely between height and
diameter at various ages. A strong phenotypic and genetic
correlation between any of these two characters at different
ages, could be used for prediction and consequently for early
selection of this particular character (BLOESE et al., 1992).

In Greece, the species is popular in plantations for torrent
stabilization in the mountains and for soil erosion control on
river, road and railway banks. Moreover, it is widely used as an
ornamental tree in parks, boulevards and households (DINI-
PAPANASTASI, 1991). Since 1993, however, when the EU direc-
tive on afforestation of farm lands for timber production (No.
2080/1992) was initiated, large areas of private-owned planta-
tions were established with the species because it is considered
as a fast growing and well adapted to marginal lands. The
demand for establishing black locust plantations on private-
owned land is increasing each year (DINI-PAPANASTASI, 1996).

Monophylla black locust (Robinia pseudoacacia var. mono-
phylla CARR. or unifolia TALOU) (KAVVADAS, 1956; KERESZTESI,
1983) is a botanical variety with a few leaflets per compound
leaf and very promising for wood, biomass and forage produc-
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Introduction

Black locust (Robinia pseudoacacia L.) is a nitrogen-fixing
leguminous tree, native to southeastern North America, but
also naturalized in the temperate regions of North America,
Europe and Asia. It is a multi-purpose species suitable for
lumber, poles, fuels, land reclamation, beekeeping, forage and
wood fiber (BARRETT et al., 1990). It is a fast growing tree,
resistant to many environmental stresses (low and high tem-
peratures, drought, air pollutants), and tolerant to low fertility
sites (HANOVER, 1990). 

Although there has been substantial international interest
on black locust for several decades, in general very little genet-
ic improvement has been done. In USA, only the last decade
test plantations have been established in order to quantify the
magnitude and nature of genetic variability in this species
(BLOESE et al., 1992). In Hungary, where black locust was intro-
duced between 1710 and 1720, a breeding program with
various selection criteria (fast growth, stem straightness, frost
resistance, prolongation of flowering period, increased nectar
yields) has started more than a half century ago. As a result,
many registered cultivars for specific uses have been developed
(KERESZTESI, 1983).
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tion in Greece (DINI-PAPANASTASI, 1997). In this paper, the
relation between growth and morphological characters was
investigated and genetic parameters were estimated in order to
initiate selection programmes for its improvement for specific
purposes.

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 m to 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 temperature in
July and 0.2°C mean minimum in January (TSIONTSIS, 1995).

In May 1990, a trial was established with 14 open pollinated
tree-families (symbolized with the numbers 1 to 14) of Robinia
pseudoacacia var. monophylla in a randomized complete block
design (RCB) with row plots of 15 plants per family, in three
replications, (the third one included 11 plots, because three
mother trees produced restricted number of seeds). Spacing
was 1.5 m within and 2 m among the rows. A buffer zone of one
row was also planted around. Seeds were sown in paper pots in
March 1, 1990 and after two months the plants raised were
transplanted in the field. Irrigation was applied to ensure good
establishment of the plants, and soil cultivation to avoid
competition from the weeds. Soil cultivation was repeated in
1991. Also, pruning up to 2 meters high was applied after the
completion of the third growing period.

The seedlings used to establish the experimental trial were
raised from seeds of three trees growing in the study area and
eleven trees growing in the Chrysopigi Experimental Station,
about 100 km NE of Thessaloniki. The mother trees were select-
ed for their few thorns and the small number of leaflets per
compound leaf. All the sampled trees were offspring, of a single
tree, which was growing in a plantation of black locust
established for erosion control in the catchment area of a
torrent near the town of Serres. This particular tree was distin-
guished from the rest, because its branches were nearly thorn-
less, and had compound leaves with few (3 to 5) large leaflets.
According to LIACOS et al. (1983) the crude protein content of its
leaves was up to 28%. 

Measurements of growth characters, namely height and
diameter at breast height (dbh), were initiated after the
completion of the second growing season, in late autumn 1991,
and repeated in the following 4 years 1992 to 1995 at the same
period. Leaf morphology measurements were carried out only
in October 1991 and they were restricted to the 10th compound
leaf from the top of each tree so that comparable results are
ensured. They included number of leaflets per compound leaf,
length of rachis of the compound leaf, length of petiole of the
uppermost and lowermost leaflets and its surface area by
measuring two symmetric axes and using the formula for ellipse.

Thorns were measured in two ways. The first one involved
counting of the number of thorn pairs and recording of the
maximum thorn length at 50 cm from the top of each tree.
Measurements were carried out during February of 1992, when
no leaves were on trees. The second method involved visual
estimation of the thorn length and classifying the trees into
levels of thorniness on the basis of a 1 to 5 scale, similar to the
one used by MEBRAHTU and HANOVER (1989): 1= practically no
thorns, 2= small and few thorns, 3= moderate in number and
size thorns, 4= long and many thorns, and 5= very long and
many thorns. This estimation was carried out in March 1993,
when again no leaves were on the trees.

Finally, the form of the trunk was visually assessed on a
three point scale in March 1993, also used by MEBRAHTU and
HANOVER (1989): 1= trees with many leader shoots, 2= trees
with an intermediate form and 3= trees with a strong tendency
to form a main and straight trunk.

Data were subjected to analysis of variance. Narrow sense
family (h2

F) and single tree (h2
T) heritabilities were calculated

using the variance components generated from the analysis of
variance. The following formulae were used to estimate the
heritabilities (ZOBEL and TALBERT, 1984; PANETSOS, 1986): 

where:

R, T= number of replications and trees per family replication
plot, respectively

σ2
F, σ2

w, σ2
RF = family, within-plot, replication X family 

variance component, respectively

In the equation (1) the harmonic mean of the number of
plants per plot (H) was used instead of the number of trees per
family-replication plot (T) (MATZIRIS and ZOBEL, 1973;
NAMKOONG and CONKLE, 1976).

Phenotypic correlations (PEARSON correlation coefficients)
were estimated for all characters from individual tree values.

Genetic correlations between growth traits as well as be-
tween growth and morphological ones, which were measured
during the same period, were calculated (using plot means)
from analysis of covariance (STEEL and TORRIE, 1980). The
equation used to estimate genetic correlations was (ZOBEL and
TALBERT, 1984; FALCONER, 1985):

rA= the additive genetic correlation coefficient,

σFxy= half-sib component of covariance for traits X and Y,

σ2
Fx= half-sib component of variance for trait X, and

σ2
Fy= half-sib component of variance for trait Y.

The t-test (for independent samples) was employed to detect
differences in height, dbh and thorns. 

Results and Discussion

Height and diameter

The mean values of height and dbh per family for each of the
five years of experimentation (1991 to 1995) are presented on
figures 1 and 2 respectively for the two traits. The 14 families
appeared to have a high growth rate during the study period,
but in the last year of measurements (1995) both traits and
especially height was remarkably reduced. This evolution of
growth rate seems not to be related to annual rainfall, since
precipitation in 1995 was at the average level of the five-year
experimental period (DINI-PAPANASTASI, 1997). It should be
rather attributed to the growth pattern of the species. This
pattern was continued in the following years 1996, 1997 and
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1998 (data not shown). HALUPA and REDEI (1988) found in
Hungary that height growth peaks within the first five years,
while diameter growth in the first decade. Similar results were
also reported by PAGES (1986) in France.

given in table 3 for each year and growth trait. The values of
CV, which is an estimate of the total phenotypic variation
existing among and within families, followed a decreasing
trend for both growth traits, so the variation at the end of the
5-year period became 50% of the initial. The values of the
second coefficient, FCV, which represents the variation among
families, presented the same decreasing trend with age as CV
and agrees with relevant results for the same species found by
BONGARTEN (1992). The ratio of the two coefficients (Table 3),
actually expressing the percentage of total variation existing
among families, ranged from 1/3.5 to 1/4  (mean 1/3.6) for
height, while for dbh from 1/3 to 1/5 (mean 1/4) presenting a
decreasing trend as well. This indicates that about 1/4 of the
total variation accounts for differences among families, while
the remaining 3/4 for differences among individual trees. This
partition of the total phenotypic variation between and within
families is in accordance with the general principle for additive
genetic variation in half sib families (FALCONER, 1985).

The narrow sense heritability estimates for dbh were higher
than those for height. However, family heritability was higher
than the individuals’ heritability in both cases (Table 3). 

It has been reported that heritability estimates for other tree
species showed changes over time because of changes in
genetic control and the external environment with age (NAM-
KOONG and CONKLE, 1976). Therefore, heritability estimates
apply only to the particular population growing in a given
environment at a particular time. Since parental trees are rela-
tives (cov=1/4 VA) then probably heritability estimates will be
affected. In order to find out if it is over – or under – estimated
with the formula used, we need more information on potential
pollen donors.

Morphological characters

The plants produced from the seeds of the 14 families
exhibited great variation in the number of leaflets per com-
pound leaf. The number ranged from one (which was actually a
single leaf) to 27 leaflets. The fewer the leaflets the larger their
size was. In fact, variation was manifested not only between
trees, but also within the same tree, with a tendency the
number of leaflets per compound leaf to increase from the
bottom to the top of the tree. 

Great variation was also detected in the size of thorns
among the trees of each one of the 14 families in 1992. More
specifically, the maximum length of thorns at the top 50 cm
ranged from 0 mm to 25 mm. Similar variation was found by
MEBRAHTU and HANOVER (1989) in the trees of 434 families of
common Robinia in USA.

Variation among the 14 families, with respect to morpholog-
ical characters, was much reduced compared to within family
variation. More specifically, the numer of leaf ranged from 12
to 17, the mean length of thorn from 6.8 mm to 9.2 mm. In
addition, the mean rachis length of the compound leaf, and the
petiole of the top and bottom leaflets ranged from 15.1 mm to
18.7 mm, 1.4 mm to 2.0 mm and 0.4 mm to 0.7 mm respectively
for the three characters; and the surface of the top and bottom
leaflets from 12.0 mm2 to 17.6 mm2 and 7.1 mm2 to 10.0 mm2

respectively for the two characters (Table 4).

Figure 1. – Mean height (cm) of the 14 families during the years 1991 to
1995.

Figure 2. – Mean dbh (mm) of the 14 families during the years 1991 to
1995.

The overall means of height and dbh of the whole plantation
with their standard errors for each year are given in table 1.
These results should be considered as satisfactory since
HALUPA and REDEI (1988) and REDEI (1992) have found in
Hungary similar performances but in better sites and under a
wider spacing. Also, results from a 10-years old plantation in
USA, grown in a fairly good site, showed mean dbh 7 cm and
mean height 8.20 m (FOWELS, 1965).

The analysis of variance for height and dbh is presented in
table 2. The behaviour of height and dbh parameter in relation
to the time element can also be appreciated by the result
presented in the above table. This gradual elimination of
differences among families was most probably due to the
increasing competition with age, since the demands of trees
kept increasing while the available growing space remained
the same (no thinning was applied).

The gradual decrease of variation among families with
respect to age was also confirmed by the coefficient of variation
(CV) and the family coefficient of variation (FCV) which are

Table 1. – Mean height and DBH with their standard errors of the whole progeny
test plantation during 5 years (1991 to 1995).
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Relations between characters

Leaf morphology types and thorns

On the basis of the general leaf physiognomy of trees, two
distinct types were visually identified:

Type I: Trees with compound leaves composed of a few (no more
than 11) but large leaflets (oligophyllous trees) and

Type II: Trees with compound leaves composed of many (up to
27) but small leaflets (polyphyllous trees).

Both types were observed within families in ratios close to
1:1.

These two types started to be differentiated in growth
characters at the beginning of the 5th year of age and continued
up to the 6th year. Type II grew significantly taller, with greater
dbh than type I (Table 5). The length of the thorns however
was found to be significantly longer in type II as compared to
type I, in the 2nd year, while thorniness of type II was higher
than in type I in the 3rd year, as well (Table 5). The results
suggest that the small size of thorns or the reduced thorniness
is associated with reduced tree growth. These findings do not
agree with KIM and LEE (1974) who observed no differences in
growth between thornless and thorny types of common Robinia
as the age of the plant increased. It remains to be seen if the

differences in the two tree types distinguished in this study
will be maintained in the future.

As far as the distribution of the two tree types in the five
classes of thorn length identified in 1992 is concerned, figure 3

Table 2. – Analysis of variance for height and DBH (1991 to 1995).

*P<0.05, **P<0.01

Figure 3. – Frequency ditribution of the two types of trees (identified on
the basis of their compound leaf morphology) in the five classes of thorn
length (1992).
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clearly shows that the majority of trees had thorn lengths less
than 10 mm but trees of type I had smaller thorns than trees of
type II. More specifically, type I dominated in the “very small”
class (0 mm to 5 mm) but declined thereafter as the size of
thorns increased, while type II dominated in the middle and
upper classes of thorn length.

Similar results were also found in 1993, when thorniness of
trees was evaluated. The distribution of the two types of trees

on the five-class scale indicates that trees of type I were
predominant in the classes with few and small thorns while
trees of type II were predominant in the classes with many and
long thorns (Figure 4).

Statistical analysis of the differences in thorniness among
the 14 families produced no significant results in both years.
For this reason, the heritability for this particular character
could not be estimated. On the contrary, MEBRAHTU and HANO-

Table 3. – Coefficient of Variation (CV%), Family Coefficient of Variation (FCV%)
and estimates of heritability (familiy & individual) for height and DBH (1991 to
1995).

*) Age in years from seed gemination
**)CV = Standard deviation of trait means as a percentage of the overall mean of
the progeny test plantation (FREEZE, 1967; FASOULAS, 1979).
***)FCV = Standard deviation of family means as percentage of the overall means
(BONGARTEN, 1992).
(a) Could not be calculated due to lack of significant differences among families
included in the specific progeny test (MEBRAHTU and HANOVER, 1989).

Table 4. – Mean values of the morphological characters of the 14 families of Robinia pseudoacacia var. mono-
phylla evaluated in the progeny test (October 1991).

**
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VER (1989) estimated high heritabilities for thorn length in
USA, which ranged from 0.48 to 0.62 for families and 0.74 to
1.16 for individual trees. Statistically significant coefficients
(but at a lower order of magnitude) were also calculated by
BLOESE et al. (1992) for the same character in 2-years old black
locust plantations.

Phenotypic correlations between growth and morphological
characters

Table 6 shows the PEARSON correlation coefficients between
the various growth and morphological characters. It is clear
that most of these coefficients turned out to be statistically
significant (P≤0.001), apparently due to the high number of
degrees of freedom, but only a few of them were high enough to
explain a fair amount of the variation between the various
characters.

Although height and dbh were highly correlated, both of
them produced very low correlation coefficients with the mor-
phological characters of the trees. For example, height and
diameter accounted for no more than 8.4% and 5.8% respec-
tively of the variation in the length of leaf petiole (Table 6). On
the contrary, KENNEDY (1983) found much higher correlations

between diameter and leaf petiole in one-year old saplings of
common Robinia. In addition, the same author found that
height and diameter accounted for 26% and 24% respectively
of the variation in the number of leaflets per compound leaf
while in our experiment it did not exceed 2%.

Substantially higher correlation coefficients were found be-
tween various morphological characters (Table 6). For example,
a high positive coefficient (0.90) was produced between leaf
morphology type and number of leaflets per compound leaf,
thus confirming our visual identification of the two types
(Table 5). The same identification was also confirmed by the
relatively high but negative coefficient (–0.74) between the
surface of the upper leaf and the number of leaflets per
compound leaf combined by the also relatively high but neg-
ative (–0.73) coefficient between the type of tree and the sur-
face of the upper leaf. All these correlations suggest that type I
had fewer and larger leaflets than type II.

A very high positive correlation coefficient (0.92) was pro-
duced between length of rachis and number of leaflets per
compound leaf (Table 6). As a result, length of rachis was also
highly correlated (0.80) with type of tree since its identification
was mainly based on the number of leaflets per compound leaf.
KENNEDY (1983) found a much lower correlation coefficient
(0.69) between length of rachis and number of leaflets per com-
pound leaf for common Robinia; the latter variability in the
number of leaflets per compound leaf, is not the same as in
monophylla. 

As far as the pair of thorns and the length of the thornless
upper part of the trees are concerned, these produced very
weak correlation coefficients when compared to the number of
leaflets per compound leaf, the surfaces of the leaflets and the
rachis of compound leaf. Also, very low coefficients were
estimated among the thorn length and all leaf characteristics.
KENNEDY (1983) found similar results, although the respective
coefficients were higher than the ones in our experiment.
Moreover, a low correlation coefficient (0.32) was produced be-
tween thorn length and type of trees. This is not surprising
since thorn length is a complex morphological character affect-
ed by various factors including shade and age of trees (KENNE-
DY, 1983). Larger leaflets were also observed by KIM and LEE

(1974) in a thornless mutant tree when compared to common

*P< 0.05, **P< 0.01 and NS not significant at the 5% level

Table 5. – Means of the two types of trees of Robinia pseudoacacia var. monophylla with their
standard errors for the various traits with t-test values and 2-tail significance.

Figure 4. – Frequency ditribution of the two types of trees (identified on
the basis of their compound leaf morphology) in the five classes of
thorniness (1993).
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black locust. Evidently, there is a positive correlation between
small thorns and larger leaflets. Finally, thorniness did not
produce a substantial correlation coefficient with type of tree,
although its coefficient with the thorn length was much higher
(0.51, Table 6). 

Phenotypic correlations between growth characters

With regards to the relations between height and diameter,
table 7 shows that all correlations with respect to growth char-
acters were statistically significant and correlation coefficients
were much higher in the early than in the older ages of the

*P< 0.05, **P< 0.01 and NS not significant at the 5% level

Table 6. – Phenotypic correlations between morphological and growth characters in the progeny test of Robinia pseudoacacia var.
monophylla.

*P< 0.05, **P< 0.01 and NS not significant at the 5% level
(a) Could not be calculated due to lack of significant differences among families included in the specific progeny test.

Table 7. – Phenotypic correlations between growth parameters (lower diagonal) and genetic correlations between growth parameters
and traits (upper diagonal) in the progeny test of Robinia pseudoacacia var. monophylla (the age of plantation is shown in brackets).
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plantation. For example, height could explain 81% of the varia-
tion in the diameter in 2 years old trees and only 39% in 6
years old trees. Similar results were also found by BLOESE et al.
(1992) and KENNEDY (1983) in U.S.A. for common black locust.

The correlations involving diameter (in different ages) were
generally slightly stronger (5%) than those of height, while
BLOESE et al. (1992) also reported stronger correlation between
3rd and 5th year diameter (31%).

Genetic correlations

Table 7 shows the genetic correlations of some growth and
morphological characters. It is clear that there was a high and
positive correlation between diameter and height in the 3rd

year, but a lower and negative one in the 6th year. This may be
attributed to pruning that was applied between the two peri-
ods. Also, a low and negative correlation was found between
height in the 6th year and diameter in the 3rd year. These
results are different from the ones found by BLOESE et al.
(1992) who detected a high and positive correlation between
these two growth factors in the 5th year.

On the other hand, the genetic correlation between various
ages of the same parameter were positive; high between diam-
eters in the age 3 and 6 and less high between heights in the
ages 3 and 6. Higher correlation between diameters than be-
tween heights was also found by BLOESE et al. (1992).

Finally, the correlation between diameter in the 3rd year and
trunk form was high but negative. Since no pruning has been
applied to that period, this relation can most probably be
attributed to the fact that larger diameter and undesirable
trunk form may be due to strong branching at breast height. 

Conclusions 

The following conclusions may come out of this study:

1. The growth performance of the monophylla variety should be
considered very satisfactory compared to the one of common
black locust.

2. Based on the results of this study, selection of polyphyllous
type individuals from the monophylla black locust could lead to
increased growth and also to an increased thorn size. There-
fore, this should be taken into account when the selection
criteria for a breeding programme are set out. 

3. Strong genetic correlations of dbh as well as height, to a
lesser extend, have been detected between the 3rd and the 6th

year of the experiment. If this trend continues in the future,
then juvenile selection could be based on dbh and height
growth.
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