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Abstract

This paper describes the effect of agar. MS hasal medium strength. sucrose and
polyamines on the in vitre Tooting of Svzpgium alternifolium realized by a two step
procedure involving root initiation (RI) and root clongation (Rf ). R1 was carried out
on solidified MS medium supplemented with 1.0 mg dm™ indole-3-hutyric acid
(IBA) for 3 weeks. and RE following transfer to half-strength MS medium devoid of
growth regulators for another 3 wecks. Agar and MS basal medium concentrations
played important role on rooting response as well as on health of roated shoots.
Sucrose concentration was positively correlated with the rooting percentage, root
number per shoot and root length. The combination of polyamines and 1.0 mg dm’™

IBA increascs rooting pereentage compared to media containing only 1.0 mg dm? lB/\
Optimum rooting was attained with half-strength MS medium containing 1.0 mg dm™

IBA. 2 % sucrose. 0 pM spermine and 0.8 % agar.

Acdditional kev words: I1BA, Myrtaceae. root elongation. root initiation.

Introduction

Adventitious root formation is the crucial aspect in the clonal propagation of different
plant species both from cuttings and in vitro. Tn horticulture and forestry, adventitious

rooting allows the cloning of superior genotypes and is an essential part of breeding
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programs (Altamura 1996). In micropropagation system, final culture stage prior to
acclimatization is rooting. Survival of plants in field depends on the development of
efficient vascular system between root and shoot and good root 10 shoot ratio.

Many species are difficult to propagate because of their inability to give an
acceptable rooting percentage, cither when cultings or microcuttings are used. Rooting
capacity is generally reduced in woody species as compared to herbaccous ones
(Hackett 1988), Tt is well known that exogenously applied natural or synthetic auxin
favours rooting, whereas little attention has been given o other aspects like
concentration of agar. rooting medium strength and  sucrose. which might also
inlluence ia virro rooting. Polyamines such as putrescine. spermine and spermidine
have been invoived in the control of the induction phasc of rooting in Preons avium 1.
(Biondi e/ ol 1990, poplar (Ilausman ef . 1994, 1995) and walnut (Heloir er of.
1996). Polyamines promoted early rooting and increased rooting percentage as well as
root number per shoot in olive (Rugini ef af. 1997), hazelnut (Rey ef af. 1994 ) and
poplar (Hausman es o/ 1995 1997). ‘The examples given above are encouraging for
extending the exagenous application of polyamines for in vitro rooting of other species.

Svevginny clteraifolivm (Wight'y Walp.a member of Myrtaceae family is a rare
endemic fruit tree ol medicinal and economical importance. The specics distribution

is restricted to several districts in the southern part of India. Natural regeneration of’
this species is poor, seed production is sporacic, the seeds cannot be stored for long

culture technigues are useful for the clonal multiplication. genctic improvement and
conservation of this rare endemic species. In previous work, we have reported our
resulls on Ju vitro shoot proliferation from juvenile nodal buds and application of
auxin for the rooting of y vitro formed shoots of this species (Sha Valli Khan ef of,
1997). The purpase of the present rescarch is 1o study the effect of agar, MS basal
medium strength, sucrose and polyamines oo rooting ability of i virre formed shoots
ol S-afrernifoliim.

Materials and methods

Shwoot culiwes o N afernigbpiinm were established from nodal explants ol seedlings on
modilied Murashige and Skoog’s (MS) medium supplemented with 4.0 or 0.5 mg dm’”
NAA (Sha Valli Khan ¢t al. 1997). Shoot proliferation medium was supplemented with
2 %6 sucrose and pIT was adjusted to 5.7 with KO or LHINO, prior to the addition of
0.8 % agar (Roland. Brussels, Belgium) and subsequently autoclaved for 20 min at
120 °C. Shoot cultures were proliferated in 500 em’ transparent polystyrol jars
{(FPolarcup. Antwerpen. Belgium) containing 75 em”® of medinm. The cultures were
mcubated in a culture room at a temperature of 25 £ 2 °C. 55 % relalive humidity,
and 16-h photoperiod with irradiance of 20 pmol m™ (nhotosynthetically active
radiation,  PAR) provided by cool-white  (Tuorescent lamps.  Axillary  shoot
profiferation with a stable wmultiplication rate was maintained by subculturing every
6 weeks on fresh medium.
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Rooting involved a two step procedure: reot initiation (Rl) and root elongation
{RE}. Root initiation (R1) was carried out with 1.0 myg dm” indole-3-butyric acid
(IBA) for 3 weeks and root elongation (RE) following transfer to half-strength
MS medium devoid of growth regulators for another 3 weeks. Single shoots resulting
from 6 weeks old subculture of shoot multiplication were used for rooting
experiments. The shoots were approximately 4 em long and 1 had 3 te 4 nodes and the
shoot tip. The pll of the rooting, demm was adjusted 1o 5.7 prier to autoclaving, /\]l
cultures were performed in 500 em? 1 ansparent polystyrol jars containing 75 em’ of
medium upon which 3 shoots were placed. Cultures of rooting were maintained under
the samc incubation conditions described for shoot proliferation cultures.

The effect of agar. MS basal medium. sucrose concentrations and polyamines were
investigated in four sets of experiments at the stage of root initiation. In the first set.
agar at four concentrations (from 0.6 to 1.2 %) was added to hall-strength MS basal
medium containing 2 % sucrose and 1.0 mg dm™ IBA to determinc the effect of agar
concentration on roofing. 1Ligquid cultures were also raised with the support of Whatman
Ner 1 filter paper bridge. In the second set of experiment. MS medium was reduced
from full strengih (1.0) te three quarters (0.75), half (0.50). quarter (0.25) and zero ()
strength to study the effeet of MS basal medinm concentration on rooting. All media
were supplemented with 1.0 mg dm™ IBA, 2 % sucrose and 0.8 % agar. In the third set
of experiment. sucrose was incorporated at five concentrations (from 1 10 5 %) into
half-strength MS medium containing 1.0 mg, dm” IBA to determine the cffect of
sucrose concentration on rooting. ‘The control treatment received no sucrose. All the
media were solidified with 0.8 % agar. In the fourth set of experiments, polyamines
such as putrescine (U spermidine (SP1Y) and spermine (SPM) were added filter
sterilized o hall=sirength MS medium at three concentrations (1, 5 or 10 uM) alone or
in combination with 1.0 mg dm” IBA. The controt treatment received no supplement off
polyamines. All rooting media were supplemented with 2 % sucrose and 0.8 %6 agar,

All the rooting experiments had 12 replicates and each experiment was repeated
fhree times. During each experiment. data collected were percentage of rooting,.
number of roots per shoot and root length alter 3 weeks of oot initiation. Mean
values and standard error were used for statistical analysis,

Results and discussion

1o the first set of experiments. root initiation was achicved from the bases of shoots
after one week of incubation in liquid medium as well as on agar (from 0.6 (o 1.2 %)
solidificd half strength MS medium containing 1.0 mg dm™ IBA. However, there were

difTerences in the overall rooting response and in the morphology ol develeped roots.
Increasing the concentration of agar trom 0.0 (liquid) to 0.8 % enhanced the rooting
percentage, root number per rooted shoot and length of developed roots (Fig. 14.8.0).
Further inerease in the concentration of agar (ie.. 1.0 and 1.2 %) did not improve the
response of rooting. The root morphology was better in agar solidified medium as
compared to liquid medium. The developed roots are thin without laterals in liquid
cultures. whereas on agar solidified medium roots are thick with laterals. The best
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response of rooting as well as good quality of root system were obtained at 0.8 %
agar. At this agar concentration, rooted shoots were green and healthy without any
shoot tip necrosis. In contrast, rooted shoots showed shoot tip necrosis at 0.6 % agar.
Necrosis was generally limited to the shoot tip, rarely exceeding the top node and
therefore 2 nodes and axillary buds remained viable. These buds produced the axillary
shoots that allowed survival of the i virro formed shoots. Similarly 0.6 % agar did not
support rooting and also led to the induction of shoot tip necrosis in Cynara scofvns
(Debergh er ol 1981),
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(A2, the root number (2.0, and the root length (CF) at 3 weeks of oot initation (RD. Each bar
represents the mean + S1¢ of three replications (12 shoots for cach replication).

No rooting occurred from the in vitro formed shoots it ne basal medium (just agar
and sucrose) was used and the leaves of the shoots showed chlorotic symptoms. This
result clearly indicates the importance of MS salts for the response of rooting as well as
for the general health of shoot. Reduction of the MS basal mediwn strength from full
strength (1.0 to quarter strength (0.25) enhances both rooling percentage and number
of roots per shoot (Table 1). The beneficial effect of reducing the MS basal medium
concentraticon un jn vitro Tooting, ability has been demonstrated in Quercus sobur 1.
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(Manzanera and Parados 1990) and Wrightia tomentosa (Purohit ef al. 1994). The root
growth was higher in the order of half=, quarter-, full-, and three quarters-strength MS
basal medium (Table 1), The highest percentage of rooting and root number were
obtained with quarter-strength MS medium. But, the rooted shoots showed chlorotic
svmptoms. On the contrary, half-strength MS basal medium resulted in a satisfactory
rooting and the rooted shoots were green and healthy without any abnormal
morphology.

Table T 1t of MS basal medium strength on rooting of S0 afteraifolinm (alier 3 weeks of rool
initiation). Al media supplemented with 2 % sucrose, 0,8 % agar and 1.0 mg dm™ IBA. Means & S
forr three rephications €12 shoots for cach replication),

MS mediom strength Rooting [%%] Number ol roots [sheot 'T Root Ienath [em]
0 (} 0 0

)25 6600+ 4.1 30100 1.0 0.1

0.50 623 £0.1 28203 l4+0.3

(.75 458 L 110 1.7104 0.8+0.1

1.00 3754125 1.3+ 0.1 1.0t 02

Sucrose concentration was positively correlated with the percentage of rooting, root
number per rooted shoot and length of developed roots (Fig. 1/2./4.F). 'The rooting,
percentage, root number and length increased with the rising concentration of sucrose
from 1 to 3 %. Higher concentrations of sucrose (4 and 5 %) inhibited overall rooting
response. Similar observations have been made in Perseq americana (Plego-Alfaro
1988). Rooting medium lacking sucrose vielded very low percentage of rooting and
developed roots also showed poor growth. From the literature it is quite clear that rool
initiation is a energy consuming process. which requires a source of carbon (Ilaissig
1982, Zimmerman 1983). The present study also proved that adventitious rool
formation is strongly dependent on sucrose supply. Pospisilova ef af. (1002) suggested
incorporation of sucrose al lower concenirations into the rooting medium to enhance
the autotrophic nature of rooted shoots, which ultimately increase the chances of
survival of plantlets. In & alternifolive:, the best response of shoot proliferation was
achieved on madificd MS medium supplemented with 2 % of sucrose and 4.0 mg dm™
and 0.5 mg dm™ NAA (Sha Valli Khan er ol 1997). In contrast, the best rooting,
response was oblained at 3 % sucrose concentration. To improve photosynthesis
ability and transplantation success, sucrose at 2 % concentration was considered as
optimal for further studies at which a satisfactory rooting was achieved.

The rooting percentage, number of roots per routed shout and root lengl varied
according, 1o the type and concentration of polyamines as well as their combination
with 1.0 mg dm™ IBA (Fig. 24,8.0). When polyamines (1, S or 10 uM) were added
together with 1.0 mg dm™ IBA rooting oceurred at hicher pere T .
to the synergistic effect of polyamines : 1 rees pereentage. This result is due
1 “re polyamines and 1BA as reported {or Prigaus avium (Biondi
l(f t}r/. 1990). poplar (Hausman er of. 1994, 1995) and walnut (Ieloir e af 1996). The

OHESL PEren o af g .
ughest pereentage of rooting and root number were oblained in the presence of

337



S SHA VALLLKHAN ef of.

1.0 me dim™ IBA and 10 uM spermine. During 3 weeks of ool initiation period,
polyamines alone or in combination with 1.0 mg dm™ IBA did not enlunee rool
elonpation as compared 1o the shoots rooted in medium containing only 1.0 mg dm™
IBA. Polvamines do not affect root elongation at a concentration able o increase
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lor each replication).
rooting. indicating that the carlier protrusion of root apices exclusively depends on the
carly primordia formation as reported tor the Rosa (Pierik 1997). To our knowledee

there is no report concerning the role of polvamines on rooting ability ol in vitio
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formed shoots of S, alternifolium. According to our experiments, polyamines have a
beneficial effect only on the rooting percentage. Further study is in progress with the
aim  to achieve  inereased  root  clongation with polyamines.  In addition,
S, alternifolinm could be used as a model plant to study the metabolism of polyamines
in root initiation.

The results presented above suppest that the use of half-strength MS medium
supplemented with 1.0 mg dm™ IBA. 2 % sucrose, 10 uM spermine and 0.8 % agar is
optimal for the rooting of in vitra formed shoots of 8. alternifolivm. This knowledge
on rooting ability and general health of plant could be helpful for the routine
micropropagation of this rare endemic tree.
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