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Introduction

Plant parts with a plasticity of morphogenctic
response have provided useful experimental material
for study of the hormonal control of organ forma-
tion. Of particular value are cases in which alter-
nate organ-forming potentials can be attributed to
the same cell or group of cells, In the formation of
endogenous huds and lateral roots from Conwoltulus
arvensis roots, both tvpes of organs originate from a
small number of pericycle cells at sites opposite the
protoxylem poles. Several vears ago, Torrey (14)
reported that a clone of roots of this species had
been established from the radicle of a seedling ger-
minated in 1932, making possible controlled investi-
gations of the physiology of organ formation in con-
tinuous root cultures.

The majority of physiological studies of bud and
root formation in roots deals with thickened root cut-
tings. Organ formation in these cases is generally
observed either in regions surrounding old lateral
root traces or from callus tissue developing at cut
surfaces. In either situation organ formation from
root cuttings was found to be polar, with bud forma-
tion at the proximal* end and root formation or
callus growth at the distal end.  Plant (9). working
with root cuttings of Crambe, Warmke and Warmke
(17), with Tararacim and Cichorium cuttings,
Emery (4), with Chamacnerion cuttings, and Lind-
ner (7), with Cochlearia cuttings, found that auxin
application to the proximal end of the root cuttings
resulted in inhibition of bud formation, promotion of
root formation, and suppression of the polarity of
organ formation. Tt was suggested that the polarity
of organ formation in untreated cuttings resulted
from differences in auxin concentration at the ends
of the cuttings. Lower auxin concentrations at the
proximal end promoted bud formation and higher con-
centrations at the distal end promoted root formation.
Lowering the auxin level at the distal end should then
result in bud formation at hoth ends.  Stoughton and
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¢ The terms proximal and distal are defined with re-
spect to the root apex; distal regions of the root axis
are closer to the root tip than proximal regions.

Plant (11) repeatedly excised 1-mm slices at 5-day
intervals from both ends of Crambe cuttings to re-
move auxin accumulating at the distal end and to
prevent new synthesis of auxin by buds which would
otherwise form at the proximal end. \fter 8 weeks
of this treatment. cuttings regenerated buds at both
ends.

Warmke and Warmke (17) attempted to confirm
the theory of auxin control over bud and root forma-
tion in Cichorium cuttings by extraction and hioassay
of the endogenous auxin. Forty-eight hours after
excision of the cuttings, they found that there was a
somewhat greater amount of auxin activity in the
neutral fraction extracted from the distal end than
from the proximal end. By 96 hours there was more
auxin activity in the free auxin fraction extracted
from the distal end than from the proximal end.

An investigation of the chemical control of polar
organ formation in Conwvolrulus root segments was
undertaken to determine whether the same control
mechanisms described for thickened root cuttings are
operative in endogenous bud and root formation from
the pericycle of cultured roots comprised of only
primary tissues.

Materials and Methods

Stock cultures of Convoltulus arvensis roots were
maintained in 125-ml Erlenmeyer flasks on a modi-
fied Bonner pea root medium (12) at an initial pli
of +5. Root segments were cultured in the dark
for 6 to 8 weeks, at which time the total length of
the elongated lateral root was about 900 to 1300 mm.
Each root was removed from the flask. placed in a
dry. sterile petri plate, and cut into segments for usc
in the experiments. Segments were cultured either
in Erlenmeyer flasks containing liquid medium or in
petri plates containing medium solidified with 0.7 9
agar. Root pieces which floated in liquid media
could be cultured in stationary flasks. Successful
culture of submerged pieces required constant agita-
tion on a horizontal rotary shaker at 80 rpm.

For experiments in which either or hoth ends of
segments were treated with growth substances, seg-
ments were placed vertically within a petri plate
which contained solidified medium in both the hot-
tom half and adhering to the top half. Ten 15-mm
segments were placed upright in each petri plate.
supported between the 2 lavers of medium to a depth
of 3 mm at each end.

Because conditions favoring organ formation may
be markedly different from conditions favoring or-
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gan elongation (13), segments were cleared by the
method of Jacobs (6). so that all primordia could be
examined. A dissecting microscope was used to
record the number and position of buds and roots
along the segment axis. The criteria for distinguish-
ing buds and roots in cleared root segments have
been discussed elsewhere.?

Stock solutions of all growth regulators were
sterilized by Millipore filtration and added asept-
ically to autoclaved and partially cooled medium.
Unless stated otherwise, segments were cultured in
the presence of the growth regulators for the dura-
tion of the experiment. In no case was the growth
regulator replenished during long-term culture. The
growth regulators used in these experiments and the
source from which they were obtained were as fol-
lows: indoleacetic acid (IAA), Nutritional Bio-
chemicals Corporation; 2,3,5-triiodobenzoic  acid
(TIBA), Eastman Kodak Company; 6-phenylamino-
purine (PAP), Mann Research Laboratories; kine-
tin (K), Cyclo Chemical Corporation; 6-benzylami-
nopurine (BAP), Shell Development Company.

Results

Organ Initiation in Intact Cultured Roots. Ana-
tomical investigations of intact roots were conducted
to determine the distribution of organ primordia
along the root prior to segment excision and the lo-
cation of any organs on the pathway to bud or root
formation.® The study showed that in untreated in-
tact roots organ initiation occurred in regions just
proximal to the elongation zone. This observation
was unexpected since the intact root axis showed no
macroscopically visible organs for at least several
hundred millimeters behind the tip. In sections de-

® Comparative Anatomy of Endogenous Bud and
Lateral Root Formation in Convolvulus arvensis Roots
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rived from the apical 165 nmn of the root axis. there
were about 3 primordia in each 153-mm region of the
root axis. FEach primordium had developed to a
stage in which no more than 3 radial rows of cells
had formed by division of the pericycle and its deriva-
tives. The presence of these small primordia in in-
tact roots made it impossible to obtain segments which
were without primordia at the outset of an experi-
ment on organ formation.

Organ Formation in Untreated Scgments. Te
obtain reliable results in experiments on polar pheno-
mena, material should be used in which the disposition
to form organs is the same along the axis. This was
tested over the terminal 165 mm of the root, a region
considerably distal to the first macroscopically visi-
ble organs. From each of 20 cultured roots a 15-mm
tip portion was removed, and then ten 15-mm seg-
ments were excised. Corresponding segments, one
from each root, were pooled and cultured in petri
plates. After 6 weeks in culture, segments were
cleared, and the number and position of organs were
recorded. There was no striking change in either
the number or position of roots or buds in segments
within this region (table I). Root formation was
always confined to the distal end of the excised seg-
ments. Because all segments excised from this por-
tion of the root axis demonstrated the same capacity
for polar organ formation, no special precautions
were observed in subsequent experiments to distin-
guish segments with respect to their distance from the
root apex.

Investigations of the polarity and capacity for
organ formation were extended to longer and shorter
segments. After 6 weeks in culture, segments vary-
ing in length from 1.5 to 50 mm were cleared and
the number and position of organs were recorded.
The numbers of organs formed by these segments
are shown in figure 1. Segments 1.5 mm long are
practically incapable of organ formation. With in-
creasing segment length, the number of buds in-

Cul«?ﬁﬁi in Vitro. Am. J. Botany. In press. creased, but the increase was not proportional to the
Table I. Organ Formation from 15-mm Segments Excised at Different
Distances from the Root Apex
Segment
distance Mean bud Mean root
from distance distance from
root apex Buds/ from proximal Roots/ distal end
(mm) segment end (mm) segment (mm)
15-30 4.2% 6.2 = 5.1%* 1.3* 2.7 = 2.2%¢
3045 4.9 6.4 * 4.6 1.6 28 = 3.0
45-60 4.5 69 = 47 1.7 23 =16
60-75 4.8 72 = 45 1.6 24 + 26
75-90 5.6 7.6 + 45 1.7 14 = 08
90-105 4.7 73 = 41 14 19 = 20
105--120 4.5 72 *+ 46 1.4 1.3 = 07
120-135 5.4 71 = 46 16 22 = 32
135-150 4.7 6.3 = 42 1.2 - 14 = 0.7
150-165 3.9 5.7 = 45 1.2 12 = 07

* Average of 20 segments.
#*  Standard deviation from the mean.
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increase in segment length. The number of roots in-
creased in proportion to the increase in segment
length.

The organ distributions observed in these seg-
ments are illustrated in figure 2. Tt is apparent that
the polarity of root formation persists at all segment
lengths tested. This result indicates that the sites of
root formation along the primary root axis are de-
termined by the position of the cuts made when ex-
cising the segment. Any portion of the axis capable
of producing roots may be inhibited from this ex-
pression by its proximal position following segment
excision. Bud formation, on the other hand. showed
a different polar distribution. The average distance
of buds from the proximal end increased proportion-
ally with segment length, remaining about two-fifths
of the way from the proximal end. A completely
polar separation of organ types was never observed
hecause at all segment lengths some buds developed
near the distal end.

Experiments «with Short Segments. Approxi-
mately 100 segments 1.5 mm long were excised from
each cultured root and transferred to petri plates
containing medium with various concentrations of
[AA, or PAP. or both. About 25 segments were
placed in each petri plate, with 3 or 4 plates in each
treatment. After 6 weeks the segments were cleared.
and the numbers of buds and roots were recorded.
The results, expressed as the percent of organ forma-
tion, are shown in figure 3. 'The percent root for-
mation is the total number of lateral roots divided by
the total number of segments and multiplied by 100.
Because some of the segments formed more than 1
root, the percent root formation is not equivalent to
the percent of the segments which formed lateral
roots, The same calculation was used for endogen-
ous bud formation. In some treatments other buds
appeared from a proliferation at the cut end of the
segients. Because these buds are commonly ob-
served to develop in longer segments in responsc to
treatment with a cytokinin (14), they are referred
to as kinin-induced buds. In many cases, a large
number of these buds developed on 1 segment, so the
percent formation of this bud type is the number of
segments which formed these buds divided by the
total number of segments and multiplied by 100,

d

Fic 1. The influence of segment length on organ
formation in root segments cultured for 6 weeks, cleared,
and counted.

Fi6. 2. The distribution of buds and roots in seg-
ments of different lengths cultured for 6 weeks, cleared,
and counted. The proximal to distal direction runs
from left to right. Each bar represents the total num-
ber of buds or roots recorded in 35 segments in each 1-
mm interval. In 3 cases the data are based on fewer
segments; 17 segments 2.6 mm long, 20 segments 15 mm
long, and 12 segments 50 mm long. The number of or-
gans in each millimeter portion in these cases was multi-
plied by the appropriate correction factor.
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The results of figure 3 show that IAA alone was
more effective in restoring the capacity of these
short segments to form endogenous buds and roots
than all combinations of TAA and PAP tested. 'The
optimum concentration of IAA for root formation
was 5 X 107 a; the optimum concentration of TAA
for endogenous bud formation was 5 X 1077 M. Root
formation was inhibited by all concentrations of PAD
tested and was totally suppressed at concentrations
above 24 X 10" M. No combination of these
growth substances significantly promoted endogenous
bud formation in the ahsence of a concomitant pro-
motion of root formation. There was no evidence for
the control of root or bud formation by a critical
balance of auxin and cytokinin. Although experi-
mental separation of endogenous bud and root forma-
tion was not achieved by these treatments, promotion
of lateral root formation occurred under different
treatments than promotion of kinin-induced buds.
High PAP concentrations coupled with little or no
auxin were the most effective treatments in induc-
ing these buds.

Effect of Cyxtokinins on Organ Formation in 13-
mm Scgments.  Torrey (14) found that treatment of
Conwvolvulus root segments with kinetin resulted in
a proliferation from the distal cut surface and sub-
sequent bud formation. Benzylaminopurine and
phenylaminopurine were tested and found to have the
same effect. Segments 13-mm long were cultured
in liquid medium on a shaker. To facilitate distin-
guishing the ends of segments cultured in liquid me-
dium, segments were cut so that the proximal cut
surface was oblique and the distal cut surface was
perpendicular to the long axis of the segment. At
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Fic. 3. Organ formation in 1.5-mm segments cul-
tured for 6 weeks in various concentrations of IAA and
6-phenylaminopurine. The 3 columns under each of the
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bottom of the figure. The first column represents the
percent root formation, the second column the percent
endogenous buds, and the third column the percent kinin-
induced buds.

the end of 10 weeks the segments were cleared and
the number of organs was counted. At 4.7 X 10%
PAP. there was a slight inhibition of lateral root
formation but no effect on the number of buds. A
concentration of 4.7 X 107" a1 PAP completely in-
hibited lateral root formation without inhibiting bud
formation.
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Fi1c. 4. The distribution of organs in 15-mm seg-

ments cultured in the presence or in the absence of 6-
phenylaminopurine for 10 weeks, cleared, and counted.
The proximal to distal direction runs from left to right.
Each bar represents the total number of buds or roots
recorded in 15 segments in each l1-mm interval.

Since concentrations of PAP can be found which
will inhibit root formation without inhibiting bud
formation, cytokinin treatment may cause primordia
which would have developed into roots to develop
into buds. Because of the strong polarity of root
formation. the conversion of a large number of pri-
mordia into buds at the distal end would be readily
apparent by a plot of the distribution of buds and
roots. In figure 4 the distribution of buds and roots
is shown for 15 segments treated with 4.7 X 107 n
PAP and for 15 untreated segments. ‘T'he distri-
bution of buds and roots indicates that PAP acts to
inhibit the formation of roots at the distal end of
the segment without increasing the number of buds
at the same end.

Treatment of "135-nun Segments with Increasing
Concentrations of 1AA. Segments were cultured on
the shaker in liquid medium containing auxin in
concentrations ranging from 107 to 107> am. .\t the
end of 6 weeks the.-segments were cleared. and the
number and position of organs were recorded. The
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resuits are shown in table I1.  As the auxin concen-
tration was increased. root formation was promoted
and bud formation was progressively inhibited. At
107 ar TAA, bud formation was completely sup-
pressed: clearly the polarity of root formation was
overcome as root formation occurred all along the
segment axis.

TIBA Treatuient of 13-mm Segments.  Root seg-
ments were cultured in liquid medium on a shaker
in various concentrations of TIBA. At the end of
6 weeks, the segments were cleared and the num-
ber of organs was determined. The polarity of dis-
tribution of organs could not be determined in this
experiment because the segment ends were both cut
perpendicularly to the root axis. Increasing TIBA
concentrations progressively inhibited root formation
without markedly inhibiting bud formation until, at
a concentrationn of 107 ar TIBA. root formation was
reduced to an average of 0.2 roots per segment.
Bud formation was only slightly affected (3.5 buds
per segment).

If the only effect of T'IBA was to prevent a local
concentration of auxin from reaching a level high
enough to promote the development of primordia into
roots, it might be expected that the number of buds
would rise as the number of roots declined. This
result was not obtained in any of the TIBA treat-
ments.

Treatment of 13-mm Scgments with 14A during
Portions of an 8-11"cck Span in Culture.  In untreated
15-mm segments, development of all lateral roots to
a stage recognizable in cleared root segments
nearly completed by the end of the first week in
culture.  Since auxin greatly promoted the number
of roots, experiments were undertaken to determine
when auxin application to segments was most effec-

is
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roots per segment, but longer periods of auxin treat-
ment were more effective than shorter periods (table
ITT). Segments cultured continuously in auxin de-
veloped many more roots than any of the other
treatments. Three of these segments arc shown in
figure 5. Bud formation was also strikingly pro-
moted by treatments with auxin for several days. A
S-day auxin treatment resulted in 11.6 buds and 7.3

Fic. 5.

Root segments 15 mm long cultured for 8
wecks in liquid medium containing 10-5 ar TAA.

Table III. Organ Formation in  15-mm  Scqgments
Treated with 1005 st 1A during Portions of an
8-IWeek Span in Culturce

tive. Segments werce placed in liquid medium con- IAA treatment Buds/ Roots/
taining 107 a TAA and cultured on the shaker. on day segment segment
After 1 day in culture, 14 segments were transferred e
. - X J N . S() - D O s
to medium without auxin. \fter 2 days, 14 more seg- i\o treatment ‘;3 . 3; l,t _i,_ (1)_7‘
ments were transferred to auxin-free medium. This 1.2 85 + 41 14+ 23
was repeated at 3,4.3 and 6 days. Fourteen seg- 1:_7 3 76 = 38 59 + 39
ments remained in A\ for the duration of the ex- 1,2,3,4 108 = 4.2 57 = 38
periment, and 14 segments did not receive any auxin 1,2,3,4.5 11.6 = 44 7.3 = 24
treatment. After the 8-week culture period, the seg- 1.2,3.4506 80 = 27 46 = 1.3
ments were cleared and the number of organs was 1-5 0 168 * 84
counted. ) Standard deviation of the mean. There were 14
Al auxin treatments promoted the number of segments in each treatment.
Table II. Organ Formation in 13-mm Segments Cultured for 6 Wecks in 144
Mean Bud Mean root
TAA distance from distance from
conc Buds/ proximal end Roots/ distal end
(ar) segment (mm) segment (mm)
0o a5 woax T 56« s 1204  14=12
10~ 46 = 1.3 45 + 53 1.3 = 0.6 1.1 = 0.
1077 60 = 3.2 6.4 £ 4.5 27 = 1.0 28 *+ 35
1076 1.1 = 15 46 = 3.1 81 =+ 3.6 53 = 46
10-5 0 147 = 58 7.2 = 44

* Standard deviation of the mean.

“There were 15 segments in each treatment.

|
|
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roots per segment, whereas in segments treated with
auxin throughout the duration of the experiment.
no buds and many more roots were formed. The
maximum number of buds recorded in 1 segment was
22 for a 5-day treatment with TAA; in 1 segment
cultured continuously in IAA, the maximum num-
ber of roots recorded was 30. These results show
that to obtain a large number of roots, auxin treat-
ment must be protracted.. If auxin is withdrawn
after a few days, a promotion of both buds and roots
is obtained. No experiments were conducted in
which segments were treated with auxin for periods
longer than 6 days but shorter than 56 days.
Application of Growth Regulators to the Ends of
15-mm  Segments. Petri plates were prepared so
that root segments could be treated with various
concentrations of IAA, BAP, or kinetin at either end.
Ten 15-mm segments were excised from each root
and placed upright in a petri plate so that their distal
ends were always towards the bottom of the petri
plate and down with respect to. gravity. Experi-
ments with untreated segments placed horizontally
or with their distal ends up, or down, established
that there was no significant effect of gravity on
either the number or the distribution of endogenous
buds and roots. After 6 weeks of culture in the
dark, segments were cleared, and the number and po-
sition of organs were determined. The results are
shown in table IV. Cytokinin treatment of the
proximal end of segments was relatively ineffective
in inhibiting root formation; cytokinin treatment of
the distal end was as effective in inhibiting root for-
mation as cytokinin treatment of the entire segment.

FORMATION IN CONVOLVULUS 1233

As an inhibitor of lateral root formation. BAP
showed more mobility, or more activity, or both, than
kinetin. When segments were treated with auxin
alone, a slight promotion ¢f the number of roots was
observed. The magnitude of the promotion was
independent of the direction of auxin application.
Auxin applied to the distal end did not influence the
distribution of lateral roots whereas auxin applied to
the proximal end slightly shifted the mean position
of roots towards the proximal end.

When TAA and a cytokinin were supplied in com-
bination, quite different results were obtained. Kine-
tin treatment of the proximal end of segments treated
at the distal end with TAA did not alter the lateral
root-forming response to the auxin treatment. Kine-
tin treatment of the distal end of segments treated at
the same end with TAA suppressed nearly all lateral
root formation. Neither of these treatments af-
fected the locus of lateral root formation. When
root formation at the distal end was inhibited by cyto-
kinin (BAP) treatment and auxin was added to the
proximal end, the inhibitory effect of BAP on lateral
root formation could be fully reversed to control
levels, but the site of lateral root formation was
altered. The average distance of lateral roots from
the distal end was progressively shifted towards the
proximal end as a result of increasing auxin concen-
trations applied at the proximal end and increasing
BAP concentrations applied to the distal end. By
a treatment of 107 M auxin in combination with 1.0
mg/liter BAP, the number of lateral roots per seg-
ment (1.0) was nearly the same as the number in un-
treated segments (1.2): however, the average dis-

Table 1V. Effect of Cytokinin and Auxin Treatment on Lateral Root Formation in
15-mm Segments Cultured for 6 Weeks

o Mean root
Treatment at Treatment at Roots/ distance from
proximal end distal end segment distal end (mm)
None : None 1.2 1.1 = 0.3*
0.1 mg/liter K None 1.3 1.5 =12
1.0 mg/liter K None 1.0 1.5 = 07
0.1 mg/liter BAP None 1.0 14 = 0.6
1.0 mg/liter BAP None 0.6 1.0 = 0.6
None 0.1 mg/liter K 0.7 20 = 06
None 1.0 mg/liter K 0.0
None 0.1 mg/liter BAP 0.1 1.5
None 1.0 mg/liter BAP 0.0
None 1076 ar TAA 1.8 1.5 = 21
None 1075 M TAA 2.0 15 = 1.0
1076 a1 TAA None 1.6 23 = 32
1075 M TAA None 21 28 += 3.6
1.0 mg/liter K 1075 ar TAA 25 1.1 = 03
None 1075 » 1AA + 0.2 1.5 = 06

1.0 mg/liter BAP .
1076 a TAA 0.1 mg/liter BAP 0.9 27 = 3.6
105 a IAA 0.1 mg/liter BAP 1.9 44 > 48
1075 a1 TAA 1.0 mg/liter BAP. 1.0 9.6 =*= 3.6

* - Standard -deviation of the mean. - There were 10-segments im ea_éh;:t,reatment;
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tance of lateral roots froin the distal end was shifted
from 1.1 mm in the latter case to 9.6 mm in the
former case.

In the experiment in which the ends of segments
were treated with growth substances, all the differ-
ences in the number and distribution of buds were
small and inconsistent in various treatments. The
failure to achieve any control over bud formation by
these treatments may possibly be attributed to the
difference in the rate of development of endogenous
buds and roots. In these experiments segments
were left in the treatments for the duration of the
experiment, but it is unlikely that the hormonal levels
within the segments remained constant long enough
to significantly influence bud formation.

Discussion

Two approaches to studving the chemical control
of organ formation have been applied. The first
of these involved the use of segments which were
short enough so that the polarity of the tissue was
of little importance and the endogenous hormone
levels were too low for consistent organ formation.
The second approach involved the treatment of longer
segments with growth regulators at concentrations
high enough either to overwhelm the endogenous
hormonal regulation and thereby to inhibit or accen-
tuate the normal response. or to effect a morpho-
genetic response which is identical with the response
controlled endogenously. but which occurs at a dif-
ferent locus along the root axis. These approaches
provide an indication of the endogenous control over
organ formation to the extent that a full measure of
control over the morphogenetic response is obtained.

Untreated root segments, 1.5 mm long., were al-
most entirely incapable of organ formation. Seg-
ments 2.6 mm long formed. on the average. nearly 1
organ per segment. Other workers have similarly
noted a critical size for organ formation in root cut-
tings. Dore and Williams (2) studied formation of
rocts and huds from horseradish root cuttings.  These
organs appear from the region surrounding old
lateral root traces. Only a few primordia and 1
bud developed from the many plugs of tissue. 1.24
mm in diameter and 2 mm deep, which were bored
out of thickened roots so that they each included 1
old root trace. Slices 1 mm thick of roots several
millimeters in diameter developed both roots and
buds.  Warmke and Warmke (17) reported that
dandelion root cuttings would not regenerate if the
diameter was less than 1.25 mm or the length less
than 6 to 10 mm.

To restore bud and root formation in 1.5-mm
Contoleulus root segments, addition of auxin was
the only requirement. Phenylaminopurine inhibited
the promotion by auxin of endogenous organ forma-
tion but induced production of buds from the cut
surface of the segments.

In an approach similar to that of working with
short segments. hormonal interactions in organ for-
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mation have been investigated in callus tissue. In
many cases organization must also be induced by ad-
dition or withdrawal of growth regulators. It was
with such a system that Skoog and Miller (10)
showed that both a cyvtokinin and an auxin were re-
quired for organ formation. and the relative concen-
trations of the 2 hormones determined whether buds
or roots developed. In cell colonies derived from cell
suspensions of Convolvulus root callus, Earle and
Torrey (3) were able to induce bud formation pre-
dictably with balanced concentrations of auxin and
cyvtokinin in a synthetic medium. Although in a few
instances roots were induced in these cultures. no pre-
dictable control of root initiation was achieved. In
L5-mm Convolrulus root segments, control of en-
dogenous bud and root formation by different inter-
acting concentrations of TAA and PAP was not
achieved. The formation of buds from the cut end
of segments was more closely analagous to the re-
sponse of tobacco callus tissue than was the formation
of endogenous buds. Exogenously supplied cyto-
kinins were not required for endogenous hud or root
formation.

The simplest explanation for the difference be-
tween the distal 1.5 mm of a 15-mm segment., which
nearly always is a site of lateral root formation, and
the excised 1.5-mm segment is the presence of suf-
ficient auxin to cause lateral root formation in the
distal 1.5-mm portion of the longer segments. This
high auxin level must be due to polar movement of
auxin from the proximal region of the segment to
the distal end. Experiments using C'*-IAA have
already confirmed the existence of polar auxin trans-
port in Conwoltulus root segments (1). Addition of
exogenous auxin would be expected to raise the level
of auxin along the entire segment axis and result in
a marked promotion of root formation. coupled with
a suppression of the polar distribution. Such a re-
sponse was obtained when auxin at a concentration
of 107 m was supplied.

The only significant promotion of bud formation
observed in 13-mm segments was in response to
auxin treatment, Treatment of segments for several
days in auxin at a concentration of 10% M, followed
by removal of the segments to medium lacking auxin,
led to a significant promotion of bud formation.
When segments were allowed to remain in auxin in-
stead of transferring them to medium without auxin.
only roots developed. These responses may be due
to the initiation of a large number of primordia by
auxin, which can then develop into cither buds or
roots depending on subsequent auxin levels.

Whether organ formation in untreated segments
represents  continued development of preexisting
primordia or initiation and development of new pri-
mordia, the act of excision resulted in differences of
organ-forming capacity in regions which had been
adjacent to each other prior to excision. Roots de-
veloped only at the distal end of segments. Although
buds, which develop more slowly., were most often
found near the proximal end, they also frequently ap-
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peared near the distal end. This distribution of or-
gan formation requires that the chemical environ-
ment at organ-forming sites be similar enough to
bring about bud formation at both ends of excised
segments yet dissimilar enough to cause restriction
of root formation to 1 end only. An explanation
for this distribution is suggested by the results of
table III. If the development of primordia into
roots reduces the ambient auxin concentration at the
distal end of a segment to a level below that required
for root determination, then other more slowly devel-
oping primordia would develop into buds. A similar
explanation could be invoked for the development of
primordia into buds instead of roots, which was found
in the regions of the intact root nearer the root apex.
Polar lateral root formation in untreated seg-
ments is believed to result from acropetal polar move-
ment and accumulation of auxin at the distal end.
Polar transport of IAA has been shown to be inhibited
by TIBA. Niedergang-Kamien and Skoog (8)
found that TIBA at a concentration of 4 X 107 M
prevented accumulation of endogenous free auxin at
the basal end of excised tobacco stem segments. The
restriction of bud formation to the basal end was
also altered by TIBA, such that the region of most
active bud formation shifted from the basal end to-
wards the apical end as the concentration of TIBA
was increased. Recently Hertel and Leopold (5)
showed that 2 X 1073 m TIBA inhibited polar trans-
port of exogenously supplied C'*-IAA in corn cole-
optiles. Similar concentrations of TIBA also in-
hibited lateral root formation in Convolvulus root
segments. If root formation depends on an accumu-
lation of auxin at the distal end, an inhibition of
polar transport by increasing concentrations of TIBA
would not decrease the polar distribution of root
formation but, rather, suppress root formation. This
result was obtained as the concentration of TIBA
was increased from 2 X 1077 to 2 X 1075 M.
Further evidence for the polar movement of auxin
and its role in root formation was obtained by auxin
application to the ends of root segments. By manipu-
lating the direction of application and the concen-
tration of cytokinin (BAP or K) and auxin (IAA),
it was possible to inhibit, promote, or alter the num-
ber and position of lateral roots. A segment could
be cultured such that a root would develop near the
proximal end of the segment and buds would develop
in regions distal to the root. Such a segment. with
regard to organ formation, exhibits a polarity op-
posite to that of an untreated segment. The polarity
of the segment was not changed, but rather the
gradients of organ-forming factors resulting from
the polarity of the segment were experimentally modi-
fied by auxin and kinin applications. Alterations of
the polarity of organ formation in root cuttings have
also been reported by Warmke and Warmke (17).
Interactions of applied auxin and kinin resulted
in root formation in the middle of segments, with
regions of the segment axis in botk the proximal and
distal direction free from lateral roots. In intact
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roots, which develop lateral roots at specific sites
along the root axis, localization of root formation
to these sites. as in the case of root segments, may
be the result of a balance of inhibiting and promoting
factors. Torrey (13.15.16) developed the concept
of control of lateral root formation in pea root seg-
ments by an interaction of several substances. Lateral
root formation was found to be influenced by auxin,
thiamin, nicotinic acid, naturally occurring inhibitors,
micronutrient elements, adenine, and kinetin. He
suggested that localized lateral root formation in the
intact root could be brought about by interactions of
these factors. with the root tip acting as a site of cy-
tokinin production.

Gradients of interacting factors may be invoked
to explain localization of lateral root formation to
certain regions along the longitudinal axis. but these
gradients do not readily explain either the localiza-
tion of root formation to pericycle cells opposite pro-
toxylem points, ie.. the radial localization, or the
limitation of primordia to 1 or 2 of the poles at any
transverse level. Although the number of protoxylem
poles varies from 3 to 6 in cultured Conzolzulus roots,
no more than 2 or 3 primordia at a given level have
been observed in sections of untreated segments.

Treatment of Conwvolvulus root segments with
auxin resulted in promotion of lateral roots in 1.5-mm
and 15-mm segments, in promotion of bud formation.
in inhibition of bud formation, and in alteration of
the site of lateral root formation. The interpreta-
tion of these results can best be predicated on the
existence of an acropetal transport of auxin.

Summary

Isolated root segments of Convolvulus arvensis are
capable of developing into plants by forming both
endogenous buds and roots. Root formation in un-
treated segments was limited to the distal end of the
segments, whereas formation of buds, although tend-
ing toward the proximal end, occurred anywhere
along the segment axis. The contrasting behavior of
the ends of root segments with regard to organ for-
mation was interpreted as the result of differing hor-
monal regimes at organ-forming sites along the
length of the segment. Several different types of
experiments indicated that movement of auxin from
the proximal to the distal end of segments might
underlie polar root formation. This hypothesis was
supported by the following observations: A) the po-
sition of lateral roots in segments was not altered by
auxin application to the distal end of segments,
whereas the position was influenced by auxin ap-
plication to the proximal end, particularly in con-
junction with cytokinin application to the distal end:
B) lateral root formation was inhibited by 107 M tri-
iodobenzoic acid, an inhibitor of polar transport of
auxin; C) short root segments, about 1.5 mm long.
rarely formed lateral roots in the unsupplemented
culture medium. They required only the addition of
auxin to this medium to form lateral roots.
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