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ABSTRACT 
Robinia pseudoacacia L. is a nitrogen-fixing, leguminous, fast-growing and multipurpose agroforestry tree adapted to drought-affected 
and degraded sites. Recent interest in woody biomass as a source of fuel has fostered additional investigations into the culture of R. 
pseudoacacia. In trials of potential biomass species, it demonstrated superior growth rates and energy yields. However, because of its 
rapid growth, early flowering, adaptability to drought and degraded sites it is widely planted through out the world’s temperate zone for 
multiple purposes. These advantages suggest the possibility of selecting variants for tree improvement. Improvement by conventional tree 
improvement programmes is cumbersome and time-consuming, while in vitro propagation techniques offer an alternative approach. This 
species has been regenerated in vitro by micropropagation, protoplast and cell suspension culture. These biotechnological tools can be 
used for mass propagation, induction of genetic variability, production of disease-free and stress-tolerant plants from isolated cells, 
protoplasts and tissues and introduction of transgenic trees following molecular characterization. 
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INTRODUCTION 
 
Robinia pseudoacacia Linn. is a papilionaceous multipur-
pose tree legume. It is native to the south-eastern USA, 
which has become neutralized in many countries world-
wide (Harlow et al. 1979). It was first introduced in the mid 

hill zone of North Western Himalayan region of India 
(Troup 1921) between an altitudinal range of 1000 to 3000 
m (Muttoo and Kango 1965). Black locust is one of the 
most widely planted broad leaf species in the world equally 
ranked with Populus and second to Eucalyptus in total hec-
tares established (Kereszteski 1981). 
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R. pseudoacacia is among the few leguminous nitrogen-
fixing trees adapted to frost-prone areas. It is also adaptable 
to environmental extremes such as drought, air pollutants, 
and high light intensities (Hanover 1989) and is of special 
interest for intensive forest improvement. It is widely 
known for rapid growth, ecological plasticity, adaptability 
and good timber quality. It is remarkable for its ornamental 
value as it bears white, fragrant flowers and a deep, spread-
ing root system which is capable of growing in a wide 
variety of soils but not on very sandy, very acidic or wet 
soils. It is an invaluable species for road side avenues (Mu-
thoo and Kango 1965) and can be used as a landscaping tree. 

The last few years have shown the biotechnology of 
woody angiosperms and gymnosperms to fruition since ma-
jor advances in this recalcitrant group of species have taken 
place. Protocols for micropropagation (Kanwar et al. 1996), 
assessment of micropropagated plantlets (Kanwar et al. 
2002; Kaushal and Kanwar 2003), protoplast culture (Bha-
radwaj 1999), cell suspension culture (Kanwar et al. 2007) 
and genetic transformation (Kanwar et al. 2003) of R. pseu-
doacacia have been developed. So, in vitro methods can be 
used to obtain true to type in a short span of time, irrespec-
tive of season and introduction of agronomically important 
genes by genetic transformation. 
 
TAXONOMY 
 
The currently accepted scientific name for black locust is R. 
pseudoacacia. There are no natural subspecies or forms, but 
many cultivars are available. Named varieties are as fol-
lows: R. pseudoacacia var. pseudoacacia; R. pseudoacacia 
var. rectissima (L.) Raber (Little et al. 1979; Kartesz et al. 
1980; Huntley 1990). 

Black locust hybridizes with Kelsey locust (Robinia kel-
seyi), New Mexico locust (R. neomexicana), clammy locust 
(R. viscosa), and bristly locust (R. hispida). 
 
COMMON NAMES 
 
Black locust, false acacia, yellow locust, white locust, green 
locust, post locust, shipmast locust and locust. 
 

BOTANY 
 
Black locust is a medium-sized, native, deciduous tree. Ma-
ture height ranges from 40 to 60 feet (12-18 m), and 12 to 
30 inches (30-76 cm) (Fig. 1). Black locust grows rapidly, 
reaching mature heights in 20 to 40 years. It is short-lived; 
the tree may begin to decline at 40 years of age, and it 
rarely lives over 100 years (Collingwood 1937). On better 
sites, maximum height may be 100 feet (30 m). The bark is 
thick 1 to 1.5 inches (2.5-4.0 cm), rough and deeply fur-
rowed reddish brown to dark gray. Open grown trees have 
short boles, branching at 10 to 15 feet (3-5 m) above the 
ground. Young shoots are smooth, purplish-brown (Kanwar 
and Pamposh 2000). On good sites, however, black locust 
trees with longer, clear, straight trunks may be produced. 
The roots of black locust are usually shallow, fibrous and 
wide-spreading, but deep roots of up to 26 feet (8 m) or 
more can also be produced, especially on xeric sites. It cop-
pices freely and produces root suckers in great abundance 
from its peripheral roots. Radial root spread is usually 1 to 
1.5 times the tree height (Kanwar and Pamposh 2000). The 
leaves are 10-15 cm long, the petiole is swollen at the base, 
leaflets 9-19 oval or elliptic and 2.5-5.0 cm long. The leaves 
fold and droop with cloud cover or in the evening. The 
paired stipules at the base of each leaf develop into persis-
tent woody spines. The inflorescence is a large, white, very 
fragrant, pendant raceme up to 20 cm long on the current 
year’s shoots (Fig. 2). The fruit is a flattened legume 2 to 4 
inches (5-10 cm) long. The fruit opens while still on the tree. 
 

 
HABITAT 
 
Black locust forms pure stands only on disturbed soils 
where there is no competing overstory vegetation. On good 
sites, single trees or small groups may persist and grow 
large enough to form part of the mature canopy. Black loc-
ust is found in the southeastern United States largely within 
oak (Quercus spp.)-hickory (Carya spp.) forests. It also oc-
curs in naturalized populations in a wide range of types in-
cluding blue ash (Fraxinus quadrangulata) savannas in the 
inner bluegrass region of Kentucky (Bryant et al. 1980). 
Outside of its native range, black locust often naturalizes in 
riparian habitats or floodplains. 
 
GENERAL DISTRIBUTION 
 
The original natural range of black locust is in two sections: 
- the central Appalachian Mountains from central Pennsyl-
vania and southern Ohio south to northeastern Alabama, 
northern Georgia, and northwestern South Carolina. Fig. 1 Robinia pseudoacacia Linn. 

Fig. 2 Inflorescence of Robinia pseudoacacia Linn. 
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- the Ozark Plateau of southern Missouri, northern Ar-
kansas, northeastern Oklahoma, and the Oachita Mountains 
of central Arkansas and southeastern Oklahoma. Outlying 
populations thought to be part of the original natural range 
occur in southern Indiana, Illinois, Kentucky, Alabama, and 
Georgia. 

Black locust has been successfully planted in almost 
every state. Naturalized populations occur throughout the 
United States, southern Canada, Europe, and Asia (Huntley 
1990). 
 
USES 
 
Wood 
 
Black locust wood is strong and hard with a specific gravity 
of 0.68, yet it has the lowest shrinkage value of US domes-
tic woods. The wood makes a good charcoal. Wood energy 
yield is typical of temperate broadleaf trees, about 19.44 x 
106 J/kg (Stringer and Carpenter 1986). One cord of black 
locust wood (at 20% moisture) yields as much of heat as ap-
proximately 1.12 tons of anthracite coal (Carpenter 1981; 
Bongarten et al. 1992). The beautiful light to dark brown 
wood is used to make paneling, siding, flooring, furniture, 
boat building (substitute for teak), decking, vineyard or nur-
sery props, fruit boxes, and pallets. It is also a preferred 
wood for pulp production. Black locust wood is highly re-
sistant to rot. 
 
Benefits to livestock and wildlife 
 
Despite its hardwood black locust is susceptible to insects 
and is therefore a good host cavity tree particularly for 
wood peckers (Huntley 1990). Black locust has become an 
important tree in the Himalayas where it is heavily lopped 
for fodder. Leaves have a crude protein content of 24%. 
Black locust is rated fair in energy value and poor in protein 
value. However, black locust has relatively high leaf nitro-
gen levels. Carey and Gill (1980) rated black locust as only 
fair in browse value for all species of wildlife. It is planted 
in Europe as a nutritious livestock forage, rivaling alfalfa in 
nutritional value. However, tannins and lectin proteins 
found in leaves and inner bark can interfere with digestion 
in ruminants and in non-ruminants. Horses are more sensi-
tive to the toxic substances present in various parts of plants 
then other livestock species. Tannin levels are high in young 
leaves but decrease as leaves mature. Black Locust poison-
ing is rarely fatal. Palatability ratings of black locust in 
Utah are fair for cattle and horses and poor for sheep. 
 
Honey 
 
Bees harvest Robinia nectar to produce a honey regarded as 
one of the world’s finest. Selections of R. pseudoacacia, 
with higher sugar content of the nectar and with later and 
longer periods of flowering (Keresztesi 1969) have signifi-
cantly increased honey-bee pastures and improved aesthetic 
aspects by afforestation of regions and shelterbelts. 
 
Rehabilitation 
 
Natural revegetation of mined sites in southwestern Virginia 
and northeastern Tennessee includes black locust, usually as 
root sprouts from adjacent forests (Muncy 1989). Volunteer 
black locusts can modify sites to favor forest reestablish-
ment. Black locust vegetatively colonizes mined sites that 
have been reclaimed to grassland. Black locust was the 
most frequently and widely used tree for mine soil plantings 
in the United States as of 1981 (Vogel 1981). It is also plan-
ted in some areas of Ontario, Canada. Black locust is plan-
ted on mine spoils to ameliorate poor soil conditions and to 
stabilize mine soils and/or badly eroded or gullied land. It is 
adapted to a wide range of mine soil types. Its habit of 
sprouting has been a cause of concern where its long term 
occupation of a site is undesirable. Surface-mined lands that 

are otherwise unproductive may produce good economic re-
turns if planted for short-rotation, woody biomass fuels. 
Black locust may be productive for this purpose, since it 
exhibits rapid early growth, and sprouts after cutting. Bio-
mass yields were measured for black locust for various 
planting spacings. The tree is used extensively to rehabili-
tate surface mine tailings in the US. 
 
Other 
 
Black locust flowers have been used to make tea (Stubben-
dick and Conard 1989). In Hungary, black locust is often 
grown for wood on small private farms. A dense growth ha-
bit makes black locust suitable for windbreaks, a use most 
common in China. Black locust may even prove useful for 
alley cropping in temperate climates. Researchers at the Ro-
dale Research Center in Pennsylvania are experimenting 
with intercropping black locust with vegetables. Nitrogen-
fixing bacteria associated with nodules on the roots of Robi-
nia increases the nitrogen content of the soil in which the 
tree grows. Soil calcium, magnesium, potassium, nitrates 
and pH increases with decomposition of the leaf litter there-
by increasing the soil fertility. Mixed plantings of black loc-
ust and conifers, however, can lead to reduced growth or 
death of the slower growing conifers because of shading 
and over-topping (Kellogg 1936). 
 
Landscape uses 
 
For difficult sites, for shade, erosion control, flowering ef-
fect, revegetation of strip mines (Vogel 1981) as strip mine 
spoil banks are one of the most hostile environments for 
plant establishment and development, generally because of 
extremes in pH, texture, and slope. Soil temperature, low 
water-holding capacity, and nutrient status can also be limit-
ing factors, use should be tempered in most residential land-
scapes; the wood is hard, making good fence posts. 
 
REGENERATION PROCESSES 
 
Sexual reproduction 
 
Black locust reaches sexual maturity at approximately 6 
years of age. Traditionally this tree is raised through seeds. 
The best seed production occurs between 15 and 40 years of 
age. Seed production continues until about age 60. Good 
seed crops are produced every 1 to 2 years. Seeds are wind 
dispersed and may be collected from the tree as they begin 
to mature. Pods are collected from the trees in September–
October by hand picking or hailing or stripping or beating 
and thereafter spread out in the sun to dry. Seeds have a 
hard testa which is impermeable to water and require scari-
fication for germination to take place. Seedlings established 
on good sites free of competition show rapid early growth. 
The best natural seed bed for Robinia seeds is fresh moist 
mineral soil under in vivo conditions and MS basal medium 
under in vitro conditions (Kanwar and Pamposh 2000). 
 
Vegetative reproduction 
 
R. pseudoacacia is a difficult-to-root species. Juvenile and 
mature hardwood cuttings of R. pseudoacacia prepared in 
spring season and treated with different concentrations of 
auxins and fungicide when planted in mist chamber showed 
rooting. The stem cuttings show 30-40% of rooting on treat-
ment with 500 mg/l naphthaleneacetic acid or 750 mg/l in-
dolebutyric acid (IBA). Grafting should be done in January 
and February for 45-50% success (Fig. 3). 

Black locust produces root and stump sprouts. Sprout 
production is stimulated by top damage. Root suckers are 
usually more important to reproduction than are seedlings. 
Root suckers first appear when stems are 4 or 5 years old. 
Root suckers are produced in great abundance from its peri-
pheral roots which extends to considerable distances even 
up to 12 to 15 m from the parent tree. Sprouting is an im-
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portant mechanism for colonizing areas that have herba-
ceous plant cover but no woody canopy. Grasses form a sod 
that does not allow black locust seedling establishment, but 
black locust root sprouts are able to colonize these areas. 
Rooted stem cuttings can also be used for vegetative propa-
gation of this species (Swamy et al. 2002). 
 
Micropropagation 
 
Micropropagation has shown great promise with this spe-
cies using various explants such as shoot buds, nodal seg-
ments. The basis for the application of micropropagation is 
the capacity of plant cells and organ tissues to develop into 
complete plants, which can be grown to maturity. Micropro-
pagation generally involves four steps (Fig. 4): 
1. initiation of aseptic cultures; 
2. shoot multiplication; 
3. rooting of in vitro formed shoots; 
4. transplantation of plants to a potting mixture and there-

after in field conditions. 
Kanwar et al. (1996) used terminal and axillary buds as 

explants and established them on MS medium (Murashige 
and Skoog 1962) supplemented with benzylaminopurine 
(0.2-1.0 mg/l) and naphthalene acetic acid (0.05 mg/l). The 
best establishment of the explants was observed in March-
April which corresponds to the end of dormancy period 
(Kanwar et al. 1997). It was reported that the age of plants 
from which explants were taken had a marked influence on 
its establishment. The explants from 2-year old plants 
showed maximum percentage of shoot establishment as 
compared to a 12-year old tree (Kanwar et al. 1995). The in 
vitro-raised seedlings were isolated and dipped in IBA for 
24 hours under dark and aseptic conditions, thereafter cul-
tured on hormone-free half strength solid MS medium for 4 
weeks (Fig. 5). Plantlets were transferred into pots contain-
ing soil taken from a Robinia plantation to induce nodules 
before transferring to field conditions. 
 
Assessment of micropropagated plantlets 
 
As a consequence of in vitro culture, various genetic, cyto-
logical and phenotypic variabilities, collectively known as 
somaclonal variation (Larkin and Scowcroft 1981) have fre-
quently been observed in regenerated plants. Allozyme mar-
kers can be used for examining cryptic somaclonal varia-
tions. DNA markers are a more attractive means for exa-
mining genetic similarity/dissimilarity. Technologies such 
as Restriction Fragment Length Polymorphism (RFLP), 
Random Amplified Polymorphic DNAs (RAPD) and now 
Amplified Fragment Length Polymorphism (AFLP) allow 
geneticists and plant taxonomists to look directly at the 
genotype of a plant. Molecular or DNA-based markers offer 
many more advantages over conventional phenotypic mar-
kers. They are; 1) detectable in all tissues; 2) development-
ally stable; 3) unaffected by environmental situations and 4) 
provide a choice of dominant or codominant markers. 
RAPDs have been applied in the characterization of micro-
propagated forest trees (reviewed in Teixeira da Silva et al. 
2005. Kaushal and Kanwar (2003) employed RAPD mar-
kers to determine the genetic homogeneity/somaclonal vari-
ations in a small sample of micropropagated plants (4-years 
old) of R. pseudoacacia. The results showed that somaclo-
nal DNA sequence variations are present even when orga-
nized cultures such as shoot buds are used as explants for 
micropropagation. 
 
 

Fig. 3 Rooted stem cuttings of Robinia pseudoacacia Linn. 

 

Fig. 4 Protocol for micropropagation of Robinia pseudoacacia Linn. 

Nodal segment and shoot tips

�

MS medium + 0.2 mg/l BAP + 0.05 mg/l NAA

(establishment)

�

MS medium + 0.6 mg/l BAP (Multiplication)

�

Isolated micro shoots (3-3.5 cm)

�

Dipped in 1 - 2 ml of 10 mg/l IBA for 24 hrs under dark conditions

�

Transferred to hormone free half strength solid MS medium + 

0.05% charcoal (Rooting)

�

�
Field conditions 

Hardening

Fig. 5 In vitro raised plantlets of Robinia pseudoacacia Linn. 
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Protoplast isolation and culture 
 
Protoplast culture has now become a baseline for the suc-
cessful genetic improvement of many forest species such as 
Robinia, Populus, and Eucalyptus. Various plant tissues are 
used but leaf tissues are the most frequently used source in 
many crops, including forest trees. Cotyledons have also 
been used as a source tissue for protoplast isolation. At the 
same time specific plant growth conditions are necessary 
for successful plant regeneration from the protoplasts so 
isolated. The removal of the cell wall, while conserving the 
cytoplasmic and nuclear constituents of the cell necessary 
for the cell wall regeneration and cell division, also leaves 
the plasma membrane exposed as the only barrier between 
the interior of the totipotent cell and the external environ-
ment. Such as an easy accessibility facilitates genetic mani-
pulation and gives ample scope to use this technique in crop 
improvement programmes. Studies were conducted to iso-
late and purify protoplasts from leaf mesophyll cells of in 
vitro raised microshoots of R. pseudoacacia in order to re-
generate whole plants (Bharadwaj 1999). Cellulase and 
maceroenzyme in combination with concentrations varying 
from 1.0-2.0% and 0.1-0.5%, respectively were used for 
protoplast isolation. The leaf segments were incubated for 
12-48 hrs in different enzyme mixtures. The crude suspend-
sion thus obtained was filtered and centrifuged at 500 rpm 
for 10-15 minutes. The supernatant was mixed with cell 
protoplast washing (CPW) solution and centrifuged at 
10,000 rpm for 3-4 minutes. Protoplasts settled as a pellet. 
The pellet was resuspended in CPW and again centrifuged. 
The protoplast pellet was resuspended in liquid Nagata and 
Takebe’s (NT) basal medium (1971). The isolated proto-
plasts were plated on solid NT medium supplemented with 
5 μM NAA and 1 μM 6-benzylamino purine (BAP). Micro-
calli visible to the naked eye were transferred to MS me-
dium supplemented with 5 μM NAA and 5 μM BAP. The 
pieces of callus were trans-ferred to shoot regeneration me-
dium (MS medium + 0.5 μM NAA + 1.0 μM BAP). Well 
developed shoots were transferred to rooting medium (1/2 
MS medium + 0.05% activated charcoal (AC)). 
 
Cell suspension culture 
 
Plant cell culture facilitates the rapid production of variant 
cell lines via selection procedures, very similar to those em-
ployed in microbial system. Callus tissue is an essential 
material in plant cell culture systems. When it is agitated 
into a liquid medium, the cells disperse throughout the li-
quid to form a suspension culture. Such cells are in theory 
totipotent and should also have the potential to synthesize 
any of the compounds normally associated with an intact 
plant. Cells in suspension exhibit much higher rates of cell 
division than those in callus culture. Thus, cells in suspen-
sions offer advantage when rapid cell division or many cell 
generations are desired. Cell suspensions have also proven 
to be excellent starting materials for the isolation of proto-
plasts to be used in a wide range of applications including 
cell fusion and genetic manipulation. 

Kanwar et al. (2007) developed a protocol for plant re-
generation of R. pseudoacacia from cell cultures: 
- In vitro seed germination on MS basal medium; 
- Induction of callus from cotyledon explants on MS me-

dium supplemented with 0.5 mg/l 2,4-dichlorophenoxy-
acetic acid (2,4-D); 

- Initiation of cell suspension culture from friable callus 
on MS liquid medium supplemented with 0.5 mg/l 2,4-
D; 

- Isolation of single cells after 3 days of incubation at 21 
± 2°C and 100-120 rpm; 

- Plating of single cells on MS medium supplemented 
with 0.5 mg/l 2,4-D and 0.6% agar; 

- Shoot regeneration and multiplication on MS medium 
supplemented with 0.05 mg/l NAA and 0.6 mg/l BAP; 

- In vitro rooting on MS medium supplemented with 
0.05% AC. 

DISEASES AND PESTS 
 
Diseases 
 
Heart-rot 
 
It is caused by Trametes robiniophila and Fomes rimosus. 
Large yellowish sporophores are observed on tree infected 
with white heart rot (Kauffman and Kerber 1992). 
 
Witches’ broom 
 
Light and transmission electron microscopy of phloem 
sieve-tube elements, companion cells, and parenchymal 
cells in thin and ultra thin sections of small and medium 
rachises and small, medium and large leaflets of a black 
locust tree affected by witches’ broom disease revealed (in 
the small and medium rachises and leaflets) structures that 
were characteristic of phytoplasmas, and crystal-like inclu-
sions in the phloem sieve-tube members. A crystal-like in-
clusion was also seen in a companion cell. Results from 
analysis of 16S rRNA gene sequences amplified by the 
polymerase chain reaction indicated for the first time that 
the phytoplasma associated with black locust witches’ 
broom is a member of group 16 SrIII (peach X-disease) 
phytoplasma group (Campman et al. 2001). 
 
Verticillium or Fusarium Wilt 
 
The fungus damages water conducting mechanism and 
plant wilts. Over-fertilization can worsen this problem. 
Practicing crop rotation and removing infected plants by 
pruning can be effective control of this problem. 
 
Insects 
 
The most serious pest to black locust in the US is the locust 
borer, Megacyllene robiniae (Forster). The locust borer cau-
ses severe damage to form, wood quality and overall vigor 
in many plantations. Older trees that are already low in 
vigor are particularly susceptible to locust borer infestation 
(Huntley 1990). There is some evidence for genetic resis-
tance to the borer. Cut worms, white grubs and termites cut 
the seedling at the nursery stage during night time. Another 
insect confined to trees in the US is the locust twig borer, 
Ecdytolopha insiticiana (Zeller). Leaf miners attack the 
young leaves in spring season. Myllocerus beetle attacks the 
scented flowers which results in low seed set (Anderson 
1981). 
 
TREE IMPROVEMENT 
 
R. pseudoacacia has been cultivated for over 350 years. 
Natural variation in numerous traits has often been ob-
served and many cultivators described. Most of the diver-
sity resided within seed sources with low geographic varia-
tion. Cultivators vary in crown and stem form, growth rate, 
growth habit (upright vs. prostrate), leaf shape, thorniness, 
flowering characteristics, and phenology. Comprehensive 
germplasm collections and plantings for provenance tests 
were begun in 1982 at Mich. State Univ. Efforts in cross-
breeding were under way to improve the tree for growth 
rate, borer resistance, stem form, thorn-lessness, or other 
traits (Hanover et al. 1989). In Hungary, a large array of tall 
clones is in commercial use, based on seeds from trees of 
“shipmast locust” originating from Long Island in New 
York State. The improvement by conventional tree improve-
ment programmes is cumbersome and time consuming. In 
vitro methods offer an alternative approach to overcome 
these constraints. 
 
Genetic transformation 
 
Genetic transformation is a particularly attractive approach 
of plant improvement especially for those species which are 
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vegetatively propagated. The major advantage is the poten-
tial to add a character directly to a proven genotype. Agro-
bacterium-mediated genetic transformation of R. pseudo-
acacia could contribute towards expansion of the genepool 
of the species by allowing introduction of useful genes. 
Davis and Keathley (1989) were the first to report that R. 
pseudoacacia was a host for Agrobacterium tumefaciens 
and A. rhizogenes. They also concluded that Agrobacterium 
could be used to introduce a selectable marker (Kanamycin 
resistance gene) into black locust cells. Later Han et al. 
(1993) worked on regeneration of transgenic R. pseudoaca-
cia and morphological alteration induced by A. rhizogenes-
mediated transformation. Kanwar et al. (2003) conducted a 
set of experiments to establish a successful transformation 
procedure along with regeneration of transformed tissue of 
R. pseudoacacia. Agrobacterium strain LBA4404 harbour-
ing a binary vector (pBI121) that contained the chimeric 
neomycin phosphotransferase II (NPT II) and �-glucuroni-
dase (GUS) gene was co-cultivated with hypocotyl seg-
ments of in vitro-raised seedlings of Robinia. A transforma-
tion frequency of 16.67% was obtained by 48 hr of pre-con-
ditioning followed by 48 hr of co-cultivation. Transformed 
tissue was selected by the ability to grow on 50 mg/l kana-
mycin containing medium. Successful regeneration was fol-
lowed after histochemical GUS assay for the detection of 
transgenic tissue. No other molecular confirmation methods 
were employed. The protocol for Agrobacterium-mediated 
genetic transformation of R. pseudoacacia using hypocotyl 
segments involved the following steps: 
- In vitro seed germination (same as above); 
- Pre-conditioning of hypocotyls segments on callus in-

duction medium (MS medium + 5 μM NAA + 10 μM 
BAP); 

- Co-cultivation of 10-15 days old hypocotyl segments 
with Agrobacterium strain containing the desired gene 
(GUS) to be transferred; 

- Selection of transformed cells on selective callus induc-
tion medium (MS medium + 5 μM NAA+ 10 μM BAP 
+ 50 mg/l Kanamycin+ 500 mg/l Carbenicillin); 

- Callus initiation and multiplication on selective callus 
induction medium; 

- Histochemical �-glucuronidase assay. 
 
IN VITRO NODULATION 
 
Robinia is fairly specific in its Rhizobium requirements. Al-
though it will form nodules with a variety of exotic strains, 
for effective N-fixation, strains from native trees work best. 
Newly introduced trees require inoculation; inoculum may 
be retrieved from the soil of black locust stands, or from 
Nitrogen Fixing Tree Association or NFTA, USA. The 
tree’s fine roots are also colonized by VA mycorrhizae. In 
vitro nodulation of micropropgated plants of a legume by 
Rhizobium was first reportd in Leucaena leucocephala by 
Dhawan and Bhojwani (1987). Efforts have been made by 
Kanwar and coworkers in 1998 for in vitro nodulation of 
micropropagated R. pseudoacacia during the in vitro root-
ing and hardening phase. The various steps involved in in 
vitro nodulation (Fig. 6) of micropropagated plantlets of R. 
pseudoacacia are: 
- collection of healthy, pink-coloured nodules from seed-

lings growing among natural plantations; 
- crushing the nodule in a drop of sterile water (500 mg 

nodule + 2 ml sterile water); 
- take a loopful of the above in an inoculating loop and 

perform a streak on solid Yeast Extract Mannitol 
(YEM) agar medium; 

- purified Rhizobium isolate obtained by repeated streak-
ing (2-3 times; Fig 7); 

- inoculate a loopful of above in 100-150 ml YEM broth, 
incubated at 28°C on a rotary shaker at 64 rpm for 3-4 
days; 

- centrifuge and resuspend pallet in nitrogen-free nutrient 
solution (it contains macro and micronutrients of MS 
basal medium excluding vitamins, nitrates of ammoni-

um and potassium and sodium EDTA); 
- inoculate microshoots (kept in double-sterilized sand) at 

2-3 ml of freshly prepared bacterial suspension has to 
be added to each flask 4-5 times at weekly intervals; 

- after 40-45 days loosen plugs; 
- transfer plantlets to pots. 
 
CONCLUSIONS AND FUTURE PERSPECTIVES 
 
Robinia pseudoacacia L. is a nitrogen-fixing and multipur-
pose tree. There is a need for expanding and taking advan-
tage of biotechnological tools for the improvement of this 
tree. Micropropagation techniques for this species have al-
ready been standardized and in vitro plants can be produced 
from the elite trees; this seems to be promising in the de-
monstration plot under field conditions, however hardening 
still needs refinement in the technology for higher survival 
of plantlets. In vitro Rhizobium inoculation improves the 
hardening during acclimatization and the chances of survi-
val on field transfer from tube to ex vitro conditions. Im-
provement in the Rhizobium strains may help in further im-
proving the technology. 

According to studies on host range, Agrobacterium can 
infect a wide spectrum of woody plants, including R. pseu-
doacacia. However, until recently there were few reports 
demonstrating Agrobacterium-mediated genetic transforma-
tion of R. pseudoacacia, which could contribute a great deal 
towards the improvement of this species. 
 

Fig. 6 Comparison of root system after (left) Rhizobium inoculation. 

 

Fig. 7 Rhizobium colonies on Yeast Extract Mannitol Agar (YEMA) 
medium.
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