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ABSTRACT

The phloem exudation technique using ethylenediaminetetraacetic acid
(EDTA) was evaluated In studies of amino acid translocation in Pisum
sativnm L. seedlngs. Exudation of phloem sap from cut petioles of fuily
expanded leaves was enhanced by EDTA (20 millimolar disodium salt [pH
7.01). Amino acids (mainly asparagine, homoserine, glutamate, and also
aspartate and serine) were present in petiole exudates from EDTA-treated
leaves at levels which were commonly 5- to 10-fold (or more) higher
compared with water-treated controls. Exudation was greater from
darkened leaves, and the pattern of amino acids was markedly different
from the more uniform mixture leaking from water-treated controls.

After feeding 'C-labeled amino acids to the leaf blade, distribution of
radioactivity in components of the exudate differed from that of the leaf
tissue, suggesting selectivity of amino acid loading. 1'ClAsparagine was
converted to 2-hydroxysuccinamic acid and to other amino acids by the
leaf, but was recovered in exudate mainly as asparagine (60%) and aspar-
tate (30%). SImilarly, in the exudate, 65 to 70% of the label from 114CI-
aspartate was in amino acids, although in the leaf tissue 50% was in the
organic acid fraction and only 11% remained as aspartate. Metabolism of
asparagine and aspartate was essentially the same in intact leaf blades as
in EDTA-treated leaves. Despite the possibility of EDTA damage in the
petiole, phloem loading ofamino acids appeared to be relatively unimpaired.
Although the amount of labeled material appearing in the exudate is less
than the amount translocated in the intact plant, the technique is useful in
the study of amino acid transport.

Mature, transpiring leaves import nitrogen from the roots, with
varying proportions of nitrate and organic nitrogen, depending on
species and growth conditions (17). In Pisum sativum, the nitrogen
level of the growing leaves stabilizes when the leaves are fully
expanded (3), thus most of the incoming nitrogen must be re-
exported. In a continuing study of amino acid metabolism and
transport in peas (3), the redistribution of amino acids in phloem
has been investigated.

Several methods have been used in the past to obtain phloem
samples from leaves. Phloem sap was collected from severed
inflorescences of palms and some Agavacae (22) and from cut
bark of trees (5, 24) and castor bean (15). Exudate was also
obtained from shallow incisions into the phloem of Lupinus alba
(17), but cross-contamination by the contents of the xylem could
occur. A few leguminous species yield an exudate from the cut,

' Supported by a grant from the Natural Science and Engineering
Research Council of Canada.

' Present address: Department ofPlant Science, University of Manitoba,
Winnipeg, Manitoba, Canada R3T 2N2.
3To whom reprint requests should be addressed.

distal ends of the developing fruit (1, 18, 19), but the technique is
not applicable to nonfruiting plants.
Phloem sap has been collected from the severed stylets ofaphids

(10) and amino acids were detected in aphid stylets exudate from
willows (16, 20) and from peas (2). The quantities of sap obtained
are small and the difficulty in prepositioning the aphids limit the
usefulness of this method in such studies.
None of these techniques seemed suitable for collection of the

phloem sap exported from fully expanded leaves of vegetative
plants. Although some leaves do exude a phloem sap through the
cut petiole (12), the quantities thus obtained are minute. King and
Zeevaart (1 1) described an EDTA-promoted exudation ofphloem
sap from detached leaves. The method has subsequently been
used with a variety of plants by other research groups (6, 8, 9, 23).

In the present study with P. sativum seedlings, this technique
was evaluated with respect to amino acids in EDTA-promoted
exudates from the phloem of fully expanded leaves. The method
was also used to recover labeled material exported from the leaf
blade after surface application of "4C-labeled amino acids, and in
a comparison of metabolism and transport of ["4Clasparagine and
[C]aspartate in detached leaves and intact plants.

MATERIALS AND METHODS

P. sativum L. (c.v. Little Marvel) seedlings were grown in
nutrient solution in lighted growth cabinets as described earlier
(3) until the seedlings had four fully expanded leaves and the fifth
leaf half-expanded. Plants were selected for uniform size and stage
of development. The plants were not nodulated. Nitrate (4 mM) in
the nutrient solution was the sole source of nitrogen.

Fully expanded leaves were detached with the base of the
petiole under a solution of Na2EDTA, 20 mm, adjusted to pH 7.0
with NaOH (11). The petioles were placed in 0.2 ml EDTA
solution in small vials, so that about 1 cm of the petiole was
immersed. The leaves were placed in humid chambers in either
the dark (21 C) or the light (28 C); lighting was the same as that
in the growth cabinets (50 w. m2). After 30 min to 5 h the solution
bathing the petioles was collected and analyzed. Samples not used
immediately were stored at -20 C. Xylem sap was obtained by
collecting the sap bleeding from the cut stumps of pea plants as
previously described (3).

Labeling of Leaves. The fourth leaf (just fully expanded) was
prepared by lightly abrading a 2 x 2 mm square of the lower
epidermis with fine emery paper. Small (5 x 5 mm) squares of
coverglass were sealed on three sides over the abraded area with
a mixture of liquid silicone rubber and catalyst (General Electric
and Dow Coming Corp.). After waiting 30 min for the silicone
rubber to harden, 1 to 3 ,A volumes of '"C-labeled amide or amino
acids were introduced with a microsyringe into the space between
epidermis and coverglass.

In the experiments with intact plants, the plants were left in situ
in the light. After 2 h, the plants were removed and the fed leaflets
cut off. The coverglass chamber was peeled off and both chamber
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and leaf surface rinsed with distilled H20. Fed leaflets, young
leaves (leaves 5 and 6), roots, and the rest of the plant were treated
as separate samples; they were frozen rapidly in liquid N2 and
extracted.

In the experiments with detached (fourth) leaves, coverglass
chambers were applied, and the leaves were detached and placed
in EDTA solution as described above. The radioactive solutions
were then added, the leaves were maintained in humid containers
either in the light or in the dark for 2 h, then harvested as

described. The leaf extracts and the phloem exudates were ana-
lyzed.

Extraction and Analysis. The frozen tissue was extracted by
homogenizing in cold 80%o (v/v) ethanol (60-80 ml/g fresh weight)
in a TenBroeck homogenizer. The homogenate was centrifuged at
12,000g for 10 min and the pellet was washed with additional (5-
10 ml, twice) ethanol. The pooled supernatant fractions were

concentrated to small volume at 30 C. Water and chloroform
(ratio 3:8.5 by volume) were added to the concentrated fraction
and the mixture agitated vigorously. The two phases were sepa-
rated by centrifugation at 17,000g for 10 min. The aqueous fraction
was removed and the chloroform re-extracted with water. The
pooled aqueous fractions were made up to a final volume contain-
ing the equivalent of 0.2 to 0.5 g fresh weight/ml.
The aqueous fractions were separated into amino acid, organic

acid, and neutral fractions using Dowex 50(H+) and Dowex
l(formate) resins (Sigma Chemical Co.) (4). Amino acids were

eluted from Dowex 50 with 2 N ammonium hydroxide to avoid
hydrolysis of the amides; organic acids were eluted from Dowex
1 with 0.1 to 8 N formic acid. Amino acid fractions were dried to
evaporate the ammonia, and redissolved in water. Aliquots were
diluted with lithium citrate buffer and adjusted to pH 2.1. These
samples were separated on a Beckman Amino Acid Analyzer,
model 1l9BL using lithium buffers. Fractions eluting from the
column were split using a stream divider. Aliquots were taken for
liquid scintillation counting. Peaks of radioactivity were compared
with positions of amino acids detected in the stream passing
through the colorimeter. Analyses were routinely continued only
to alanine as most of the radioactivity was recovered in compounds
eluting in the earlier amino compounds.
Phloem exudate (in the EDTA solution) was adjusted to pH 2.1

and centrifuged (15,600g) in an Eppendorf Micro Centrifuge
(model 5412) for 2 min to remove debris and the EDTA which
precipitates at that pH. The amino acid concentration of this
supernatant was measured with the amino acid analyzer using
lithium buffers. In the labeling experiments, the phloem exudate
was first fractionated on Dowex resins then analyzed as described
above. Because the samples obtained were small, all ofthe effluent
from the analyzer was collected and radioactivity in -ml fractions
was estimated by liquid scintillation counting. The positions of
peaks of radioactivity were compared with amino acid standards
or unlabeled phloem exudate samples.
Xylem sap samples were adjusted to pH 2.1 and the amino acid

content analyzed as described.
Nitrate in both phloem and xylem samples was estimated by

the diphenylamine method of Feller et al. (7). Ureides were

detected by the method of Smith (21).
Radioisotopes were supplied by The Radiochemical Centre,

Amersham (L-[U-14C]asparagine, 105 mCi/mmol; L-[U-_4C]glu-
tamine, 57.3 mCi/mmol; L-[U-14Claspartic acid and L-[U-'4CJglu-
tamic acid, 10 mCi/mmol). All other chemicals used were reagent
grade.

RESULTS

Amino Acid Content of Phloem Exudate. The amino acid
content of phloem exudate from detached leaves (leaf 4, fully
expanded) after 2 h exudation into 20 mmii EDTA (pH 7.0), in the
dark is shown in Table I. Asparagine, glutamine plus homoserine,

and glutamic acid were highest in concentration; aspartic acid and
serine were also present in high amounts. In other analyses, in
which glutamine and homoserine were separated, the ratios were
1:4.
Comparison ofphloem exudate with xylem bleeding sap (Table

I) shows that although asparagine, homoserine, glutamine, and
aspartate were major components of both xylem and phloem, the
relative proportions were notably different. In addition, glutamate
and serine were proportionally higher in the phloem exudate.
Ureides were present in low levels (0.5-1 mM) in the xylem sap
but were not detected in the phloem. Nitrate, normally about 5
mm in the xylem sap, was detected in the phloem exudate at levels
of 100 nmol/leaf after 2 h.

Exudation of amino acids was dependent on the presence of
EDTA, because levels of amino acids in this exudate were 5- to
10-fold higher than from water controls (Fig. IA). EDTA-pro-
moted exudation was also observed in light-treated leaves (Fig.
1B). Amino acid levels in the exudate were higher from darkened
than from the light-treated leaves (Fig. 1, A and B). This may in
part have been due to reabsorption in the xylem; although the
atmosphere was water-saturated to minimize transpiration, some
water uptake did occur since residual volumes of EDTA solution
were always slightly less in light-treated samples. Exudation was
very variable with levels of EDTA lower than 20 mm. Higher
levels (25-30 mM) gave occasional signs of toxicity in the leaves.

Export of "4C-Labeled Compounds from Detached Leaves. Car-
bon from 54C-labeled asparagine, applied to the lower surface of

Table I. Amino Acid Composition of Xylem Bleeding Sap and EDTA-
Promoted Phloem Exudate

Xylem bleeding sap was collected from the root stumps of 15 to 20
detopped pea plants (4 1/2-leaf stage) over a 30-minute period. Phloem
exudates were obtained from detached, fully-expanded pea leaves (three
groups of three leaves in each). Exudation into EDTA solution was over
a 2-h period. Details of analyses are given in "Materials and Methods."
Data are expressed in nmol per root or per three leaves and as percentage
of the whole sample.

Asp

BIA

Thr

Ser

Asn

Glu
Gln
Hse

Pro

Gly

Ala

Val

Cys

Met

Ile
Leu

Tyr

Phe

Gaba

NH3
Orn

Lys

His

Arg

Xylem
neol es/root

22.5

6.4

3.0

3.3

86.8

1 .8

14.3

28.4

NDb

0.7

Phloem

nmoles/3 leaves
X

a 7.5 5 a 9.78

1.6
0.6

x

11.9

3.4

1.6

1.8

45.8

1.0

7.5

15.0

0.4

0.8 0.4

2.6 1.4

2.6

0.4

1.1

0.8

tr

0.9

0.9

1.0

0.7

1.4
0.2
0.6
0.4

0.5

0.5
0.5
0.4

5.1
9.4

11.9

23.3 18.7

trc

0.3

6.6

12.1

15.5

30a 6.1

0.4.2

0.4

1.9 2.5
1.5 2.0
2.5

0.5

0.6

0.9

tr

tr

2.4

6.3

tr

1.2

tr

tr

2.3 1.2
2.9 1.6
3.5 1.9

3.3

0.6

0.8
1.2

3.1
8.2

1.6

a In these analyses, Asp + f8-(isoxazolin-5-one-2-yl)-alanine (BIA) and
Gln + Hse were not separated. In other analyses, eluting just the first half
of the amino acids, these compounds were separated and were present in
the proportions indicated.

b ND, Not detected.
c tr, Trace, a detectable but unquantified amount <0.2 nmol.
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FIG. 1. Amino acid composition of phloem exudates from detached,
fully expanded pea leaves. Exudation into water (O) or 20 mm EDTA
(pH 7.0) (M) was over 2 h in the dark (A) or the light (B). Four leaves
were used per treatment.

the leaf blade, was exported out of the blade and recovered in the
EDTA-promoted exudate. Export was continuous for 5 h (Fig. 2),
and was linear with time when the leaves were in the dark; rate of
export declined after 2 h from leaves in the light.

Labeled carbon from asparagine, glutamine, aspartate, and
glutamate, fed individually as 1 C-tracers to the leaf blade, was

exported into the phloem exudate as shown in Table II. Low
levels of radioactivity were detected in the water-treated controls,
but exudation was considerably enhanced by EDTA, particularly
with asparagine and glutamine as tracers.
Comparison of Metabolism and Transport of Detached and

Intact Leaves
Asparagine. In the detached leaf in the light, the distribution of

radioactivity among soluble and insoluble compounds was similar
to that in the intact plant (Table III). A major portion of the label
was recovered in the fractions containing asparagine and glutamic
acid, but radioactivity was also recovered in other amino acids
(aspartate, glutamine, homoserine). Labeled carbon was incorpo-
rated into insoluble fractions in both detached leaves and leaves
of intact plants. A considerable proportion of the labeled carbon
(17-21% in detached leaves, 11.5% in leaves of intact plants) was

recovered in the organic acid fractions largely as 2-hydroxysucci-
namic acid in both cases. In general, although minor differences
did occur, the labeling pattern in detached leaves and intact plants
was similar. In the phloem exudate (from leaves fed ["4Claspara-
gine in the light), radioactivity was almost entirely in the amino
acid fraction. Asparagine was the major labeled compound (about

FIG. 2. Export of labeled compounds from detached pea leaves after
application of ["4Clasparagine to the leaf surface. Leaves were detached
and then ["4Clasparagine applied. Exudation of radioactive material into
EDTA was followed for up to 6 h in the light (0) or the dark (0). Four
leaves were used per treatment.

Table II. Export of Labeled Compoundsfrom Detached Leaves into
Phloem Exudate

Detached, fully expanded pea leaves were placed with their petioles in
EDTA solution or water. Labeled amino acids were applied to lower
surfaces of the leaves. Radioactivity, recovered after 2-h exudation in the
dark, was measured and expressed as a percentage ofthe total radioactivity
absorbed by the leaves. In each treatment, the results are the mean values
from three leaves.

Treatment
Tracer

Water EDTA

% Exported into exudate
Asn 0.04a 2.30
Gln oh 4.85
Asp 0.23 0.91
Glu 0.15 0.26

a Radioactivity measured was 3 times background.
b No radioactivity detected above background.

60%); the rest of the label was mainly in aspartic acid.
In the detached leaf in the dark, less of the supplied asparagine

was metabolized, and most of the label in the leaf extract was
recovered still in asparagine (Table III). Again, asparagine and
aspartate were the two main labeled components in the phloem
exudate.

Aspartate. When aspartate was the tracer supplied to the leaf in
the light, most of the aspartate was metabolized, both in the
detached leaf and the intact plant (Table IV). Over 40%o of the
label in the fed leaflet was recovered (in several components) in
the organic acid fraction, as shown in Table IV. Several amino
acids were labeled (glutamate, glutamine, homoserine, alanine),
but very little (about 10%o) remained in aspartate; distribution of
label was similar in detached leaves and intact plants. Comparison
of phloem exudate and leaf extract (in the light) showed that the
patterns of labeling were markedly different (Table IV), aspartate
(and also glutamate and glutamine plus homoserine) being highly
labeled in the exudate. Much less radioactivity (22.7%) was in the
organic acid fraction of the phloem exudate, despite the large
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Table III. Distribution ofRadioactivity in Leaf Tissue and Phloem
Exudatefollowing Application of 4C-Asparagine to the Leaf Surface
"C-Asparagine was fed to the leaf blade of detached leaves (in the light

or dark) or leaves of intact plants in the light. Phloem exudate (into
EDTA) from detached leaves was collected after 2 h. The labeled leaves
were removed at this time, extracted, and analysed. Four leaves or plants
were used in each experiment. Two experiments are shown for detached
leaves; data shown for the intact leaf were reproduced several times. The
values shown are percentages of total radioactivity recovered in each
fraction.

Fraction Detached Leaf Intact Leaf
Light Dark Light

Phloem Leaf Phloem Leaf Leaf
exudate extract exudate extract extract

Amino acids
Asp 28.3 22.3 8.1 6.9 37.3 36.1 13.3 10.5 4.9
Thr 0 0 0 0 0 0 0 0 0.3
Ser D D 0 0 0 D 0 0 0.3
Asn 58.8 60.7 37.4 87a 44.6 60.1 72.5161.2a }66.9a
Glu D 0 6.6 0 0 1.7
Gin D 0 }4.2a 1.1 0 0 }0,4a 0.5 3.0a
Hse 0 0 1.8 0 0 0
Ala D 0 0.5 0.9 0 0 0 0.2 0.5
Others 9.4 11.6 5.9 6.6 17.2 3.5 3.4 5.4 4.1

Neutrals 2.0 4.1 2.3 2.8 0.2 0.1 0.5 1.0 2.0
Organic acids 1.5 1.3 17.2 21.1 0.7 0.2 1.8 5.7 11.5
Insoluble - - 18.0 20.0 - - 6.5 15.6 6.4

' In some analyses, Asn plus Gln and Gln plus Hse were counted as
single peaks owing to incomplete resolution.

Table IV. Distribution of Radioactivity in Leaf Tissue and Phloem
Exudatefollowing Application of'4C-Aspartate to the Leaf Surface

"C-Aspartic acid was fed to leaf blades of detached leaves or intact
plants, as described in Table III. Four leaves or plants were used in each
experiment. The values shown are percentages of total radioactivity re-
covered in each fraction of phloem exudate or leaf extract.

Detached Leaf Intact Plant

Light Dark Light

Phloem Leaf Phloen Leaf Leaf
exudate extract exudate extract extract

Amino acid
Asp 28.3 9.0 36.5 40.4 11.6
Thr 0 0.2 0 0 0.5
Ser 0 0 0 0 0.1
Asn 0 0 0 1.5 1.1
Glu 15.1 4.7 35.2 12.3 2.2
Gln 17.9 }114 }O 3.7

Hse J J 10.2
Ala 0 1.4 0 0 2.9
Others 2.8 8.4 3.4 5.0 8.7

Neutrals 13.2 5.5 0 0.2 4.0
Organic acid 22.7 4.1 24.9 24.2 41.3
Insoluble - 15.3 - 11.0 13.8

proportion of label in this fraction of the leaf extract.
For detached leaves there were differences between light and

dark treatments. In the dark, considerably less aspartate was
metabolized (40% remaining unchanged, Table IV) and labeling
of the organic acids and glutamine plus homoserine fraction was
decreased. There were some differences between labeling of the
leaf extract and phloem exudate, but these were less pronounced
than in the illuminated leaf.
Amount ofMaterial Exported.A comparison was made between

export from detached leaves (into phloem exudate) and export
from attached leaves to the rest of the intact plant (Table V). In
general, the proportion of absorbed label exported from detached
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Table V. Comparison ofExportfrom Detached Leaves and Leaves of
Intact Plants

"C-Labeled asparagine or aspartic acid were fed to leaf blades of
detached leaves or intact plants as described in Table III. Total radioac-
tivity recovered in the phloem exudate, fed leaves, and the rest of the intact
plant was measured. The percentage radioactivity exported into phloem
exudate from detached leaves, or into young leaves, roots, and other parts
of the intact plant was calculated. Results from duplicate experiments are
shown.

Material Exported

Detached leaves Intact plants

Light Dark Light
% total radioactivity recovered

Asn 0.83 3.85 15.0
2.18 4.55 19.0

Asp 0.22 0.67 7.3
0.41 3.82 10.4

leaves was lower, and showed considerably greater variation, than
export within the intact plant.

DISCUSSION

The results show that EDTA enhanced the exudation of amino
acids from the petioles of detached fully expanded pea leaves.
Levels of several amino acids were 5 to 10 times greater than in
water-treated controls (Fig. 1), both in light-treated and darkened
leaves. Levels of amino acids were not uniformly elevated by
EDTA; rather certain amino acids increased (notably asparagine,
homoserine, and glutamate). The spectrum of amino acids in the
phloem exudate was also quite different from that in the xylem
bleeding sap, (Table I) suggesting that there was little contami-
nation from the xylem.
The presence of amino acids was demonstrated both in EDTA-

promoted phloem exudates (6) and exudates obtained by other
means (15, 16, 20, 22). In phloem sap from cut fruit stalks of
"Meteor" peas (13), levels of total amino acids were similar to
those obtained in the present study with "Little Marvel." Relative
proportions ofmajor amino acids were different, probably because
of varietal differences. Amino acid concentrations were measured
in aphid stylets sap from P. sativum c.v."Alaska" (2), but this
study used sodium buffers for amino acid analyses, in which the
amides and homoserine co-chromatograph with threonine and
serine; a direct comparison of amino acid profiles from exudate
collected by different methods cannot yet be made.
Our results also demonstrate that carbon from "C-labeled

amino acids, applied to the leaf surface, was absorbed by the leaf
and exported from the leaf blade (Table I). Although export was
reduced compared to that in the intact plant (Table V), levels of
radioactivity recovered in the exudate were nevertheless higher in
EDTA-treated samples than in water-treated controls. In the
feeding experiments with asparagine and aspartate, metabolism of
these compounds in detached leaves did not differ markedly from
that in equivalent leaves from intact plants (Tables III and IV).
The composition of the phloem sap indicated selectivity in the
export of labeled compounds from the leaf blade into the phloem.
Asparagine was, for example, metabolized to hydroxysuccinamic
acid (a major metabolite from asparagine in peas [14]) and to
other amino acids, yet only asparagine and aspartate were major
components of the phloem exudate. Similarly, when aspartate was
the tracer used, it was greatly metabolized, both in the intact and
detached leaf systems, but was a major component of the exudate.
Metabolism and phloem loading, at least of asparagine and as-

partate, appeared to be relatively unimpaired.
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Our data (Table I) suggest cross-contamination between xylem
and phloem would be slight. Nitrate is usually absent in phloem
sap (13, 20, 22); indeed its absence from exudates is cited as
indication of true phloem origin. In the present study, some nitrate
was detected in the exudates, but most was exuded in the 1st h of
experiments which were continued for 5 h (data not shown).
Similar results have been reported for barley (23). There was little
difference in levels of nitrate in EDTA-promoted exudate and
water controls, in contrast to the large differences in amino acid
exudation. The results indicate some contamination from cut cells
of xylem, but nitrate levels in pea petioles are quite high (2.0-2.5
,umol/petiole, unpublished data) and no more than 5% of this is
recovered in the phloem exudate.
EDTA-promoted exudation of labeled compounds has been

studied in leaves which were labeled with "4CO2 prior to detach-
ment (6, 11). Leaching of labeled compounds already present in
the petiole at the time of detachment cannot be entirely ruled out,
but the exudation from detached Perilla leaves (11) was linear for
several hours, indicating continuous translocation into the petiole.
Individual leaves of intact soybean (8) were treated with short
pulses of '4CO2, and exudate was collected from the EDTA-treated
stylar tips of the pods. Thus, labeled material passed through leaf,
petiole, stem tissue, and pod before recovery in the EDTA. Tully
and Hanson (23) treated whole plants with 1'CO2, but demon-
strated that more radioactivity was removered in the EDTA
exudate than had been in the sheath (section immersed in EDTA)
at the time of detachment; radioactivity in the sheath increased
slightly by the end of the exudation period, showing net movement
out of the blade, through the sheath, and into the exudate. In the
present study, leaves were detached prior to labeling; radioactive
compounds were therefore translocated through leaf blade and
petiole before recovery in the exudate.

In barley, EDTA-promoted exudation was stimulated by light
(and also by. increased CO2 concentrations) possibly due to en-
hanced photosynthesis (23). No such stimulation was observed in
the present work; in fact exudation of labeled compounds (Fig. 1,
Table V) was slightly reduced in the light. Plausible reasons are
the slight transpiration from leaves in the light even in a water-
saturated atmosphere, possibly with some counter-current reab-
sorption into the xylem stream, or slight damage from increased
EDTA levels in these leaves.
The data presented here show that EDTA promoted the exu-

dation of amino acids from detached pea leaves. The evidence
from this study and others (discussed above) demonstrates that
phloem loading and translocation out of the leaf are not abolished
by detachment of the leaf and EDTA treatment. When labeled
compounds were used, the distance from the point of application
to the end of the petiole was 25 to 30 mm, a distance too great for
transport solely by diffusion. Rates of translocation are, however,
clearly affected (Table V). Similar observations were made in
other studies (6, 11, 23). Inasmuch as in detached leaves the
phloem is disrupted, sinks removed, and transpiration essentially
stopped, it is hardly surprising that export decreased. Variation in
the amount of material exported into the phloem exudate in

replicate experiments (Tables III, V; see also ref. 9) also indicates
a need for caution and replication of experiments. However, when
appropriate controls are made and the limitations of the method
observed, the EDTA exudation technique of King and Zeevaart
(11) is useful for studying amino acid transport from leaves. The
results of such a study with pea leaves will be reported in a later
paper.
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