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Summary. Indole-3-acetic acid-1'-'-C (IAA-I-C) and tryptophan-1-14C injected in
small: amounts into cotyledons of Phaseolus coccineus L. seedlin,gs were found to be
translocated acropetally into the epicotyls and young shoots. Similarly IAA-14C was
translocated acropetally into coleoptiles of Zea mays following injection into the endo-
s,perms. Labeled metabolites of the injected compounds were also extractable from shoot
tissue. However, evidence that IAA-l-C itself was translocated acropetally was obtained
by collection in agar blocks applied to cut sunfaces of coleoptiles of injected seedlings.
The acropetal translocation in Phaseolus was shown not to occur in the transpiration
stream but in living tissue. Cotyledons, of Phaseolus coccineus and Phaseolus vulgaris
contain extensive vascular tissue.

Tryptophan-14C was not actively translocated through excised segments of Phaseolus
coccineus epicotyl and Zea mays coleoptile when sutpplied from donor agar blocks in
concentration's as high as 100 1M. The small amount of tryptophan-14C which did reaclh
receiver blocks when, high concentrations were used may be accounted ifor by passive
diffusion through the fluidi4illed xylem vessels. Translocation of a non-toxic dye, Light
Green SF Yellowish, through xylem vessels was found to' occur when supplied from
donor blocks placed acropetally or basipetally. Metabolinsm of the suipplied tryptophan-14C
by the tissue segments was shocwn to occtur during the 3 to 6 hour translocation cxperi-
ments. IAA-14C was transported in a strictly 'basipetal manner in both tissues. Only
1 labeled compound with an RF value of IAA was found in receiver blocks. Composition
of a simple green safelight suitable for work in plant iphysiology is described.

Fletcher and Zalik (5) found that when IAA-14C
was injected in small amounts into cotyledons of
Phaseolus vuilgaris L., label was translocated upwards
into the epicotyl andi young leaves as well as down-
wards. In view of the basipetal polarity of auxin
transporit in most young shoots, this upward trans-
location was somewhat surprising. The phenomenon
was further investigated to see whether it was
IAA-14C itself or a labeled metaboliite of it that was
translocated acropetally.

Anoth,er species of Phaseol is, P. coccineus L.
(Scarlet Runner beans) was chosen for this work
as this species is hypogeal in its germination and
therefore more convenient because the epicotyl elon-
gates rather than the hypocotyl. The upward trans-
location was found to occur in this species also.

Since etiolated seedling shoots must derive all
of their organic nutrients from the storage material
of 'the seed, IAA in the shoot tip must be derived
from the seed. Either a) IAA itself or b) a com-
pound from which IAA may be derived must be
translocated to the shoot. The first alternative, that

1 This work was supported by a grant from the Na-
tional Research Council of Canada.

IAA as such is translocated acropetally, is doubtful
in view of the now well established basipetal polarity
of young seedling shoots, unless it -could be trans-
located in a tissue or in such a way that it is not
subject to the qpolarity meichanism. However, acro-
petal IAA diffusion (from cut surfaces has not been
demonstrated (21, 25). Gordon (9, 10) states that
it is clear that the auxin as such which increases in
the seed uipon' germination does not move to the apex
for redistribution as a correlative agent. For alter-
native b) i.e. translocation from the storage material
of the !seed of a compound from which IAA mlay be
formed 'in the tip, 2 possibilities exist: 1) the pre-
cursor may be a complex formed from IAA in the
seed (14), 2) a true precursor rather than an IAA-
complex may be translocated. Although the exact
pathway for IAA production in higher plants has nlot
been elutcidated, tryptophan appears to be an inter-
mediate which is commonly occurring in plant tissue
(10). That the shoot tip is able to produce IAA
from tryptophan (e.g. 26) indicates that tryptophan
or a iprecursor of 'it might be translocated. Skoog
(21) and Went and Thiimann (25) suggested in fact
that tryptophan might be the translocated precursor.
Tihey were able to collect a substance or substances
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difftusinig from apical cuit surfaces of coleoptiles whiclh
wouild produce curvature in the Azena curvature test
only several hours after application, similar to that
which occurs when tryptophan is tested in the curva-
tture test. In sttudies on indole CoImpouInds w'hich
could b)e collected frotmi cut surfaces of epicotyls of
Phlaseolits vilgaris and Phlaseolus coccincus, White-
liouse ('28) found lrvptophan to be predominant.
Therefore, in these studies, attention was focused on
trvptophan as a possible precursor wlhich is trans-
located to the tip.

Slchrank and Alurrie (20) show,ed that trvpto-
plhan-'C Nwas not actively translocated in Avena
coleoptile sections, either acropetallv or basipetally,
althottgh it was taken up 1y the tissue slowly and for
a limiited distanice fromii thc source. Concentrations
as hiigh as 1 ilim appliecd to the basal ends of 17.5 mn
coleoptile tips did not increase elongation over con1-
trols during a 20 lhor growsth period. andc no ra(lio-
activitv could be extracted from the apical 5 mnm.

In addition to the investigation of the tulpwar(d
translocation of label followiig injection into cotv-
ledlons of P. coccineus seedlings and Z. inays endo-
spern this work- al!so inv.estigates the translocation of
tr\ptophan- 4C and IAA-14C throtugh excised seg-
m1entts o,f the tissues.

Materials and Methods

Seedllings of Plhascolu(s coccineu(s L. (Scarlet
Runner (bean) were grown in the dark in a potting
nmixtture of fine sand and peat moss, 1:1 at room
temperature (23 + 20). Seedlings were used be-
tween 5 and 7 days after sow-ing the seeds. Seedlinigs
w ith epicotyls 3 to 5 cm in length ifromi the cotyledons
to the hook were selecte(d for the injection experi-
ments. For the translocation studies seedlings with
epicotvil 10 cm in length were selected and seggments
6 mmn in length were ctut fromi 1 cm below the hiook
with a guillotine.

Corn seeds (Zeaz wiays var. Morden) were treate(d
with a 10 % (v/v) solution of comnmercial sodium
hypochlorite (Perfex) for 10 minutes at rooml tern-
peratur e in the dark anld tlhen rinsed for 3 hours in
ruinning tap water (6). 'I'hev were then sown at a
dleptli of about 0_5 cmii in previously nmoistened potting
mixture in covered Pyrex dishes. OIn the second day
after planting, w-lheni tlle coleoptiles were beginning
to emerge, they were given a red light treatmiienit
(15 w\Natt bulb 'witlh a sheet of red Plexiglas at a
(&'stlaiice of about 30 cmil) for 3 hours to repress
elongation of the first internodes and to enhance
eonigation of the coleoptiles (2). Seedlings 3.5 to
4.0 cmll tall were tisedl on tlle third day- after sowing.
Segmiients of coleoptiles, 5 mmni long, fromii wvhich the
first leaves had been removed, were excised 2 mm
below the tip wvith a guillotine. For the injection
experiments seedliings 1.0 to 1.5 cm tall w,ere selectedl.

Botlh P. coccineits and Z. mays seedlings wvere kept
in darkluess but manil)ulations were carried out usilng,

a green safelight. The safelight wvas constructed
tromii a 15 wN-att Sylvailia greeni fluore-sent tube and
a filter composed of 3]ayers of g,reen Plexiglas
No. 2092 anid 1 of amber Lucite. Translnission of
the filter was, clhecked using a Beckmatn DK-1 spec-
trophotoimieter and(l wvas found to be zero at 500 and
560 nm with a peak at 525 nm. This is similar to
the range recommended an(d used by other workers
e.g. 27).

Injectioins were ima(le with a 50 ul or a 100 l
graduated hllypodermiiic syringe fitted witlh a fine
nieetle. Solutions containing more than 20 % (v/v)
alcohol caused tis,sue damiage. Consequently concen-
trations lower thani this were used for injections.

(lIndole-3) -acetic acid-i'-1 C was purchased fronm
California Corporation for Biochemical Research anid
hia(d a specific activity of 13.3 mc/mmole. DL-tryp-
tophanl-l-+C (alanine-3-' 'C) purchased from the
sanie comnpany hlad a specific activity of 32.5
mc/mmluole.

h'l'e studies oni polarity of transport throtugh tissuie
segmiients were similar to those described by otiler
w-orkers, (e.g. 1,8, 15, 17) except that cylindrical
agar blocks were used instead of the usual agar blocks
which are square in cross-section. Bacto-Agar w%-as
dissolved in distilled water by boiling. 'I'he final
agar concentration for all blocks was 1.5 %. For
blocks containing additives the imeasured soluttion an(d
agar solution were miixed in a glass vial kept in a
w-ater bath at 45 to 550. After thorough mixing the
labeled agar vas trainsferred with a syringe to glass
tubing 15 cmii in leingth and 3 or 4 mm internal dianm-
eter xvhich was stoppered at the lower end at(l kept
in the water batlh to maintain the agar molten. The
ttube with agar was remuov-ed from the water bathl and
allow-ed to solidify-. 'I'he rodl of agar was extruded
onito a glass plate aind sliced into 2.0 mm blocks withl
a guillotine. Gla.. tubiig of 4 mnmn internal diacmeter
Xvas used initially for hoth coleoptiiles and epicotvls,
but later 3 mmi blockS were tsed for coleoptiles as

U/= donor

A basipetal

recei ver

translocati'on, tissue nonnally oriented

B basiDetal translocation, tissue inverted

C acr e2-al translocation, tissue nornally oriented

ac-cce'a' t-ansiocaticr, tissue invertep,

}-I(,;. 1. Arraugemi iit of agar blocks asnd stisue
.e mlIeItsftOI' \erimIIicuIlItS Onl traumsport polarity. (See
tal)Ls 11 alcld III.
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the 4 mmn blocks were unnecessarily large. The
volumes otf the 4 mm diameter blocks were 25. mmn
and of the 3 mmli blocks, 14 mme.

Ten replicates were used for each treatment. 'Il'ie
treatments (arrangements of agar blocks and tissue
segmseints) are depicted in figure 1. The agar blocks
and tissue segments 'were arranged in covered Petri
dishes to prevent dehydration. These were then
placed in a humidified cabinet at 20 10 for the
duration of the experiment.

After treatment times of 3 or 6 hours the agar

blocks were removed and placed in the centres of
aluminum planchets to which small amounts of
Haupt's adhesive had been added. These were dried
in the air and counted using a Gas Flow Counter.
All saptles were treated and counted in the same

manner and no allowance was made for self absorp-
tion.

In some cases the agar blocks and tissue segments
were extracted fwith methanol after the translocation
experiment. Tihese extracts were thromatographed
in isopropanol :ammonium hydroxide (28 %) :water,
8:1:1 (23) and the chromatograms scanned using a

Nuclear Chicago Actigrapl II. Radioautograms of
some of -the chromatograms were made uising Ansco
Non-Screen X-ray film.

Translbcation experiments were also coniducted
incorporating the non-toxic v;ital stain, Light Greeml
SF Yellowish into donor 'blocks. Only treatments
A and D were used (fig 1), i.e. basipetal transloca-
tion with tissue normally oriented with respect to
gravity, and acropetal translocation with tisstue iin-
verte(l, respectivelv.

Results

In jectiont of Phaseolus coccineus With IAA-14C.
Seedlings of P. coccineus were injected with IAA-14C
in 10 % (.v/v) ethanol. Ten ,ul' were administered
to each cotyledon. The dose used was 0.1 uc, equiva-
lent to 1.3 ug, IAA-'*CA!plant. Duplicate shoots were

extracted with methanol after various time intervals
and the radioactivity determined in these extracts.
The results indicated in table I show that considerable
radioactivity is translocated to the s-hoots and that
the amount of activity increases with time. Chroma-
tography of the shoot extracts showed that a labeled
compound, with an RF value of IAA was extractable
from the shoots btut most of the activity chroma-
tographed at low RF valIiues (0, 0.05, 0.07).

Injection of Zea mays Seedlings wzeith IAA-14C.
Ten p.l of 10 % (v/v) ethanol containing 0.65 ,ug
IAA-14C were injected into the endosperms of 3-day
oild seedlings of corn. After 8 hours the seedlings
were cut below the nodes, agar blocks applied to the
cut surfaces and the assenibly kept in a htmind
atmosphere. The agar blocks were removed after
2.5 hours anid transferred to -nethanol. The inter-
nodes 'were re-cut and fresh agar blocks applied for
a further period of 3 hours. These were pooled withl

the previous blocks. The blocks were extracted over-
nilght at 30, the methanol decanted and the blocks
re-extracted twice with fresh methanol for periods
of approximately 3 hours. The extracts were pooled.

The apical 6 to 10 mm of the coleoptiles were
excised and iplaced on agar blocks in covered Petri
dishes for 5.5 hours. The agar blocks were extracted
with methanol. The coleoptile tips, and the pieces of
shoots removed between the internodes and the coleop-
tile tips (i.e. remains of the internodes, nodes, remains
of the coleoptiles and also the first leaves) were
crushed and extracted with methanol. The remains
of the seeds were also extracted.

Extracts were chromatographed and radioauto-
g,rams made of the chromatograms. In all 4 extracts
distinct bands on the radioautograms corresponding
to IAA-14C were detected. Its 'presence in the agar
blocks showed that it was diiffusing botlh acropetally
and basipetally out of the cut surfaces. In the ex-
tracts of the tissues, traces of compounds with low
RF values were also detected. Chromatograms of
methanol extracts of seeds which had been injected
with IAA-14C revealed major peaks at RF values
corresponding to IAA (0.37-0.46) with minor peaks-
at 0.09 to 0.13.

Injection of Phaseolus coccineus Seedlings with
Tryptophan-14C. Five ,l of a solution containing
0.003 umole (0.61 ug) of tryptophan-'4C were in-
jected into cotyledons of P. coccineuis seedlings.
Growing tips, epicotyls and cotyledons of 4 plants
were extracted separately with methanol after 20 to
24 hours and, the extracts chromatographed in 2
solvent systems, 1) isopropanol ammonium hydroxide
(28 %) :water, 8:1 :1, and 2) isopropanol:acetic
acid :water, 4:1 :1. In cotyledons the major methanol
extractable lttbeled compound was trvptophan but
another compound (X) present in a smallier amount
was also extracted. This 'compound had an RF value
of 0.13 in solvent 1 and 0.72 in solvent 2. In epico-
tyls X was again present but tryptQophan was present
in a igreater amount. In the extract of the growing
tips again both tryptophan and X were present with
compound X being present in a slightly larger amouint
than tryptophan.

Table I. Radioactivity Extr-acted at Various Timiie
Illtervals from Shoots of Phaseolus coccinetus

Scedlings Following Injection of a Soliitioni of
IAA-14C inlto the Cotyledonis

The dose was 0.1 ,uc/plant.

Time after
injection Radioactivity,

hr cpm/shoot
1 54
3 220
6 130
9 520

24 480
72 2840
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Thus it appears that both IAA and tryptophan,
injected into the storage material of the seed, can be
translocated acropetally into the shoot.

Anatomical Study of Cotyledons and Entdospermiis.
Thimanrn (24) and Leopold (16) ipoint out that if
IAA unnaturalily enters the transpiration stream it
will be carried upwards with the stream. Thus the
question arose whether the substances were being
administered in such a way as to gain artificial en-
trance into the transpirationi stream. Little informa-
tion has been reported (3, 4, 7, 19) on the presenice
and extent of vascular tissue in cotyledons. Tt was
therefore ne-cessary to examine these struictures
microscopically.

Cotyledons of P. coccincus and P. vulgaris and
endosperms of Z. mays were fixed, embedded and
sectioned according to standard procedures (13).
Satisfactory sections of cotyledon tissue, 15 to 20 4
thick, were obtained, but considerable difficulty was
encountered in preparing sections of corn endosperms.
Allil sections were stained with safranin and fast greenl.

Microscopic examination of cotyledons revealed
an extensive vascular system. Bundles containing
both phloem and xylem branched throughout the
cotyledons running mainly longitudinally from the
region of attachment to the stem (figs 2-5). Celfls
containing many inclusions were localized around the
vascular bundlles (ifigs 2 and 3). The inclusions
were mainly starch grains as evidenced from staining
with iodine. Cells further from the vascular bulndles
were generally devoid of these inclusions.

Examination of corn endosperm indicated that it
was devoid of vasicular tissue but that a definite
arrangement of vascular tissue wNas present in the
scutelilum.

Vital staining (11, 13) was also uLsed to (lemoni-
strate the transpiration stream. Roots of seedlinlgs
were placed in the vital stain, Light Greeni SF
Yellowish, some of the roots Ibeing cut to allow easier
penetration of the dye. After uptake of the clye,
the vascular systemn in cotyledons of P. coccicstels
could be clearly seen (,figs 6 and /7). With corn
seedlings no dye entered the end-osperm but a distinct
cylinder of vascular tissue was observed passing
through the scutellum. This bbranched to enter the
interface between the scutellum and endosperm. (In
the coleoptile the, 2 vascular bundles became clearly
stained. Sometimes a third colulmn of staini was
observed in the coleoptile but on sectioning sucl
stained coleoptiles it was fotund that tllis tlhird columin
was associated with, the thin regioni in older coleop-
tiles wN-here the colleoptile later splits to allow emer-
gence of t,he leaves).

Because of the presence of extensive vascuilar
tissue in cotyledons it seemed lpossible that IAA-14C
could have gained artificial, entraince inito the xylemi1
through injection. T,wenty cotyledons of P. coccinzeuis
seedlings were injected with 10 Ml of the dye per
cotyledon and 20 cotyledons of P. zvlgaris with 5 Eul
per cotyledon. Imminediately the dye diffusedl tlhrotuglh
a limllited region aroutnd the zonie of inijection. After

48 hours the cotyledons were sliced anld examined.
No evidence of ^ any staining of the vascular tissue
was found. Dye injected into endosperms of corn
seedlings did -not reach the xylem in the scutellum,
but it did enter between the endosperm and scutelilumii.

Another experiment designed to illustrate whlether
IAA was translocated in the xylem to the shoots
made use of the technique used by Snow (22).
Epicotyls of young seedlings of P. cocci;tcus were
treated with a hot glass rod to destroy living tissue
in a region about 6 to 7 mm long and approx;mately
3 cm above the cotyledons. The treated (branded)
shoots were then supported by' fastening loosely to
glass rods with thin strips of Parafilm. Control
shoots were similarly fastened to glass rodls. They
were then left in the dark ifor 24 hours for the heate(d
tissue to die. The procedure, if done carefullv, kills
the living tissue in the retgion treated but does nlot
af,fect the xylem. The following treatmenits were
given: A) Branded plants injected wnith IJA-'4C
and kept in dark. B) Branded plants injected with
IAA-14C and kept in light. C) Branded planlts.
roots cut and placed in vital stain and kept in dark.
D) Branded plants, roots cut and placed in vital
stain and kept in light. E) Unbranded plant injected
with IAA-l-C and kept in dark. F) Unibranded
plant injected with IAA-14C and kept in light. G)
Unbranded plants, roots cut and placed in vital stain
and kept in dark. H) Unbranded plants, roots cut
and placed in vital stain and kept in light.

A fan was placed in the dark roomi and directed
towards the plants to increase transpiration. Those
kept in the light were 'placed near a north facing
window.

A.fter 24 hours shoots of the plant.s of which the
cotyledons were injected with IAA-14(i were cut at
about 5 mmil above the brand and at a corresponiding
height on the unbranded shoots. These shoots were
ground and extracted with methaniol for 3 hours.
Thle extracts were plated on planclicts and counte(d
in a Gas Flow counter. Figure 8 shows the mlarked
difference iin the amounts of label trans!ocated
through the branded aand unbrande(d shoots. In the
branded shoots the amount xvas only just above
background.

Examination of the dye-treatecl)llants reveale(l
that the dye had been translocated into the slloots of
all plants (fig 8), indicating that the xylemii strands
remaitned intact in the branded plants.. Thle branded
slhoots in all cases had grown very little wlhereas the
unbrandcled shoots had grown considerably during the
24 hour period. These experiment, were repeated
with simlilar results. The results indicate that the
label was not tranislocated into the shoot 1wv the xylem.

Tranislocation in Excised Segmenists. .As seen
from table II very little or no trvptoplbaniwas trans-
locat2d through receiver bozks in any of the
treatments witlh both P. COCCiiCitS epicotyls andl Z.
mavs coleoptiles. Even in treatm,,ients using a coni-
centration of 100 KM trvptophan. which gave counts
in the original donor blocks of 16,80)0 and 14.380 cpni
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FIG. 2. Transverse section of cotyledon of Phaseolus coccineus showing vascular bundles (arrow) and cells
containing inclusions distributed around the vascular bundles. (X 90).

FIG. 3. Longitudinal sectioni of cotyledon of Phaseoluis coccinteuis showing vascular bundle and cells containing
inclusions distributed around the vascular bundle. ( X 90).

FIG. 4. Transverse section of cotyledon of Phaseolus coccineuis showing vascular bundle. (X 625).
FIG. 5. Longitudinal section of cotyledon of Phaseolus coccineus showing vascular bundle. (X625).
FIG. 6. Transverse sections of a cotyledon of Phaseolius cocciteus after vital staining with Light Green SF

Yellowish, showing the distribution of vascular tissue. (X 6).
FIG. 7. Longitudinal sections of a cotyledon of Phaseolus cocci;ieis after vital staininig with Light Green SF

Yellowish, showing the distribution of vascular tissue. (X 3).

Iinsert
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Light Dark Light

5 c.p.m. 386 c.p.m. 550 c.pm.

IAA-14C IAA-4C

FiG. 8. The effect of branding on the translocation of label and dye into
The label was administered by injecting IAA-14C into the cotyledons and the
allowed to be taken up by the roots.

Dye Dye

the shoots of Phaseolus coccineus.
dye, Light Green SF Yellowish, was

Table II. Translocation of Tryptophan-14C in Epicotyl Segmnentts of Phaseolus coccineus and Coleoptile Segments
of Zea mays

Results are averages of 10 replicates.

Phaseoluts coccineus epicotyls Zea mays coleoptiles
% Supplied % Supplied

activity activity
Orientation Time in receiver Orientation Time in receiver
of tissue (hr) blocks of tissue (hr) blocks

Expt 1
Donor concn 10 ,Am
(2510 + 9* cpm)

A 3 0.12
B 3 0
C 3 0.16
D 3 0

Expt 2
Donor concn ca. 10 /AM
(1960 + 8 cpm)

A 3 0
B 3 0.10
C 3 0.15
D 3 0.20

Expt 3 Expt 4
Donor collcIi 100 Ai\i Donor concn 100 AM
(16,800 + 30 cpiml) (14,380 + 21 cpm)

A 3 0.07 A 3 0.08
D 3 0.05 B 3 0.20
A 6 0.23 C 3 0.04
D 6 0.08 D 3 0.05

* Standard deviations of counting rates.

Da rk

8 c.p.m.
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for P. coccincifs and Z. uuzays respectively, verv litt'e
was detected in the receiver blocks. After counting,
the agar blocks and tissue segments used in experi-
ment 3, treatment A (table II) were extracted with
methaniol and( chromatographed. Scanning of the
cihromiiatogramis of the receiver blocks for radio-
activity showed the presence of a single labeled
comllpound wN-ith an RF value of tryptophan. This
comnpound w-as barely detectable in the 3 hour treat-
miient but was distinct in the 6 hour treatment.
(Chromatograms of the tissue extracts showed large
peaks at RF regions corresponding to tryiptophan-t 'C
anid minor peaks at RF values of 0 aInd 0.08 to 0.14
for the 3 hour treatment. These peaks were con-
si(lerablv larger in the 6 hour treatment and also
2 more mninor peaks w,ith RF values 0.66 to 0.69 and
0.80 to 0.85 were presenit. The colmpounds at R1
xvalues 0 and 0.08 were also present in the donior
blocks, being in larger amounts after the 6 lhout
treatment than after the 3 hour treatment.

'I'he results presented in table III show that there
is a strict basipetal polarity of JAA-'4C translocationi
in both P. coccinictus eipicotyls and Z. inays coleoptiles
at the concentrations used. Little or no radioactivity
wvas translocated in an acropetall direction. With
both 10 toi and 100 teMv IAA-14C approximately the
samie propor-tion of the radioactivity supplied was
translocated basipetally through to receiver blocks
using P. coccinzeus epicotyl segmlents. With Z. mays
coleoptiles doubling the time approximately (loubledl
thle proportion of radioactivity in the receiver blocks.

Only 1 labelled compound, corresponding in RF
valuteA to IAA, was detected in receiver blocks after
treatment of both Z. mays and(I P. cocciuwcius tissue
with TAA-14C.

Wlhen dye was incorporatecd inlto donor blocks and
applied to coleoptile segm-nents it was observed that

dye diffused into the segments to about I imm anid
then moved in 2 (listiinct columns only, which corre-
sponded to the v-ascular bundles. Thb> occturred
whether the donor blocks were place(d on thle apica!
or basal ends of the segments. Occasional]v when a
segment from an older coleoptile was used. a third
track of dye was observed but on sectioning th>s was
found to be associatedl with the thin part of the
coleoptile between the vascular bundles whiclh latel
splits to allow the emergence of the leave,. Exam-
ination of the coleoptiles revealed that afttri a few
hours treatimient (up to 3 hir) the dye was present
on1y in the xylem. In sections treated for a longet
period the dye was present in the rest of the vascnllar
bundles though it was restricted to these structures.
'I'he dye was translocated through the total lengtlh
of the coleoptile segments in a few hour.

In P. Coccineus epicotyl segments also the dv e
wxas translocatedl mainly in the vascular tissue. At
the end of the tissue segment distal to the donior
block the dye was present almost exclusively in the
xylem. Nearer to the donor the dye was also pr sent
in the ph'oem andl possibly in other tisue

Discussion

A lalbeled conipound with ani RF \value o 1AA
wvas extracted fromii .shoots of both P. co-cineails and1I
Z. wavs followingg injection of IAA-14W inlto thle
storage miiaterial of the seed. It is possible that a
tlerivative of IAA could have been form-ied an-d tlleni
fAA itself released from it in the slhoot. but .t least
in the case of Z. iwiays, IAA-k4C itself was found to
be translocated acropetally and diffused into receiver
agar blocks. 'T'ry-ptophan-'4C was also found in the
shoots of P. cocciueuts following inijectioni ilnto the
cotyledons. Trherefore it appears that IAA-14C and
trvptophain-4C injected in smiiall aniotints into the

Table III. Trnlisiocationi of IJ 4-14C in Epi(-ot3yl Segmiienlts of Pllhasen)lus cocciiCetis and Colcoptilh Sa(miewns of
Zea mays

Restnlts ire averages of 10 replicates.

PI'jascolits tCotCiSl C/icS

Orientation
of tisstue

Expt 5
l)loor eonci 10 uaM
(610 -+ 6 cpml)

A
B
C
1)

Expt 6
DonlorI coilci 1090 8um
(5790 +4- 15 eplm)

-A,

C
I)

Tilme
(1hr)

.3
3
3
3

3
3
3
3)

epicoty''ls
% Supplie(l

Ictivitv
in receiver

blocks

4.3
3.3
0
0

4.3
2.7
0.05
0.05

Zca mayas coleoptiles

Orientation
of tissue

Expt 7
D)onor coilcii 100 y-m
(3950 -4- 11 cpm)

I)

I)

* Standard tdeviations of conntino rateS.

1370

Time
(hr)

3
3
6
6

Suipplied
{t't"t \ it\-

in recesver
bloek,.;

6,.7
(1.02
l6.5
0
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seed storage miaterial of the seedlings studied was
translocated acropetally into the shoots. This is
surprising in the case of IAA because of the strong
basipetal polarity of young shoots.

From the vital staining experiments it was demon-
strated that xylemn is continuous from the roots to
the cotyledons, i.e. that the xylenm in the cotyledons
conducts away from the stem to the distal end of the
cotyledons. However, whether a xylem system also
exists which conducts from the cotyledons up into
the epicotyl has not been shown. Such a system, in
fact, seems unlikely unless it plays a relatively large
part in conducting organic nutrienits froimi the storage
tissue to the shoot.

The translocation studies with tryptophan-14C
using excised tissue segments indicate that unlike
IAA, tryptophan is not actively transported through
tissue segments. These findings are in keeping witlh
those of Schrank and Murrie (20) wlho found that
tryptophain-14C was not translocated to any great
extent in oat coleoptiles.

One might expect that in freshly excised segments
as were used for these studies, dye should be trans-
located by diffusion through tlle xylem vessels as
they are filledl with fluid. Consequently, in experi-
ments of long duration using hiighi concentrationls of
soluble substances, traces of these substances in the
receiver blocks might be dlue to diffu-sion throtuglh the
liquid filled xylem vessels. Thris could have occurred
in the experiments in which traces of tryptoplian-i14C
were detected in the receiver blocks 'when 'high con-
centrations of trvptophan-14C wele used in the donor
blocks. In similar experiments in which IAA-311
was suipplied from donor blocks, the highest conicen-
tration of label was found by autora(liograplhy in the
Xvascular tissue (29).

The polarity experiments using IAA-14C provides
evidence that the epicotyl of P. coccineuts seedlings
is yet another structure in whichi a strict basipetal
polarity of IAA transport occurs. Inverting the
tissue segments with respect to gravity decreased the
proportion of label translocated basipetally as was
also observed Iby Hertel and Leopold (12) and Naqvi
and Gordon (18).

An interesting observationi is thlat in all experi-
ments (i.e. using botlh types of tissue and 1)oth
labeled comnpounds) the treatment in which least
label was taken up from the donior blocks was treat-
ment C, wAith tissue in normIa; oricentationl arraingedl
to test acropetal translocation.

Although tryptophan was found not to be actively
translocated in the type of experiment normally iused
to test transport polarity, the negative results do not
indicate that it is not the IAA precursor which is
translocated to the tip. 'Fhey merely indicate that
!t is not actively transporte(d in a maniner similar to
that in wihich IAA is actively transported and which
can be tested with excised segments. The excised
segment is after all in an unnatural enivironmnent and
lacks various pressures whiclh regulate over-all trans-
location in the intact plant.
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