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ABSTRACT

Centaurea tchihatcheffii, with attractive pink red flowers is critically endangered plant found on 15 - 20 km? area of Golbasi
district near Mogan Lake, Ankara, Turkey. Trials were conducted to investigate vegetative propagation of juvenile and mature
softwood stem cuttings removed from mother plants. The cuttings were treated with 0, 500, 1000 ppm IBA and NAA for 5, 10
and 15 min and then planted in sand, which served as rooting medium. No rooting was observed on NAA treated cuttings.
Rooting was observed on all IBA treatments on juvenile and 500 ppm IBA treated for 5, 10 and 15 min mature cuttings. The
highest frequency of rooting, mean number of roots per plant, and root length along with normal flowering were determined
from juvenile cuttings treated with 500 ppm IBA for 10 min. When compared with juvenile cuttings; a considerable reduction

in mean number of roots per plant and root length with no flowering on mature cuttings was very evident.
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INTRODUCTION

Besides use of conventional propagation methods,
endemic and threatened plants can efficiently be conserved
with various ex vitro strategies (Fay, 1992), which have low
impact on wild populations with minimum of plant
materials (Krogstrup & Norgaard, 1992; Fay, 1994; Cuenca
et al., 1998).

More than 700 species of Centaurea flora are found in
Mediterranean region, of which more than 178 are found as
land race in Turkey. Twelve species of this flora are known
to be rare, threatened or endangered and require appropriate
germplasm conservation (Ekim ef al., 2000 & Ozel, 2002).
Centaurea tchihatcheffii, is critically endangered (CR)
annual endemic species growing wildly on limited area of
15 - 20 km® in sandy soils of adjoining Hacilar village and
Siileyman Demirel Forest in the Golbasi district of Ankara
under strong anthropogenic pressure (Ekim ez al, 2000).
During vegetative period, the plant is branched from base
and grows to height of 30 - 40 cm and bears pinkish red
flowers. Involcure is broadly campanulate. During
flowering season several inflorescence stems develop from
the main stem. Its fertile seeds need long vernalization
treatment to break dormancy (Ozel, 2002). They disperse
soon after ripening and are difficult to collect under natural
conditions. Most of these, though fertile do not germinate
due to high dormancy. In order to meet challenge of

conserving the plant material of this rapidly consumed and
critically endangered (CR) plant, it is important to develop
suitable methods for its conservation, improvement and
propagation. One possible solution to the problem could be
the rooting of softwood cuttings and forcing the plants to
bloom during flowering season outside its natural habitat;
under green-house conditions to avoid loss of seeds due to
dispersal and collect maximum number of seeds, which
could be better stored and studied leading to the discovery
of factors responsible for rapid extinction of C.
tchihatcheffii. Although, the procedure is tedious, it would
help in conservation of this critically endangered (CR)
species. IBA and NAA are known to effect and stimulate
rooting more than IAA since 1935 (Arteca, 1996). Since this
time there have been numerous reports indicating that IBA
and NAA are involved in the initiation of adventitious roots
and that division of root initials is dependent either upon the
exogenous or endogenous auxin (James & Thurbon, 1979;
James, 1983; Blazich, 1988; lankova ef al., 2001; Ercisli et
al., 2002; Haynes & Samagula, 2003) The ability to
successfully root this plant may lead to the development of
new plant products and markets. No information is available
about ex vitro regeneration and rooting of the plant.
Therefore, a study was designed to test the effects of indole
3-butyric acid (IBA) and a-naphthalene acetic acid (NAA)
on rooting and flowering of softwood cuttings of C.
tchihatcheffii.
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MATERIALS AND METHODS

Softwood cuttings at juvenile and mature stage were
obtained from carefully selected pest and disease free plants
during first and last week of April. Each cutting was 9 - 10
cm long with 5 - 6 nodes.

All except the apex leaves were removed to allow easy
and uniform treatment with 500 and 1000 ppm (parts per
million) each for 5, 10 and 15 min of IBA and NAA
contained in 500 mL glass beakers. Thereafter, they were
rooted in moist fine river sand contained in metallic boxes
(20 x 40 cm) in non-misting shaded green-house, without
providing any bottom heat. A control was also planted in
each case.

First irrigation was flooding and thereafter, the

cuttings were watered with fine jet sprayer once every day,
until completion of the experiment. A cutting was
considered rooted when it had one or more roots exceeding
0.3 cm. Cuttings were defined as “dead” when severely
rotted accompanied by discoloring, drooping or bleaching.
The propagation period for the experiment was 15 days.
Each treatment was replicated 4 times and contained 7
cuttings in both control and rooting experiments and was
repeated twice.
Statistical analysis. Root formation data was lumped for
one way ANOVA (analysis of variance) using SPSS for
Windows (v. 9. SPSS Inc USA) based on randomized
complete block design and the differences between the
means were compared by LSD test. Data given in
percentages were subjected to arcsine VX) transformation
(Snedecor & Cochran, 1967) before statistical analysis.

RESULTS AND DISCUSSION

All cuttings were checked periodically for emergence
of roots or root primordia. The rooting was observed in two
distinct stages (1) formation of root primordia, occuring
inside the cuttings and (2) growth occuring outside the
cuttings (data not given). Similar observations were

recorded by White and Lovel (1984) in rooting of cuttings
from Griselinea litoralis and G. lucida. No visible changes
were detected in all treatments after first three days. When
checked after 6 days, again most of the cuttings were
without roots; however some of juvenile cuttings treated
with 500 ppm IBA for 10 min and 1000 ppm IBA for 5 min
had visible root primordial out-growths. No rooting was
observed from non-treated shoots (control) in each case.
After 9 days, variable number of roots were recorded on
most of the juvenile cuttings; which developed to required
level after 15 days of culture. Miniature roots were observed
on mature cuttings treated with 500 ppm IBA for 5, 10 and
15 min; however, root development remained inhibited
throughout All mature cuttings treated with 1000 ppm IBA
died down (Table I). The highest frequency of 71.43 and
47.57% rooting with maximum of 36.42 and 6.67 roots per
cutting were obtained with 500 ppm treatment of IBA for 10
min on both juvenile and mature cuttings, respectively. Root
length in each case was also superior over other treatments.
Juvenile cuttings took 5.33 days to flower with pink red
normal petalled flowers and abundant pollen. No flowering
was recorded on mature cuttings. Although, 500 ppm of
IBA treatment for 15 min to juvenile and mature cuttings
was statistically similar for the frequency of rooting, yet
more number of mature cuttings were accompanied by
bleached or discolored leaves and rottening on mature
cuttings. All treatments of NAA had negative impact on
growth and development resulting in rottening of cuttings.
This supports the early and late root formation studies in
epicotyl cuttings of Pinus sylvestris by of Flygh et al
(1993), who found that auxins may have either no effect on
root formation or they may be inhibitory at higher
concentrations. Non-treated shoot cuttings (control) died
down with gradual senescence. Rooting potential of C.
tchihatcheffii, was quite high from juvenile cuttings over
mature cuttings in general. It has widely been documented
that auxins promote adventitious root development of stem
cuttings through their ability to promote the initiation of
lateral root primordia (Leakey et al., 1982). We in line with

Table 1. Rooting of C. tchihatcheffii cuttings treated with IBA at pre and post floral budding stage under

greenhouse conditions after two weeks

Concentration Treatment time Frequency of rooting (%)  Mean number of roots Mean root length Days to flowering
(ppm) (min) per cutting (mm)

Juvenile Mature Juvenile Mature Juvenile Mature Juvenile Mature
cuttings cuttings cuttings cuttings cuttings cuttings cuttings cuttings
500 5 47.57'b? 4757 a 3.68¢c 233b 5,94 b 098 b 333b 0.00
500 10 7143 a 4757 a 3642a 6.67 a 12,98 a 1.99 a 533a 0.00
500 15 47.57b 4757 a 3253a 2.33b 6,83 b 1.56 a 3.00b 0.00
1000 5 66.71 ab 0.00 b’ 7.88 be 0.00 ¢ 8,73b 0.00 ¢ 0.00 ¢ 0.00
1000 10 42.86b 0.00b 211c¢ 0.00 ¢ 597b 0.00 ¢ 2.00b 0.00
1000 15 57.14 ab 0.00b 3.62¢ 0.00 ¢ 7,141 0.00 ¢ 2.00b 0.00
Control 0,00 ¢ 0.00 b 0,00d 0.00 ¢ 0.00 ¢ 0.00 ¢ 0.00 ¢ 0.00
LSD at 0.05 23.86 20.64 3.58 2.29 4.06 0.81 1.55 -

' Each value is the mean of 4 replicates with 7 cuttings

?Values with in a column followed by different letters are significantly different at 0.01 level of significance using Duncan’s Multiple Range Test.
* No rooting on non treated control and mature cuttings with 1000 ppm treatment for 5, 10 and 15 min was due to the death of softwood cuttings.
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Hartmann et al. (1990) and Howard (1994), assume that
1000 ppm of IBA for any duration of time and 500 ppm
IBA treatment for 15 min resulted in production of so called
“formative effects” typical growth regulator responses,
which are not effective in promoting root formation.
Associated cutting mortality with increase in IBA
concentration on mature cuttings may be attributed to
depletion in foliar nutrient contents and the consequent
onset of leaf senescence.

The results (Table I) shows that delayed blooming of
5.33 days in juvenile cuttings had positive effect on
flowering. The flowers were normal and had abundant
pollen with increased seed set. Other concentrations and
treatment times were not so helpful and had either reduced
number of flowers or aborted pollen with no or reduced seed
set.

1000 ppm concentrations of IBA for any duration of
time resulted in inhibition of flowering and partially support
results of Mesen (1993) who observed inhibition in shooting
with increased concentration of IBA in other species. It was
observed that reduction in time of flowering not only
affected seed yield but also the color of flowers. It is
assumed that 1000 ppm concentrations of IBA for any
duration of time and 500 ppm IBA treatment for 15 min
were partially responsible for change in petal colors,
blooming time and pollen availability. Increased number of
roots is important for the plants to increase their ability to
exploit soil water and nutrients, which in turn increases their
overall growth. Roots produced following treatments with
IBA were similar in origin to those produced naturally.
However, by varying the concentrations and growth
regulators, there was variability in the number and
characters of roots considerably. Excessive concentrations
were either partially or completely fatal and lead the
destruction or death of tissues. Enhancing rate of
adventitious roots development with auxin application has
been found to increase the number of roots initiated per
rooted cutting in number of species (Aminah et al., 1995).
The water status (Howard, 1986) and age of cuttings
(Poupard et al., 1994) effects rooting ability of plants. Our
results are in agreement with Felker and Clarke (1981),
Klass et al. (1987), Ofori et al. (1996), Tchoundjeu and
Leaky (1996), Mesen et al. (1997) and Berhe and Negash
(1998) who report differences in rooting frequency
depending on the the exogenous auxin or combination of
auxins used, with IBA often giving the best results. The loss
or reduction in competence to form adventitious roots on
mature cuttings as compared to juvenile cuttings is typical
phase dependent difference in competence for root initiation
in many species. There is no definitive explanation as to
why IBA is usually so effectively promotes rooting in many
plant species compared to IAA and other auxins (Haissig &
Davis, 1994). It was observed that NAA was inhibitory and
IBA did not inhibit growth of adventitious roots on
softwood cuttings in juvenile phase. Poor or no rooting in
mature cuttings indicate that both phases (juvenile &
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mature) subjected to similar levels of auxins do not undergo
similar changes leading to formation of adventitious roots.
As the survival and rooting ability of a cutting depend on
the positive carbon balance, which in turn is a function of
leaf area and leaf photosynthetic vigor. Higher
concentrations of IBA resulted in inhibition of shoot
production and rottening on mature cuttings and support the
findings of Mesen (1993), who observed similar changes in
his experiments on Central American hardwoods.

Juvenile and mature phase cuttings did not have the
same ability to initiate roots. Juvenile and mature cuttings
do not have the same endogenous inductive stimulus to
initiate roots. There is difference in endogenous
transmissible substances in juvenile and mature cuttings that
influence competence to respond to an inductive signal for
rooting. Additional research is needed on the rooting
mechanism and to know the functions of adventitious roots
in the functional biology of the plant. Knowledge of the
behavior and relative contribution of these to the total
performance of the plant would be beneficial.

In conclusion, it could be said that present work opens

a new window of opportunity to rooting C. fchihatcheffii,
using softwood vegetative cuttings. However, the
concentration of IBA must be carefully chosen in order to
avoid IBA induced after effects. This study is a step forward
towards the regeneration, sustainable utilization and
conservation of this critically endangered (CR) indigenous
species.
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