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Shoot RNA, cambrial activity and indolebutyric acid effectivity in
seasonal rooting of juvenile and mature Ficus pumila cuttings
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The seasonal influence on adventitious root formation was studied in woody leaf bud
cuttings of Ficus pumila L., creeping fig. Juvenile cuttings rooted easily, whereas only
mature cuftings treated with indolebutyric acid (IBA) exceeded 30% rooting.
Greater rooting occurred in IBA-trcated juvenile and mature cuttings than contiols,
regardtess of the month each experiment was initiated. Seasonal changes influenced
rooting in all treatments except IBA treated juvenile cuttings where percentage
rooting was not affected. Higher vascular cambial activity and shoot RNA levels
occurred in juvenile and mature forms during peak rooting periods. Highest RNA
was recorded with juvenile materials during maximum rooting periods. while lowest

RNA was observed in mature shoots during low rooting intervals.
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[ntroduction

- Adventitious root formation 1s essential for the success-
ful propagation of many woody plants. Easc of adven-
titious root formation generally declines with increasing
age of parent stock. which is an important problem
hecause desirable characteristics are frequently not ex-
pressed until plants have reached maturity. The season
in which cuttings arc taken is another important factor
in cutting propagation which may influence adventitious
root formation as reported by Roberts (1969). Mixed
reports exists in the litcrature on relationships among
auxin (Anand and Heberlein 1973, Greenwood et al.
1976}, cambial activity (Anand and Haberlein 1975),
RNA (Riding 1976, Trippi and Brulfert 1973) and DNA
{Alliata and Polito 1982) in scasonal rooting pattern and
tissue culturc of mature and juvenile material.

Ficus pumila L. is a woody ornamental vine that
exhibits dimorphism and differences in adventitious
ot formation between juvenile and mature forms
{Davies et al. 1982). Research with F. pumila has shown
that the different histological phases have different re-
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quircments for growth substances and that differences
in rooting ability can only be partially arttributed to
auxin responses (Davies and Joiner 1980). Objectives of
this study werce to determine relationships among shoot
RNA. cambial activity and exogenous auxin application
on scasonal rooting response of casy-to-root juvenile
and mature. difficult-to-root F. pumila cuttings.

Abbreviations — C7Z., vascular cambial zones; IBA, indole-
butyric acid.

Materials and methods

F. pumila, cultivated outdoors on the University of Flor-
ida campus (Gainesville, FL. USA] were used as stock
plants. Ctimatic data for the Gainesville campus was
provided by the IFAS Agronomy Dept and the UF Dept
of Physics and Astronomy (Tab. 1). Leaf bud cuttings
with a 2.5 cm stem segment were rooted under an
intermittent mist system in sterilized mason sand and
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Tab. 1. Climate conditions of Ficus pumila stock plants grown on the University of Florida Campus, Gainesville, FL, USA.

Chimatic conditions Jan Feb Mar Apr May June July Aug Sept Oct Nov
Photoperiod (h) 128 1110 1200 1253 1339 1403 1351 1314 1221 1129 1040
Thermoperiod (°C) 14 114 239 29/13 38 33/22 3322 33/22 3321 2713 2277
Solar radiation-PAR (umol m ?) 664 651 1030 1347 1349 1259 1180 1227 1041 - -
Prccipitation (mm) 157 127 114 5 89 99 264 244 142 94 48
Minimum percentage relative humidity 38 41 35 31 32 42 54 48 43 45 43
a1 AN at ¢ S < < H 4 1 t
maintained at 24°C. Long days were maintained in the Results

propagation house with supplemental incandescent light
from 2300 to 0100 h (6 umol m™? s7'), as previously
described (Davies and Joiner 1978). Juvenile and ma-
ture leaf bud cuttings were evaluated for percentage
rooting and root number after 21 and 42 days, respec-
tively; the rooting termination pertod was based on
peak rooting cycles of IBA pretreated juvenile and ma-
ture F puwmnila (Davics et al. 1982).

The effect af IBA on seasonal rooting of juvenile and
mature F. pumila was characterized in a study estab-
lished utilizing a 2 x 2 x 11 factorial, complete block
design with 4 replications and 40 cuttings pcr treatment.
Juvenile cuttings were treated at insertion with aqueous
sprays of 0 and 1 g IBA 17!, while mature leaf bud
cuttings were treated with 0 and 3 g IBA 17! with experi-
ments initiated monthly for 11 months. All auxin treat-
ments were with an IBA potassium sait formulation and
a surfactant (Plyac) (E. C. Geiger, Harleysville, PA,
USA). Previous research (Davies and Joiner 1978) had
shown optimal rooting of juvenile and mature leaf bud
cuttings with aqueous sprays of 1 and 3 g [BA 17",
respectively, when applied with 0.25 ml of a surfactant
(emusifiable A-C polyethylene and octyl phenoxy poly-
cthoxy ethanol (Plyac) 17"

Stem sections from stock plants were harvested
monthly concurrent with rooting experiments to deter-
mine the association between vascular cambial activity
and seasonal rooting. Stem sections were fixed in for-
malin-acetic acid-ethanol in vacuo and stored for later
analysis. Fixed material was dehydrated in an ethanol-
tertiary butyl alcohol series and embedded in Paraplast-
plus. Blocks containing stem pieces with onc surface
exposed were soaked in distilled water in vacuo for 5
days to soften tssues prior to sectioning (Davies et al.
1982}. Serial cross and longitudinal sections were cut at
8 and 11 um and stained with safranin and fast green.

The relationship between shoot apical RNA and sea-
sonal rooting was studied by harvesting stcm sections
from stock plants monthly and concurrent with rooting
experiments. Serial longitudinal sections were cut at 9
pum thickness and Azure B was used in the differential
staining for RNA following the procedures of Jensen
(1981). RNA was quantified with a Zeiss scanning mi-
crospectrophotometer at 688655 nm with 160Xx. De-
pending on meristem size, scans in the shoot apices
encompassed 45-90 cells in the tunica and part of the
cOrpus region.
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Higher percentage rooting and number of roots per
cutting occurred in IBA-treated puvenile and mature
cuttings compared to controls, regardless of the month
the experiment was initiated (Figs 1-4). Adventitious
root formation was influenced by season in all treat-
ments except 1BA-treated juvenile cuttings where per-
centage rooting was not affected (Fig. 1). Poorest root-
ing occurred in November and January in juvenile
controls, and January and February in IBA-treated ma-
ture cuttings {Figs 1-4). Adventitious root formation
occurred in mature control cuttings only in April and
May. IBA-treated mature cuttings showed less rooting
in April compared to those made in March or May (Figs
3 and 4).

During peak rooting periods in both juvenile and
mature stems, the cambium was in an active state of
division and had a larger number of undifferentiated
layers compared to low rooting periods when the vascu-
lar cambial zone narrowed and differentiating cell layers
decreased (Tab. 2, Figs Sa—d). The cambial zone was
closely packed in November and January and remained
so until March, April and May when increased cambial
activity occurred. Likewise, easy-to-root juvenile and
difficult-to-root mature F. pumifa had higher RNA lev-
cls in shoot apices during maximum rooting periods

Tab. 2. Cambial activity of juvenile and mature Ficus pumila
shoot sections during low and high rooting activity periods.
The cambial zene was measured by the number of undifferenti-
ated cell layers (O'Brien and McCully 1981). A minimum of
eight shoot sections per plant age per month was sampled.
Cambial activity was evaluated 2.5 cm below the terminal bud.

Plant age Month Reoting Average number of
level undifferentiated
cell layers in the
cambial zane

|January Low 33
November Low 3.2
Juvenile (March High 7.9
April High 7.8
May High 7.5
January Low 37
November Low 4.0
Mature March High 8.0
April High 7.3
May High 6.6
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Fig. 1. The influence of season and IBA treatment on percent-
age of juvenile F. pumila cuttings forming adventitious roots.
Cuttings were pretreated with auxin (+1BA) or left as controls
(~IBA). Points with same lower case letters are not signifi-
cantly different.
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Fig. 2. The influence of seuson and [BA treatment on average
number of adventitious roots tormed per juvenile F. pumila
cutting. Cuttings were pretreated with auxin (+IBA) or left as
controls (—IBA). Points with same lower case letters are not
significantly different.

(Tab. 3). Highest RNA was recorded with juvenile ma-
terial during peak rooting periods, while lowest RNA
was found in mature shoots during low rooting intervals
(Tab. 3).

Discussion

[n Ficus infecioria Roxb., a decidious tree with a true
dormancy period, high rooting phases coincided with
resumption of growth (Anand and Heberlein 1975).
However, the high rooting phase was auxin sensitive
while the low rooting phasc was auxin insensitive. In
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Fig. 3. The influence of season and IBA treatment on percent-
age of mature F. pumila cuttings forming adventitious roots.
Cuttings were pretreated with auxin (+IBA) or left as controls
(—IBA). Points with the same lower case letters were not
significantly different.
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Fig. 4. The influence of season and IBA treatment on average
number of adventitious roots formed per mature F. pumila
cutting. Cuttings were pretreated with auxin (+1BA) or left as

controls (~IBA). Points with the same lower case letters are
not significantly different.

contrast, the evergreen F. pumila which undergoes no
apparent dormancy other than a quiescent period in
response to cooler temperature, was auxin sensitive
throughout its seasonal rooting cycle. In the present
study, [BA-treated juvenile cuttings had sufficient
yearly auxin sensitivity to eliminate seasonal fluctua-
tions in percentage rooting, but not in root number
(Figs 2 and 4). A more rapid increase in root number
occurred in 1BA-pretreated juvenile (February) com-
pared to mature material (March), suggesting inherent
abilities of juvenile tissue to dedifferentiate more effi-
ciently into roots and/or seasonal differences between
both forms in endogenous auxin, auxin synergists, etc.
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have produced a supra optimal response. In a previous
experiment when high levels of exogenous IBA were
applied to either juvenile or mature F pumila cuttings,
there was a subsequent decline in adventitious root
formation compared to optimal IBA levels (Davies and
Joiner 1980).

Peak rooting periods in F. pumila carresponded with
increased cambial activity. Mature controls formed
roots only during periods of higher cambial activity,
which suggests the importance of endogenous auxin
from shoot apices and other rooting factors in stimulat-
ing vascular cambial development and associated root-
ing (Anand and Heberlein 1975, Wodzicki 1978). It was
observed that juvenile and mature IBA pretreated F.
pumila cuttings had increasced vascular cambial activity
which preceded histological events leading to root initial
and root primordia formation (Davies et al. 1982).

Shoot RNA in F. pumila was an index of bud activity
and subsequent seasonal rooting differences. It was re-
ported that seasonal variation in auxin and subsequent
rooting was attributable to changes in bud activity
{Roberts and Fuchigami 1973). As an index of rooting.
shoot apex RNA in F pumila was influenced both by
season and physiological age of ptants. Riding (1976)
reported a positive correlation between rooting poten-
tial and RNA in the cells of the shoot apex of the
gvmnosperm Picea mariana. Trippi and Brulfert (1973)
reported the progressive toss of rooting capacity with
decreased shoot RNA in the herbaceous plant Anagallis
arvensis.

Shoot apex RNA levels paralleled increases in cam-
bal activity and adventitious root formation in F
prondla. Working with tissue-cultured meristems of pea
root. Webster and Van't Hof (1970) concluded that
RNA and protein synthesis were prerequisites for cell
division and DNA synthesis. In the rooting of Hy-
drangea macrophylla cuttings, Molnar and La Croix
{1472) reported that both DNA and some protein syn-
thesis must occur before cel! division of the root initials
cun take place. It was suggested that the organization of
a root meristem from the cambial region requires a
complex sequence of nuclear events regulated by a de-
velopmental time clock of DNA/or RNA (Greenwoed
et al. 1976). Seasonal and growth phase differences in
rooting of £ pumile may well be attributed to gene
regulation of protein synthesis. which is manifested by
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increased shoot RNA activity, production of auxin and
other metabolites, and subsequent changes in cambial
activity.
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