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THE INFL UENCE OF GROWTH REGULATORSON ROOT INDUCTION
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Abstract

The influerce of growth regulators on the root induction of the Musa gerus plants cultivated within in vitro conditionshas
been compared. The plant material used was the ‘Cavendish cultivar. Differert concentratios of growth regulators
(naphthaleneacdt acid, indde-3-aceic acid, 6-benzylaninopurine, 2.,4-dchlorophenoxyacét acid) has been used
and as control ones MS and half concentrated MS media without additon of growth regulators. The induced roots were
evduated in conditionsin vitro and exvitro. The amount and length of the rootswere evduated, aswel asthe capacity of
absarption of the roots by conducivity was determined. The expeimerts have proven that the most roots are created by
using naphthaleneacetic acid (5.4 uM), but the longest roots provide the control variant (MS medium). After 7 weeks of
the transfer to ex vitro conditions the plants that were growing on mediumwith addition indole-3-ecetic acid havethe best

vitality and root absarption.
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INTRODUCTION

The mgority of bananas planted for the fruit
production is seedlesstherefore they are reproducing
modly vegetatively usirg spouts o chopped
rootstocks with eyelets. However, thesetypesdo not
allow to prepae sufficient anount of suitable vegetal

material in case whenthe new breedshallreplacethe
old one or in casewhen it is necesary to propagde
enaugh plants d the new resisiert cultivars for the
field testing purposesand its speading. Thesecauses
have beenanimpulsefor the bananamicropropagdion
technologies developmert, that is effective way of

propagaing of large amount of genetically idertical
entities in asepical in vitro conditions. The averag
rate of shod formation pro-duced ly this technique
are4-5shoad permonthly sulzulture (Priyono, 2001).
Naturally, bananahashigh potency to produce large
number d small corms. Thus the in vitro technique
for inducing cormolet initigtion followed ly its
developmert to form micro sucker is prospedive
method to improve the commecialised d banana
in \itro tedchnique (Riyono, 2001). Even though
many authors have already been dedicaed to the
problemaics of the in vitro bananagrowing techno-
logies (Roels et al., 2005; Albany et al., 2005; Assani

et al., 2003; Bajaj, 1995); Cronauer and Krikorian,

1984; Hwang et al.,, 1984) and to the optimisation
of separate phaes of micropropagdion to speed
up its proceediry, there is still spaceremaining for
certain improvementsand comparations of different
variants and solutions are beirg offered ly individual
authors In the preserted work the suitability of media

containing various concertrations of growth reguldors
(auxirs and cytokinins) is beirg testedfor its influence
on roct induction of the bananacultivatedin vitro and
root quality that enaltes succesafl transfer to ex vitro
conditions.

MATERIAL AND METH ODS

Plant material

Triploid cultivar of the Cavendish group was used
Triploid of the type acuminaa with AAA constitution,
significantly spread species bringing huge yields of
quality fruit bananas,is distinguishedwith increased
resisance aganst coder climatic circumstances,
is panama disease resistait, hut sigaoca disease
suscefible (Posjsil and Hradhova, 1990). The group
AAA in comparation to planteins (group AAB) many
well-developed suclers, in condition in \itro, the
micropropagdion rateis 3 to 5 fold every multiplication
cycle (Roels etal., 2005).

Establishment phase

The expants were before the transfer to in vitro
conditions surface-gerilized for 1 min in 70% ethand,

23 min in 1% solution of NaClO with a few drops &
Tween20. They were rinsed thentreetimeswith steile
destiledwater and transferred to prolif eraion medum
(Cronauerand Krikorian, 1984)into 50 ml flasksfilled
with 25 ml of medum.

Proliferation phase
After 28 days the developing shootswvere sulcultured
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at leastfour times @ the same mediim before use asa
starting material for the experiments.

METH ODOLOGY

Media and culture condition for root induction

The experimert testing the suiability of the media
for roat induction of the bananawas initiated with
following variants: 1) MS (Murashig and Skoog, 1962)
2) Y2 MS; 3) MS + 5.4 uM NAA ( naphthaleneacetic
acid) + 13.3uM BA (6-benzyaminopurine); 4) MS +
2.3uM 2,4-D (2,4-dichlorophenayaceticacid); 5) MS
+ 4.6 uM 2,4-D; 6) MS + 2.7 uM NAA; 7) MS + 5.4
uM NAA; 8) MS + 2.9uM IAA (indde-3-aceticacid);
9)MS + 5.7 uM 1AA; 10) MS + 8.7 uM 1AA; 11) MS +
11.6 uM 1AA; 12) MS + 14.5uM 1AA; 13)MS + 17.4
uM 1AA.

Vegetative expantateswere cultivatedat 23+ 2°Cunder
cool white fluorescert tubes (NARVA LT 36 W/010)
providing a photosyrtheticadive radigion of 30 umal.
m-2, st with a photoperiod of 16 hours.

Plant transfer to ex vitro condition

After 30 days of cultivation in conditions in vitro the
plantsweretransferredto semi-sterile substrae (mixture
of soil and pearlitein ratio 3:1). Thetemperaure during
the cultivation in ex vitro conditions (greenhause
conditions) was reading on averag 21.5°C during
the day and 18.0°Cduring the night. At the beginnig
the plantletswere covered with PPfilm (polypropylene
film) to mairtain high RH (relative humidity).

Root evaluation, statistics

The formation of roots ly individual variants has ben
observed for 28 days in regula intervals of 7 days. The
amount and lergth of the rootshave been regisered To
complete the experimert, the formation of shoots haalso
beenobsrved Thegrowth of theroats (that is the number
and length of roots) ly differert plants has benprocesed
by sttistic program STATISTICA 6.0 CZ (statisticaba®
cz)withlevel of significance @ o.=0.05.Theaverage values
of patial paametrs in the sirgle variants were ertered
into the Table 1. Any conta-mind@edcultureswere deleed
from the experimert. The successf transfer to ex vitro
conditionswasevaluaed in percertage.

Measurement of absorption strength of the root by

conductivity

The root adseption strength was tested usig the
conductivity. After 4 weeksof cultivation of the banana
in the substree the plants were taken out agan, the
rootsrinsedwith water and comparedwith the statusin

the beginning of exvitro transfer. Theexperimertswere
heldduring 10 days. The principle of the testing, which

hasto compare the differert adsebtion cgpacity of the
root, is in the decease of ionts dislvedin the ¥2 MS

solution (withouth suga and aga) during cultivation

of single bananaplantsin this solution. To compare the
adsabtion power d the roats, created on the control
medum MS, medum MS with addition of IAA at the
concertration of 5.7 uM and medum MS with 5.4 uM
of NAA, atrial bagd on conductivity of solution has
beenproposed Thethreetestedvariants were chosenas
represeriative accading to the growth regulaor used
and also its amount (i.e.1mg. | -3). Specific conductivity
was measured o conductometer ino Lab, Cond Level
1 underconstant temperaure of 21 °C. Conduiometer
measuesthe resisance of given solution and givesthe
finalvaluein pS.cm! tov mS.mt.

RESULTS

From the results oliained in the sttistical analysis
emenpgesthat the largestnumber d roots has eenfound
with the variant 5.4 uM NAA (14.79roots per plant).
The variants 2.3 uM and 4.6 uM 2.4 — D.I'* did not
create any rootsat all (Table 1). Evidertial differences
were not found among variants with additian of 1AA
at concertrations of 5.7 uM, 11.6uM and 14.5uM and
also among variants 2.9 uM 1AA.l * and %2 MS. The
biggestaverag length of the roots has een measured
with variant MS (36.54mm), Table 1. The differences
in length of the rootshave not been evidertial among
variants 8.7 uM 1AA, 14.5uM IAA and 5.4uM NAA.
The Figure 1 shavs visibly the indired proportion
between averag lergth and number d the roots
createedwithin the framework of variants. Thistrendis
modly visible among variants 2MS, MS and medum
containing NAA. Theroots ceated at the control media
MS and ¥2 MS were in comparison with othervariants
longer (avg. length 35.81 mm), but their number was
lower (avg. 8.77roats; Figure 2a).Roots ceated on the
mediawith addition of IAA were similar to those on
MS medum (Figure 2b).Onthe other hand the roots
created on the media spplemeried with NAA were
rather shat (avg. length 23.31mm), but their number
was in comparison with other variants high (avg.
amount of 14.00roats; Figure 2c).

The comparison of variants NAA (5.4 uM) + BA
(13.3 uM) with variant NAA (5.4 uM) is also worth
mertioning. Whilst the average length of the root with
variant5.4uM NAA was21.99mmand theamountwas
14.79rodats, the variant NAA + BA created on averag
only 2.20rootswith averag length of 8.49mm. Using
the same conceriration of NAA the variant NAA + BA
created only 14.87%of the roots d variant NAA and
the rocots readied38.61%of the length of 5.4 uM NAA
variant. The additian of BA at the concertration of 13.3
uM in the medum with 5.4 uM NAA has sppresed
the creation of adventive roots of 85.13%and average
length of the roat of 61.39%.Neverthelessthe creation
of sprouts has leenincreased by 70.02%.

Media with NAA + BA addition, which has ceated a
great number d shootsand smallnumber d roats; were
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more diffi cult to induceroot and 37% did not suwive

the transfer into ex vitro conditions. While this variant
washighly succesasfl in conditionsin vitro, the mog of

the plants perishedin conditions ex vitro out of all the
comparedvariants that created roots.

Variants with the additim of IAA had the highest
suwival percertage (90%), followed ty variants with

NAA (78%).All the transferred plants d variant 2.4-D
perished.

The results of evaluation of roots by the means of
conductivity

Variants labelled “I” were tested @ conductivity
immediaely after the endof 4-weekcultivation in vitro
conditions labelled “11" were kept another 4 weeksin

substrge (ex vitro). When the plants were taken out
of substree, their rootage created already in vitro
conditions, seenedto bestill operatianal.

Plants tested immeditely after the transfer from in

vitro conditions had generally lower suckng power

(expreseed ly the averag fusion volume shotage —

30 ml) in comparison with the plants cultivated in ex
vitro conditions (63 ml). The differencewasmore than
doube (Table 2).

Roots ceated on the medum with addition of 1AA

kept approximately the same sucking power (measuied
by the fusion volume decease), doneeither aut of in

vitro conditions (decease by 29 ml) o after 4 week
culti-vation in subgrate (decease by 35 ml). While in

the first caseroots shwedthe averag performancein

comparison with the othervariants, in the second case
sudion cagpacity was below sendad. After 7 weeks
of cultivation in the soil new functional roots started
to appear and they replacedthe older ones created in

conditionsin vitro, which alloweda fluid nutrition and
the plants d this variant at the end of the experimert
hadthe best growth.

Roots ceated on the medum with addition of NAA

had really small absorbing power after the transition
into in vitro conditions (decease of fusion by 23 ml).

Theseroots though adgted on soil conditions really
fastand their suction cgpacity becane the highest ait
of all the testedvariants (decease by 83 ml). After next
3weeksof cultivation all theroots die ot and the plants

desigedin growth.

MS medum gave rise to roots with good sudion
capacity, which increased proportionally with the ageof

the plant and the transition into the exvitro conditions

(MS | recorded the decease by 39 ml, MS II 71 ml).

After 7 weeksin conditions exvitro new roots kegan to

replacethe old oneslike in variant IAA.

Plants tested immeditely after the transition from in

vitro conditions had on averag lower suckng power
of the roats - expresed ly the conductivity of the

solution — out of original 2.77mS.cm* to 2.39mS.cm?

in comparison with the plants cultivated consequertly

in ex vitro conditions (out of original 2.77 mS.cm* to

1.84mS.cmt), Table 2.

DISCUSSON

The experimerts shaved that medum with the
swpplemert of syrthetic auxin 2.4-D is absolutely
unsuitable for the optimization of the rootage Even
though Prochazkaand Sebanek(1997)mertion that its
low concertrations stimulate the production of roots
and very often induce the production of the callus,
neither of thesepresunptions wasnaot confirmed Not
even the medum with the sypplemernt o auxin and
cytokinin, asrecommendediy Prochazkaand Sebanek
(1997) for the production of adsentitious root does
not appear suitable for the rootage of the banana. The
above mertioned medum would ke more suitable for
the prolifergion phag of micrgoropagdion, where
the maingoalis to get ashigh number d reproduction
propagules. Control media MS (without growing
regulaors) and ¥2MS, asrecommendedy Pacasangre

(1993) revealsto be efficient. Andher tested medim
with the sypplemert of NAA waspublished ly Cronaur
and Krikorian (1984),Gangpahi etal. (1995), pointed
outonthe ability of NAA to inducethe roct formation.
Banana plants ceated on the medum with NAA
had differert rootage in comparison with the others
regulaors — there were more roots and were shater.
Rootswere growing in severalwaves.Using mediawith
the syplement of IAA and NAA and MS medum
without additicn of growth regulaors roots really
started creating after 5-7 days. On medum with the
supplemert of NAA and BA the roots started appearing
the 12" day.

In accessile publications there is no daa that informs
on the functionality of the rootsinducedin vitro. Our
results demamstraed that the induced roots mairtain
their functionality after the transfer to ex vitro condi-
tions. After 4 week cultivation of the bananas in
conditions ex vitro the greatest absortion hasthe roots
induced @ the medum with the addition of NAA.

After next3 weekstheseroots die at. The best variant
is therefore medum with the addition of IAA where the
olderrootsare gracually replacedwith the new ones.
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Roots Roots length Shoo_ts Roots Leaves
Variation average average quantity quantity average
average average
per plant (mm) oer plan per sheot per plant
1/2 MS 8.43+1.36 | 35.07#8.81 | 1.58+0.64 1.11+0.39 3.88+0.82
MS 9.10+1.21 | 36.54+9.11 | 2.07+0.59 1.26+0.45 4.47+0.93
NAA (5.4NM) + BA (13.21M) 2.20+0.87 8.49+2.65 4.57+1.01 0.27+0.52 3.33+£0.51
2.4-D (2.31M) 0.00 0.00 0.00 0.00 1.73+0.36
2.4-D (4.6 M) 0.00 0.00 0.00 0.00 2.00+0.23
NAA (2.71M) 13.20+1.32 | 24.62+5.04 | 3.73+0.88 1.10+0.54 3.72+0.77
NAA (5.4NM) 14.7942.36 | 21.9946.29 | 1.37+0.47 2.78+0.82 4.00£0.64
IAA (2.9 1M) 8.97+0.98 | 28.53+7.45| 1.67+0.87 1.52+0.78 4.6040.87
IAA (5.71M) 9.73+1.35 | 24.164£7.66 | 1.50+0.61 0.88+0.79 4.1340.76
IAA (8.7 M) 11.0542.02 | 22.71+6.84 | 1.85+0.79 1.59+0.85 3.25+0.84
IAA (11.6 M) 10.80£1.83 | 24.55+5.21 | 1.55+0.58 2.45+0.96 3.10+0.36
IAA (14.5NM) 10.85+#1.33 | 22.33+6.33 | 1.15+0.21 2.74+1.15 3.32+0.57
IAA (17.41M) 90.80+1.12 | 24.34+7.96 | 1.00+0.12 3.20+0.74 2.95+0.33
Tab. 2: Volume rate and conductivity value in selected aales
Evaluation date/days IAA | IAA I NAA | NAAII MS | MS I
Volume (ml) 1. day 145 145 145 145 145
7. day 122+5.7 114+7.2 126+9.1 88+5.3 114+7.9 90+6.
10. day 116+6.9 110+9.3 122+11.6 62+8.5 106+10.5 +874
Conductivity 1. day 2.77 2.77 2.77 2.77 2.77
(mS. cm') 7. day 2.78+0.01  2.81+0.01  3.01+0.02  2.96+x0.01 £0901  2.93+0.02
10.day  2.82+0.02  2.90+0.01  3.18+0.02  3.47+0.02 880002  3.27+0.02
10. day* 2.2940.02  2.20+0.02  2.64+0.03  1.57+0.02 2520.02  1.75+0.03

Note: 10. day* = conductivity values of the measiuselution the tenth day after adding the missialyme at the

original of 145 ml

The solution temperature during the conductivityameement was 21°C.
The solution evaporation (except for the leaves)nduthe experiment was stipulated in 10%.
Maximum loss of rots during the test 5%.
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Fig. 1: Comparation of average root length and quantitsoofs in different variants

variants

W Roots per plan@ Length of roots (mrb)

Fig. 2: Root formation on MS medium withouth growth regulators (control variant) — a) and with the addition
of 8.71M IAA — b) and 5.4TM NAA — c) after 4 weeks of cultivation in conditiein vitro. Significantly different
roots are created on the medium with NAA, they gumin several waves in radial direction and they rmarkedly
shorter and thicker.
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