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A bstract. 14C-assimilates were accumulated by the veins in the blades and transported
hasipetaltly into the petioles of detached leaves of Red Kidney bean (Phaseolus vulgaris L.).
Neither process was greatly affected by mild moisture stress, age of fully enlarged leaves, or
period in the dark prior to exposure to 14CO,. However, both vein loading and transport into
petioles were greatly reduced by oxygen deficiency. The basipetal tranisport of 32PO4 also
did not appear to be greatly reduced by 6 or 8 days of darkness prior to the application of
phosphate-32P, followed by a trans,port period of 1 day in the dark. Endothall at 5 X 10-3 Ni
was effective in stopping basipetal fow of <9P. It is oonsidered that ttansport in leaves may
be powered by forces in the plasmodesmata of the cell walls between the border parenchyma
and phloem.

Twventy-nine years ago the senior author ( 12)
observed that sugars were translocated in detached
sugar beet leaves from the laminae into the petioles.
The su,gars accumulated rather uniformly in different
parts of the petioles, with no indication of any special
accumulation in the basal section. It wvas suggested
that the basipetal flow in the petioles was due to a
polarity originating in the border parenchyma of the
veins of the blades. Barrier and Loomis (1) later
described vein loading in detached leaves using
'LC-2,4-D and 32po4. Mfore recently Hartt and
Kortschak (6), Nakata and Leopold (18) and Hartt
(8) studied polar transport in detached leaves and
blades. Hartt's work (8) indicated that polar trans-
port initiation was under photocontrol; however,
short exposure of sugarcane blades to light (5 min at
200 ft-c) was not enoughl to drive basipetal tranis-
location.

Following transport of labeled translocate for
several hours, laheling of veins and(i petioles is greater
in (letaclhel leaves tlhani in leaves attached to plants.
Triis miakes tlhemii suitable fo- stu(lving factors iffect-
ing tralliport. 1ut'rther, the leaf is a siml)le system
Whilei coilmpared itli a whole planit, and Caln he
separ-ated inito the blade as the souirce and the petiole
as thle sinlk. Dtue to this simplification, we couild
explore the effects of several factors on vein loading
and translport includinig leaf age, light, period of
predarkening,, period of detachment, oxvgen supply.
etc.

Materials and Methods

Seeds of Red Kidney bean (Phaseolus vulgaris
L.) were planted in 4-inch pots and later thinned

1 This research was supported in part hy National
Sctience Foundation(Grant GB-6437,

to 1 plant per pot. \Vhen the primary leaves were
well expanded they were exposed in a polyethylene
or plexiglass chamber in sunlight to 50 c 14CO.,.
The petioles were wrapped with aluminum foil to
prevent photosynthetic incorporation of 14CO., by
the petioles. In some tests, the detached leaves or
whole plants were subjected to various dark periods
before being exposed to 14C02. When whole plants
were used, the leaves were detached inmmediately
following the exposure. Some leaves were freeze-
dried directly following their exposure to 14CO..
while others were placed in moist chambers for
varying periods to allow transport to go on. In
most instances, transport occurred while the leaves
were in the dark, with the petioles either in water
Or in air.

In other tests, 5 to 25 ,uc of phosphoric acid-39}'
neutralized with NH4O0I' was applied per leaf in
5 ,ul of water. The applications wvere made in the
laboratory Nvith the overhead lights turne(l off anid
the leaves returneed to the (lark mloist chambers
withini a fewr miitnutes following treatmiielnt. Otlher-
asl)ects of explerimeiltatioil \\ere the same as for
'+CM_

Some experiMlental details \\ill be described alowig
wVith the resilts silnce several types of exl)eriilmets
were conducted.

Specific activity measurenmenit, chromatograplhy,
and autoradiography were conducted by methods
described by Hull and Leonard (9) and Crafts and
Yamaguchi (4). In all instances the leaves were
freeze-dried before being autoradiographed.

Results

Transport of 14C-Assimilates Into Petioles After
Various Periods of Time. Directly following ex-
posure to 14CO.,, labeled assimilates were found in
those parts of the blade containing chloroplasts, with

1380



1381LEONARD AND GLENN-TRANSLOCATION IN DETACHED BEAN LEAVES

the veins and petioles having only traces of label in
them (14). Within 30 minutes, labeled assimilates
were clearly accumulating in both the veins in the
blades and in all parts of the petioles, with the
greatest labeling being in the upper part of the
petioles. Labeled assimilates continued to move
from the blades into the petioles for 480 minutes.
with the greatest movement occurring during the
first 120 minutes (table I). There was no evidence
of any special accumulation of labeled assimilates in
any segment of the petiole. Thus the pattern of
distribution after a few hours was one of fatirly
uniform distribution from top to base.

Narrow strands within the leaf veins were liglhtlv
labeled in 30 minutes. Labeling increased with time
and then decreased in the smaller veins; however,
labeling of the major veins andc midrib continuied
to increase for the duration of the test (18 hrs).

Autoradiography of cross sections (20-30 microns
thick) of petioles revealed that most label was con-
centrated in the veins. Longitudinal sections of
the basal part of the petioles did not show any
special accumulation.

Chromatography of 80 % ethanol extracts of the
blades and different sections of the petioles revealed
that 86 % of the labeled sugars in the blades was in
the form of "C-sucrose 6 minutes after the leaves
were placed in an atmosphere conta;ining "-CO,,
while no detectable labeled sugar was in the petioles.
After 24 hours, only about 20 % of the labeled sugar
in the blades was sucrose, with the remainder being
50 % glucose, and 30 % frtuctose. At this time, the
upper part of the petiole contained about 50 %
sucrose, 34 % glucose, and 16 % fructose, while the
lower part contained 66 % sucrose, 22 % glucose,
and 12 % fructose. Sucrose, which is considered as
being the main assimilate transported, was evidently

partially inverted after moving out of the transport
channels in the veins of the blades and petioles.

The water bathing the bases of the petioles al-
ways contained appreciable label. To investigate
the nature of this label and when it was lost from
the petioles, 20 leaves were exposed to 14CO2 and
then placed in moist chambers with the petiole bases
in water. Total leakage was 1413 cpm from 0 to 6
hours, 148 cpm from 6 to 12 hours, and 698 cpm
from 12 to 24 hours. The leachate, when concen-
trated and chromatographed, was found to have most
of the label in sucrose, with none evident in either
glucose or fructose.

Effect of Predarkening on Transport. Bean
plants, kept in the dark for 0 to 7 days, were ex-
posed to '+CO, from 1 to 10 minutes. The leaves
were then detached and placed in the dark in moist
sandwich boxes, with petiole bases in water, for
24 hours. The leaves were freeze-dried, atuto-
graphed, and subsequently counted. Only the count-
ing data are shown (table II).

Vein loading and transport of "'C-assimilates
from blades into the petioles occurred irrespective
of period of predarkening or whether the leaves were
exposed to 14CO2 for 1 or 10 minutes. Only the
data following 1-m'inute exposure are shown (table
II). The results obtained with the 10-minute ex-
posure were similar, except that the carbon fixed in
the blades and transported into the petioles was
5 to 10 times greater. Not only did labeled assim-
ilates migrate into the petioles in plant predarkened
for 7 days, but the distribution of label within the
petiole was uniform from top to base.

The effect of 0 to 6 days predarkening on the
transport of labeled assimilates in whole bean plants
was determined. The plants were exposed to 14CO,
for 5 minutes and then returned to the dark for 24

Table I. Distribution of 14C Between Blades and Petioles of Detached Leaves at Different Inter.vals Following Their
E.rposvre to 14CO., for 10 Minutes

The leaves were detaclied immediately following exposure of the plants to 14CO2.

Transport period in mim
120 240 4

cpm./leaf part
13000 13000 11(
2225 2329 2i

[80 1080

12000
2415

006
769

Table II. Effect of Lenath of Prior Dark Period on Radioactivity in Blades and Petioles of Detached Leaves
Immediatel/ and 24 Hours After Their Ex'posure to 14CO2 for 1 Minute in Sunlight

The leaves were detached immediately following exposure and either freeze-dried or stored in a dark moist
chamber for 24 hours.

Days stored in dark
Leaf part Transport period

1 min 24 hr 1 min 24 hr 1 min 24 hr 1 min 24 hr 1 min 24 hr

cpm/leaf part X 10-1
Blade 2000 1600 750 500 420 260 75 35 45 35
Petiole 2.2 310 0.6 185 0.6 120 0.4 4 0.5 1.6

Leaf part
10

Blade
Petiole

30

15000
299

151000
310

60

14000
1087
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Table III. Effect of Variouxs Periods of Predarkening
on the Transport of 32pQ4 From Blades Into the

Petioles of Attached and Detached Leaves
The leaves or plants were stored in a dark moist

chamber for 24 houirs following application of the 32pO4.
One-ihalf of the detached leaves had the bases of the
petioles in water.

Leaves detached
Days of Leaves Petioles Petiole bases

predarkening attached in air in water

0

2

4
6

cpm/petiole
31
36
23
23

X 10-2

200

240
120
120

500
700
300
120

hours, freeze-dried and autographed. The presence

of label in the roots was shown by the autoradio-
graphs, indicating that labeled assimilates had been
moved into them, even after 6 days of predarkening.

In another test, leaves were detached from bean
plants that had been in the dark for 0, 2, 4, and 6
days. Directly following detachment, 5 ul of water
containing 32po4 were applied to the major veins
of the blades; the bases of the petioles were in air
or in water in dark moist chambers for 24 hours.
In simultaneous tests, 32PG,4 was applied to leaves
attached to plants, with the dark periods being the
same as with detached leaves.

Results from counting and autoradiography (table
III) agree except in detail. 32P migrated from the
blades into the petioles with all periods of predark-
ening. The data suggest that there was some

drop-off in total activity in petioles after 2 days of
predarkening. More label migrated into petioles
when the bases were in water than when in air.
Petioles contained the least label when they were on

leaves attached to plants; some of the label had
migrated out of the leaves into the stems and some-

times into the roots. This accounts for the lower
quantity of label in the petioles of attached leaves
than in petioles of detached leaves.

Detache(d leaves withl petioles in water lost label
that leaked iinto the water. The loss per leaf was

.505 cpm for leaves that ha(d not been predarkened,
650 cpm for those predarkened for 2 days, 200 cpm

for those predarkened 4 days, and 530 cpm for those
predarkened 6 days. Evidently, predarkening did
not greatly influence the loss of 32P from the
petioles of leaves.

One might criticize this experiment (table III)
because the leaves were treated soon after detach-
ment which could have created a sudden, unnatural
sink at the base of the petioles by opening the
transport channels. In order to minimize this effect,
leaves were detached for 5 hours prior to being
treated with 32PO4. Other aspects of the test were

the same as described above, except the predarkening
period was 8 days. After a transport period of
24 houirs, petioles on leaves from plants that were

not predarkened contained 39,000 cpm, while those
from plants that had been predarkened 8 days had
23,000 cpm. Transport of 39P into the petioles
occurred even though the leaves had been detached
for 5 hours before application of the label. In this
same test, some leaves attached to plants also were
treated with this label; 24 hours after being treated.
label was present in the roots of plants that had
been predarkened for 8 days.

Transport of "4C-Assimilates and 32P04 in
Leaves of Different Ages. Leaves were collected
from 10, 17, and 23 day old plants. These leaves
were treated with either 1"CO9 or 3"P04 and given
a 24-hour transport period, with the bases of the
petioles in water. A greater percentage of the
labeled assimilates were transported into the petioles
of leaves from 10-day old plants than from oldei-
plants; however, regardless of age) 16 % or more
of the assimilated carbon moved into the petioles
(table IV). On the other hand, a far lower per-
centage of the labeled 32"P04 was transported fromii
the blades into the petioles in older leaves. The
amount varied from 5 % in leaves of 17-day okl(
plants to 0.5 % in leaves of 23-day old plants suig-
gesting that absorption of the 32P04 may have beeni
more difficult in the older leaves than in the younger
ones. No absorption problem existed with labeled
assimilates since these were formed within the cells
from '*CO9. Evidently, the petioles of older leaves
maintain their sink properties.

Effect of Detachment for One Day and of Light
on 14C-Assimilate Transport. Vein loading aln(d
transport appeared similar in leaves detached for
1 day prior to exposure to '*CO, and in leaves de-
tached immediately before such exposure (fig 1).
However, the mesophyll of the detached leaves 3 and
4 was darker than in leaves 1 and 2, suggesting some
impairment of vein loading resulting from detach-
ment for 1 day. This impairment was not influ-
enced by photosynthesis, since leaves in the light
produced similar autoradiographs as those in the
dark. This effect must have been due to a build-nlp
in the concentration of assimilates in the veins as
a resul1t of vein loading, reducing the ability of the
veins to deplete the mesophyll.

Table IV. Distribution of Radioactivity in Detachcd
Leazes From Bean Plants of Different Ages

24 Hours Following Application
The labeled substances were "4C-assimilates from

4CO2 and 32po0

Part of Distribution of radioactivity
Age of plants leaf 1"C-assimilates 32po4

Days %
10 Blade 68 97.5
10 Petiole 32 2.5
17 Blade 84 95.0
17 Petiole 16 5.0
2.3 Blade 79 99.5
23 Petiole 21 0.5
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3 1~~~4
FIG. 1. The effect of detachment and predarkening on the distribution of radioactivity in bean leaves 24 hours

after being exposed to 14GOC2 The leaves were in the dark during the transport period. Only autoradioographs
shown. 1) Detached immediately before exposure to 14CO, with prior storage in light. 2) As for No. 1, except
prior storage in dark. 3) Detached 1 day prior to exposure to 1'CO2, with prior storage in light. 4) As for
No. 3, except prior storage in dark.
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In a test not illustrated, leaves that had been
detaclhed for 3 days and stored in the dark prior to
explosure to 14CO. did not move appreciable assim-
ilate into the petioles. There was definite accumu-
lation of label at the base of the petioles wNrhere callus
wvas forminig. Evidently, these newly formed sinks
had a marked influelnce on1 assimilate distribution
\within the petioles.

Effccts of Darkcnimg an(d C'nttinqg oil1 41C-Aqssij,-
ilatc Tranisport. The upper or lower parts of blades
aittaclhed to plants were covered withl aluminunm foil
for 24 houirs or left uncovered. The leaves wtere
theni detaclhed and the outer part of the blade trimnme(d
in order to cut many veins. A certain portion of
ea-ch bladle or leaf was exposed to 14CO., for 5
minutes and the leaves wvere then placed in a dark
iioist chamber for 24 houirs before freeze-drying.

Directly following exposure to 14CO.,, the label
x\,as almllost exclusively confinied to the exposed area
(fig 2). Durinig the trainsport period of 24 houirs,
the labeled ass,imilates were accumulated bv the
veins and transported mainly in a basipetal direc-
tion; however, leaves that had been darkened above
the exposed area had label withfin the veins in this
area. Evidently, darkening did induce upward trans-
port, although the main transport was basipetal.
There wras no evidence that cutting numerous veins
in the process of trimming the blades induced trans-
port towards the cut ends.

In some tests with johnsongrass blades, darken-
ing the upper part did greatly reduce basipetal
transport. The restults were similar to those ob-
tained by Hartt (8) on sugarcanie blades. Evidently
differences exist in the tran.Si)Ort patterns in leaves
of tlifferenit species; however, v-ein loadiing is prob-
aLblV a Cons1,tant featuire with all species.

Crushing the petioles ( by rubbing back and fortll
with a smiiootlh rod) did not stop basipetal flow of
labeled assimilates througih the crus,hed parts (fig
2f, h). Evidently, cruislhing did not destroy the
plhloem or eveen injure it sufficiently to block trans-
port. Likewise, crushilng usually did not create
sinks in the cruslhed areas by causing asslimilates
to leak fromii the sieve tubes; however, an exception
maxv have occurred in figure 2g (arrow on left).

Cutting the tisstle next to the midrib produced
a s,ink withil tlle midrib (fig 2e). This effect may
have been (lue to remoVal of tisstues which norniallk
sl)l)lV assiimilates to thte imi(drib, creating an assinli-
ilate deficiency like that produced by shading.

In several tests, leaves were pllaced in nmoist
chamiibers followxing their exposure to '4C0... with
the petioles in air or in water (basal _5 imnm). After
a transport period of 24 hours. the distribution of
labeled assimilates was about the same with all
treatmeints. Evidently, an external supply of water
was not essential for either vein loading or trans-
port. Autoradiographs are not presented because

C

C._~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

FIG. 2. Effects of darkeninlg an,d cutting or crushing veins of blades and 1pN,to,es oni thie transl)ort ot -'1t,--assimi-

.r __~14O.. T.h trnpr Ieriod

lates out of areas exposed to 'O Th trnptpeidwas 24 hours in the dark. Autoradiogr.aphs are on
the left (letters apply to these) and mounted leaf parts on the righit, a) Bl-ade, directly following exposuire, b) no
(lark pretreatmenit, c) predarkenied above, d) predarkened belows, e) vein~~cuit oni eithier si(le of the midicrib, f, g, and
1i) 2.ems or petioles crushed at points inudicatedby arrowovs.
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they would essentialily duplicate figures already
presented.

In other tests, leaves were allowed to air-drv on
top of a greenhouse bench folilowing exposure to
14CO.,. Autoradiographs of these leaves showed that
both vein loading and transport into the petioles had
occurred in the drying process. Total transport
may have been slightly less than in leaves stored in
a humid environment.

Oxygen Requirement for Vein Loading and
7'ransport. Leaves were exposed to 'GOO for 5
minutes to form labeled assimilates in the blades.
The leaves were then placed in air or in nitrogen
gas, with the bases of the petioles in water, or the
entire leaves were suibmerged in water for 6 hours.
Transport was in the dark, to prevent photosynthetic
oxygen from becoming available to the leaves.

Both vein loading and transport into the petioles
were greatly decreased by the 2 treatments which
limited the oxygen available to leaves (fig 3).

Endothall Inhibition of Transport. Maestri (17)
observed that endothall [7-oxabicyclo(2.2.1) heptane-
2,3-dicarboxylic acid] blocked both vein loading and
transport of labeled assimilates in bean leaves. The
present experiment was conducted to determine
whether endothall, also, blocked the transport of
32PO4 from blades into petioles.

Endothall at 5 X 10-; M was sprayed on bean
plants. One hour later the leaves were detached

I

and 5 ,ul of solution containing 32PO, applied to the
major veins of the blades. The leaves were placed
in a moist chamber for 12 hours, freeze-dried, and
only the petioles autographed. The blocking action
of endothall on 32p transport is clearly indicated in
figure 4.

Discussion

Although Barrier and Loomis (1) described vein
loading about 10 years ago, very little has been
reported on it since. Recenitly, Maestri (17) ob-
served that labeled assimilates were accumuliated by
veins of detached bean leaves; the loading was
blocked by endothall, with the first appearance of
callose being in the vein endings and border l)aren-
chyma. The blocking action of callose upon assim-
ilate tranisport was discussed earlier by Webster and
Currier (21 ).

Vein loading appears to be an oxygen re(lqlirinig
process. Kursanov (11) stressed the importance of
metabolic energy for the transfer of assimilates from
the mesophyll into the veins. Bauer (2) considered
the main force in transport to be "pumps" in the
leaves. Nelson (19) cited unpublished experiments
of Mortimer which indicated that HCN blocked the
flouv of assimilates into the veins from the mesophyll
of sugar beet leaves. It appears that factors which

3 4
FIG. 3. Effect of limiting 0., on distribution of 14C-assimilates in detached bean leaves 6 hours after being ex-

posed to 14C02 for 5 minutes. Autoradiographs on the lefit and mounted leaves on the right. 1) Initial distribution
of radioactivity; 2) leaves stored in a dark moist chamber in air, petiole bases in water; 3) leaves as in 3, except
in nitrogen gas; and 4) submerged in water in the dark.
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i .1

I IG 4. Eftects of enidotlhall at 5 X 10 oni the transport of-3 2PQ4 in (letachied beani leaves. Enidotliall xN-as
spraved oni the plants and 1 hiour- later 32P04 was applied to the blades. Leaves were then detachied an-d placed in a
dark moist chiamber. Autoradiographis oni left anld photograph of petioles oln righit. 1) Directly follox ving application
of 32pQ n9io cnidoflhall, 2) after 12 hiours, and 3) after 12 houlrs endothall treated.

reduce the synthesis of high energy bonds wvouldI be of assimilates quite as miuchi as in freshlv detachied
expected to reduce veir'- loading. This energy must leaves or in leaves not detached at all.
come mainly fromi materials stored in the veins, The transport process appeared to be continuouis
since proloniged darkeniiig (lepletes the assimilates in bean leaves and wvas not dependent upon a supply,
in the mesophyll [Leonard (12) and fig 1]. of cuirrent assimilates or lighit. For example, basi-

Detachment blocks the normal flow of assimilates petal transport of 32PO1 occurred in bean leaves
out of leaves, causing thiem to becomie 'very conceni- removed fromi plants darkened for 8 days in the
trated in the vejils and petioles ( 17). Prolonged p)resent, experimenit. In othier studies Leonard and(
detachmnenit resuilts in the i-es-ophyll niot beinig drained Glenni (16) observed vein loading anid transport in
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bean leaves that were detached and kept in the dark
for 3 days prior to the application of labeled 2,4-
dichlorophenoxyacetic acid, dicamba, or maleic hy-
drazide to the lamina. In contrast to our results on
bean leaves, IIartt (8) considered that transport in
sugarcane leaves was under photocontrol. Why
transport should be under photocontrol in sugarcane
leaves and not in bean leaves is not clear. We
suggest that the truly polar and continuous aspect
of transport is vein loading. Basipetal flow, on the
other hand, is dependent upon a gradient in sink
activity.

Although transport within detached bean leaves
proceeded in a basipetal direction, some alteration
was possible. Upwrard transport could be artificially
induced by darkeninig the upper portion of the blade,
cutting away the tissues on either side of the midrib
or by treatment with benzyladenine (18). These
treatments probably reduced the normial assimilate
concentration in manipulated areas, thus causing
upward transport into the treated areas. However,
flow into the treated area was never sufficient to
reduce basipetal transport visibly. Similar results
were obtained with 2,4-D on assimilate transport
(15). Evidently assimilates flow away from points
where they are most concentrated. Bidirectional
flow (upward anid downward) is possible in a leaf,
btut unidirectional flow is the normal condition.
Basipetal flow does not appear to be as strongly
oriented in sugarcane blades as in bean blades.
Hartt (8) found that basipetal flow cotuld be in-

hibited by shading the upper part of the sugarcane
blade. The veins in the upper and loower parts of
these blades are of similar size, being in this respect
different from those in bean blades. Her data
suggest to uis that the midrib is the strongest sink in
sugarcane blades. Our autoradiographic results
with Johnsongrass, also a memlber of the Gramnineae,
support this view.

Labeled assimilates within the petioles of the
present experiment were confined mainly to the
veins. From 50 to 66 % of the labeled sugars was

sucrose, with the balance being glucose and fructose.
Detached leaves of sugar beets were also found to
accumullate these same sugars in the petioles (12).
The occurrencee of all 3 sugars in the petioles indi-
cates that some sucrose moved out of the transport
channels and was partially inverted in the phloeni
parenchyma (12, 23). Most results during the lpast
20 years support the conclusion that sucrose is the
main form in which sugar is transported in nmost
plants (22, 23).

Insofar as feasible, theories oni transport should
encompass what is thought to be known about the
process. The autlhors would especially like to
present the following items which should be con-

sidered in a theory. (1) Transport may or maxv not
continue out of blades following periods of darkness.
It was continuous in bean leaves but not in sugar-

cane blades (Hartt, 8). It is suggested that there
was continuous loading of the veins in sugarcane

blades as in bean blades and that this process is
polar; however, longitudinal sink gradients in sugar-
cane blades are not as strongly developed as in bean
blades. (2) Although transport was contiinuious in
bean leaves, there was no evidence of any circula-
tion. Thus labeled assimilates transported basipetally
did not return sufficiently to label veins above the
portion of the blade exposed to 14,CO.. (fig 2b, d, f, g).
(3) The transport of previously prdluced assimilates
out of a blade appeared to cease after 8 hours.
Sucrose translocated by night in sugarcane (7) came
largely from a conversion of storage compoutnds,
e.g. organic acids, organic phosphates, and a glucose-
xylose-glucuronic acid hemicellulose. judging from
the results of Leonard (13), only glu1cose and fruc-
tose, of the monosaccharides and sugar alcohols
comiilg from the hemicellulose, woul(d likely be coln-
verted appreciablv into sucrose. (4) Assimilates
imported into mature leaves (by darkening leaves
treated with 2,4-D or benzyl adenine) were confined
to the veins (15, 18); when similarly treated leaves
were exposed to 14CO., in the light, assimilates were
loaded into the veins. This evidence is interpreted
as indicating that loading is centered in the margins
of the veins, and vein endings. (5) Vein loading
requires that the plasmodesmata in vein endings and
border parenchyma remain open. Endothall (17)
caused callose to form in these cells and, also, pre-
vented vein loading. (6) Vein loading does not
require large amounts of water or high turgor, since
the process occurred in wilting leaves. (7) From
item 6, it seems that transport channels mu1st occiupy
a relatively small part of the space in a cell. Thaine
(20) suggested the involvement of the endoplasmic
reticulum in transport. Further evidence that there
must be specific transport channels was indicated in
the present work. Although most of the label in
petioles was confined to the veins; about one-third
of it consisted of glucose and fructose; however,
only sucrose was present in the leachate from the
petiole bases. Whether the sucrose came entirely
from the sieve tubes or not is unknown; the leaclhate
may have included sucrose coming from transport
channels in other phloem cells. (8) The movement
of virus particles between parenchyma cells through
plasmodesmata (5) is suggestive of mlovement in
a stream of water. Other substances could move in
the same stream.

In order to reconcile the items mentioned above,
a few suggestions on transport will be given. Pumps
in the plasmodesmata of the cell walls separating the
border parenchyma and the outermost phloem cells
causes flow into the veins. The hydrostatic pressure
created by pumping forces water into the cell walls,
thus concentrating the solutions in the veins. The
line of least resistance to flowv is in the sieve tubes,
in which substances flow to points of lower pressure
(3), which are the sinks.

Specificity in what is loaded into veins could be
a function of vacuolar participation, with substances
in vacuoles being immobile (such as glucose and
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fructose). Substances not readily confined by mem-

branes m,ight diffuse into the cell walls (like mon-
uron, 3). Substances with,in the cvtoplasm not

bound to surfaces and small enough to pass through
plasmodesmata (such as beet vellows virus, 5) would
be stubject to miovenement and accumulation by veins.
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