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Abstract. The internal levels of indole-3-acetic acid
(IAA) and polyamines (PAs) and the metabolism of
indole-3-butyric acid (IBA) were studied in relation
to the in vitro rooting process of two pear cultivars,
the easy-to-root Conference and the difficult-to-
root Doyenne d’Hiver. Doyenne d'Hiver required
about a 10 times higher concentration of IBA to
achieve a rooting percentage similar to that of Con-

ference. One- or two-day exposures to IBA were .

sufficient to stimulate rooting but with different ef-
ficiency for each cultivar. Longer exposure to auxin
strongly increased the root number in Conference,
whereas root elongation was inhibited in both cul-
tivars. The metabolism of IBA in both cultivars was
not significantly different when IBA was used at a
high concentration to stimulate maximal rooting in
Doyenne d'Hiver. IBA was mainly conjugated into
IBA glucose, which was accumulated, and a small
amount was converted into free IAA in both culti-
vars. However, in Doyenne d’Hiver this metabolic
pathway appears to be active only at a higher ex-
ogenous IBA concentration. At a high IBA concen-
tration more callus was formed by Doyenne
d’Hiver, indicating that the cells of Doyenne
d'Hiver are not capable of responding to the hor-
mone in the same manner as Conference cells. An-
atomic observations indicated that the capacity to

Abbreviations: IBA, indole-3-butyric acid; IAA, indole-3-acetic
acid; PA(s), polyamine(s); HPLC, high pressure liquid chroma-
tography; GC-MS, gas chromatography-mass spectrometry;
TCA, trichloroacetic acid; dansyl, 1-dimethylaminonaphthalene-
S-sulfonyl; TLC, thin layer chromatography; TBA, terbutilic al-
cohol; IBAGluc, IBA glucose; IAAGluc, IAA glucose; IAAsp,
IAA aspartate.
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induce initial dividing cells was more efficient in
Doyenne d’'Hiver, but subsequently the number of
root primordia formed and root development were
much reduced relative to Conference. A possible
correlation between these processes and an early
increase followed by a decrease of free IAA was
seen in Conference. By day 4, a significant increase
in IAA conjugates and free putrescine was observed
in Doyenne d’'Hiver. This higher putrescine content
may be related to the lower amount of root devel-
opment. Together with previous studies these re-
sults indicate that differences in the uptake and me-
tabolism of applied auxins may affect rooting ability
and the subsequent development of adventitious
roots in microcuttings of pear.

The formation of adventitious roots depends on nu-
merous endogenous factors, among which growth
substances such as auxins and polyamines are be-
lieved to play important roles (Altman 1989, Batten
and Goodwin 1978). Auxins appear to be the pri-
mary phytohormones involved in this process since
the application of synthetic auxins alone can stim-
ulate root initiation. However, the promoting effect
of auxins varies among species and cultivars, mak-
ing it difficult to understand the mechanism of their
regulatory action. Generally, indole-3-butyric acid
(IBA) is considered to be a better rooting promoter
than indole-3-acetic acid (IAA; Wiesman et al.
1988). It has been suggested that IBA has a higher
resistance to oxidation because of the side chain
length and therefore persists at the site of induction
longer than IAA (Fawcett et al. 1960).

IBA has been shown to be converted to JAA by
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Table 1. Effect of IBA and IAA concentrations on rooting percentage, number of roots, and mean root length of Conference microcut-
tings. Values are the means of three experiments = standard error. Microcuttings were kept in contact with hormone for the entire

experimental period. Data were collected after 21 days.

Rooting % Root number/rooted shoot Mean root length (mm)

Concentration
(pM) IBA 1AA IBA 1AA IBA IAA

0 3113 31 21214 21=x1.4 189 + 2.7 18.9 = 2.7
0.5 39 =10 45 * 2213 33x1.1 15.2 25 183 2.1
1.5 84 = 10 53 =+ 3409 5311 17.1 £ 1.8 13.4 = 1.6
b 896 70 £ 1 45*09 45+08 8.1x1.6 16.5 £ 1.7
15 953§ 72+6 6.3 £ 0.8 48 + 09 46+ 1.9 11.1 £ 1.8

Table 2. Effect of IBA and IAA concentrations on rooting percentage, number of roots, and mean root length of Doyenne d'Hiver
microcuttings. Values are the means of three experiments * standard error. Microcuttings were kept in contact with hormone for the
entire experimental period. Data were collected after 21 days.

Rooting % Root number/rooted shoot Mean root length (mm)
Concentration
(M) IBA IAA IBA TIAA IBA 1AA
0 134 13+4 1.1 £0.1 1.1 £0.1 77.8 = 8.5 778 £ 8.5
0.5 21 £ 10 25 = 11 2.1 09 1.1 £ 0.1 34.6 £ 7.6 59.3 £ 6.7
1.5 45 = 13 41 = 8 2207 1.7+038 107 £ 7.6 346 £5.9
5 42 = 11 638 29+0.7 25+0.6 16.5 £ 5.2 31.1 £ 4.4
15 837 67 £ 12 59+05 32 x0.6 49 +32 23.7 £ 4.1

several plant species (Epstein and Lavee 1984, Van
der Krieken et al. 1992, Wiesman et al. 1988). Con-
jugate formation after the application of IBA is pos-
sibly also important in rooting because conjugation
can serve as a mechanism to protect auxins from
oxidation and allow for the slow release of free
auxin (Cohen and Bandurski 1982, Wiesman et al.
1989). Although some reports have attempted to
correlate endogenous auxin levels and metabolism
with adventitious root formation, conflicting infor-
mation exists concerning changes in naturally oc-
curring IAA. In some cases, an early increase in
IAA levels followed by a decline was observed dur-
ing the rooting process (Blakesley et al. 1991, Mon-
cousin 1988, Norcini et al. 1985). In other cases, no
increase in IAA concentration was found, but in-
stead only a gradual decline was measured (Berthon
et al. 1989, Blakesley et al. 1991).

Because the levels of free polyamines (PAs) in
auxin-treated tissues have been shown to change
before cell division or root formation (Sankhla and
Upadhyaya 1988, Serafini-Fracassini et al. 1980) it
is also important to understand the relationship of
PA metabolism to changes in hormonal metabolism
and levels. In addition, the need for free PAs to
sustain cell division in plants has been well estab-
lished (Bagni et al. 1982, Serafini-Fracassini 1991).
Less, however, is known about their involvement in
organogenesis. Even though application of PAs or

PA inhibitors sometimes produces conflicting re-
sults, PAs do appear to be involved in rhizogenesis
as an increase in free putrescine and spermidine
levels as well as an increase in the activity of their
biosynthetic enzymes occur in many different kinds
of plant tissue cultures which have been induced to
root (Chriqui et al. 1986, Desai and Metha 1985,
Torrigiani et al. 1989, 1991). PA content is low when
tissues are either completely differentiated or when
rhizogenesis or callogenesis ceases to occur (Torri-
giani et al. 1989). In addition to free PAs, bound
PAs also appear to be involved in rhizogenesis; in
fact, free and bound PAs increase when root mer-
istems appear, much before the visible roots emerge
(Biondi et al. 1990).

A clear correlation between rhizogenesis and
growth substances is still more problematic in
woody plants, in part because of marked variability
among species and cultivars. In a preliminary study
on in vitro adventitious root formation, Baraldi et
al. (1993) suggested that auxin uptake and metabo-
lism were related to rooting ability in pear microcut-
tings. In fact, the easy-to-root cultivar showed a
faster and higher uptake of labeled IBA and the
ability to convert IBA into free IAA very early dur-
ing the root induction period. We now report results
from further experiments carried out using the same
two pear cultivars, the easy-to-root Conference and
the difficult-to-root Doyenne d’'Hiver. In this study
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Fig. 1. Relationship between length of exposure to 1.5 uM IBA
and rooting percentage (A), number of roots per rooted shoot
(B), and root length (C) in Conference and Doyenne d'Hiver.
Values are the means of three replicates/treatment. Bars repre-
sent + SE (not drawn if smaller than symbols).

we have: (1) analyzed the role of exogenous auxins
in in vitro rhizogenesis; (2) determined the internal
levels of auxins and polyamines; and (3) related
these changes to histologic data obtained during the
rooting process. The few papers that have de-
scribed physiologic parameters such as auxins,
PAs, or nutrient uptake and translocation related to
the rooting process in woody species such as
Malus, Vitis, and Olea (Epstein and Lavee 1984,
Moncousin 1988) wild cherry (Label et al. 1989),
Tuja occidentalis L. (Bender et al. 1987), and Pru-
nus avium (Biondi et al. 1990) often do not report
detailed histologic information. No histologic infor-
mation is available on rooting in Pyrus communis,
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although limited anatomic details on Pyrus calleri-
ana were reported by Berardi et al. (1992). A few
authors have studied the in vitro rooting process
solely from a histologic point of view in woody spe-
cies such as Malus (Hicks 1987, Sutter and Luza
1993, Zhou et al. 1992).

Materials and Methods

Rooting Response to Exogenous Auxins

Single shoots, 15 mm long, of two micropropagated pear culti-
vars, Conference and Doyenne d'Hiver, were excised from pro-
liferating cultures and placed in 100 ml of rooting medium in glass
jars (500 ml, Bormioli, Parma, Italy). The rooting medium con-
sisted of half-strength Murashige and Skoog (1962) salts and
Linsmaier and Skoog (1965) vitamins supplemented with 3% (w/
v) sucrose and 0.65% (w/v) agar (B & V, Parma, Italy). For root
induction, IBA and IAA were used at 0, 0.5, 1.5, 5.0 or 15 uM.
The medium was adjusted to pH 5.7 and autoclaved at 120 °C for
20 min. Shoots in the rooting medium were kept in the dark for
7 days at 24 °C for root induction and then transferred to a 16-
h/day photoperiod at a photosynthetic photon flux density of 60
pmol m~2?s~!, provided by cool white fluorescent lamps, for the
remainder of the experimental period (21 days).

Influence of Length of Exposure to IBA
on Rooting

In the time course experiments, 20 single shoots were left in
contact with 1.5 pM IBA in agar-solidified medium for 1, 2, 3, 4,
5, and 21 days. Subsequently, shoots were transferred to a sim-
ilar medium lacking IBA and kept under the experimental con-
ditions described above for 21 days total. Control shoots were
kept in the IBA-lacking medium for the entire experimental pe-
riod.

IAA and PA Content during the in Vitro
Rooting Process

Stock cultures were stored at 4 °C. These cultures were removed
from the cold, transferred to fresh medium, multiplied and grown
in a growth chamber at 24 °C. From these proliferating cultures
shoots were harvested for rooting. Endogenous auxins and PAs
were determined for shoots cultured in the dark in 100 ml of
agar-solidified rooting medium supplemented with 1.5 um IBA
for 7 days. Shoots, ranging from 0.5 to 1 g fresh weight, were
excised at 0, 12 h, 1, 2, 4, or 7 days of culture, immediately
frozen with liquid nitrogen, and ground to a fine powder.

For auxin analyses, samples were extracted in 65% isopropyl
alcohol (v/v) with 0.2 M imidazole buffer at pH 7 to which
[*HIIAA as a radiotracer and ['*C¢JIAA (0.1-1 pg g ! sample) as
an internal standard for quantitative mass-spectral analysis were
added. After overnight isotope equilibration, the analyses of free
and conjugated IAA (esters + amides) were performed accord-
ing to Chen et al. (1988). The instrument used for HPLC purifi-
cation of IAA was a Beckman System Gold coupled to an UV
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Table 3. In vitro rooting of Conference and Doyenne d’Hiver
microcuttings during the first 8 days of subculture with 1.5 pm
IBA. Values refer to the percentage of explants examined which
had at least one initial cell or root primordium or adventitious-
root.

Days of culture

0 1 2 4 5 7 8

Conference
Initial cells 0 0 50 33 29 22 7
Root primordia 0 0 0 15 29 44 35
Roots 0 0 0 0 0 0 46
Doyenne d’Hiver
Initial cells 0 0 0 75 71 29 10
Root primordia 0 0 0 0 0 14 30
Roots 0 0 0 0 0 0 10

R. Baraldi et al.

Fig. 2. Transverse sections of Conference and
Doyenne d'Hiver microcuttings grown on a
1.5 uM IBA-enriched medium. Bars indicate
100 wm, except where indicated. pi, pith; co,
cortex. Shown are the distribution and
dimension of schlerenchyma fiber bundles in
microcuttings of Conference (A and C) and
Doyenne d'Hiver (B and D).

detector (Varian UV 50). Auxins were separated by chromatog-
raphy on a 5-pm C,4 Partisphere column (Whatman, 110 X 5 mm,
inner diameter), at 1 ml min~! with 20% acetonitrile/water and
1% acetic acid.

Quantitative auxin analyses were carried out on a GC-MS
(Hewlett Packard 5890-5970) equipped with a 12-m Chrompack
CPSil 19 capillary column (inner diameter 0.25 mm; film thick-
ness 0.25 pm). The carrier gas was helium at 1 ml min~!, GC
injector was at 280 °C, and the oven temperature was increased
from 50 to 110 °C at a rate of 30 °C min~! then at a rate of 6 °C
min ~! until 280 °C. The source temperature was 270 °C, and
ionizing voltage was 70 eV. Ions monitored were m/z 130 and 136
for the base peak (quinolinium ion) and 189 and 195 for the mo-
lecular ion of the methyl ester of IAA and methy! ester of
[BC(IIAA, respectively. Ratios of 130:136 and 189:195 were used
to calculate endogenous levels of IAA and to verify the analysis.
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For PA determinations, samples were extracted in 3 volumes
of 5% cold TCA plus 5 mMm 1,7-diaminoheptane as internal stan-
dard. Extracts were centrifuged for 15 min at 3,000 xg and the
supernatants washed three times with diethyl ether (1:1, v/v) to
eliminate lipids. The pellets were washed twice in 3 volumes of
TCA and resuspended in the original volume of TCA. Aliquots
(0.3 ml) of this suspension and of the original supernatant were
hydrolyzed at 110 °C for 18 h in 6 N HCI. The hydrolysates were
dried under vacuum at 60 °C and resuspended in the original
volume of TCA. Aliquots (0.1 ml) of the original supernatants
(from which free PAs were determined), the hydrolyzed super-
natants (from which the TCA-soluble bound PAs were deter-
mined by subtracting the free levels), and the hydrolyzed pellets
(containing the TCA-insoluble bound PAs) were dansylated in
the dark for 18 h at room temperature with 2 volumes of dansyl-
chloride solution (3 mg ml ! in acetone). The pH was adjusted to
8.6 with 50 mg of NaHCO,. The excess of dansylchloride was
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converted to dansylproline by adding 0.1-0.3 mi of proline (15
mg ml ! distilled water). After a 30-min incubation, dansylated
PAs were extracted with 5 volumes of anhydrous benzene and
cochromatographed with dansylated standards on TLC pre-
coated plates of Silica Gel 60 with a concentration zone (Merck).
Chloroform/triethylamine (5:1, v/v) or cyclohexane/ethylacetate
(3:2, v/v) was used as running solvent. Fluorescence of PA spots,
scraped and eluted in 2 ml of acetone, were measured using a
Jasco FP-550 spectrofluorometer (excitation 360 nm, emission
506 nm).

The experiments were repeated three times, and the analyses
were performed on three samples for each trial.

Histoanatomic observations were performed on shoots to fol-
low root formation and development. For these observations,
five shoots were sampled at 0, 1, 2, 4, 5, 7, 8, and 21 days, fixed
in FAA (37% formaldehyde, glacial acetic acid, 100% ethanol,
distilled water 10:5:50:35 by volume), dehydrated with TBA,

Fig. 3. Transverse sections as in Figure 2.
Shown is the development of adventitious
roots in Conference in response to auxin
treatment. A, transverse section at day 2;
arrows designate the position of initial cells.
B, root primordium at day 4. C, protruding
root at 8 days. D, microcutting at day 8
showing the asynchrony of the rooting
process: one root primordium and one
emergent root are present at the same time.
Bar indicates 100 um in A, B, and C and 300
pm in D. ph, phloem; x, xylem; pi, pith; co,
cortex; rp, root primordium; er, emergent
root.
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Fig. 4. Changes in the level of endogenous free (A and C) and conjugated (B and D) IAA in 1.5 pM IBA-treated microcuttings of
Conference (left) and Doyenne d'Hiver (right) during root induction. Bars represent = SE (not drawn if smaller than symbols).

then embedded in paraffin. Cross-sections of 8-10 um were
stained with safranin-fast green (Jensen 1962).

Effect of the High IBA Concentration on
Auxin Metabolism

To evaluate IBA metabolism in microcuttings of both cultivars,
single shoots were placed in the dark for 24 h in 1.5-ml disposable
centrifuge tubes containing 20 pl of liquid rooting medium to
which 15 um [*CIIBA (prepared from [*Clindole, Research
Products International, Mt. Prospect, IL, 50 mCi/mmol, by the
method of Cohen and Shulze 1981) was added. The centrifuge
tube was left uncapped for about 2 h under aseptic conditions to
increase the uptake of label by transpiration. Shoots were
washed, immediately frozen with liquid nitrogen, and ground in
80% acetone/water (v/v) using a mortar and pestle. Analyses of
the labeled IBA and metabolite extracts were performed by TLC
and radioimaging and identified by Ry of standards. The extracts
were applied to Silica Gel 60 TLC plates, which were developed
in methyl ethyl ketone:ethyl acetate:ethanol:water (3:5:1:1, v/v;
Labarca et al. 1965). After drying, the plates were placed in an
AMBIS model 1000 for radioactivity imaging and counting.
For all of the rooting experiments, the rooting percentage (ex-
pressed as the percentage of shoots producing at least one root),
the average number of roots per rooted shoot, and root length
were recorded after 21 days. Each treatment consisted of 30
explants, and experiments were conducted three times. Histoan-
atomic observations were also preformed on the shoots to eval-
uate the effect of high IBA concentration on root formation.

Results
Rooting Response to Exogenous Auxins

Thirty percent of the Conference explants rooted
even without auxin in the rooting medium (Table 1).
A much lower value was observed for Doyenne

d'Hiver (Table 2). When treated with 1.5 um IBA,
84% of the Conference shoots rooted, and increas-
ing the hormone concentration did not increase root
production significantly (Table 1). When IAA was
added to the rooting medium at 1.5-15 M rooting
percentages varied between 53 and 72%. The high-
est rooting percentage for Doyenne d'Hiver was ob-
tained with 15 pM IBA (83%) or 5-15 uM IAA (63~
67%; Table 2). At all of the other concentrations
tested for both auxins, root production was lower.
The higher concentrations of either auxin generally
enhanced the number of roots per rooted shoot and
also reduced root length, especially in Doyenne
d'Hiver.

Influence of Length of Exposure to IBA
on Rooting

For Conference shoots, root initiation occurred
with 1 day of auxin application (Fig. 1A). In con-
trast, microcuttings of Doyenne d’Hiver were sig-
nificantly stimulated only after at least 2 days of
exposure (40%).

In shoots of both cultivars the number of roots
per rooted microcuttings generally increased up to
the S-day treatment (Fig. 1B). However, the mi-
crocuttings of Conference produced about six roots
after exposure to IBA-enriched medium for 5 or
more days, whereas under the same experimental
conditions, the number of roots per rooted shoot of
Doyenne d'Hiver did not exceed two. The presence
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Fig. 5. Changes in the level of endogenous free PA in 1.5 pM IBA-treated microcuttings of Conference (left) and Doyenne d’Hiver (right)
during root induction. Free putrescine (A and B), spermidine (C and D), and spermine (E and F). Bars represent + SE (not drawn if

smaller than symbols).

of auxin for the entire rooting period did not in-
crease the root number while significantly inhibiting
root elongation in both cultivars (Fig. 1C).

Progress of Adventitious Root Development

All of the histologic observations related to the
rooting process were made within a narrow band of
0.5 mm above the base of the microcuttings, which
is the region of root emergence. No evidence of
rooting activity was found in more apical sections of
the shoot. Shoots harvested from multiple shoot
cultures had very limited secondary tissue develop-
ment prior to root induction, and no root initial cells
could be detected at that time. Very few single
phloem fibers were observed on Conference shoots
(Fig. 2, A and C), whereas 100% of Doyenne
d’Hiver microcuttings showed sclerenchyma fiber
bundles external to the phloem (Fig. 2, B and D).

Anatomically, these fiber bundles, however, are not
a mechanical hindrance for the centrifugal root de-
velopment arising from the initial cells since no pri-
mordia were formed in the competent areas located
innermost of the correspondent fiber clusters.

In Conference shoots, the first anatomic changes
were observed 3 days after 1.5 uM IBA treatment,
when some shoots showed cells in the cambial zone
or in the phloem adjacent to it which had more
densely stained cytoplasm and nuclei (Table 3 and
Fig. 3A). On day 4, the first root primordia were
detected, some of which had started to differentiate
and extend outward into the cortex (Fig. 3B).

At day 8, 35% of shoots had at least one primor-
dium, and 46% of them had at least one emergent
root at the shoot surface. At that time the root cap
and the first tracheary elements of the roots were
visible (Fig. 3C). The appearance of initial cells and
root primordia occurred later in Doyenne d'Hiver
than in Conference. Although 75% of the Doyenne
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Fig. 6. Distribution of the total extractable radioactivity detected
on TLC at day 1 in 15 uM IBA-treated shoots of Conference and
Doyenne d'Hiver. Bars represent + SE.

d’Hiver shoots had initial cells on day 4, by day 8
only 10% of them had emergent roots (Table 3). The
processes of initiation and development of adventi-
tious roots were not synchronous. In fact, in sec-
tions of both cultivars we observed different stages
of root development in a single microcutting (Fig.
3D).

IAA and PA Content during the in Vitro
Rooting Process

The analysis of both free and conjugated IAA (es-
ters and amides) of 1.5 uMm IBA-treated shoots
showed that at the time of excision, auxin levels
were relatively low in both cultivars (Fig. 4). In
Conference shoots, free IAA levels always in-
creased severalfold over the first 1 or 2 days and
then decreased to the initial levels by day 7 (Fig.
4A). Microcuttings of Doyenne d'Hiver did not ex-
hibit any consistent variation in endogenous free
IAA content throughout the rooting period and al-
ways remained at low levels (Fig. 4C). Conjugated
IAA increased slightly in Conference microcuttings
during the root induction period (Fig. 4B), whereas
in Doyenne d'Hiver a steady increase of IAA con-
jugates was observed over the first 4 days, followed
by a decrease at the time when the first root pri-
mordia were observed (Table 3).

In Doyenne d’Hiver shoots free putrescine levels
increased six- to tenfold in the first 7 days of culture
(Fig. 5B), whereas in Conference there was, in gen-

R. Baraldi et al.

eral, little change (Fig. SA). As seen in Table 3, root
primordia initiation was delayed in Doyenne
d'Hiver relative to Conference; therefore, although
putrescine levels were essentjally the same at the
beginning of the experiment, the putrescine content
in Doyenne d'Hiver was actually higher than in
Conference at the onset of root primordia forma-
tion. In Conference microcuttings spermidine dou-
ble in coincidence with the peak of IAA occurring at
day 1 or 2 (Fig. 5C). No consistent trends between
cultivars were noted in free spermine levels (Fig. 5,
E and F). The levels of bound PAs were always very
low in both cultivars (data not shown).

Effect of High IBA Concentration on
Auxin Metabolism

Auxin metabolism was studied in microcuttings
treated with 15 uM IBA, a concentration that al-
lowed a similar rhizogenetic response in both culti-
vars.

At 24 h after application, all of the labeled IBA
was taken up by both cultivars. Only 5 and 10% of
the total radioactivity from [“C]IBA was found as
free IBA in Doyenne d’Hiver and Conference cul-
tivars, respectively (Fig. 6). About 80% of the “C
label chromatographed as IBAGluc; smaller per-
centages of radioactivity, corresponding to other
metabolites, were observed in both cultivars. The
Ry of these metabolites suggested that they were
free IAA, 1IAAGluc, and IAAsp. The relative
amounts of free and conjugated IAA were not sta-
tistically different between the cuitivars. Histologic
studies of cuttings of both cultivars in 15 uMm IBA
showed high meristematic activity in the region of
the phloem and the involvement of medullary pa-
renchyma in rhizogenesis (Fig. 7A). It is important
to note that this high IBA concentration also caused
undesirable callus formation at the shoot base, par-
ticularly in Doyenne d'Hiver, reducing the survival
of plants during the acclimatization phase. In addi-
tion, some root primordia forked and developed
into two emergent roots (Fig. 7, B and C) with a
clear vascular connection with the stem by day 8
(Fig. 7D).

Discussion

The data presented here demonstrate that microcut-
tings provide a useful model for conducting physi-
ologic experiments. In fact, one can work with a
large population of uniform plant material, mi-
crocuttings readily take up compounds from the
media, and experiments can be conducted under
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Fig. 7. Transverse section of Conference microcutting at day 8 after high IBA treatment (15 uMm). Several root primordia and roots are
evident; arrows show root primordium in the pith (A). Forked root primordia and forked roots (B). Higher magnification of the forked
primordium (C). Arrows show vascular connection between stem and root (D). Bar indicates 300 um in A and B and 100 wm in C and
D. fr, fork root; fp, fork root primordia; er, emergent root; co, cortex.

sterile conditions that eliminate artifacts due to mi-
crobial metabolism.

A previous work (Baraldi et al. 1993) had shown
that at 1.5 uM IBA only Conference metabolized
the IBA to detectable levels of IAA. We now show
that Doyenne d'Hiver is capable of this conversion
but at a 10 times higher concentration of the applied
IBA. This concentration induces similar rooting
percentages in both cultivars, although the macro-
scopic growth of callus observed, particularly with
Doyenne d'Hiver, may suggest a different response
of the competent cells to the exogenous hormone.
The critical treatment period for root induction in
Conference at the IBA concentration of 1.5 uM is 1

day in contrast to the 2-day exposure required to
see stimulation of rooting percentage in Doyenne
d'Hiver. This difference may be due in part to the
reduced rate of uptake and failure to convert IBA to
IAA by Doyenne d'Hiver as compared with Con-
ference at that concentration. Auxin stimulation of
the high number of initial cells with the subsequent
poor root development in Doyenne d'Hiver may be
explained if the first anatomic changes that take
place only result in vascular development instead of
root primordia, as has been reported to occur by
Lovell and White (1986) and Mitsuhashi-Kato et al.
(1978). The anatomic differences (the presence of
fibers outside the phloem) are not a mechanical hin-
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drance for the centrifugal root development arising
from the initial cells as observed in olive (Lovell
and White 1986).

There is a peak in IAA levels in Conference be-
fore root induction. Based on this timing, the mag-
nitude of the change, and the observation that an
increase in IAA levels does not occur in Doyenne
d'Hiver, we suggest that changes in the levels of
endogenous IAA are related in a critical way to the
rooting process in pear microcuttings. Increased
levels of conjugated IAA appeared to be related to
the lower rooting seen in Doyenne d'Hiver. The
high putrescine levels, attained only in Doyenne
d'Hiver, strongly support its possible inhibitory ef-
fect in root formation as also observed by Tiburcio
et al. (1987). In our plant material spermidine did
not peak as markedly as observed in Nicotiana thin
cell layers before the appearance of root meriste-
moids (Torrigiani et al. 1989).

In conclusion, root production in both cultivars is
not anatomically hindered, and both cultivars are
capable of metabolizing IBA to similar compounds.
This ability is, however, dependent on the exoge-
nous IBA concentration, which must be higher for
the difficult-to-root cultivar. Results from the anal-
ysis of PAs showed that increased levels of pu-
trescine were associated with the lower rooting
found in Doyenne d'Hiver.
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