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A bstract. Isolated fifth internodes of Coleus blumei Benth. were supplied with 3H-IAA
at their apical ends. Microradioautography, using thin sections (0.25-0.5 microns) of Epon
embedded tissue and liquid emulsion techniques, revealed extremely specific localization of
the acetone-insoluble derivatives of IAA. Changes in the patterns of labeling were followed
over periods of 3, 24, and 48 hr at various distances from the source of applied auxin. Pro-
gressively basipetal labeling of the cell walls of the youngest xylem elements was evident
with time. At the end of 24 hr the label was detected also within the cytoplasm or slime
of phloem elements. After 24 to 48 hr, labeling of plastids was evident. The results suggest
a continued incorporation of IAA derivatives into cell wall precursors.

Auxins affect vascular differentiation in many

plant systems (e.g., 1, 6, 9,28). In stems of Coleus,
IAA at physiological concentrations can completely
replace the leaves in their effect on tracheary regen-
eration in either elongating (7) or thickening inter-
nodes (23). The endogenous auxin of Coleus is
apparently IAA and only IAA, judging by RF values
on paper chromatograms, color tests, fluorescence
tests, and bioassays (20).

However, we have little evidence as to the locus
of action of IAA in causing tracheary differentiation.
Published work on the localization of auxins using
radioautographv has used mostly 14C or relatively
thick sections, with consequently poor resolution
(13. 16,26).

Since no experimental techniques are available
for the precise localization of both free and bound
fractions of exogenously supplied IAA, we have
examined the distribution of only the acetone-insol-
u,ble fraction in some detail. Our aim was to in-
crease the precision of radioautography by employing
tritium-labeled IAA and thin tissue sections (pre-
pared as for electron microscopy) and to increase
the efficiency by using Coleus fifth internodes for
which quantitative relationships between IAA and
vascular regeneration have been worked out (23).
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Trust Fund and facilities made available by the White-
hall and John A. Hartford Foundation to the Depart-
ment of Biology, Princeton University.

2 Present address: Biology Department, Yale Uni-
versity, New Haven, Connecticut.

sThe contributions of Mr. Hirshberg were incorpor-
ated in his 1968 experimental senior thesis at Princeton.

Materials and Methods

The plant material consisted of 10 mm median
segments excised from the fifth internodes of 7 to 8
week-old plants of Coleus blurnei Benth. of the
Princeton clone. Each internode segment was
wounded following the procedure described by
LaMotte and Jacobs (10) and stood vertically with
its basal end on a receiver block of 1.5 % agar gel
resting on a glass slide. The apical end of the
segment was covered with a similar donor block of
agar containing tritium-labeled IAA. The slides
were arranged within covered glass Petri dishes
lined with moistened filter paper and placed in a
growth chamber under long-day conditions (16 hr
light-800 ft-c) and a constant temperature of 240.
Uptake and translocation of the radioactive IAA by
the tissue (duplicate segments per treatment) were
allowed to proceed for periods of 3 hr, 24 hr, and
48 hr.

Tritium-labeled TAA (3H-IAA), tagged on the
benzene ring at the no. 5 carbon position and having
a specific activity of 15.8 c/mmole was obtained
from Isotopes, Incorporated, Westwood, New Jersey.
According to the manufacturers, the radiochemical
purity of the compound was better than 99 % at the
time of shipment and it was used immediately. The
final concentration of 3H-IAA in the donor blocks
was 5 X 10-7 M and each block contained approxi-
mately 2.0 ,,uc of the label.

After each incubation period, segments were pre-
pared for fixation. A 1-mm thick transverse section
was cut from each internode 1 mm below the apical
cut surface, and another from the middle of the
segment in the region of the wound. In the case of
internodes treated with IAA for 48 hr, a slice was
also taken 1 mm above the basal cut surface. The
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tissue was fixed in cold 4 % (v/v) glutaraldehyde
+ 1 % (w/v) paraformaldehcvde in 0.1 M phosphate
buffer at pH 7.2. The first 30 min of fixation took
place over ice unider vacuumn, followed by 2 and
one-half hr in the refrigerator. After fixation, the
slices were rinsed in three 20-min washes of cold
phosphate buffer and subdivided into smaller cubes
of tissue. Secondary fixation Nas in cold 1 % osmic
acid in the same vehicle for 1 hr. The fixed tissue
was rinsed in 4 changes of buffer and dehydrated in
a graded acetone series. The material was allowed
to remiaiin in 100 % acetone overnight at 2'. followed
the ntext day hv 2 nmore changes of acetone preceding
gradual infiltration bv Epon 812. Thin sections
(0.25-0.5 microns) of the Epon blocks were cuit with
a diamond knife on a Sorvall MT-1 ultramicrotome.
Sections selected for uniformity of interference colors
under reflected light were affixed to non-subbed
slides. Approximately 20 slides, each with 3 tranis-
verse sections, were prepared from every block
sectioned.

Radioautography was carried out employing
methods adopted from Caro (2). Prescott (15),
and Stevens (22). Kodak NTB-2 liquid nuclear
emulsion was diluted 1:3 with water and the slides
coated using the dipping technique. The coated
sections were exposed for 2 weeks at room tempera-
ture. The radioautogramis w-sere developed using the
following procedure: 6 nmim in Kodak Microdol-X
(diluted 1 :3), 15 sec in 1 % acetic acid, 15 sec in
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distilled water, 5 min in Kodak Rapid Fixer, 5 to 7
min rinse in running water.

Sections were stained with two 20-sec treatments
with Toluidine Blue 0 at 600. The final slides were
photographed through a Leitz Ortholux microscope
using Kodak High Contrast Copy filml and a Kodak
Wratten 15G vellow filter.

Deternmination of the Distribuftioni of Radioac-
tivifty. A duplicate experiment, covering the 3 hr
and 24 hr periods, was performed in order to assess
the fraction of absorbed label relidere(I acetone-
insoluble within the tissule, alnd any possible degrada-
tive effects of the fixatives on the solvent-extractable
fractionl. At the end of each experimental pelriod.
half the nuniiber of inltelilode segmiienlts \as dropped
directly into 100 % acetone. The otlhers wenit
through the fixation l)rocedure and after the post-
osmic rinse were also extracted with acetonie. Donior
and receiver blocks wvere dropped into scintillation
fluid containing 25 % ethanol in Toluene-PPO-
POPOP (14). All samples were allowed to extract
for a minimum period of 48 hr in the refrigerator.
Half the volume of each acetone extract was trans-
ferred to a scintillation vial, dried down under an
infra red lamp, and the residue taken up in scin-
tillationi fluid for couinting. Samples from the ace-
tone extracts of duplicate fixed and unfixed internode
segments were spotted and run on Eastmlan thin-
laver Chromatograim sheets. The resolving solvent
was isopropanol :28 % ammonia :H2O (8:1:1) and

FIGS. la-ld. Histogramns representing thin layer chromatography of acetone extracts of fixed and unfixed Coleus
internodes treated with 3H-IAA for periods of 3 hr and 24 hr. Broken and- unbrokein lines on each figure represent
duplicate samples. No degradative effect of the fixation procedure is apparent.
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FIG. 2. Section from the apical end of internode treated with 3H-IAA for 3 hr. The label is present in the
thickened areas of the cell wall of young tracheary elements. Arrows indicate regions in which both secondary wall
material and silver grains are absent.

FIG. 3. Section from the apical end of internode treated with 3H-IAA for 24 hr. The walls of the young tra-
cheary elements and adjacent parenchyma cells are heavily labeled. Considerably fewer grains are present over the
walls of the oldest tracheary element to the right of the figure.
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the solvent front was allowed to travel 15.0 cm.
The silica gel from each RFI zone of the chroma-
tograms was scraped off into scintillation fluid.
Radioactivity was measured in a Tri-Carb liquid
scintillation cotinter. The data from all tissue ex-
tracts were corrected for quenching. employing a
corr-ection factor derived from control (cold) tissue
extracts to which known serial diltutionis of 3H-IAA
w-er-e a(lded.

Results

Distribution of Radioactivity. Analysis of the
datta representing the final activitv in the donor
blocks, receiver blocks, and the tisslue extracts re-
vealed that approximately 60 % of the radioactivity
bsol-bhed hv the tissue was rendered insoluble in

(acetone during both the 3 hr and 24 hr treatments.
Thle acetone extracts of fixed anid unfixed tisstue
segnieiits provided the radioclhromatographic (lata in
figuire 1. After 3 hr treatmlenit with :<H-TAA, most
of the activity was located at RI,(0 to 0.2, with a
iminor peak at RF, 0.8 to 9.9 (fig Ia, lb). No sig-
nificalnt activity was found at the position corre-
spondingl< to TAA (RF 0.5 to 0.7 on control chroma-
togranis). The close agreement in the histograms
of duiplicate extracts (broken vs. tunbroken lines)
empihasizes the reprodtucibilitv of the results.

In the case of tissue treated with 3H-IAA for
24 hr, the chromatograms revealed a broad zone of
activNity between RF 0-. to 0.9 (fig Ic, Id). This
zon0e Illma incluide hoth TAA and labeled derivatives
of the atxin. The peak of activity at RF, 0.2. present
after- treatmzenit for 3 hr. has virtually disappeared.

The low concentrationi of 3HT-TAA suppliedl
(5n X 10-7 AIM) anid the possibility that at this level
it nmav be rapidly metabolized must be borne in mind.
A point of importance, however, is the fact that the
fixation procedures have no apparent effect on the
pattern of distribuition of the soltuble label. One

ig,ht, ther-efore, reasonablv expect little, if anv.
effect oni the bound fractioni of the label supplied.

Radioautoqraphy: 3-Hr Treatment With 3H-
JAA. Tn the apical sections thel-e was distinct label-
ing of the cell walls of the youingest trachearv
elements (fig 29). The grains wx,ere restricted in
location to the portions of the wall that showed
secon(lary thickenings. (Note the absence of graiins
ait the arrows where secondary thickeninigs were not
present.) Tn some sections, xylenm parefnchyina cells
adjoining the labeled trachearv Cells also indicated
some radioactivity in tlheir walls. The silver grains
were distributed at randonm over the cross-sectional
area of the secondary wall thickenings, with nlo
preferential accumulation towards either the primary
wall or the lumen of the cell. No other tissues
showed any incorporation of label. The restriction
of labeling to the regions of wall deposition and the
observation that plasmolyzed cells showed no grains
over the cytoplasm, support the suggestion t-hat the

label was being specifically incorporated into second-
ary wall material.

Sections taken from midwav down the internode
segment after 3-hr apical treatment with 'H-IAA
showed no significant labeling of any tissue or cellu-
lar component, suipporting the interpretation that the
grains observed Nere due to the tritium label.

24-Hr Treatment zvith 3H-IAA. Apical sections
demonstrated heavy labeling of the secondary walls
of the youngest trachearv cells and adjacent paren-
chyma cells (fig 3). There was considerablv less.
although still significant. labeling of the walls of
older trachearv cells. Tn the case of xylem paren-
chyma cells the intensity of labeling was correlated
with increased birefringence of the walls uinder
polarized light. The -rains tended to accumulate
at the cell corners. Some localization of grains over
plastidis was also evident.

Sections taken niidwlN,av down the interllodes indi-
cated that a heavv accumullation of grains was re-
stricted to the walls of very voung trachearv cells
that were just beginiiing to differentiate and develolp
secondary wall thickeiiings. A suggestion of label
also accumulating over phloem elements w-as dis-
played by some of the thicker sections. No activity
w-as located over the cytoplasm or nuiclei.

j8-Hr 7Treatment With 3H-[AA. Tn the apical
sections very heavv labeling of yotung trachearv cells
-and adjacenlt parenchyma cells was displaved (fig 4).
The walls of enlarged cells, in the process of differ-
entiation into trachearv elements. w\ere also heavily
labeled. However, it was striking that other simi-
larlv enlarged cells in this region, that displayed no
visible ev'idence of secondarv w,all deposition. were
completely free of silver crainis. After this period
of treatmenit there was also prominent labeling of
plastids within parenchymnatous cells, partictularly
those in the xylem area and the inner cortex (fig 5).
Phloem elemlents also dem)on 'trated labeling. How-
ever, the lahel Nvas not present over the walls of
these cells, but was largely restricted to cvtoplasmic
or slime miaterial. With the exception of companion
cells that seemed to be relatively free of label, there
was no indication that the grains were located over
phloem elements of anv particular type or stage of
development.

Sections from the middle of the interniodes showed
grains distribulted over the walls of both voung
trachearv cells and x;ylem parenchvma. Again. plas-
tids in the cells of the xvlem parenchyma were
heavilv labeled.

A thick section (ca. 1-1.5 microns) taken from
the basal end of an internode segment displaved
intense labeling of phloem elements (fig 7). Figure
8 shows a thin section of the same group of cells
demonstrating an identical pattern of grain distribu-
tion. Whereas the companion cells appeared to be
free of grains, all other phloem elements displayed
intracellular accumulation of radioactivity. The
grains appeared to be located over both cytoplasm
and slime. Plastids in the surrounding parenchyma-
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FIG. 4. Section from the apical end of internode treated with 3H-IAA for 48 hr. Xylem parenchyma cells, ad-

jacent to the young labeled tracheary element, also indicate radioactivity in their walls correlated with increased bire-

fringence under polarized lig-ht.
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SABNIS ET AL.-INTRACELLULAR LOCALIZATION OF 3H-IAA LABEL

tous cells also indicated radioactivity (fig 6). There
was, of course. pronounced label over the walls of
young tracheary elements. Occasional indications of
some nuclear and cytoplasmic labeling were also
present.

Discussion

The current observation that adding 3H-IAA to
Coleus stems results in rapid and very specific
labeling of the walls of young. differentiating tra-
cheary cells ties in well with earlier evidence from
corresponding internodes of the same clone that the
amount of available IAA controls the numlber of
tracheary cells differentiated (23). The slow basi-
petal progression of this specific labeling over 48 hr.
correlated with the basipetal development of normial
cambial activity, further supports the view that the
labeling is a direct reflection of the action of TAA
(rather than of random exchange of tritium).

The results of earlier w-orkers are quite diverse.
Liao and Hamilton (13) examiined squash prepara-
tions of excised onion root tips treated with :5.7 /M
14C-IAA for 6 hr. They reported that "most of the
mneristematic cells" showed grains in both nucleus
and cytoplasm. Rasmussen anid Bukovac (16) added
very high concentrations of 14C-NAA (10-3 M and
10-5 M) to debladed bean petioles and concluded
from the heavy labeling of xylem elements in their
58 u sections that "conductive tissue appeared to be
a pathway for basipetal movement." Preliminary
experiments by Wangermann ('26), using 14C-IAA
applied to young internodes of Colcus, showed that
when thick sections of freslh tissue were applied
directly against X-ray filnm the blackening on the
inner margin of the bundles was co-extensive with
the general xylem regions of the v-ascular bundles.
The technique was not refined enough, according to
Wangermann, to decide whetlher the phloem was
active or not. Experiments still in progress, using-
frozen sections and liquid enmuilsion film, were cited
as showing some activity "conceltrated also in some
cells of the phloem." The only authors to tuse
tritium-labeled IAA (althouglh at 10-4 M) and rea-
sonably thin sections (14 Mu) reported greatest black-
ening in the epidermis and camiibial regions. How-
ever, the figures from this paper ('1M) are particularl-
unimpressive and unconvincing. Veen (25) added
the relatively high concentrationi of 4 X 10-4 M
NAA labeled wvith 14C to Colecus internode segments
for 24 hr. The tissue \-as frozen before being
embedded and was sectioned at 5 to 10 ,u. At the
treated end of the segment grainis wvere present in
the cytoplasm (rather than the wall) of pith cells.
Veen reported that blackening was more intense over
cortical than over pith tissue.

The radioautograms in the literature would
therefore not lead one to expect results like ours.
This is partly due, no doubt. to the fact that earlier
workers used thick sections, 14C. or high concentra-
tions of auxin, in contrast to the ultrathin sections,

tritium, and physiological concentrations of auxin of
very high specific activity that we used. We had
the additional advantage of using a system in which
auxin had been shown to be controlling vascular
regeneration. However, part of the differences in
results is undoubtedly due to the fact that some of
the earlier workers used techniiques that would give
a measure of total radioactivity in the tissue (in
contrast to our studies of only that tritium that was
insoluble in acetone).

Our results do not fit easily into the hypothleses
(3) involving a direct action of atuxins on cell walls
in general. Hlowever, auxins have been shown to
be responsible for initiating the differentiation of
procambial or canmbial derivatives into tracheary cells
in a variety of tissues (6, 7, 9, 24, 27, 29, 30). Our
radioautographic studies indicate that the secondary
wall material of differentiating tracheary cells is
indeed the earliest detectable locus of bound label
from 3H-IAA. This wotuld seem to support the
postulated xylogenic role of auxin. The pattern and
rate of incorporation suggest that much of the labeled
secondary wall material may- be deposited during, the
course of the experiment.

The mechanism whereby the label from 3H-IAA
is thus incorporated into the wall remains obscure.
One possibility lies in the induction of peroxidase
activity by auxin leading to lignogenesis (5, 21).
Jensen (8) has demonstrated the high peroxidase
activity of cells in the vascular bundles and epidermis.
Nevertheless, one has to assume in this case the
degradation of the labeled TAA itself into phenol.c
derivatives that are subsequently incorporated into
lignin. A second possibility arises from the work of
Roberts (17. 18) who histochemically localized pro-
tein-bound sulfhvdryl groups in the cell walls of
redifferentiatinig pith parenclhyma cells and xylem
vessels of wounded Coleius internodes. In view of
the reported interactions betw-een growth substances
and SH-enzvmes in vitro ( 12. 19) it remains con-
ceivable that JAA couples w-ith SH-groups in the
xylem walls.

Our results provide no similar evidence to either
support or negate a direct involvement of IAA in
phloem development (10, 11, 23). Whereas tracheary
cells were clearly labeled after 3 hr of treatment
with 3H-IAA. distinct labeling of phloem occurred
only after 24 to 48 hr of treatment. Furthermore,
the label is not present in the walls of phloem ele-
ments, nor is it restricted to differentiating phloem
mother cells. Nevertheless, the pattern of phloem
labeling is specific and suggestive from another
viewpoint. WVhereas companion cells are virtually
free of label, the sieve tubes, phloem, parenchvma,
and enlarged cambial derivatives on the phloem side
are all impartially radioactive. The results of
Eschrich (4) strongly support the view that phloem
is involved in the basipetal translocation of IAA.
Our data indicate that when the tissue is supplied
with 3H-IAA, labeled compounds may be detected
in the phloem in water- and acetone-insoluble forms.
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It appears possible that certain bound complexes or

derivatives of IAA may be transported in the same

systetn.
Considering the low concentrations of IAA sup-

plied to our tissue and the distinct patterns of label-
ing. it would seem difficult to dismiss these bound
fractions of auaxin aIs merely products of detoxication
mechanisms.

Acknowledgments

Our tlhaniks are due to Dr. H. Veen for helpful dis-
cussions and to Miss Susan Kirk and 'Miss I. B. 'Morrow
for technical assistance.

Literature Cited

1. CAsNJS, G. 1949. Recherches sur le r6le des bour-
geons dans les phenomenes de morphogenese. Rev.
Cytol. Biol. V6g. 11: 1-195.

2. CARO, L. G. 1964. High resolution autoradiogra-
phy. In: Methods in Cell Physiology. D. M1.
Prescott, ed. Academic Press, New York. 'Vol.
1: 327-63.

3. CLELAND, R. 1961. The relation between auxin
and metabolism. In: Handbuch der Pflanzenphv-
siologie. W. Ruhland, ed. Vol. 14: 754-83.

4. EsCHRICI, WV. 1967. Translokation radioaktivmar-
kierter Indolyl-3-essigsaure in Siebr6hren vXon
Vicia faloa. Planta 78: 144-57.

5. GALSTON. -\. W. AND L. Y. DALBERG. 1954. The
adaptive formation and physiological significance
of indoleacetic acid oxidase. Am. J. Botany 41:
373-80.

6. JACOBS, W. P. 1952. The role of auxini in differ-
entiation of xylem around a wvound. Am. J. Botaniv
39: 301-09.

7. J xCOBS. XV. P. 1956. Internial factors controllinig
cell differenitiation in the flowering plants. Arm.
Naturalist 90: 163-69.

8. JENSEN. A. 1955. The histochenmical localiza-
tion of peroxidase in roots and its induction bv
IAA. Plant Physiol. 30: 426-32.

9. JOST, L. 1942. Mber Gefissbr6icken. Z. Botan.
38: 161-215.

,0. LANIOTTE, C. E. AN-D W. P. JACOBS. 1962. Quani-
titative estimation of phloem regeneration in Coleits
internodes. Stain Technol. 37: 63-73.

11. TLAMOTTE. C. E. AND XVA. P. JACOBS. 1963. A role

of auxin in phloem regenieration in Coleuis inter-
n"-des. Devel. Biol. 8: 80-98.

12. LEOPOLD. A. C. AND C. A. PRICE. 1957. Sulfhy-
dryls in plants. I. Reactions with growth regula-
tors. Plant Physiol. 32: 520-25.

13. LIAO, S. H. AND R. H. HAMILTON. 1966. Intra-
cellular localization of growth hormones in plants.
Science 151: 822-24.

14. NAQVI, S. M. 1963. Transport studies with C'
indoleacetic acid and C14 2,4-dichlorophenoxyacetic
acid in Coleus stems. Ph.D. thesis, Princeton
University, Princeton, New J ersey.

15. PRESCOTT, D. M. 1964. Autoradiography with li-
(luid emulsion. In: Methods in Cell Physiology.
D. M. Prescott, ed. Academic Press, New York.
Vol. 1: 365-70.

16. RASsMUSSEN, H. P. AND MI. J. BUKOV AC. 1966.
NAA: Localization in the abscission zone of the

bean. Science 152: 217-18.
17. ROBERTS, L. W. 1959. The development of protein-

bound sulfhydryl groups in Colecus sp. stem wound
meristems. Ann. HIistochem. 4: 173-76.

18. ROBERTS, L. W. 1960. Preteini-bound sulfhydryl
groups in Colcus vound nmeristems. Am. J. Botany
47: 110-14.

19. SARKISSIAX, I. V. 1966. Eilnhanicemiient of enzy-
miatic synthesis of citrate in, vitro by indole-3-acetic
acid. Physiol. Plantarumii 19: 328-34.

20. SCoTT, T. K. AND W. P. JACOBS. 1964. Critical
assessm ent of techniques for identifying the physio-
logically significant auxins in plants. In: Regu-
lateurs Naturels de la Croissance Vegetale. J. P.
Nitsch, ed. C.N.R.S., Paris. p 457-74.

21. SIEGEL, S. 'M. AND A. W. GALSTON. 1955. Peroxide
genesis in plant tissues and its relation to indole-
acetic acid destruction. Arch. Biochelmi. Biophys.
54: 102-13.

22. STrEVENS A. R. 1966. High resolution autoradi-
ography. In -Methods in Cell PhysiDlogy. D. M.
Prescott, ed. Academic Press, New York. Vol.
2: 255-310.

23. T.-ioMiPsoN\, N. P. AND VAT. P. JACOBS. 1966. Po-
larity of IAA effect onl sieve-tube and xylem re-

generatioIn in Colceus and tomato stems. Plant
Physiol. 41: 673-82.

24. TORREY, J. G. 1963. Cellular patterns in develop-
ing roots. Synip. Soc. Exptl. Bi2l. 17: 285-313.

25. VrEN., H. 1966. Transport, immilobilization and
localization cf naplhtlhylacetic acid-1-l4C in Coleus
explants. Acta Botan. Neerl. 15: 419-33.

26. WANGERIMANN, E. 1967. The effect of the leaf on

the differentiation of primary xylem in the inter-
node of Coleus blimtuici Beenth. New Phytologist 66:
747-54.

27. WAREING, P. F., C. E. A. HAXN-EY. AND J. DIGBY.
1964. TFhe role of endogenious hormones in cambial
activity and xylem differentiationi. In: Formation
of Wood in Forest Trees. MI. H. Zimmerman,
ed. Academic Press, New York. p 323-44.

FIG. 7. Section from the basal end of internode treated with 3H-IAA for 48 hr. Whereas companion cells

(arrows) apl)ear to be free of grains, all other elements in the phloem area are labeled.
FIG. 8. Thinnier section through the same cells seen in the preceding figure demonstrating a similar distribution

of label.

35



PLANT PHYSIOLOGY

28. WETMO1RE, R. H., A. E. DEMAGGIO, AND J. P. RiER.
1964. Contemporary outlook on the differentiation
of vascular tissues. Phytomorphology 14: 203-17.

29. WVETMORE, R. H. AND J. P. RIER. 1963. Experi-
mental induction of vascular tissues in callus of
angiosperms. Am. J. Botany 50: 418-30.

30. WETMORE, R. H. AND S. SOROKIN. 1955. On the
differentiation of xylem. J. Arnold Arboretum
36: 30517.

31. WHITEHOUSE, R. L. AND S. ZALIK. 1967. Auto-
radiographic evidence of tritiated indolyl-3-acetic
acid in epicotyl tissue of Phaseoluis coccineuis.
Experientia 23: 387.

36


