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In a previous paper (3 ), we reported oni the
kinietics of C'4 translocationi in sugar beet as meas-
ured in a conventional short-term labeling experiment.
Evidence was presented that the rate of C14 translo-
cation is linearly related to the specific activity of the
sucrose in the source leaf, as would be anticipated in
a steady-state systeml if sucrose were the domiinant
source of the transport molecule.

In the present study we have extended our in-
formation oIn sucrose tranislocation by long-terml
labeling experiments in which both the partial pres-
sure and specific activity of the administered C'40.,
were maiintainied at constant known values for the
total duration of the translocationi period. Specific-
ally we have sought answers to the following ques-
tions: 1) For beet plants of specified geometry, func-
tioning under essentially steady-state conditions4.
what is the required length of time from the start of
labeling for isotopic saturation of the translocate
[presumably sucrose (3)] ? 2) How (loes the iso-
topic saturation time for the translocate compare
with the isotopic saturation time for the sucrose pool
in the source leaf? 3) Is there more than one reser-
voir or 10ool of sucrose in the source leaf (7) ? If
so, wvhat fraction of the total cellular conicentration
of sucrose in the source leaf comprises the active
pool (the transport sucrose as distinguished from the
nontransport or storage sucrose) ? 4) \Vhat is the
rate of translocationi in mass units per uniit time (ug
translocate-carbon iiiii-1 dm-2 source-leaf area) from
source leaf to sink leaf under specified coniditions?

Materials and Methods

Sugar beet l)lants (Bet(a vulgaris var. Kleini
Wanzleben), prune(l to a simiiplified source-path-sink
systenm (3, fig 1), were used in these experiments.
Cuiltulre methods, treat-ment of p)lalnts prior to the
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labeling period, and analytical lprocedures were es-
sentially the samle as those used in the slhort-termii
labeling experiments l)reviously relportedl (3), the
only sigimificant difference being that labeled CO., wals
maintained in the supply-leaf cuvette at a conlstant
partial pressure of 0.38 mmin Hg (usually withini the
ranige of -+ 0.08 mnIH-g) and at a constanit klnownl
valuie of specific activity (2.5-6.7 jAc C14 iig-'C, de-
pending on the (duration of the experiment) through-
out the entire tranislocatioin period. A Sigmamotor
peristaltic puml) l)rovidled a circulationl flowv rate of
800 cm3 mimiil- , giviig an average turnover time of
about 20 seconds for the gas volunme in the leaf cU-
vette. Total C(o. concentration andl C'40(. concen-
tration in the systemxwere continuouslv mloniitoredI by
a Model 15-A Beckman infrared gas an.alyzer and( a
Nuclear-Chicago Dvinacoin-6000 ionization electromii-
eter. respectively (fig 1). Labeled CO., from the
CO.) reservoir was introduced into the svstem 1v
mercury displacemiient at a rate sufficient to comiipenl-
sate for photosynthetic uptake (approximately 14 nml
CO., hr-I (1d11-2 source-leaf area), the blee(l ill rate
beinlg miianutially regulated by varyiing either the pres-
sure hea(l on the CO, reservoir or the settinig on a
microconitrol valve. Proper regulation of the bleed-
in rate p)roved somewhat (lifficult, and significant
(leviatiolls in the l)artial Dressuire of CO., from the
norni,ative value of 0.38 mimi Hig occasionallv OC-
curred. It should be nioted, however, that a pressure
chalnge wouil(d not affect the specific activity of the
Co., in the systemii.

D)uring the experimental l)eriodls (of up to 8-
houtrs (duration ), heat input. p)rincipally fromi the
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pump and the 500-thermostated sample cell of the
infrared gas analyzer, resulted in a differential pres-
sure increase within the closed system (fig 1), thus
changing the calibration constants for the electrom-
eter anld gas analyzer. All critical mneasurements
vere made, therefore, after regulating the gas in the
systenm to a constant reference pressure by appropri-
ate adjustmiients of the temperature within the mixing
chamber. (In the present design of our equipment.
the mixing chamber is thermostated at below-ambient
temperatures. and serves, therefore. as a heat ex-
changer as well.)

As in the short-term labeling experiments (3)).
the time-course curve for the entry of labeled trans-
locate into the sink (all parts distal to source blade)
was derived from ratemeter data obtained with a
D-34 G-M detector positioned against the sink leaf
(fig 1). The assumptiolns and precautions required
in such analyses have been discussed in the above
paper. In the present experiments, the investigations
were carried a step further: by permitting metabolic
pools to reach asymptotically a constant level of
radioactivity (isotopic saturation), the values of sev-
eral important parameters of the translocation systeml
cotuld be readily determined. Thus, given isotopic
saturation of the transport molecules (considered in
the present experiments to obtain when the rate of
C14 accumulation in the sink leaf reached a constant
value) as well as the counting efficiency in jMc per
cpm and the specific activity of the supplied CO...
theni the rate of C14 arrival at the sink leaf in cpm
iini is directly convertible to the total quanitity of
carbon translocated in ,ug min-' (or the equivalent in
,umoles mini1 of sucrose or other molecular species).
The methodl permits, therefore, a quantitative, non-
destructive evaluation of the translocation rate in
units of mass per unit time (for a general discussion
of termiinology pertaining to translocatioln rates. cf.
Canny, 2). A more general advantage of the methodl
is that for any pool at isotopic satturation in which the
total quanltity of C'4 in Mc can be measured, the
equivalent moles or weight of that compounid can be
readily determined.

Results and Discussion

Figure 2 presents the data from an experiment
showing the change with time in the rate of C14 ac-
cumulation in the sink leaf, measured with a G-M
counter, when the partial pressure and specific ac-
tivity of the CO2 provided to the source leaf were
held constant for the total time course of the translo-
cation period. Since export of the labeled translo-
cate is known to be negligible from immature leaves
(4, 8. 9), the sink leaf funictions as a terminal trap,
and the rate of accumulation is equivalent, therefore,
to the rate of translocation to this site.
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Fic. 2. Rate of C14 translocation (normalized to
total sink) as a function of time. Trainslocate within
95 % of isotopic saturation at about 100 minutes. Rate
at isotopic saturation = 145 mnvc min-', equivalent to 58
,ug translocate-carbon or 137 ltg sucrose min-', normal-
ized to total sink and a source-leaf area of 1 dni2. Open
circles, experimental points; closed circles, predicted
points based oni mathematical model.

As may be noted from the smoothed curve (fig 2).
the C14-translocation rate rapidly increased to an

equilibrium rate of approximately 145 m,uc min--
dm-2, attaining about 95 % of this rate in 100 min-
utes from the start of labeling (time 0). Under the
steady-state conditions presumed to obtain in these
experiments, this curve may be considered to depict
the rate of approach of the translocate to isotopic
saturation. In this experiment the slope constalnt at
steady state translocation was 124 cpm min-', the
counting efficiency was 1.21 X 10-4 /jc/cpm (the
ratio of the C'4 in ,Mc in the sink leaf at the end of the
run relative to the final count rate corrected for co-

incidence losses) and the specific activity of the ad-
ministered CO2 was 400 Mug total carbon/Muc C14
(table I: 360-min expt). On this basis, the translo-
cation rate from the source leaf (0.60 dMi) to the
sink leaf was approximately 15.0 muc C14 or 6.0 ug
total carbon min-'. In termiis of sucrose, this rate
converts to 14.2 Mug or 0.042 Muimoles mili1 (124 cpm

min-1 X 1.21 X 10-4 ,uc/cpm X 400 ug Ac-1 X 342/
144 = 14.2 Jug sucrose min-'). Normalized to a

standard source-leaf area of 1 dMi and to the total
sink, on the basis that the partition coefficient re-

mained constant throughout the translocation period
(3), this rate converts to 137 ,ug sucrose min-' dm'.
Data for this experiment and 3 similar experiments
of shorter duration are summarized in table I.

The average rate of dry weight increase in a sink
leaf within a given size range was estimated from the
regression of dry weight on sink-leaf size (area) ob-
tained by measuring the dry weight increase (based
on increase in sink-leaf area) over a 1-day interval.
By this nmethod it was established that a sink leaf of
17-mg average dry wveight would be expected to ac-

cumulate 17.6 1.8 ,ug dry weight min'I from a
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Ta1ble 1. 1)(oto fr-oiii Lon l-Tcrmn LabcI/o Lx.rpei;coslts
Both the ipartial pressure ai1(l specific activity of the

ation of the labeled tranislocationi period.
ad(lmir.i.tered CO. were maintainie(d coivstanit for the (lur-

Duration of translocation p)eriod Iim )

Exptl data

Source leaf area (din2)
,a g carbon

Specific activity of CO. t

Muc in sinik leaf
Yield factor

final cpin corr./

/wc Tranislocate in sink leaf:
Ac in total sinik

Slope conistant at steady-state
translocation ( A cpm min-)

Carbon translocationi rate normalized
to total sinik and stanl(lard source-leaf
area (,ug C nminI dill-2 )
Ditto but calculated in sucrose
equivalents (,ug sucrose mmni-1 dni 2)
Carbon fixation rate
(,g C mmin- dmn-2)

Sucrose in source leaf
(d,g sucrose dm-2)

80

0.52

120

0.63

149

240

0.61

370

360
0.60

400

Av\g
+ stanidar(d
cdeviation

1.57 X 10-4 (.59 X 10-O-.6S X 10-1 1.21 >1(:

(0.156

263-k

().185

310

36

85)

108

4740

180*

15(1

4500

0.117

136

48

114

1 25

5700

(1 173

124

5:z8

137

13v3

55 --+ 17

1 3(0 40

126 + 17

(,,50()
* Rough estimiiate; calculated for the 75- to 80-minute interval.

source leaf of 1 dm2 (95 % confidenlce lexel) while
steady-state labeling yielded a value of 6.6 /g C or
15.7 jig sucrose min-i import rate froml a 1-din2
soturce leaf ilnto a 1/7-img drv weight sink leaf. The
agree.mienit betwveen the miiethods suggests that the
ilnflux of labeled sucrose froml the source leaf was of
sufficient magniitude to account for the dry weight
increase nlote(l in the sinlk leaf, ancd couniters any

possible argumiienit that a significant fraction of the
tranislocate conisiste(l of nonlabeled miiolectular species.

The open circles in figure 2 represenit rate cal-
culationis (A cpm / t) for selected intervals on the
C'4 accumiiulation-tiniie curve. The scatter in these
points results primarily fromii difficulties in reading
small increases in cpmil against a large background
count rate. Thus, for a ratemeter operatinig on the
30,000 full scale range (the usual mode in the present
studies), the optinmumii read-out precision is + 50
Cp111 (disregarding possible dead-zone uncertainties on
a 5-inch strip chart. Hence for a C'4-tralislocation
rate of 100 cpm mim1 , a A t greater than 5 minutes
would be require(d to provide a read-out Iprecision
better than + 10 %. In evaluatinlg the rate incre-
ments. therefore, slidinig averages were used over por-
tions of the curve wrhere rapid changes in rate nleces-
sitate(d using smiiall counlt and timlle inicremiienlts, for
relatively constant rates, larger timiie a(ld count in-
crenienits allowed the value of A cpni/A t to be deter-
mined to a multiclh higlher- degree of accuracy.

\Whether tlle scatter ini the points after- 100 mmill-
tutes (fig 2 ) equivalent to about + 2(0 cp11 iniii-mm

relpresellte(l real fluctuiationis ill the tranislocatioln rate,
or a noise level iiidticed by ninior changes in the
yield factor (geometry) restiltilng fromi smiall nlutta-
tionial movements of the sinik leaf in the holder 1)p-
sitiolied agailnst the G-A\l detector. is niot known \N itl
certainty. \Ve are of the op)inion that variations in
the tranislocatioln rates were the miiajor factol-, for, as

mentione(d in the sectioni oln Mlaterial aln(d Mlethods,
fluctuatiolns in the CO-)-concentration level in the
supply-leaf cuvette occasionally occurred. and these
fluctuations ulndoubte(llv induce'd miinior l)ertulrbatiols
in the rates of -ariouis physiological processes in-
cludin1g tranlslocatioln. ( n the asstimilptioln that, given
steadv-state assilmilationi, the rate of tranislocation
\ould itself be colnstanit, the equilibrium rate is sho\nl
as ani average constanlt v-aluie. In stu(dies now in
progress on1 the effect of temlperature on1 sucrose
translocation, ani iml)roved system desig-nl has imia(le
possible a imiore lprecise control of the CO.,-concen-
tratioim level, alnd (lata thltis far acctulmiulate(d have in-
hicated greater constancy for the translocationi rate

as well.
The average time required for isotopic sattirationi

(to writhin 95 %) of the translocate arriving at the
sinik leaf. based oln smoothed data for 8 plants, was

So.6 miniutes. .\llowing for a 15-minute lea(l
tuinie for events in tlle source leaf (note from fig
that C'4 vas not detectable at the sink leaf tintil 15
mii Tfl-oII till.e 0) it iiwlay be ilnferre(l that the sucrose
(10(1 ill the tiIrce leaf bec'allle isotopically sXttrated
in 84 '+ 8.0 iiilutes.
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A reasoniable assurance of the validity of this con-
clusion is provided by chromatographic analyses of
the amount of C14-labeled sugars in the source leaf
of 55 comparable plants, supplied with C1402 under
steady-state conditions for respectively 10. 80. 120.,
240 and 360 minutes. The results are shown in fig-
ure 3 (sucrose curve, open circles). It is apparent
that the sucrose-C14 fraction increased rapidly at
first, and then leveled off after about 80 miniutes to
a constant rate of increase of about 8.3 X 103 /MC
mmin1 dM-2 (normalized to a standard specific ac-
tivity of 2.5 puc/mg C) for the duration of the trans-
location period. On the basis that constancy of slope
m-iay be taken to indicate isotopic saturation, the pre-
dicted time course for isotopic saturation of the
source-leaf sucrose, requiring attainment of satur-
ation at about 80 minutes, appears established. A
recently completed direct test of this inference by
mieasurements of the absolute specific activity Of
sucrose supports the samie conclusion (1).

The fact that the translocate (sucrose) anid the
active sucrose pool in the source leaf appear to have
reached isotopic saturation simultanieously (corrected
for transp)ort time between source leaf and sink leaf)
sugO,gests that the active sucrose pool is essentially
equivalenit to the total sucrose conitent of the source
leaf. for otherwise the timie required for isotopic
saturation of the sucrose in the source leaf wouldI
have been longer than that required for the sucrose-
translocate. To test this iniference, a miathem-iatical
model was set up based on the following assumptions:
1 ) the translocate is comiposed exclusively of sucrose:
and 2) the newly synthesized sucrose mixes immiiedi-
ately and uniiformly with the total pool of inidigenous
sucrose.

The net increase in the amiounlt of labeled sucrose
in the souirce leaf in timie dt is given by the equati-on:

dLL

(it +T
I

Radioactive

sucrose as a

X proportioni of

total sucrose

in pooi

TIME (minutes)

FIG. 3. Time course of C14 content in utc normalized to

specific activity of 2.5 ucc mng'C (right-hanid ordi-

nate) of sugars in source leaf. Open circles, sucrose;

triangles, fructose; rectangles, glucose; closed circles

predicted time course for approach of sucrose pool in

source leaf to isotopic saturation. Left-hand ordinate

applicable only to sucrose after isotopic saturation. Ex-

trapolated value for intercept on y axis = 1640 pg carbon

or 3900 lAg sucrose dM-2 source-leaf area (value of S in

equation II).

The rate of accumulation of sucrose in the source

leaf, calcuilated from the steady-state slope following

isotopic saturation, amounted to 3.3 txg carbon min-'

dm 2 leaf area (fig 3) or, calculated as sucrose, 7.8

MAg min-' dM2 The net rate of sucrose synthesis,

therefore, in the 360-minute experiment may be esti-

mated at approximately 145 .~g min-' dM-2 which is

the sum of the rate of outflow (translocation) of 137-

,~gsucrose min-1 dmi 2 and the rate of accumulation

of 7.8 /Ag sucrose min-' dm2 Glucose and fructose

pools did niot reach isotopic saturationi within a time

l)eriodl of 6 hiours (fig 3), henice quantitative estimi-

ates of these fractions by tracer methods were niot

possible.

w,Nhere: L = Amouint of radioactive sucrose in the

source leaf at time t (the influent sucrose is con-

sidered to have the same specific activity as the ad-

miinistered CO.,). S = Amount of sucrose in source

leaf at time 0 (start of labelinig). t= Time in min-

uites after start of labeling. A Rate of sucrose

accumulation in source leaf. T Rate of trans-

location of sucrose from source leaf. F= Net rate

of sucrose synthesis in the source leaf.

Solving the differential equation (I) by method

of separationi of variables one obtains:

L S At sGS At)I

that is, the amount of radioactive sucrose in the

source leaf (L,) expressed as a function of time (t).

Evaluating L as a function of tim-e gives the pre-

dicted time course for the increase in the amount of

labeled sucrose (shown in fig 3, closed circles),

based on the following experimentally determined

values (360-mmn experiment) for the defining param-

eters: S = 3900 jug dnf2 (extrapolated intercept on

ordinate at t = 0).~A 7.8 /ig min-' dM-2, T = 137

/Ag min-' dM-2 and F 145 jug min-' dM-2. The

values used for the model calculations are representa-

tive of those obtained in several sets of experiments.

For example. the average value of T from 4 plants

for which radiochemical analyses of the sucrose pool

in the source leaves are available is 130 ±- 40 itg
min-' dm 2; if 4 additional plants from an experiment

conducted about a year later are includ(ed, the aver-

age is 119 --+ 29 /,g miiif1 dnf2

Similarly. in figure 2 (closed circles) is showni

the predicted time course for the rate of approach of

Rate of
increas,e of
radioactive =
sucrose in
leaf

Rate of
production of
radioactive -

sucrose by
leaf

Rate of
removal
of total
sucros-e
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the translocate to isotopic saturation. The degree of
saturation wvas calculated by computer Using the fol-
lowing relationship:

Percenit isotopic saturationi (
L
_---_ X I ()'). III

S l A4t

to determinie the effect of temperature anid light oIn
various )arameters of translocationi usinig this method.
Aln example of a preliminary experiment showing the
ral)id change in translocation rate incident uiponi
darkeninig- the source leaf is given in figure 4. In

The excellent quaantitative fit of the experimentally
measuredi data to the mathematically derived curves,
based on the model of a single sotirce leaf sucrose
pool substanitiates the view that, wNithin the limits of
accuracy of the mletlhod, all of the sucrose in the
source leaf is about equally available for tralnsloca-
tionl, and hence the sucrose pool is not divisil)le into
a transport pool an(d a storage pool [in the short-
termii labeling experiments (3, fig 5), the (lata sug-
gest that a small fraction of the sucrose mlay be
irreversibly sequestered in the source leaf]. The fit
also provides an independent check on the reliability
of the analytical procedures used in measuring the
values of the specified parameters.

T'o demonstrate the deviation of fit when an in-
correct value is usedl for one of the l)aram)eters in the
mzathematical model, the time required to reach 90 %
saturationi wvas calculated by comiiputer while svs-
tematicallv varvino the translocationl rate conmputa-
tionally. For a 70 /ig sucrose min-' dm-" rate, 142
minutes woul(d be required. for a 190 ,tg sucrose mimi-I
dnm- 2 rate, 50 minutes. This contrasts vith a
predicte(l timiie of 80 minutes (the time experimentally
determinied, as noted above) when the observed aver-
age translocation rate of 130 ,ug sucrose min-] dm2-2
is use(l. Simlilarly, the size of the supply-leaf sucrose
1)ool at t =0w)as varied computationally. and againi
the timiie for 90 % saturation was calculated. based
on the observed average translocation rate of
130 jug miin-- dm" For a pool size of 2840 u
crose dnm 2 56 minutes would be required: for a pool
size of 5700 ,ug sucrose dm 2, 111 minutes. This con-
trasts with a predicted timne of 75 mintutes when the
observed initial pool size of 3900 ug sucrose dm-2i2
uised. Allowing for a possible inaccuracy of 15 m1inl-
utes in determining the isotopic saturation timle, a
pool size of about 750 ,ug sucrose, equivalent to about
15 % of the 5200 ug pool size (average size duriing
the 360 minutes of photosynthesis) could be l1)1-
active in translocation. Inasmuch as an error of
this magniitude is probably a miiaximum, it is evidenit
that most if not all of the source-leaf sucrose con-
stitutes the active translocate pool. Because of dif-
ferent sized sucrose pools in different source leaves.
the dilution effect will cause the specific activity
of the sucrose-translocate to differ between plants in
short-term experiments. ConsequentlIy the use of
relative rates of C14 export in short-termii labeling ex-
periments as a mleasure of translocatioin rates iiust
be interprete(l with cautioni.

The reliability of the steady-state labelinig imiethod
for quantitizing tranislocationl rates thus appears rea-
sonably confirme(l. Studies are currently inl progress

() 50

cr

n

Lii

< 40

0

0

(I)
z 30

i_ 20
0

a 10

0

000
oo0

oP LIGHT OFF
o'

ol

0/
0'

C./

o'

a
I

I I 1

I 4 8 12 16 20

TIME (hours)

O'

, > _2
0
002

° I LIGHT (N

16

12 O0

z
8 <,

cc

4 LL
0
O

24 28

FIC;. 4. Accuim1ulatioin of translocate in sink in ,c C'4
anid ng carbon, normualized to total sink and 1 din2 source-
leaf area.

this experiimielnt the soutrce leaf Nwas subjected to steady-
state labeling for 8 hours in the light, darkelned for
16 hours, and theni resubjected to steady-state label-
ing for 2.3 hours in the light. In the initial light
period, the translocation rate wvas 52 jt,g sucrose miii-I
dn -2; in the (lark, 26 ,ug min-1 dmll -2 and in the sec-
ond( light period, 48 jg mi-' dm-2 (the sotirce leaf
in this plant systemii was 2 weeks older than those
used in the earlier experimlenits, and this fact nmay
accounit for the considerabl)l lower rates of transloca-
tioIn observed in the light ).

Of interest is the observation that the tranlsitioni
to the (lark rate, w+hich reniaiiedl fairlv constalnt dur-
ing the enisuing 16 hotirs, occurred rapidly. Because
of uncertainties in determiniing the translocatioii rate
over short periods of time, as explained above, the
precise tinme required for transition to the dark rate
cannot be established. If the transitioni timle is 15

minutes (the transit time for sucrose froml the source
leaf to the sink leaf, as nioted above) a possible in-
ference would be that the lower rate in the (lark re-
suilts from a reduction in loading rate at the source

rather thani from a reduction in carrier velocity. If
the tranisitioni time is more rapid than this, a possi-
bility suggested by somle data of Butcher (1), a re-

dtiction in carrier velocity would be indicated as well.
Fturther sttudies of this qiuestioni are iioX in progress.

Ak sucrose pool of 7100 jut dc1-2 (a probable maxi-
mum Xvalue after 8 hours of photosynthesis) woul(d
be coml)letelv depleted by a translocationi rate of 26

sticr(ose miiiin- diii 2 iil about 6 hours. Of nieces-
sity, tlherefore, IImost of the tralnslocate(d carbon was

derivedl fronii reserve polysaccharides. -Mortimer and1
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WX ylam (5) have shown that the polysaccharide frac-
tion formed in sugar beet leaves during the light is
derived from early photosynthetic intermediates.
Consequenltly, the polysaccharide increment svnthe-
sized durinig the 8-hour light period should have had
the same specific activity as the sucrose pool, and if
this incremenit is used to maintain the sucrose pool in
the dark, nlo decrease in the specific activity of the
translocate would be anticipated (provided that de-
position of the polysaccharide fraction is by apposi-
tion and not by initussusceptioni). The rapid re-
sponse upon resumption of light at 24 hours further
supports the view that the specific activities of both
the sucrose pool and the reserve polvsaccharides sup-
plying the translocate (presumably via sucrose) in
the dark were the same. This interpretation is con-
sistent with the findings of Porter et al. (6), who
studied starch conversion in darkened leaves. It
would be of interest to determine over what range
the size of the sucrose pool in the source leaf can vary
without affecting the rate of translocation.

Summary

The rate of translocation, in units of microgramis
of translocate-carbon min-' dm 2 area of source leaf.
was determined in beet plants (Beta vulgaris, var.
Klein \Wanzleben) pruned to a simplified source leaf-
sinik leaf system. Carbon dioxide of specified con-
centrationl and specific activity was supplied to the
source leaf alnd concurrently the rate of accumulation
of C14 in the sink leaf was measured with a G-M
detector positionied against the leaf. A constant rate
of C14 accunmulation in the monitored sink was at-
tained after about 100 minutes. Under the steadv
state conditionis of these experiments, a constant
rate of C14 accumulation is considered to signify iso-
topic saturation of the translocate. From the phys-
ical constants for the experiment [the steady-state
slope constant, the coulnting efficiency (/Lc/cpm),
and the specific activity of the administered CO] an
average translocation rate of 55:g translocate-carbon
min-1 dnm -2 was determined, equal to 130 jug sucrose-
equivalents min-1 dm° .

By similar analyses, the net rate of sucrose syn-
thesis, the size of the sucrose pool. and its rate of ap-
proach to isotopic saturation in the source leaf, were
also evaluated. These values were used in a mathe-
matical model to gellerate a predicted time course for

approach to isotopic saturation of the source-leaf
sucrose pool and the sucrose-translocate, based on
the hypothesis that the total sucrose concentration of
the source leaf constituted the active pool for trans-
location. Good agreement was obtained between
predicted and observed values. These results suggest
that the use of short-term C14 labeling experiments to
evaluate the relative contribution of different leaves
in supplying translocate to nutritionally dependent
plant parts nmust be interpreted with caution unless
corrections are made for different sucrose-pool sizes.
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