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Abstract — In Hungary black locustRobinia pseudoacacik.) is considered as an important exotic
stand-forming tree species growing mostly underavofirable ecological conditions for forest
management. Due to climate change effects its itapoe is increasing in many other countries, too.
As a result of a selection programme new black do@lones were tested in clone trials. Juvenile
growth and the morphological as well as phenolddicts of four micropropagated black locust
clones were evaluated in central Hungary undersitey conditions. Significant differences (P<5%)
were found for DBH and field survival rate valuAs.age of 7 the clone R.p. ‘Bacska’ (KH 56A 2/5’)
appears to be especially promising for mass prdmagalissue culture can be considered as a saitabl
tool for propagating superior individuals and offerew prospects for the rapid cloning of selected
genotypes used for plantation forestry.

Black locust (Robinia pseudoacacia L.) / clone trial / juvenile growth / micropropagation

Kivonat — Mikroszaporitott fehér akac (Robinia pseudoacacia L.) kiénok fiatalkori novekedése és
morfoldgiai jellemzéi szaraz termbhelyeken. Magyarorszagon a fehér ak&obpinia pseudoacacih.)
fontos alloméanyalkot6 egzota fafapknt az erfigazdalkodas szamara kedéten ternbhelyeken. A
klimavaltozas hatdsai miatt a fafaj jelésdge folyamatosan novekszik tobb méas orszagbdbgis.
szelekciés program eredményeként (j akac klondk&dbtéunk ek klonkisérletek Iétesitése céljabdl.
Jelen tanulményban négy mikroszaporitas<dli@ott akac klont értékeltink fiatalkori ndvekesdd,
tovabba morfolégiai és fenoldgiai jelledik alapjan Kdzép-Magyarorszagon szaraz tevetyi
viszonyok ko6zoétt. Szignifikdns kildénbséget (P<5%laltunk a mellmagassagi atmiérés a
megmaradasi értékek tekintetében. 7 éves korbaR.@z'Bacska’ ('KH 56A 2/5’) klon kuldndsen
igéretesnekiinik a tomegszaporitasra. A szovettenyésztéses zmpeljaras megfeléleszkéznek
tekinthet az Ultetvényes fatermesztés terlletén kivaléssedi egyedek klonos elszaporitdsara, Uj
tavlatokat nyujtva ezzel a kivalasztott genotipugpérs klbnozasara.

Fehér akac(Robinia pseudoacacia L.) / klonkisérlet / fiatalkori ndvekedés / mikrosaporitas
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1 INTRODUCTION

Black locust Robinia pseudoacacia.) was introduced to Europe from its natural mamg
south-eastern United States more than 300 yeardtdums been well adapted for growth in a
wide variety of ecological conditions and plantédotighout the world from temperate to
subtropical areas. It is fast growing, excellenppioing, drought tolerant, has high survival
rates and yield as well as very hard durable wanee to its symbiosis with the nitrogen
fixing bacteria, Rhizobiumsp. black locust is capable of colonising very |owtrient
substrates. Black locust is also a promising treecies for short rotation forestry (SRF)
including energy plantations. The development ofirdagrated landscape includes forests,
agricultural fields and shelterbelts. In these sadtorestation with black locust is focused on
improving the natural environment and the livingndiions of the population as well (Fihrer
— Rédei 2003, Rédei et al. 2011).

Several countries have started research progranememproving black locust wood
quality and/or increasing production of biomass déoergy purpose. Black locust has also
been considered as a promising tree species forahfeéeding and for recultivation of drying
out devastated lands as well as nectar productorpresent, black locust breeding and
improvement is undertaken in the United States (Baien et al. 1991, 1992) Greece (Dini-
Papanastasi — Panetsos 2000), Germany (Liesebath2804, Bohm et al. 2011), Slovakia
(Chalupa 1992), Poland (Kraszkiewicz 2013), TurkBengiz et al. 2010), India (Sharma
2000, Swamy et al. 2002), China (Dunlun et al. 29%outh Korea (Lee et al. 2007).
Increasingly, countries are interested in blackuggdmprovement and management paying
special attention to its response to climate chafigets.

The primary requirement for reproducing black ldatisnes (varieties) to establish clone
trials, seed orchards and seed production stands tevareliable vegetative methods.
Propagation from root cuttings and tissue cultugpagation are suitable for reproduction of
superior traits of the selected trees. Brown (19883 the first to report a successful in vitro
method for mass production of black locust. Enesudl Jucan (1985) started experiments in
Romania with similar results. Balla and Vértesyl®B5 had the first success in the sterile
production of four Hungarian state-approved blaokukt cultivars. Balla et al. (1998)
published the improvement of the acclimatizatiosutes of micropropagated black locust
using symbiotic microorganisms.

Because of the fact that black locust is easydoeckind also exhibits wide adaptation to
ecological (site) conditions, there is also an ohpoty to develop basic information on
genotype by environment interaction for traits merest (Hanover 1992). In Hungary, black
locust has played a role of great importance & filrest management for more than
280 years, covering approximately 23% of the faesarea (445.000 ha) and providing
about 20% of the annual timber output of the courBeing aware of the importance of black
locust, forest research in Hungary has been engageskolving various problems of black
locust management for a long time, and numerousarek results have already been
implemented in the practice (Keresztesi 1988, Rédeal. 2007). In the country in the
lowlands characterized with forest steppe climatge, the annual precipitation is not more
than 500 mm, most of which is outside the growiegsen. Thus, drought is a frequent
phenomenon in the summer period coupled with vagii htmospheric temperatures. Due to
these facts about 40% of the black locust standsiungary grow under marginal site
conditions (Rédei 2003, Rédei et al. 2008). Caraig the above-mentioned circumstances
anew black locust selection woskarted 12 years ago to find and improve blackgbclones
and cultivars which perform good stem form, provigeod-quality wood material for
industrial purposes, and which are able to toletfa@edry ecological conditions as well. As a
result of the selection programme some new blackdbclones have been improved. In this
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paper one of the trials establishgith micropropagated black locust clonesevaluated with
special regard to their juvenile growth rate andrphological traits. By applying
micropropagation, superior traits of the selecteds can be preserved in the clones and it can
also be considered as an effective tool for pratyanproved initial propagation material.

2 MATERIALS AND METHODS

2.1 Study site

Data used in this study came from a black locuseneltrial established in the forest
subcompartment Kecskemét 16CS/1 (Re#44”, E1941'51") in Central-Hungary
between the Danube and Tisza rivefggre 1). The forest subcompartment has slightly
humous sandy soil without ground-water influencle Tannual precipitation amounts to
only 500 mm in some years, of which less than 3@ comes in the dry summer period;
water supply is a limiting factor. The trial at Kd@mét is not among the best sites
available in Hungary but can be considered as anage yield class site for black locust
(Rédei — Gal 1985).

16 17 18 19 20 21 2z 23

49 L N 1 SS— 1

KECSKEMET 16CS/1
(N 46°54'44"" E 19°41'51™)

BACS-KISKUN COUNTY

Figure 1. Location of the study site

The main ecological conditions of the study areaas follows: relative air humidity
below 50%, hydrology: free draining, genetic soyipé¢: humus sand soil, annual
precipitation is less than 550 mm (betweeh April and 26" September in 2011 the
precipitation was only 288 mm).
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2.2 Materials

The trial, with three replications was establistada spacing of 2.0 & 1.0 m. Common
black locust and four black locust clones, i.e..RBacska’ (‘KH 56A 2/5’), ‘KH 56A 2/6’,
‘MB 17D 4/1’and 'CST 61A 3/1’ were selected. Eackatment corresponds to a plot of 15 by
20 m. For the clones one-year-old micropropagatkat® were used and one-year-old
seedlings for common black locust. Plant tissutucelimethod provided us with an effective
means to accelerate vegetative propagation ofeéldynselected clones and to establish new
clone trials (Rédei et al. 2002).

2.3 Methods

The following parameters were measured and cakullat age of 7: number of stems, tree
height (also at 1, 3 and 5 years), dbh (diametéredst height) over barktemvolume and
meantree volume. We used arithmetic mean in case eftimght and dbh because it is more
appropriate for certain types of experimental stadifor example, clone trials where it is
primarily important to measure the responses oftthes to the experimental treatments
during the first years after plantation establishtneThestemvolume was calculated using
the volume function based on the volume table Fackblocust (Kolozs — Sopp 2000):

v =107°d?h(h/[h- 1.3])*(- 0.6326dh + 2023d +3034),

where
v is stem volume (),
d is diameter at breast height (cm),
h is tree height (m).

The mean tree volume §v m’/tree) was calculated using the means of stem v@lum
(h, dbh) for each of the experimental plots.
The following classifications were used for the leafion of the morphological and
phenological traits:
« Stem form = 1: straight, 2: more or less strai§htjeclining, 4: strongly declining.
* Bud break intensity = 1: very poorly budding, 2:0odg budding, 3: mediocre, 4:
vigorously budding.
* Foliage density = 1: loose foliage, 2: mediocréaige, 3: dense foliage.
* Forking = 1: not forking, 2: forking in the crow8; the crown starts with forking, 4:
the stem is forking.
* Branching = 1: thick branches, 2: medium thick loreas, 3: thick branches in the
crown only.
* Blooming intensity = 1: complete, 2: abundant, &diocre, 4. scarce, 5: sporadic, 6:
no flowers.
The collected data were analyzed by STATISTICA @léta analysis software system —
StatSoft, Inc., 2008) programme. Analysis of vareafone-way ANOVA) was done for height,
dbh and mean tree volume to consider the trial hatring completely randomized design.

3 RESULTS
Table 1 illustrates the most important stand structure ipatars and the survival rate.

According to the significance test at P = 5% lesighificant differences were found in DBH
and in the survival rate.
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Comparison of mean height illustrated that clori€sl 56 A2/5 and ‘KH 56 A 2/6°
achieved the higher value (9.4 and 9.5 m) and dighh growth patterns of the clones and the
control at different ages were simil&idure 2).

H(m) 100
'KH 56A 2/6'

_~ 'KH 56A2/5'
9,0

Control
8,0

= 'CST 61A3/1"
P

_
7,0 < .
7//‘MB 17D 4/1
,/
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Figure 2. Height growth patterns of micropropagat#dck locust (Robinia pseudoacacia L.) clones
at the age of 1, 3, 5 and 7 years

Comparison of mean DBH indicated that the clone B81A 2/5° had maximum growth.
The same result was obtained in the case of mearnvolume for ‘KH 56A 2/5’ and 'KH 56
A 2/6'.

Table 1. Stand characteristics of micropropagatitk locust clones at age of 7 years

Mean tre
Plot Height DBH Survival Height DBH volume Survival
Clone name 3
number (m) (cm) (m®) %
(m) (cm) % plot average values

Kéleshalom 1 8.5 6.9 81 9.4 71 0.0497 83
56A 2/5 9 9.0 6.3 94
('KH 56A 2/5" 18 10.7 8.2 75
Kéleshalom 2 9.0 5.8 62 9.5 6.1 0.0496 69
56A 2/6 12 11.6 7.3 75
('KH 56A 2/6") 15 7.9 5.2 69
Mikebuda 3 8.3 5.4 69 8.5 54 0.0373 73
17D 4/1 13 9.3 5.5 75
(MB 17D 4/1") 16 7.8 5.2 75
Cséaszartoltés 5 6.7 4.3 94 7.6 51 0.0310 87
61A 3/1 8 8.4 5.6 87
(CST 61A3/1) 14 7.8 5.5 81
Common 6 8.0 5.6 56 8.5 6.1 0.0389 69
black locust 10 7.1 4.8 75

17 10.5 7.9 75
*, **: P<5%
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Table 2. Analysis of variance for height, diametebreast height, mean tree volume and survival
rate of the four tested black locust clones

Degrees of Sum squaresMean squares

Source of variationfreedom (df (SS) (MS) F Significance
Height
(m)
Total 14 26.47
Replication 2 2.12
Treatment 4 8.09 2.0225
Error 8 16.26 2.0325 0.99508
Diameter at
breast height
(cm)
Total 14 17.85 ol
Replication 2 1.63
Treatment 4 7.35 1.8375
Error 8 8.87 1.10875 1.657272
Mean tree
volume
(m°)
Total 14 0.0022
Replication 2 0.0002
Treatment 4 0.0006 0.00015
Error 8 0.0014 0.000175 0.857143
Survival rate
(%)
Total 14 1518.4 e
Replication 2 204.4
Treatment 4 895.73 223.9325
Error 8 418.27 52.28375 4.283023
*rk: P<59%

Table 3contains some morphological and phenological charatics of the selected
black locust clones at age of 7. As the generduatian of the morphological characteristics
Is concerned, the succession from best to worsKi$:56A 2/5’, ‘KH 56A 2/6’, ‘MB 17D
4/1’ and 'CST 61A 3/1’. The phenological evaluatifor blooming intensity indicated the
highest quality in 'KH 56A 2/5'. The micropropagdtérees began to flower in the fifth
growing season after field planting and producestisewnith germination comparable to that
of common black locust trees.

Table 3. Morphological and phenological data of 7-year-oldrees as a mean of plots

Morphologlcal apd Stem form I?_;ud br_eak Fohage Forking Branching E_’>Ioom|_ng
phenological traits intensity  density intensity
Clone name (1-4) (1-4) (1-3) (1-4) (1-3) (1-6)

'KH 56A 2/5' 15 3.1 2.0 1.2 2.1 2.6
'KH 56A 2/6' 1.7 2.8 1.9 1.3 1.9 3.1
'‘MB 17D 4/1' 2.1 2.8 2.3 1.2 2.1 3.5
'CST 61A 3/1° 1.6 2.8 2.5 1.2 1.8 4.5
Common black locust 2.0 2.9 2.2 1.3 2.0 3.5
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4 DISCUSSION AND CONCLUSIONS

For some decades black locust has received inctesig=ntion in more and more countries
for the following reasons:

1) the energy crisis has stimulated research on velgtrapid growing, nitrogen-fixing

trees such as black locust;

2) the species has a great many characteristics fratm the practical and biological

research standpoints; and

3) application of genetic improvement and biotechggldechniques may remove

several hindrances to the widespread use of blackist in some, potentially
promising countries from black locust growing patview.

Black locust’s fast growth and site condition talece are important characteristics for
short rotation cycle silviculture (SRF), as welkedause of its many desirable attributes, the
species is admirably suited to utilization in maagas of the world. Plant tissue culture
methods provide us with relatively new means teedpgp vegetative propagation of recently
selected clones and give us opportunity to estalbiesalthy stock plantations. According to
our experiences and investigations (Rédei et @7pblack locust trees show considerable
variability in stem and branching form, wood qualdnd stress tolerance. Well designed
clone trials (clonal tests) are needed to imprauvgeties best adapted to certain environments.

This study leads to the following conclusions: (ff)e trial demonstrated that
micropropagated trees can be successfully transgalanto soil, hardened and grown in the
field. Micropropagated trees exhibited normal gtowanhd appearance; (2) the results at the
end of the % growing season demonstrated that the DBH and isgedlrvival differed
significantly among the tested clones; (3) the stigations showed that clone R.p.
‘Bacska’(‘'KH 56 A 2/5") achieved the highest growtdite in mean tree volume with having
the best morphological and phenological charadiesig4) micropropagation has proved as a
suitable mean in the field of black locust clorelkestion.

To consider the effects of the global climate clarand the regional growing
experiences, in the future would be two regionssnetihe fast spread of black locust could be
expected. In Europe some Mediterranean countriaek€y, Italy), while in Asia China and
Korea may be the most prominent black locust grewer
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