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Introduction
Since sugarcane plants in Hawaii translocate

sucrose at the rate of over one million tons per year,
translocation studies have an immense economic po-
tential. Studies with the infrared analyzer indicate
that the accumulation of sucrose in leaves during the
day may inhibit photosynthesis (unpublished data),
so that translocation may form a bottleneck in pro-
duction. Of more importance to the general plant
physiologist, sugarcane studies may contribute to the
theory of translocation. In 1947 investigations on
translocation of C14 were begun at the Experiment
Station of the Hawaiian Sugar Planters' Association
(7, 12, 27), an(l the results of the ensuing 15 years of
research are summarized here.

The sugarcane plant possesses many advantages
for studying translocation. The long synmmetrical
blade, with parallel venation and with no lobes or
dissections, can be readily cut into uniform parts for
studying velocities of movement. The large size of
the plant makes it possible to take samples from uni-
form tissues for several types of analysis. Samples
can be taken at specific positions because of the regu-
lar subdivision of the stalk into nodes and internocles.
Thus, sugarcane is well constructe(l for determina-
tion of components moved and of rates and direction
of movement. Sugarcane has a disadvantage for
translocation tests because it is a monocotyledon with
typical monocotyledonous structure of the stem. It
is therefore difficult to separate xylem and phloem
for studying tissues involved in transport; moreover.
on sugarcane there is no stem-infesting aphis which
could be used for sampling the phloem.

Studies of translocation of radioactive photo-
synthate have been summarized recently (17, 48, 57).
Even so, Crafts (17) has called attention to the need
for collecting more data on this important subject.

Translocation in sugarcane was studied by Hartt
(23) who analyzed the sugars in sheaths during the
day and the night and concluded that a temporary
storage of polysaccharides in the sheath during the
night facilitated translocation. Burr et al. (8) re-
viewed studies of translocation of C14 in sugarcane
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through October 1956, and also presenlted evi(lence
of a circulatory system in the sugarcane plant (9).
Yang (55) reported on stu(dies in Taiwan on trans-
location of C'4 in sugarcane. Brief presentations of
somle of the results reported herein are in press
(24. 27).

This paper describes the normal course of trans-
location in plants grown with adequate fertilization.
Effects of varying climatic conditions. (leficiencies
of N. P. or K, and other factors will be presente(d
in subsequent papers.

Materials & Methods
Variety H 37-1933. generally used in this investi-

gation, is a comiplex interspecific hybrid involving
Sacchariiumi officinarumtvt L., S. sponttanculin L. and S.
robustimi Brandles & Jeswiet ex Grassl. 'Most of the
experinments were conducted witlh plants growing out-
(loors in 16-liter crocks with complete nutrielnt solu-
tion continuously aeratedl. Some field-grown plants
were used.

Preparation of C'140.. Radioactive CO., was
prepared from barium carbonate-C'4. A method was
(lesigned to prepare and store the C'4O.,, in ordler to
obtain repeatable doses of known ra(lioactivity. Ali-
quots of 2 mc. weighed with a Franz Hugershoff tor-
sion balance, were transferred to the tube of a gas
generating system. After evacuating the tube, a
small amount of lactic acid, (liluted approximately in
half with distillefl water, was admitte(d to the generat-
ing system a few drops at a time. The C140, so
formed was transferred, by means of a mercury level,
to an inverted syringe of 50-ml capacity. The C1409
was washed from the generating system into the
collecting syringe with air. In this way about ten
ml of gas was transferred to the syringe, which
was then closed with a stopcock and removed. Air
was then pulled into the syringe to 50 ml. The 50
ml of gas was transferred to a storage vessel over
mercury, and washed in with another 50 ml of air.
The 100 ml of gas contained 2 mc of C140,. In con-
tact with only glass and mercury the gas remained
unchanged for long periods. Doses of desired Ac
were removed by syringe immediately before starting
a test. When an experiment involved more than one
series, enough stored C'40. was removed into a
large syringe for the entire test, and aliquots for
each series were transferred to a small syringe just
before feeding.
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J:.xpositre to C' 'O.,. [or a(lmin1j1isteriing C'40.,
to an attache(l leaf, in the early exp)erinments ( 26)
a leaf or part of a leaf was enclosedI in a 1-liter
gcra-dtiate by means of a split rulher stopper; the
nee(lle of the syringe fitte(d in the stopper. In later
experimients, chambers ranigedI in volume froml 65 to
900 ml1. The chamber use(d in most of the tests re-
ported here lha(l a light wood frame and light-veight
plastic \wilndows about 10 X 14 cmll. The 14-cm
window plus the frame resultedl in an over-all length
of 20 cm for the fe(d lart. The insi(le (lepth was
6 cmll anid the volumIe was approximately 900 ml.
The chamiibel- \\-as hinige(d on1 one si(le and the edlges
whiclh fit on the leaf were miiade of rubber. Tlle in-
let was a nee(dle held witlh a stopper in one e(dge of
the chamiiber. The syringe containinlg one individual
dlose wsas fixe(d firmly in tlle inlet nee(le, after which
the clhanmber was arrange(l over the portion of the
leaf to be fed, the clasp of the chamber tightly closed,
the (lose of C' O., injectedl into the chanmber, the
timler starte(l, and the syringe I)umpe(l several times
to iillx the air in the chamiiber. The length of ex)o-
sture was generally ; nlinutes. In early tests light
xvas (lescribe(l as palle, moderate. ol intense; in somiie
later tests it wkas measured in foot can(lles w\ith a
General Electric liglht mleter. A mark place(l oln the
leaf at thle upper andl lower edges of the chamiiber
showeed the fe(lpart of the leaf. At exactly 5 mlinutes
the clhamber was opene(d and remlove(l to a (listance
to aerate before being use(d for the nlext series.

Samiipling and Preparation. Translocation timiie,
\-hich included fee(dinlg tinl. rang e(d fromll 10 nillltites
to 6 xveeks. Translocationi xvas terlminate(l by cut-
ting off the blade in very short tests. or by cutting
the stalk in longer tests.

At harvest the plalnts ere quickly separate(l.
imieasured, anI weighed. A large drver with force(d
air current at 80 + 1° as use(d for dryi-ng the parts.
Blades an(d sheaths Were (l-ie(l entire. Stalk samples
were either sliced \xith a miieat cutter or groullnd in
a Buffalo Cutter before \\eighed saml)les \\-ere taken
to dry. In solmle tests sailiples wxere killel by boiling
in 95 04c ethyl alcohol.

After dlrying, samilples were re\\veighed and total
dry xx-eights calculatedl. The drie(l saamples x-ere
mlilled in a WViley mill, micro size, producing very
little (lust because of the fibrous natuire of sugarcanie.
Aliquots of the Wiley mill poxvder xvere taken for
counlting at infiniite thickniess. Alcohol or other ex-
tracts xvere counited at infillite thinnliess.

Radlioactizve Coon tinyg Tech niqifc. Counting xvas
(lone wvith thin-wxindoxv Geiger tubes and 64 scalers
froml Tracerlab an(l Instrument Development lTabo-
ratories. Samples x-ere counted to a total of 2000
counts, but not longer than 10 mlinutes, andI were re-
counted after turning the planchet a quarter turn.
Initial and final backgroundI counts were averaged
and subtracte(d from the average gross counit. Net
counts under 5 per minute xvere calculated as zero.

Results are expressedI as: RSA (Relative Specific
Activity), which is the net count per minute at infi-

nite tlickness; as RTC (Relative Total CouIts),
which is the RSA timles the total dlrv wveight in milli-
gramiis; an(I as percentage of grand total counts.
(Graln(l total counits are obtaine(l by a(l(ing the total
counlts in eachi orgaIn of a planit. \Vhlen calculated to
infinite thinniess, results are expressed as SA (Specif-
ic Activity = cpm,mg).

Numiiibering Systcnz a(1it Definitionis of I'Parts.
The leaves and joints were numbered from the top
lown, countinig the spindle or unrolle(d leaf as No. 1.
The leaf, wlviclh is composed of bla(le ancl sheatlh is
attached at the top of the joint. Tlle joint is com-
pose(l of no(le acnd interino(le. Lalas are shoots wxxhich
foriml froiml buds OI1 the upper part of tlle stalk. Suck-
ers are shoots wxhich (levelop fromi buds at the base
of the stalk or from the stubble. A\ stool Of cane is
an entire pIlant wvith primary, seconi(laries, and(l often
otlher categories of stalks. Tlle (lewlap is the joint
between blade and( slheatlh. Miillable cane ileltu(les
all joints fromii No. 8 to the base of the stalk.

Sugar A4nialysi's. \NVeighle(d aliquots of freshl slice(d
or groun(l tissues oi- \iley mill p)oxwder wxere boile(d
in 95 04 alcohol, bleIlde(d and tr-anisferre(d t,o calibrate(d
Erlenimever flasks. Samples then stood at least 24
hours before being filtered.

Aliquots of alcohol extracts e(utal to 1 g fresl
miiaterial x-ere ev-aporated. transferre(l to water,
cleared vitlh neutral lead acetate, (leleade(l xvith po-
tassiulmi oxalate (dried powvder ). allowed to stand
2 hours, anIld filtered. Non-suigar re(lucinlg substances
wxere removedl by treatment xvith Suchlar (2 nmg/mln
wxhichldoes not a(lsol-) re(ducin-g sugars. The aliquot
for (letermination of ssucrose wvas treatecd Nwitlh Suchar
after hydrolysis wxith invertase to prevent loss of
suicrose 1b adsorption oIn Suchlar.

Reducing sugars xxere analv ze(I wxith alkaline
ferricyani(le 1y the miietho(d o-f Burr and Tanimiloto
( 10,11 ). Fiructose after chromiatographyl was Imleas-
tire(l by the mletlhod of Roe (44).

Paper (Chroniatograph it. Aliquiots fori paper
chl-romatography -xxere taken wxithout clearing xxith
lead acetate or treatmenit with Sucliar. The aliquot
did not contain more than 2 mg of any sugar. Using
\Nhliatmiian No. 41 H paper, and a solvent composecl
of isoamyl alcohol (xxvater saturated ), isopropyil alco-
hol, and xvater (4:4: 1 by volume), the samples xvere
run11, (Iox-inflOwv, until the front x\vas about 10 inchles
froml the origin. At this stage, the sugars xvere
xx ithiln 2 iniches of the origin. The strips vere allow-
ed to dlrv in air after wxhich 1-inclh sectionis xxere
counted in steps of 0.5 inch. The percentage of
coUtnts in the sugar area -x\as calculatedl.

The strips xx-ere theni re-run in the same solvent
for 24 to 36 hoirs, duriig wxhich the solvent (drippedl
off the end(s of the strips. The approximate posi-
tions of sucrose, fructose, and glucose were (leter-
mine(l on parallel strips of known sugars by use of
a silver spray. The percentage of sugar counts in
each sugar xvas determiined by re-counting the chro-
miatogram. From the percentage of total counits in
the sugar area, and the percentage of sugar counts
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in each sugar, the percentages of counts in glucose,
fructose, and sucrose were calculated. Total counts
in the three sugars were then calculated from total
counts in the extract, and specific activity of the
sugars was determined by dividing the total counts
in the sugar by the milligrams of sugar determined
by analysis.

Rechromatography of the sugars showed no de-
tectable radioactive impurities and gave no further
separation of the sugars.

Experimental Results & Discussion
I. Translocation in Leaf and Stalk.

A. Pathways
1. Entrance into veins. Direct counts of the

living leaf made at the same position on the fed part
increase after a few minutes. Because the veins
project a little above the mesophyll, this increase in
activity in the living fed part is thought to represent
entrance into the veins (24, 27).

Belikov (3) studied the exit of assimilates from
the mesophyll to the veins in soybean leaves, as af-
fected by severing the veins, and found that each large
or small vein serves a certain part of the blade col-
lecting assimilates as a river collects water from
streams. Kursanov et al. (34) demonstrated the
entrance of radioactive assimilates into the leaf veins
of rhubarb after only 2 minutes of photosynthesis,
and stated the process could not be due to free dif-
fusion but rather a selective process controlled by
metabolism. Enriching beet leaves with ATP ac-
celerated the movement of assimilates from the meso-
phyll into the conducting cells and also movement
toward roots (32), which indicates that phosphoryla-
tion of sugars precedes their transfer from mesophyll
to phloem, where they are rapidly resynthesized to
sucrose (33).

NODE 1190

INTER- 1Jr.- to1
NODE DJ g

FIG. 2. Photosynthate made in one lamina moves
chiefly down that side of blade and sheath to stalk.
RSA 100 minutes after feeding 100 ,uc for 5 minutes in
intense diffused light. Internal dimensions of chamber:
3.2 X 8.2 X 0.5 cm. Left: blade, sheath and joint
showing fed side, center and opposite side. Central part
of lower half of sheath split longitudinally into white,
inner part (=W) and green, outer part (=G). Right:
cross section of lower sheath and of internode showing
approximate relative positions.

FIG. 1. Labelled photosynthate follows veins to mid-
rib and sheath. Total counts per section, 2 hours after
feeding 30 ,uc for 3 minutes at 9000 ft-c, using 6.5-cc
chamber to small area indicated by arrow. Blanks each
less than 500 TC. Strip below fed part torn down by
hand, following veins. OP-L = opposite lamina; MR
= midrib; V = veins below fed part; OT-L = outer
lamina; LE = leaf edge; AP = apex; SH = sheath.
Line A: cut across upper edge of fed part. Line B:
cut across lower edge of fed part. Line C: cut across

juncture between veins below fed part and midrib. The
17,970 counts in lower midrib represented 29 % of TC
remaining in the blade.

2. Downward
a. Down the veins to midrib and sheath. The

major pathway of transport of labeled photosynthate
is down the parallel veins to the midrib and sheath
(fig 1). Very striking is the mass movement to the
lower midrib, in which the 18,000 TC represent 29 %
of the TC remaining in the blade 2 hours after feed-
ing.

Translocation down the veins of soybean leaves
was studied by Belikov (2) and demonstrated even
in veins going through darkened areas of- leaves.

Elegant demonstrations of detailed pathways of
translocation in the phloem of bean leaves, comparing
radioautographs of frozen-dried tissues with photo-
micrographs of fluoresced tissues, were presented by
Biddulph (4). *

b. Down the fed side. When C'409 is fed to
one lamina using a chamber reaching from margin
nearly to midrib, highest RSA remains on the fed
side down the sheath into the internode (fig 2). Al-
though the lower midrib increases in activity, as in
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figure 1, imiuclh of the radioactive material passes
directly (lown the lamina an(l into the ssheath without
entering the nlli(lrib. The decrease in RSA in the
center of the lower sheatlh mav be clue to increase(l
Imass iti relation to bund(les, a(ln to the spreading of
the buil(lles toward the sheatlh nmrgins as reported
by Artschwager (1). The outer, green l)art of the
centel- of the sheath having greater radioactivity
than the inner, white part is (Ite to the fact that the
btun(lles lie closer to tlle outer epi(lermis than to the
inner- el)idermis.

The hiighest RSA remiainas oIn the fe(d sidle of the
sheath an(d internodle only wlhen feedling is strictly
unilateral, as in figure 2 w-here only one lamina re-
ceive(l C' O., or in the work of Yang (555) -who foundcl
more activity oni the fe(d side of the stalk than oIn the
opp)osite si(le after fee(ing C' 10., to onie Llal of
sugarcane. These results are comparable to those
of Perkins et al. (41 ) wh-lo found(I the stemii of Voung
soybean plants lha(l activity oin tlle same side as that
of the fedl leaf. But when aIn enltire bla(le sectioIl is
fed C'O2 (table I) there is no fed si(le in the stalk,
since the sheath w,raps completely around the stalk
and is attaclhe(d to the eintire circumlference of the
joinit. Thus whether imiore couniits reach the miii(drib

Table I
Effect of Tiiiie on I)istribution of Activity (RS -I) i'l
Ports of Jo tcr (ldes, Sh ozviong Labelled Co vipioii enits

Go First to Center of Stalk

Part Midrib side* Opposite si(le*"

90 minutes from blade 128**.
Internode 13

Rind (1 mm)
Next 2 mm 10
Remaining center 30

194 minutes from blade 7t
Interniode 7

Rind
Center

Internode 8
Rind
Center

25()
360

10
150

5 hours from blade 8tt
Internode 8

Rind (1 mmi) 1600 3000
Next 2 mimi 1300 210()
Remaining center 1600 2900

* Directly below- midrib of fe(d blade.
** Overlapping attachmenit of sheath edges.

* Marks were placed on interniode 13 to designate
midrib side and opposite side. Ninety minutes after
feeding C' 4, to blade 12, internode 13 was cut
from the stalk. The internode was then cut vertic-
ally separating the two sides. Rind (1 mm thick)
was cut off. A semicircle (2 mmlm thick) was next
cut off. Remainder of interniode was designated
remaining center.

t One hundred ninety-four minutes after feeding
CL40., to blade 7, internodes 7 and 8 were cut from
the stalk, cut vertically to separate the midrib side
from opposite side, ancd separated into rind and
center.

tt Five hours after feedling ('14O to blade 8, inter-
no(le 8 was cut fromii the plant and subdivide(d as

inl ***.

©-

1F'IG. 3. Tranislocation for 10 to 120 miniutes fromii
fed blade 6 showing that in stalk. (lownvwar(l miovcmCiit
lprecedes upward movemenit. A: 10 minlutes. 1)Dow l
20 cmil. - 2 cm/ min. 98 Cf of TC remains in fed part.
B: 60 miniutes. Down 50 cIm in blade + 33 cmii in
sheath + 16 cim in stalk to middle of internio(le 6 = 99
cm total distance (lowlnwar(l givinig velocity of 1.6 cimi
ier min. 54 c of TC in fed part. No counIts ul) the
stalk. C: 90 millutes. Down 42 cim in blade + 31 cm
in sheath + 97 cim in stalk to middle of internode 15 =
170 cm total distance downiward giving velocity of 1.89
cm per mmiin. 41 clf of TC in fed part. Counlts in upper
stalk, leaves, and spindle. D: 120 minutes. Down\i 42
cim., in blade + 29 cm in sheath + 103 cm in stalk =
174 cm total distanice downward. Counts in base of stalk,
roots, anid suckers as well as upper stalk, leaves and(l
spindle. 35 C of TC in fed part.

si(le o)r the si(le of the overlapping edges of the
sheath depends on the relative amounts of labelle(d
photosynthate coming down the midrib or (lown the
lamiina. This in turn (lepends oln how high up the
blade the feeding chanmber was placed, and conse-
quently on how nmany of the veins from thle fedl part
have joined the midrib.

c. To center of stalk first. When an entire
blade section is fed C140.", the labelled photosynthate
mnoves down the entire l)lade and sheath to its no(le,
then to the internode, goinig first to the center of the
stalk (table I). The RSA being greater in the
ceniter of the stalk than in the rind in a test of short
(lurationi is readily explained by the course of the
large leaf traces wNhich (lesceni(l from the leaf, pene-
trate alnliost lhorizontally to tlle center of the steiii
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and thence perpendicularly downward for as many
as eight joints (1). Smaller bundles go to the
periphery. After 5 hours the RSA of the rind and
center is equalized (table I').

d. Direction in the stalk. Upon reaching the
stalk radioactive photosynthate first turns downward
(fig 3) and moves down the stalk more than one

joint but less than nine joints before any finds its
way into an upward-moving system. This is about
the place the large, perpendicular leaf traces lose
their identity. Some of the translocating material.
having found its w,vay into an upward-moving system.
reaches the spin(lle, growing point, and younig leaves
before any reaches the roots. Counts are detected
in the roots after two or more hours. (epen(ding
upon the length of the stalk. Even the nutrient solu-
tion may have detectable counts.

Rye also hadl more doxvnward translocation than
upwvard, particularly from its lower leaves (36).
while in the grape upward translocation was very

rapid and basipetal translocation slower (49). In
the soybean (52) translocation was predominantly
basipetal.

3. Lateral. Transverse bundlle connections runi

somieewhat diagonally or at right angles between the
parallel veins of a sugarcane leaf (1). Sonme lateral
transport takes place (fig 1 & 2), goilng primllarily
toward the midrib but very little to the opposite side.

4. Acropetal. As in the soybean (50). a slmiall
percentage of radioactivity moves above the fed part
to the apex of the fed blade (fig 4). This acropetal
translocation is always small, generally less than
1 %.Kf and is not affected by time. Movement to the
apex of the fe(d blade may be (lue to leakage of C'40.
into intercellular spaces during feeding. Evidence
that a small amount of leakage of CO, into inter-
cellular spaces during feeding may take place. the
counts moving upward, will be presented in another
commnunication.

5. Complete picture at 90 minutes. Although
73 % of new photosynthate may leave the fed part
in 90 minutes (fig 4), the fed part still has the
highest RSA in the plant. The greater RSA in

nodle than internode is accentuated down the stalk,
and at the advancing front of translocation the RSA
of the node is three times that of the internode.
This results from 1) the greater concentration of
conclucting tissue in the nodes, and 2) the greater
percentage of new sucrose in the conducting tissues
than in the storage tissues at the front.

B. Components in Transit. Experiments with
many species have shown that sucrose is the main
carbohydrate translocated: willow cuttings (16);
soybean (19, 52); grafts of sunflower and Jerusalem
artichoke (35); grape (49) ; tobacco (28, 46) ; wheat
and barley see(llings (18); bracken (22) ; pine and
(dlarf mistletoe (43); potato (37) an(d others. In
willow cuttings, Chen (16) foundl fructose along
wvith sucrose. In sugarbeet. punmpkin, cotton, andl
others. Kursanov (29) found a stream of sucrose,
glucose, fructose, hexosephosphates, organic acids,
an(l anmino acidls, with sucrose and hexosephosphates
generally predoimiinating and moving faster than the
other components. On the other hand. Pristupa
(42) identified stachvose and verbascose in transit in
punmpkin plants; Burley (6) stated that smiall amounts
of raffinose may also be translocated in raspberry
and soybean; and \Vebb and Burley (53) foundl
higher activity in sorbitol than in sucrose both in
the fed leaf and at a distance of 60 cIIm in apple.
The importance of conditions of growth in dleterniin-
ing the nature of the conmponents translocated was
emiiphasized by Nelson et al. (38) Nho foundl radio-
active serine in addition to sucrose in stems of soy-
bean plants grown witlh adequate nutrition, but 95
to 100 %,, of label in sucrose in plants deficient in N:
under greenhouse conditions malic acid was the only
labelled comlpound in the stemi. Since the metabolic
conversion of sucrose in the stem vas too slow to
account for the serine and nmalic acidl found, they
concludled that translocation of the prodlucts of photo-
synthesis in soybean is selective. depending upon
suitable conditions.

In sugarcane, couInts soluble in alcohol increase
towar(l the advancing front of translocation. In the
strip torn down belowx the smlall fed part (fig 1),

Table II
Percenitage of Counts in Alcohol Extract, After Translocation for 5 Hours*

Part Phosphates, Sucrose Glucose Fructose Malic** Lipidsamino acids, etc. Acid Lpd
Downward Translocation

Fed blade 8, fed part 6 64 8 12 6 4
Fed blade 8, below fed part 4 84 4 5 3 1
Sheath 8 3 72 11 11 4 3
Internode 8 4 93 2 1 0 0
Internode 13 0 100 0 0 0 0
Internode 15*** 0 100 0 0 0 0
Internode 19 0 100 0 0 0 0

Upward Translocation
Internode 7 4 81 7 5 2 1
Spindle 10 66 8 6 1 8

* 400 uc fed to central part of blade 8 for 10 minutes in bright sun. For translocation curve, see fig 8.
** May include other Krebs cycle acids.

*** Alcohol extract of internode 15 contained 99.2 % of TC.
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72 (4 of the counts remiaiililng in the fe(d part wvere
soluble in alcohol, ani(l this percentage increase(l in
successively lower parts to 88. 91, 92. 96. aln(d finally
99.6 in the lower midribb. Soluble counlts in the lower
midiril) 2 hours after fee(ing w-ere 98 (', sucrose. In
the stalk (fig 4) 93 (4 of the couints in internode 5
were soluble in alcohol. 99 ( i'n iinternode 8, and
100 (4 in inlterno(le 11.

One lhundire(d per cent of the counits were in
sucrose near the advancing front (table II). Thus,
in sugiarcane. sucrose is the principal comipound trans-
locate(l. WVe mav, thierefore, assume that most
counts in other pIarts of the plant moved there as
sucrose, wx hich mileanis that miiost of the organic mlat-
ter in the plant is made fromil sucrose.

It was felt worthwhile to calculate the loss in
radlioactive sucrose in the fe(d part, to see if it could
account for all the translocation in a given time.
This can be (dine in an experimilent in wN-hich initial
anidl final leaf-punch samples were taken fromil the
fe(d part, and their counts comicpare(l with the (lis-
tributioin in the entir-e plant at harvest. Total count.s
in the leaf puInchi salilples were:

Iniitial 133,000
Fiiial 50,000

Difference e(quals translocated 83.000 = 62 c'C
Total counlts in the plant at harv-est wxere:
Entire plalit 11,290.000
Still in fed part 3,500,000

DJifference equals translocated 7,790,000 = 69 ,(.
The percentage o-f translocation calculatedl by the
txvo miietho(ds (liffers by approximately 10 (4.

In the initial sample, .sucrose ha(l 90 of TC.
Since all the counts in the entire plant at harvest
wx'ere in the fed phart at start, stucrose TC at start may
be calculated thius:

TC in fed plart at start 11.290.000
90(4 sucrose x .90

Sucr-ose TC at start 10,161.000
.Analvsis an(l chromatography of the fe(d part at

harvest sholved 2.540.000 TC in suicrose still in the
fe(d part at harvest and thius not translocated. The
loss in sucr-ose TC in thle fedl part (lur-inig the 5-hour
test is calculated thus:
tSucrose TC at start 10.161.000
Sucrose rc in fed part 2.540,000

ait harvest
Difference e(quals sucirose 7.621.000 98 ', of TC

TC lost fromii fe(d part translocated

This (loes not milean that 98 (4" of translocation was
dule to sucr-ose, because there xvas n<o mleasure of
coulnts lost in respiration, and because other frac-
tions gained in the fe(d part (table T1T). Sinlce the
go-ainl in reducing sugtars aiid residtle equalledl 12 (4
of the loss in sucrose, only8(487 of the loss in sucrose
was (lue to tralnslocation. 88 (4 of the loss in suicrose
is 6,706,000 TC. xvh-ich is 86 (4 of 7.790.000 (the
TC translocate(l). 86 ' (liffers fromil 100l( more
thani the 10 ', (lifferelice in translocation mieastire(l
by loss in leaf-punch cotmiits or 1y (listribution at
final lharv-est, but still shioxs thlat milost translocation
is a transport of sucrose.

No (lefinite evidence of translocation of othier
componentslias vet been ob)taiiledl in these sti(lies.
Small aillounts of radioactive glucose an(l fructose
are often found( below the fe(d lart.iOt always eqtual
in rad(li activitv. Labelled aspartic ain(l mialhic aci(ls
are also found( belowv the fe(l part. The presence of
these comllpoum(ls may ind(licate translocation or1 con1-
version. These coimponents are liot foun(d at the
alvancinig fronit of triinslocation. Neithier aire thev
founill in upward tralnslocation in otlher- stalks of the
stool (section T A). If they are translocated at all.
it is miore slowlv andl in smiialler amounts than suicriose.

C. Destination, Use, and Storage. Shen (45)
relw)rtedl that the ra(lioactive product.s from leavxes of
rice xv-ent to the centers of growxth or storage.
Centers of growxTth in sugarcane are the stem tips.
root tips, an(l sheathis. Storage occurs in the mill-
able cane and is most active in interno(les 8 to 10 or
a little below. These are the places whiere the newlx
formed photosynthate is retaine(l.

Reducing sugars, organic acids, Iipid s, organic
phosphiates, an(lI amilino aci(ls appear iln upward tralls-
locatioin to the spindle (table II). As their- appear-
anice is accompanie(l by a (lecrease in percentage of
sucr-ose counIlts, they are forme(d by conversion u1)0on
arrival at the youno, growsigregiotn.tible
compounds are also forimie(d in votingr interln(!les and
in r1oots (table IV).

Akge of the leaf fe(d (leterilines the percentage of
counts retaine(d in its gro\vth (tables IV & VT. In
mature leaves the nex stucrose passes through tiul-
chalinged, hut in young leaves a large percentage of
the newv sucrose is converted to materials use(d in
the groxv-thl of the slheathi. *Yang (55) foun(d thlat
the immature part of a blade incorporated the most
C 4 labelled translocating material; because bladle 1
xvas most active near the apex. blade 2 at the middle,

Table III
Total Counts in Initial & Final (5-hr) Lcaf-ptuntchl Samplcs of lFM Part*

Samiiple
Initial
Final
Change

Sucrose

118,000
25,000

-93,000**

Glucose

4,000
5,000

+ 1,000

Fructose

1,000
6,000

+5,;000

Residue

7,000
12,000

+5,000

Other

3,000
1,000

-2,000
* D)ata regarding application of C140. in table II.

* * Excess loss in sucrose compare(d xvith gaiii in other componielnts xx as attributed chiieflv to tranlslocatioll. See
text for calculationls comparing loss in leaf-punch couints x ith final distribtition in entire plant.
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Table IV
Distribution & Solu(bility of Counts After Translocation

for 24 Hours From Blade 8
200 ,uc fed to central part of blade 8 for 5 minutes at

7000 to 8000 ft-c. Fed part at harvest still had 31,000
sucrose TC, presumably translocatable. Age of plant,
4 months.

Part % of % solubletotal counts in alcohol

Spindle 6.0 ...

Leaves 2-7 5.6 ...

Joint 1-4 1.1
Internode 5 3.5 35.1
Internode 6 6.8
Internode 7 12.4 72.5

Total upward 35.4
Fed blade 8, fed part 4.2 56.0
Fed blade above fed part 0.05 ...

Fed blade below fed part 0.9
Sheath 8 4.4 90.3

Total in fed leaf 9.55
Internode 8 18.4 ...

Internode 9 5.9 87.8
Internode 10 1.5 ...

Leaf 9 0.4 ...

Stubble 4.0 ...

Roots 24.8 25.3

Total downward 55.0

and blade 3 at the base, he concluded that the blade
grows first at the apex, then in the nmiddle, and last
at the base.

Sugars increase in percentage on the dry weight
basis from the fed part through the sheath to the
stalk (table VI), since the analyses includle stored
sugars as well as those in transit. The higher per-
centages of sugars in the sheath and stalk than in
the blade dilute the raclioactive sugars to a greater
extent, resulting in lower specific activities and re-
versing the gradient. The sugar in the transport

Table VI
Gradietts in Su1gars After Translocaliont for 90 Minutes*

Part Sucrose

Percent dry weight
Fed blade 5, fed part 3.72
Fed blade, below fed part 3.92
Sheath 5 5.78
Internode 5 28.42

Specific activity, cpm/mg
Fed blade 5, fed part 191,000
Fed blade, below fed part 32,500
Sheath 5 10,500
Internode 5 485

Counts/mg tissue
Sucrose

Fed blade 5, fed part 6,800
Fed blade, below fed part 1.200
Sheath 5 600
Internode 5 100

Reducing Sugars

0.52
0.64
3.12
3.18

sugar
112,000
12,500
1,280
610

Glucose

280
40
20
10

Fructose

310
40
20
10

Spindle
Leaves 2-6
Joints 1-6

Total upward
Fed blade 7, fed part
Fed blade above fed part
Fed blade below fed part
Sheath 7

Total in fed leaf
Joint 7
Leaves below fed leaf
1 dry leaf, attached
Leaves removed before

harvest
Joints 8-10
Joints 11-15
Joints 16-20

0.3
13.4
1.2

14.9
4.1
0.04
2.2

23.1

29.44
2.0
1.1
0.2

6

0.1
25.6 20
18.5 80
8.1

Total downward 55.6

350 Ac fed to central part of blade 3 for 5 minutes in
bright sun.

During the 6 weeks after feeding blade 3, four new
blades had formed for which reason the fed blade had
become No. 7 at harvest.

Note retention of counts by the growing sheath, chiefly
insoluble components and the high solubility of labelled
components in storage joints 11 to 15.

* 280 Ac fed to central part of blade 5 for 10 minutes
in bright sun. Relatively high SA of sucrose in
sheath, primarily an organ of conduction, confirms
that sucrose is chief sugar translocated.

systeni is moving with the gradient, but against the
gradient during transfer from the sieve tubes to
the storage parenchyma, the mechanism of which
process has been studied by Glasziou (20, 21) and
Bieleski (5). Glasziou (21) concluded that a su-
crose precursor or derivative is transferred across
the boundary between the outer and inner space of
the tissue, and that sucrose is released into the inner
space. It is perhaps this transfer step referred to
by Turkina (51) when he stated that sucrose is
transported to the roots of sugar beets against a con-
centration gradient. Importance of a positive gradi-
ent in translocation is shown by a greater velocity
of translocation by day than by night, due perhaps
to the washing out effect of new photosynthate (9)
and in studies with detached blades (25).

The amount of new, radioactive sucrose reaching
selected parts during translocation for 5 hours was
estimated (table VII), and internode 19, which al-
ready contained nearly eight gm of sucrose, had
taken in 0.6 mg of C14 sucrose. How much of this
was in transit and how much in new storage is not
known.

Storage in internodes 8 to 10 in 24 hours amount-
edl to 25 % of counts, 88 % of which were soluble in

Table V
Distribution of Counts After Tranislocation for

6 Weeks from Blade 3

Part %oa cof %in solubletotal counts in alcohol
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Table VII
. 1111011tft Of Cl ' Sutcrosc in Selectcd I'arts I4fter

I'ranslocation for 5 Hlours Fromii Blade 8*

Part
Sucrose sucrose

,tmg ct g .of total

Fed blade, fed part 44.7** 77,000*** 6.3*** 2.83t
lFed blade, below

fed p)art 147.2 8,700 0.7 1.0
Slheath 8 134.1 7,700 0.6 0.8
Initernode 8 4,420 240 0.02 0.9
Intermiodle 13 11,714 25 0.002 0.2
Ititernio(le 19 7,886 92 0.007 0.6

* Data regar(ling apl)lication of C' O., in table II.
q Original leaf-punch saml)le hal al)p)roximately samiie

iiug sucrose as in final leaf-punich sanllple.
OOriginal SA of sucrose was 1,220,000. This xx-as
(lecreased to 77,0(X) bv tranislocation of C14 -sucrose
aind formationi of C12 sucrose, or a dlecrease to 6.3 %.
6.3 (( of 44.7 = 2.8 mg C'4 sucrose. Thlis calcula-
tion assumes that new sucrose reaching a lower part
has the same SA as new sucrose in ani iniitial leaf-
punch sample.

alcohol andl xx ere, p)restumalylY, largely sugar ( table
IV After 6 xweeks, joints 11 to 15, which are
storage joints, containe(l 18 ', of couIlnts. 80cC of
Which wvere soluble (table VT .

[). Velocitv. Swanson ( 48 ) (lefine(l velocitv of
transport as the lineal distance of movemient per uinit
timie. V'elocities of tralnslocation in sugarcane x-ere
calculated frolmi the timie of injection of C' .. inito
the fee(dinig chlamilber to thle tlime of cuttinlg the leaf
or stalk fromll the plalnt (listance wxas measure(d froml
the bottom of tlle fe(d part (lowxer e(dge of chamber)
to the advancing frolnt of activity, wvhich in sugar-
cane is very sharp (fig 4 ). Timle ot injectioni ot
(140., is close to the tinle translocation stalrts. silnce
ra(lioactive sucrose is made in a few seconds in a
sugarcane leaf and(Imoves (lowvn the blade 2 to 2.5
cim in 1 mlilute (fig 3 & 5.

Velocities ratnge from 42 cim per hour ('26, 27 )
to 150 cmii per hotur (fig 3, 4, & 5 ). TNxvelve estimiates
made wvith normlal plants average 84 cnm per hour as
the usual velocity of tranislocation of sucrose in the
sugarcane plant. Canny (13, 14) believes that the
(listance measure(l froml source to front (lepeen(ls upon
size of (lose anid( sensitivitv of (letection. But we
have foundl that increasing the close fromii 40 Ac to
400 Ac. with ain application tinme of 5 minutes, lhas no
effect uponlvelocity. A goo(d estinmate of effect of
sensitivity can be seen in figure 4. Near the front
of translocation the RSA drops ten times in onie
joint lengtll. Hence, zero is approached in one more
joint, No. 14, an(d the longer the plant the nearer thle
approach to true velocity. It cannot be said, bow-
ever, that an unlcountable trace has not gone muclh
farther.

Length of feedling, regardless of dose, may affect
velocity. An average of 11 tests, eachl a 5-minute
application, gave 96 cim per houir; 10-minute fee(dings

averaged 72 cill per lhour, an(1 a .sil12,1e test at 37
minutes gave 42 cm per hour. Longer application
appears to decrease velocity, althouglh translocation
time includles feeding tim1e. Short appl)lication timiie
is best. Five nminutes is our usual tim1e.

The velocities presente(d so far arie all for dox n-
ward movement. Velocity of translocatinlM ul)wVard
to the growing Ix)int of the stem in onie test was
estilmiatedI as 37 cm1 per hour, but this Was only- ap-
proximiate hecause it was not known exactly how far
the C'4 moved(l dowI the stemll before goilng upw-var(d.
In the grape, Swans.Ilsn (47 ) reporte(l the velocith
of tpl-ard1 tranislocationi was about 6'0 cmii per hotur.

The velocities of translocaition of (' 4-1)p(h)tosvnIl-
tlhate reported in the literature range fromii 0.24 cml
per h1our in Salix (15) to 5040 cm11 per hiour ini soy-
hean (39, 40). The miiajority of -elocities falls inI

LEAVES
FED LE

R S A % OF TOTAL COUNTS
BL. 5 C1402 BL. 1-4 BL. 5

S BELOW 12,670 5 il-84 LEAVES BELOW
-AF=l90 12,300 __5.35 FED LEAF=1.12

5, 830 6 4.36
6, 380 - 2-2.04
4, 050 7 4.78
5,250-_-li.78
2, 950 8 5.62
4, 530 -_-2.09
2, 630 9 6.49
2, 870- LBE.48
l, 580 60 4.39
6, 290 2-.77
590 1 1.76
330 8- .20
l00 12 .32
30 - 2-.02

1,50 13 .03

14

0 To 0
5

0 0

IFIG. 4. RSA (left) and % of TC (right) 90 minutes
after feeding 400 ,c to part (black area) of blade 5
(shown twice in diagram) for 5 minutes at 3000 to 8000
ft-c. Separate counts for nodles ( represents the
nodes) and internodes. Nodes richer than internodes in
RSA but lower in % because nodes weiglh less. Dis-
tance A to B = 168.3 cm. Velocity = 1.87 cm per
minute. In internode 8, 85 , of TC (& 92%/ of sugar
counts) were in sucrose.
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10 I rate of 5000 cm per hour, the roots should have been
active, but they were not.

E. Amounts of Translocation.
9 1. Mleasured as percentages of counts lost from

the fed part, in successive punch samples. A rela-
tively simiiple method of estimating the amount of

8 \ _ translocation as distinct froni velocity. is to take
successive punch samples fromli the fed part, starting

30 MIN. at the upper part of the fedl portion and working
7 downward so as not to interfere with translocation.

The rate of transport from the fed portion diminishes
*, svith timle (fig 6). In a 1-day test (fig 6, curve A),

'6 57 % of the counts %vere translocated from 9 :10 to
0

(e)l~~~~~~~~~~~~oolI ' '
I

45
cn

90
4

308

20 MIN. 80

70A

IOMIN. i60

0 1 0 20 30 40 50 60 z I
DISTANCE, cm 50

FIG. 5. Translocation in blade 5 of three stalks, eachl
fed 40 uc for 5 minutes in bright sun, at a position 60 0
cm above dewlap. In 10 minutes, RSA w-as 13 for the
section 20 to 30 cm below fed part. Velocity = 2.5 40
cm/min. I

30 _
the ilntermliedliate range of 20 to 144 cmi per hour,
(19, 29, 30, 37, 40, 51, 52, 54, 56), and sugarcane be-
longs in this intermediate group. The results with *l
sugarcane were obtained with large plants (stem 20 _
length 200-300 or more cmll), growing vigorously in
full sun (10,000 ft-c on a clear day), at a favorable
temperature day and night, wvith complete fertiliza- IO
tion, and well watered. The velocity is decreased - 0
by unfavorable conditions of growth or by using a
dletached blade. What rates would be obtained with -X
Salix if measurements were nma(le with large shrubs l l l
or trees growing outdoors beside a stream in the 0 20 40 60 80 l0o
summer time? The low rates obtained by Cannv HOURS
may be in part (lue to the use of small rooted cut- FIG. 6. Translocation measured by loss of cotilitstingsybein part (lue tothelaboratoryallroot(15).t- from fed part, in successive punch samples. A: 10 ,ctNngs inthoela oratory i r. * fed to blade 4 for 2 minutes followed by 2 minutes in

No evidence of a very rapid rate of translocation air before taking initial punch sample; average of two
has been obtained with sugarcane. The plant illus- plants. B: same procedure with 40 ,uc; average of
trated in figure 4 had lalas on joints 21 to 25, and 8 twenty plants (ten varieties, two amounts of N). All
suckers growing on the stubble, none of which was fed in the morning. Samples ground in alcohol, extract
radioactive. If any photosynthate had moved at the and residue plated together for counting.
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BL 5

30%

0

BL 8

0

SOME

0

Fi(i. 7. Tranislocation for 90 1
differenit ranik. Rank of leaf affe
velocity of translocationi. Bladle
at 1., cm I11Mm. Blade 6 transl'
cii mIil. Bladle 8 tranislocated 2
Bla(le 12 translocated ver- little at

BL 6 C1402 younger leaves. The reimoval of comilpetinig streamis
b (defoliating all leaves above the fed leaf greatly
increases the amiiouint of trainsport from the leaf (un-

to //8°/ publislhe(d data). In stu(dies of translocation in rye,MAaver anl Porter (36) reported that tlle older the
fed leaf. i.e.. the lower (lox-n oIn the tiller, the greater
the percentage of total counits retailne(l 1y the fe(d leaf.

6 A y-ounig leaf also translocates less than a mliature
,to leaf, because a younlg leaf uses somle nexx photosyn-15

thalte in growflt. Jones et al. (28 ) reporte(l that
16 very young leaves )f tobacco (lo liot exl)ort photo-
to svintlate.

3. Calculated as absolute amount of C'4 sucrose
per lhour. It was (lesire(l to calculate the rate of

BL12 Cl4.02 translocatioln in muilligramiis of newly formied C"4CO2
sucrose. This calculation (table VJIIT) w-as miade
on the assumption that all the sucrose leaving the

to fed pal-t (area approximately 82 cm112) started with a
11 // MOST SA of at least 287,735, which xvas fould in the fed

part at harvest, since ino inlitial leaf-pulnch sanimples
12 were taken in this te.st. Actually, most of the sugiar
to startinlg (Iotl-Io hadl a higiler SA, since tile suicrose in

the fe(d part at harvest wvas tlilute(l by 90 mitinutes
15 of photosynthesis vithi C2O_. Sinlce 17.87 mg C14_
to sucrose had left the fe(d part but lha(l nlot left its joinlt,

a minimiiumil rate of 10.7 mg C' -sucrose per lhour is
obtained for the rate of sugar movement from ani
area of 82 cm2 (lown1 the leaf inito thle joint. This

imlutes from blades of measuremiient conies the closest to "rate" (lefined b1
cts total amount and Swanson (48) as the amiount (wvt) of solute trans-
5 translocated 54 c4 porte(l per unit timile.
ocated 32 (c at 1.9 1F. Tralislocatioln Profile Development. The
7 (4 at 1.8 Cm mllill. trallslocationl profile in the steml wvas approximately
t1.1 c til11. linear at 1 hour (fig 8 ), at wihichi timie lo dletectable

tagged sugar lhadl movel up the stemii above the at-

10 :40 -\rM 38(3 of the remaining coulints fro 10:40
AM to 1 :10 P-M\J anid 20 (; of the remilaininig counlts
from0i 1 :10 to 2:40 P-M. In the fincal period. 2:40 P-M
to 10 :40 V\M. 70 % of the remaining counlts w-ere
translocated. In a 4-day test (curve B ) only 2 c/
of the couniits still remainie(d in the fed portioni after
tranislocation for 96 lhours. This may be colilparedI
with tobacco (28) in which the fed leaf still contained
32 c(- of activ-ity after (6 hours. chilefl in in.soluble
compontilis.
M.i\teasr-e(l by sulli\-iding the enltire plant. A

more iletaile(l picture of tralnslocationi in 90 imiinutes
(fig 4 ) shows that 73 C% of the niewly folrmle(d stucrose
may leave the fe(d portion in that timile. Nine tests,
eaclh 90 miniutes in duration. recalculated als percelnt-
agoe lea-ing) thie edleart per lhour, ranige(l frollm 17
to 54 4 per lhour. Causes of this xariation iniclude
climatic and edaplhic factors and the preselnce or ab-
sence of suckers and lalas- (to be reporte(d in subse-
(luenit l)al)ers ). as w-ell as rank of the fed blade (fig
7 ). Oldl leaves. e.,g., blade 12. translocate less in
aniount and miior-e sloNx-l\- than miiatture blades of mid-
(dle ralink, e.g., blades 5 t.) 8 beclause old hl(LdeS ImIUSt
coiiipete witl the streams coming dlown fr-oni the

Table VIII
Tr(unslocation Ratc Expressed as 11n C'-

Sucrose Per Ilour*

Part
Total
mg

Sucrose

mllg C'4
cpm/mg sucrose
Sucrose Imig

sucrose

Total
mllg C'4
sucrose

Fed part 87.2 287,735 1 87.2
Below fed part 96.15 27,866 0.0968 9.31
Sheath, upper half 55.44 21,728 0.0755 4.19
Sheath, lower half 57.82 5,564 0.019 1.10
Node 7 276.8 1,389 0.0048 1.33
Internlode 7 605.09 922 0.0032 1.94

Sum below fed part = mgs sucrose that lha(d left 17.87
the fed part but nlot the fed joinlt.

17.87 mg C'4 sucrose 1.67 hrs - 10.7 mg C'' sucrose
per lhr

500 uc fed to cenitral part of blade 7 for 10 minutes
(part suniny & part cloudly) Trainslocation termiinate(l
at 100 miniutes by cuittilng througlh internlode 30. Area
of fedc portion 82 C1112. This calculationi assutmies
that new sucrose reachlinlg a lower ptart lhas the samile
SA as the sucrose in tlle fedl part at lharvest, sinice nIO
initial leaf-punclh samples wxere taken in tllis test.
Actually, lOSt of the sucrose leax in- tte fte( part
lhadl a higher S \.
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FIG. 8. RSA of internodes for translocation periods

of 1 to 5 hours. A: Development of profile. Numbers
on curve for 5-hour profile are those of internodes tested.
Counts in internodes 13, 15, 19 were all sucrose (table
II). B: Overall slope decreased with time. Regression
lines calculated from A. Time: 1 hr, 1.5 hr, 3 hr, 4
hr, 5 hr. Value for b: -16.74, -10.19, -5.78, -5.49,
-1.77. Designation: Ai - - iA, ,

*,*---- -

tachmienit of the fed leaf (fig 3). At 1.5 hours a

deviation to the right was apparent, and further de-
velopimient of the profile was illustrated at 3, 4, and
5 hours (fig 8), at which times tagged sugars had
definitelv moved upward (fig 3). The curve for 5
hours showed a clip at internode 11 and a secondary
peak at interniodle 19, resembling the superposition
of twN-o curves.

Since the change in shape of the profile was not
discernible until after upward transport had started,
ani(I since it increased with time, it may be due to
loss of sucrose in upw-ard movement. Another fac-
tor involve(d may be the storage of tagged sucrose in
the joints. The peak at internode 19, which was all

due to sucrose, may have left the fed part at the time
of maximum tagging of sucrose, before dilution by
photosynthesis with C1202, and may be the transloca-
tion peak detected by Canny (14), since it moved
further from the fed part (down the stalk) with time.

Regression lines calculated from the data in figure
8A show the entire slope decreased with timie (fig
8B). Value for b was calculated froml the equation:

(X-x) (Y-))= ~~~~~b
E(NX_X) 2

II. Translocation in the stool comiplex.
A. Interstalk Transport. Newly formed photo-

synthate made in a single leaf of a primary stalk
found its way into lalas and suckers in two or more
hours depending on length of the stalk (fig 3).
XVhen blade 3 of one stalk of a large stool (16 stalks)
was fed C1402, radioactive photosynthate had reached
blade 2 of all stalks when sampled 20 hours later (9).
At 44 hours, 68 % of counts remained in the fed
stalk, 17 % in the roots, andl 14 % had reached the
other stalks. In another experiment 17 % of counts
reachedl the suckers in 14 days, and were mostly in
the millable cane. In millable cane, the percentages
of coulnts soluble in alcohol were: primary, 53 %;
sucker, 64 %.

Interstalk transport has also been dcemonstrated
in rye (36) in which small anmounts of activity were
found in a(Ijacent tillers after 3 weeks.

Interstalk transport in sugarcane is the movement
of sucrose up the phloem. 'Millable cane of large
suckers was inactive when sampled up to 4.5 hours
after feeding 400 I'c to a bla(le of the primary stalk.
Other suckers from the same stool sampled at 5.5 and
6 hours were active, with RSA higlher in the node
than internode: the labelled photosyntlhate was, there-
fore, largely in transit. Counts in tlle alcolhol ex-
tracts of node and internode were 100 % sucrose.
These counts were not in the xylem, because when
the xylem contents were blown out by compressed air
they coantained only 0.05 to 0.42 %, of counts. Resi-
dues were inactive.

The results witlh sugarcane are thus not in agree-
ment with the suggestion of Jones et al. (28) that
sucrose moves up the stenm in the xylem.

B. Contribution of Young and Ol( Stalks in a
Stool. Youing, vigorous suckers mzay contribute
miore new phlotosvinthate to root grow-tlh anld the stool

Table IX
Tranislocation for 3 Hours in Old anid Youtng Stalks

of Samiie Stool

Series Distanice to roots Velocity Time to reach roots
cm cm/min hrs

Old 451.1 0.9 8.35
Young 234.6 1.1 3.55

200 ,uc fed to blade five of each stalk for 5 minutes
in bright sun.
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as a whiole than may 01(1 stalks. An interesting (if-
ference in the timle re(uired for newv photosvnthlate
to reach the roots (table IN) may have a bearing
on1 aging.

01(l stalks contribute less nlew photosynlthlate to

growth, more to storage, and new material is a(lled
dlailv even to the older joints (table & fig 8).
Ill. Factors Affectinq Tranislocation.

Amounts an(l rates of translocation in sugarcane

are affected by temperature of air ain(l roots. light.
moistiure, and (deficiencies in potassiumii. nitrogenl. or

phosphorus (24, 27). Defoliation tests as well as

stu(liexxs ith (letache(l blades (24. 25) inrlicate that

the (lriving force of translocation is within the leaf
itself.

Summary

This paper reports stu(lies (lealing with transloca-
tion of photosyntlhate in sugarcane plants grown and(

fe(d C' 10, und(lel- nol-rmial conditions of clilniate and

nutritioni.
Sucrose is the principal compound translocated

thirotighiotit the plalit: doxvn tile leaf to the stalk.
lown the stalk to the stubhle and roots, up the fedl
stalk to the spindle, ail(1 up othier stalks in the stool
of cane. No (lefinite evidence of translocation of
any otlher comnlponent lhas heen obtained in these

stld(lies.
Nexxlv formiie(d radioactive stucrose quickly enlters

the veilms (l(imoves l)rimlarily (dovnwvar(l. folloxvilIg

the veins to mi(lril) anl sheath, at velocities raiiging

tip to 2.5 cmii per miniiiute.
Ilpon arriving at the stalk, sucrose goes first to

the cenitel- and thienl ttiurns doxx uward but, eli be-

fore any gets as far as tile roots, solile stucrose finds
its way into an upxvar(l-moving svstenli ani(l solmie

reaches the growing point an(l spindle before any

miiakes its wvay to the roots.
Newly forimiedl sticrose moves into lalas ail

suckers xithin a fex lhours and gets to the tops of

all stalks in a large stool vithin 24 lhors.;.
SSucrose reaciniig y-oung stemls, leaves. an(l roots

is conivertedl to other comlpotin(s use(d in growth of
cell wvalls an(d protoplasml.

Each day's sucrose procee(is to the stemi xwhere

milost of it is stored inl ripeninig joints an1(l soIlie is
addle(l to mlaltuire joints.

Since ra(lioactive sucrose is imiadle in the fe(d hart

in a fexv secoil(ls, star-ts (lown the blade in 1 miniute.
an(d accounts for 100 of ra(lioactivitv at the ad-

vanlcilig front, it is felt thlat the velocity of miloveilment
from source to front reflects the velocitv of translo-
cation of sucrose in the sugarcane plant.

'Velocities of translocation froml the fe( blade

(loxvwn the stalk to the advancing front ralige froml
42 to 150 cmii per hour. The average of txvelve (leter-
iliiiatioils is 84 cim perlhouir. which call be conlsi(ler-
edl the average velocity of trans.location of s.ucrose
in the sugarcane planit.

Percentage of coutnts leaving the fe(d palt. a-er-

age(l per lhour. railges froimi 17 ' to 54 ? Causes
of this variation are discussed.

In onie experiment, the radioactive sugar Nas
moving down the leaf from capproximately 82 Cmi2
of fe( l)art inito the stalk at the rate of 10.7 mig C(4
sucrose per hour.

Slope of the translocation p)rofile in the stalk (le-
creases with timiie. Shape of the profile may be
explaine(l hy a sel)aration of trute transport irorn
storage in the joints, or by a loss of ssucrose (Ile to
uplwardl translocation increasing wx ith timliel. or bx a

combiniatioln of factors.
Factoris affecting velocity of translocatioil in

sugarcane are mlelitione(l.
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Nicotinic Acid-Ricinine Relationship in Sterile Cultures of
Ricinus communis L 1, 2, 3

George R. Waller & K. Nakazawa4
Department of Biochemistry, Oklahoma Agricultural Experiment Station,

Oklahoma State University, Stillwater, Oklahoma

The role of nicotinic acid and nicotiniamiiide as

precurs.ors for ricinine, the alkaloi(d pro(luced by the
castor plaint, Ricinul(s conmunmuis L., is well established
(6, 9. 10, 11 ). Present evidence indicates that the

seqluenice nicotinic acid niicotinanmide -> ric-
miniie occurs in the castor plant. The results in-

dicate(l that the py-ridline ring anid( the amli(le group

are incorporate(l as a unit inito ricinine with the
amiii(le un(lergoing an intraimolecular dehydration to
give tlle niitrile. In the course of the present study,
it was observed that the ricinine content of the

germiinlating castor seed increase(d markedly after 48
to /72 lhours incubation at 30°. It wouldl appear that
a good wvay to study ricinine biosynithesis would be
to a(l(l a precursor to the seed or see(lling or sonme of

its larts just before this rapidl ricinine synthesis oc-

cur-re(l. This paper reports the results obtained
fromii studying the incorporation of nicotinic acid-7-
C' into ricinine using sterile excise(d castor embryos,
excise(d cotyledons, and leaf (liscs. These experi-
menits subsequently led us into a study of ricinine
degradation by these tissues. Evidence that ricinine
coul(d he metabolized by the castor plant was obtained
in 1933 by \VNeevers (12) when he showed that ric-
inille (lisappeared withi increasing age of castor
plaints growx,n on nitrogen (leplete(l soil.
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The exp)eriments reportecl in this paper establishl
clearly that a nicotinic acid-riciniine relationship oc-
curs in the castor planit and that the mletabolismii of
ricininie can he sl)ared by the presence of hiigher
concentrations of nicotinic acid in tisstue thanl nor-
nmallv is fouin(l.

Experimental
Sterile Cdltu-c Techniques. Seeds of Ric-inus

communis L., variety Cinimaron were sterilized with
0.1 %c, HgCL, rinsed with sterile water, an(l allowed
to germiiinate for 2 cla-s in petri dishes in the dlark
at 300. EHiibryos w-ere excised from the 2-day o0l(
seedlinigs anid plantedl in sterile solidl agar mle(liumii.
They were incubate(d for 2, 4, 6, and 8 (lays in the
dark at 30°. A typical experimleint use(l 20 emibryos
in 100 nil of media.

Cotyledons w-ere remiioved froml 7 to 8-day ol0(
see(llings growvn in the samiie faslhioni as (lescribed
above for the 2-dav old seedlings. Twventy to thirty
cotyledons w-ere cultured in 25 mil of li(quid me(lia
for 48 lhours at 300.

IUniless specifically mentioned, all cultuires Nvere
carrl-ie(l out in the (lark.

Culture MedSiumd. A miodifie(d WNhlite's ( 7 13)

} Somiie data are reported as ricinine contenit per emii-
bryo, niicotinic acid content per cotyledon, etc. These re-
sults are from typical experiments usinig the num.ber of
embryos or cotyledons described. AIn analysis of the total
amnoulnit of a comiiponent in all of the tissues used in a
sing-le experiment was made, and the results are repo)rted
Oln a pLer tnit hasis for clarity.
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