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Changes in K, Rb, and Na Transport to Shoots after Anoxia’
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ABSTRACT

The effect of anoxia on subsequent uptake and transport of K, Rb, and
Na was examined with seedlings of barley (Hordeum vulgare L.), corn
(Zea mays L.), and tall fescue (Lolium X Festuca hybrid derivative) to
further our understanding of xylem loading. Roots were incubated in
solutions depleted of O; by flushing with N, gas. After 1 hour exposure,
plants were returned to aerated solutions for 16 hours prior to measuring
uptake and transport. For each species, anoxia pretreatment significantly
enhanced Na transport to the shoot. The rate of Na accumulation into
roots, however, was not affected. There was no enhancement of either K
or Rb accumulation in shoots, indicating specificity for Na transport. A
minimum exposure to anoxia of 30 minutes and a minimum of 12 hours
elapsed time was necessary to achieve the maximum rate of Na transport
to the shoot in barley seedlings. Accumulation of Na in the shoot of both
the control and anoxia pretreated barley plants was inhibited by anoxia
and by addition of the proline analog, L-azetidine-2-carboxylic acid,
during the uptake period. Enhancement of Na transport was associated
with a proportional increase in the rate of synthesis of a membrane bound
§ protein with a molecular weight of 78,000 daltons.

There is increasing interest in substituting Na salts for K
fertilizers as a means of reducing the hypomagnesemesia poten-
tial of some pastures. Hypomagnesemesia or grass tetany is a
metabolic disorder of ruminants characterized by low serum Mg,
i.e. less than 1.8 mg mI™* (22), and has been associated with high
K concentrations in the ingested herbage (24, 31). Sodium ad-
ditions can reduce K accumulation and the critical concentration
of K required to achieve maximum yields (12, 17, 30).

Sodium accumulation in shoots of several grass species is
determined by the amount exported from the roots to the shoots
by xylem loading (18, 29). Crafts and Broyer (7) proposed that
xylem loading resulted from leakage of solutes from root cells
into the ascending transpirational stream. However, more re-
cently, active transport processes have been advocated for xylem
loading (15). Our knowledge of the processes involved in xylem
loading is quite limited, in part, because there are few treatments
that affect the rate of xylem loading without producing confound-
ing effects on uptake, respiration, and transpiration. Pitman (25)
and Pitman et al. (26) demonstrated that xylem loading was
reduced by inhibitors of functional protein synthesis prior to
decreases in uptake and respiration. Leggett and Stolzy (21)
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reported that the transport of Na from roots to shoots of barley
(Hordeum vulgare L.) seedlings was 2- to 3-fold greater when the
roots were exposed to anoxia treatment the previous day. The
purpose of this study was to further characterize the effect of
anoxia pretreatment on root uptake of K, Rb, and Na and
transport to shoots to gain further understanding of xylem load-
ing that may aid the development of cultural practices substitut-
ing Na for K.

MATERIALS AND METHODS

Growing Conditions. Barley (Hordeum vulgare L. cv ‘Barsoy’)
seeds were allowed to imbibe water overnight in 0.2 mM CaSO,
and were incubated for 2 d between moistened layers of germi-
nation paper. After radicle and coleoptile emergence, 5 seedlings
were placed on a stainless steel grid (3.0 cm diameter) inserted
into a plastic retention ring and covered with moistened perlite.
Twenty-four retention rings were suspended over 10 L of aerated
0.2 mm CaSO,, and held in the dark at 22°C for 2 d. On d 5, the
CaSO, solution was replaced with 0.1 strength Hoagland solution
(16) and a 12 h day/night regime was imposed.

On d 8, after 6 to 8 h illumination, roots of half of the plants
were placed in an anaerobic environment created by bubbling
N, gas through the nutrient solution. Except where indicated,
plants were returned to an aerated nutrient solution after 1 h of
treatment. With minor exceptions, uptake experiments were
conducted 15 to 18 h after the anaerobic pretreatment.

Maize (Zea mays L. cv ‘Pioneer 3369A") seedlings were simi-
larly grown. Two-week-old seedlings of tall fescue (Lolium X
Festuca hybrid derivative, selection ‘78-5") were cultured in a
similar fashion except that the incubation between moistened
towels was omitted and the illuminated growth period was in-
creased to 11 d. Buckner et al. (4) have described the breeding
program that produced the population of hybrid derivatives from
which 78-5" was selected.

Transport Experiments. Sixteen sets of 5 seedlings were incu-
bated in 2.5 L of 0.2 mM CaSO, containing 1.0 mM chloride salts
of K, Na, or Rb with minor exceptions as noted. The pH of the
solution at the beginning of the absorption period was adjusted
to 6.0 by addition of Ca(OH),. Uptake of radionuclides was
terminated by incubating roots in solutions lacking radioisotopes
for 5 min. Roots and shoots were excised from the seedlings and
placed in the bottom of 1 cm diameter, preweighed, plastic
scintillation tubes.

The transport of Na and Rb into roots and shoots was moni-
tored by the accumulation of *Na and %*Rb, as determined by
~ scintillation counting. Sodium and Rb accumulation were
calculated on the basis of the specific activities of the solutions
at the beginning of the uptake period and the radioactivity of the
sample. Sodium and Rb values determined by radiotracer tech-
niques were comparable to those found by measuring changes in
Rb and Na content by atomic absorption spectrophotometry (D
Brauer, JE Leggett, DB Egli, unpublished data). After counting,
tissue samples were dried at 40°C in vacuo. The mass of the tube



plus sample was determined so that tissue mass could be obtained
by difference. Potassium transport was estimated by measuring
changes in the K content of the dried tissue. Plant tissue was
digested with 9:1 (v/v) nitric-perchloric acid, and the resulting
residue was dissolved in 1.0 N HCl and 0.2 g SrCl,/100 ml and
K was determined by atomic absorption spectrophotometry.
Accumulation of cations in root and shoot material is expressed
as umol per g of DW? of tissue. Data from 3 sets of plants were
averaged and results from one experiment were confirmed in
duplicate experiments. Bars representing the Standard Deviation
appear where the error exceeds the size of the data point.

The intracellular distribution of Na was assessed following the
method of Balke and Hodges (1) by measuring the efflux of 2Na
from roots into an external solution of 0.2 mM CaSO, and 1.0
mum NaCl. Prior to measuring exchange, roots were incubated
for 3 h in 0.2 mm CaSO, and 1.0 mm NaCl labeled with *’Na.
Rates of exchange and sizes of intracellular compartments were
determined by the method of Cram (8). The relative radial
distribution of Na in roots was assessed by the appearance of
22Nj into external solution containing 0.1 N HCI after loading
the tissue for 3 h in 1 mM NaCl and 0.2 mM CaSO, in a manner
similar to that of Leggett and Gilbert (20).

Double Labeling Experiments. Ten g of roots from controls as
well as from plants pretreated 15 to 18 h earlier with 1 h of
anoxia were labeled for 3 h in 20 ml of 0.2 mm CaSO, containing
either 20 xCi of [**C]Leu (0.34 Ci mmol™") or 100 xCi of [?H]
Leu (115 Ci mmol™'). After the labeling period, roots from both
control and anoxia pretreated plants were combined, rinsed with
water, and homogenized by mortar and pestle in the presence of
1 g of insoluble PVPP and 80 ml of extracting buffer containing
50 mM Tris-Hepes (pH 7.5), 3 mm EDTA, 3 mm DTT, 0.25 M
sucrose, and 100 g BHT ml™'. The brei was filtered through
Miracloth and centrifuged for 5 min at 1,000g. The supernatant
was then separatéd by differential centrifugation into three frac-
tions: mitochondria, microsomes, and soluble proteins. A crude
mitochondrial pellet was collected by centrifugation at 13,000
for 15 min. Microsomes were collected from the 13,000 super-
natant by centrifugation at 80,000g for 35 min. The soluble
proteins remaining in the supernatant were precipitated by the
addition of 50% (w/v) TCA solution to a final concentration of
10% (w/v) and collected by centrifugation at 10,000g for 10 min.
Both crude membrane pellets were suspended in 5 ml of extract-
ing buffer containing 0.2 M NaCl and then collected by centrif-
ugation. Each fraction was suspended in a sufficient volume of
SDS sample buffer to yield 1 mg of protein ml™, and incubated
for 15 min at 80°C. The SDS sample buffer contained 10% (v/
v) glycerol, 5% (v/v) 2-mercaptoethanol, 2.3% (w/v) SDS, 60
mm Tris-HCI (pH 6.8), and 10 pg BHT ml™'. As found by Booz
and Travis (2), the addition of BHT was necessary to obtain
separation of proteins upon electrophoresis. Fractions were either
subjected to SDS electrophoresis immediately, or frozen at
—20°C. Protein concentrations were determined by the method
of Bradford (3).

Electrophoresis. Proteins were separated by SDS electropho-
resis on horizontal slab gels at a constant current of 10 mamp
slab™! by the method of Laemmli (19) using polyacrylamide
concentrations of 5 and 11% in the stacking and running gels,
respectively. Proteins were fixed in TCA and visualized by Coo-
massie brilliant blue R-250 staining. Lanes were excised from
the gel and sliced into 1 mm segments. Each segment was digested
overnight with 0.4 ml of 70% H,0; at 65°C in a 20 ml scintilla-
tion vial. After the addition of 15 ml of scintillation fluid, the
amount of *C and *H was determined by liquid scintillation

3 Abbreviations: DW, dry weight; AZ, L-azetidine-2-carboxylic acid;
BHT. butylated hydroxytoluene.

counting using an appropriate setting for simultaneous ’H and
14C counting.

RESULTS

Effect of Anoxia. In agreement with Leggett and Stolzy (21)
shoot accumulation of Na by barley seedlings was greater when
roots were previously exposed to anaerobic environment (Fig.
1). After a 3 h incubation, barley seedlings from the anaerobic
pretreatment had approximately 4 pmol Na g~! DW shoot com-
pared with 2 pmol g' DW in the control plants. Enhanced
accumulation of Na in shoots did not correspond to an increased
accumulation of Na in roots. Roots from both controls and
anoxia pretreated plants contained slightly more than 8 umol Na
g~! DW after 3 h. From the amounts of Na and dry weights of
roots and shoots, Na accumulation in the whole plant per g’!
DW of roots was calculated. The data in Figure 1 indicated that
control and anoxia pretreated plants accumulated 15.2 and 16.3
umol Na g~ DW of roots, respectively, with a SD of 1.6 and 1.8,
respectively. A student ¢ test testing the hypothesis that total Na
upake by control plants equaled that of anoxia pretreated was
confirmed (¢ = —0.79). Additionally, the total Na uptake into
both roots and shoots after 3 h expressed per g of roots for control
versus anoxia pretreated plants in four other experiments were:
13.6 versus 13.3, 14.7 versus 14.1, 17.0 versus 17.0, and 13.3
versus 15.0 umol Na g~' DW of roots, respectively. Across the
five experiments, total Na accumulation at 3 h averaged 14.7
and 15.1 umol g~! DW of roots for control and pretreated plants,
respectively, with sp of 1.5 and 1.6, respectively. A student ¢ test
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FiG. 1. Accumulation of K, Na, and Rb in roots and shoots of barley
seedlings as effected by anoxia pretreatment. Uptake solutions contained
1 mm NaCl, KCI, or RbCl in 0.2 mM CaSO,. Data for control and plants
pretreated for 1 h with anoxia 16 h earlier are represented by open and
closed symbols, respectively. Values for root and shoot accumulation per
¢~! DW are represented by triangles and circles, respectively.



between these means equaled —0.47, again confirming the hy-
pothesis that total plant Na accumulation was unaltered. There-
fore, there was only a slight tendency for anoxia pretreated plants
to accumulate more Na on a whole plant basis. A slight enhance-
ment of Na uptake by plants exposed to anoxia may have
occurred in order to maintain root Na levels in the presence of
enhanced translocation to the shoot by relieving feedback inhi-
bition on the uptake mechanism (13).

Even considering the extreme limits of the data, enhancement
of uptake would have been less than 25% by the anaerobic
treatment, whereas transport to the shoot was increased nearly
100%. Therefore, transport of Na to the shoot was preferentially
affected by anoxia pretreatment.

Similar trends were found with seedlings of both maize and
tall fescue (data not shown). Roots from both control and pre-
treated maize plants contained 60 pmol Na g™' DW after 3 h
incubation. Shoots from pretreated seedlings contained over 6
times more Na than control seedlings, 0.25 and 0.04 gmol g™’
DW shoot, respectively. Similarly, leaves of tall fescue seedlings
pretreated with anoxia contained 50% more Na than controls
(0.73 versus 0.50 umol g~' DW) after 3 h uptake period. Roots
from tall fescue had about 25 umol Na g~! DW after 3 h regardless
of the pretreatment.

Barley seedlings were used in further studies because the rate
of Na accumulation in shoots was greater, while the response to
anoxia was intermediate among the three species examined.

Location of Effect. Enhancement of Na accumulation in barley
shoots by anoxia pretreatment could be due to increased cyto-
plasmic levels of Na in roots, a faster rate of radial transport
across the root or a more rapid rate of xylem loading. There was
no apparent difference between controls and anoxia pretreated
roots with respect to the distribution of Na between the cytoplasm
and vacuole as determined by the time course of Na efflux from
roots (Fig. 2). Approximately 10% of the absorbed Na was in a
compartment with a half-time of 10 min, presumably the cyto-
plasm, independent of treatment. The remainder of the tissue
Na was in a compartment that exchanged very slowly with the
external solution, presumably the vacuole.

Radial distribution of Na in roots after 3 h incubation was
estimated by measuring the appearance of *Na into 0.1 N HCI
(20). The acid should rupture root cells in successive concentric
cylinders as it diffused inward. There was no difference between
controls and anoxia pretreated roots with respect to the rate of
Na loss after exposure to acid. Quadratic equations relating the
percentage of the absorbed Na remaining in the roots as a
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FiG. 2. Exchange of Na from roots of control and anoxia pretreated

’ barley plants presented in semilog plot. Prior to measuring exchange

between root pools and an external solution of 1.0 mm NaCl and 0.2

mM CaSO,, plants were incubated 3 h in a similar solution labeled with
22Na. Data are expressed per g DW of roots.

function of time in 0.1 N HCl were: % remaining = 100.49 —
3.90 (min) + 0.015 (min)> and % remaining = 100.31 — 3.84
(min) + 0.013 (min)? for pretreated and control plants, respec-
tively. This indicates that there was no dramatic change in the
rate of radial penetration of Na following anoxia. Anoxia pre-
treatment must, therefore, have affected the rate of xylem load-
ing.

Characteristics of the Effect of Anoxia Pretreatment. Time
courses for the accumulation of Na, Rb, and K by roots and
shoots from 1 mM chloride salts are presented in Figure 1. For
each cation, uptake by roots was linear with time duringa 3 h
incubation and there was no treatment effect. By the end of the
3rd h, roots accumulated 8, 180, and 75 umol g~' DW of Na,
Rb, and K, respectively.

Cation accumulation in shoots was a curvilinear function of
time. With Na, anoxia pretreatment increased accumulation by,
almost 100% from 2.01 umol g~! DW of shoot with controls to
3.83 umol g~' DW of shoot. The enhancement of Na transport
to the shoot was not associated with a difference in the length of
the lag period. This supports the hypothesis that radial transport
and intracellular distribution of Na were not important factors.
Transport of both K and Rb to the shoots was not affected by
pretreatment, indicating that the xylem loading of Na was selec-
tively increased.

The time course of the development of the enhanced xylem
loading of Na was followed by measuring Na accumulation in
roots and shoots during 3 h incubation at 4 h intervals after
anoxia (Fig. 3). Sodium accumulation in shoots of control seed-
lings decreased slightly with time from 1.87 to 1.60 pmol g™
DW (Fig. 3). From time O to 4 h, accumulation of Na in
pretreated shoots was slightly less than that found with controls.
Thereafter, the ability of pretreated plants to accumulate Na in
shoot tissue increased as a sigmoidal function of time after anoxia
from 1.43 to 3.42 umol g~' DW, reaching a maximum between
12 and 16 h. The time required for enhanced Na transport and
the magnitude of the enhancement appeared to be independent
of either the light regimes and nutrient status of the plant before
or after anoxia (data not shown). '

The persistence of increased xylem loading of Na was deter-
mined over a 120 h period by measuring Na accumulation during
3 h incubation at 24 h intervals (Fig. 3). The Na accumulation
in shoots of pretreated plants increased during the first 48 h and
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FiG. 3. Effect of time between the end of the anoxia pretreatment
and the beginning of the transport experiment on Na accumulation in
barley shoots. Sodium accumulation determined after 3 h incubation in
1 mm NaCl and 0.2 mM CaSO,. Data for control and anoxia pretreated
plants per g~! DW are represented by open and ‘closed symbols, respec-
tively. Data from 24 and 120 h experiments are represented by circles
and squares, respectively. ’



then began to decline. There were no differences between control
and pretreated seedlings in the rate of dry matter accumulation
in roots and shoots (data not shown).

Exposure of roots to anoxia for a period as short as 5 min
significantly increased Na accumulation in the shoots from 2.13
+ 0.2 t0 2.64 + 0.1 umol g~' DW during 3 h incubation 15 h
after treatment (Fig. 4). The capacity to transport Na increased
rapidly as the anoxia period was increased to 15 min and reached
a maximum with 30 min.

Effect of Inhibitors on Transport. The effects of anoxia and of
protein synthesis inhibitors during uptake were compared be-
tween control and anoxia pretreated seedlings to see if these
treatments affected xylem loading independent of pretreatment.
In the following experiment, both controls and anoxia pretreated
plants were transferred to 10 mm NaCl in 0.2 mm CaSO, for 16
h from the end of the anoxia treatment to the start of the uptake
period. Half of the plants were exposed to anoxia during the
uptake period by bubbling N, gas into the solution. Root accu-
mulation of Na from 10 mMm solution was not effected by
pretreatment or by anoxia during the uptake period (Fig. 5).
Transport of Na to the shoots, however, was completely inhibited
by anoxia in both controls and anoxia pretreated plants.

Inhibitors of the synthesis of functional proteins reduce the
rate of xylem loading prior to effecting uptake (25). Pitman ef
" al. (26) were the first to report that the proline analog, AZ,
selectively inhibited xylem loading. In agreement with these
findings, the addition of 0.2 mM AZ significantly reduced the
rate of Na accumulation in shoots (Fig. 6). Under similar exper-
imental conditions, the addition of AZ prevented the incorpo-
ration of previously absorbed proline into TCA insoluble mate-
rial within 30 min without effecting Leu incorporation (data not
shown). After 30 min exposure to AZ, the logarithm of the
hourly rate of Na accumulation in shoots declined as a linear
function of time, indicative of a first order decay. The decay
constants estimated from the slopes of the regression equations
relating the logarithm of the rate of shoot accumulation to time
after exposure to AZ were approximately the same for anoxia
pretreated plants and controls, 0.0060 and 0.0067 min™", respec-
tivelyl. The decay constant for Rb transport also was 0.0060
min~',

Double Labeling Experiments. Double labeling experiments
were conducted to identify proteins which were being synthesized
at different rates following anoxia. The rate of protein synthesis
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FIG. 4. Effect of duration of anoxia pretreatment on Na accumulation
in barley shoots. Sodium accumulation per g™' DW was determined after
3 h incubation in | mMm NaCl and 0.2 mm CaSO,. Plants were exposed
to the anoxia pretreatment 15 h earlier.
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FiG. 5. Effect of anaerobiosis during the uptake period on Na accu-
mulation in barley roots (A) and shoots (B). After anoxia pretreatment,
all plants including controls were transferred to 10 mm NaCl and 0.2
mM CaSO; for 16 h. Open and closed symbols have the same meaning
as in Figure 3. Data from the anaerobic treatment during the uptake
experiment are represented by circles. Data are expressed per g ' DW.

as assayed by the incorporation of labeled amino acids into TCA
insoluble material was not significantly different between anoxia
pretreated plants and controls (data not shown). Five times more
3H was added to roots from anoxia pretreated plants as compared
with the amount of 'C used to label controls. Thus, a deviation
in the (*H/"C) ratio of a protein band from 5.0 indicated that
its rate of synthesis was different following anoxia. Only one
faintly stained protein band from the microsomal fraction had a
(*H/™C) ratio that significantly deviated from 5.0. In Figure 7,
this protein was associated with segment 19 and had an isotopic
ratio in excess of 9.0. A similar peak was observed in each of
four double labeling experiments. The mol wt of this protein was
estimated to be 78,000 D with a standard deviation of 2,000.
From the isotopic ratio, it was estimated that the net synthesis
of this protein was proceeding at a rate that was 90% greater
than that found with the controls.

DISCUSSION

Sodium Transport following Anoxia. The rate of delivery of
Na to the shoots of barley, maize, and tall fescue was greater
when the roots were exposed to 1 h of anoxia 15 to 18 h before
the absorption period. This enhancement in transport occurred
without an increase in the amount of Na present in the roots.
The enhanced rate of Na transport to the shoots appeared to be
due to an increase in the rate of xylem loading. There was no
difference between roots from anoxia treated plants and controls
in the intracellular and radial distribution of Na. The similarity
in the time course (Fig. 1) and the greater steady state rate of Na
accumulation in anoxia pretreated shoots (Fig. 6) also support
the conclusion that only xylem loading was influenced. The
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FiG. 6. Effect of 0.2 mM L-azetidine-2-carboxylic acid (AZ) on the
rate of Na and Rb accumulation in barley shoots. Uptake solutions
contained 1 mM NaCl or RbCl in 0.2 mM CaSO, with and without 0.2
mM AZ. Closed symbols indicate data from plants treated with AZ.
Rubidium and Na accumulation by controls and Na accumulation by
anoxia pretreated plant are expressed per g~' DW and are represented by
triangles, circles, and squares, respectively.

effect of anoxia appeared to be specific for Na transport since
the accumulation of K and Rb was not affected (Fig. 1).

The length of exposure to anoxia required to induce an in-
crease in the xylem loading of Na was relatively short (Fig. 4).
Placing roots of plants in a solution bubbled with N gas for as
short as 5 min significantly increased the rate of shoot accumu-
lation 16 h later (Fig. 4). No more than a 30 min exposure was
necessary for a maximum effect. During the first 8 h after anoxia,
plants did not exhibit an increase in transport Na (Fig. 3).
Between 8 and 16 h after anoxia treatment, the rate of Na
transport to the shoots increased. With respect to the above
characteristics, anoxia-accelerated Na transport was similar to
certain phytochrome-mediated responses that are photoreversi-
ble for only a short period, but require longer intervals for
expression (11). The rates of Na transport to shoots by anoxia
treated plants declined after 2 d. One possible explanation for
this decline is the proportion of the root with the enhanced rate
of Na transport is diluted by growth. However, the possibility
that maintenance of the enhanced rate of transport requires
exposure to anoxia cannot be ruled out.

Sodium accumulation in shoots by both controls and pre-
treated plants was equally inhibited by anoxia (Fig. 6) and by
AZ (Fig. 7) during the uptake period. These results suggest that
a similar transport system is operating in both control and anoxia
pretreated roots. This proposal is supported by the observation
that the rate of net synthesis of the 78,000 D protein was of the
same magnitude as the increase in the rate of Na transport. From
Figure 6, the steady state rate of Na accumulation in shoots was
approximately 1.8 and 3.6 umol g~' DW h™' for control and

anoxia pretreated plants, respectively, which represents 100%
increase in rate. Anoxia pretreatment increased the isotopic ratio
(3H/'C) of the 78,000 peptide from an average of 5.4 to 9.2 (Fig.
7) which represents a 90% increase in the net rate of synthesis.
The function of this protein is hypothesized to be that it mediates
the transport of Na from the symplasm of the roots to the xylem
fluid and anoxia increases the amount of the transport protein
present. _

The enhancement of Na transport to the shoots following
anoxia may explain why the Na concentration in spring herbage
of the fescue cultivar ‘Kenhy’ was greater than that found in
summer and fall (6). Intermittent, anaerobic soil conditions that
occur most frequently in the spring may have favored the xylem-
loading of Na. The results in this study suggest that the substi-
tution of Na salts for K fertilizers would be an effective method
for increasing the Na content of forage grown in poorly drained
soils. Since the mineral composition of forages grown in low Na,
water logged soils is reported to be high in K and low in Mg (14),
the use of Na salts in substitution for K fertilizers should be
beneficial to producers. Further research is needed to determine
how low the O, tension of the solution must be to enhance Na
transport.

This research also demonstrates that the physiology of the
plant is changed by exposure to anoxia. An anaerobic root
environment altered the activity of an aerobic process, presum-
ably by altering protein synthesis. Modulation of protein synthe-
sis by anaerobiosis has been previously demonstrated. Maize
grown in an anaerobic environment for 5 to 72 h synthesized a
unique set of proteins (28) and had higher levels of alcohol
dehydrogenase (27). Similar results have been found with ger-
minating rice embryos (23). It is of interest that one of the 11
major proteins synthesized by maize under anaerobic conditions
identified by Sachs et al. (28) had a mol wt similar to the one
identified here.

Comparison of K and Rb Transport. An interesting observation
in this study was that the time course of accumulation of K in
roots and shoots differed from that of Rb (Fig. 1). The shoot to
root ratio of these seedlings varied between 1 and 2. Using the
accumulation data in Figure 1 and assuming a shoot to root
ratio of 2, seedlings absorbed approximately 290 and 240 pmol
g~ DW root of K and Rb, respectively. However, the distribution
of these two cations between root and shoot tissue was quite
different. After a 3 h incubation, over two-thirds of the absorbed
K had accumulated in shoots, whereas less than 20% of the Rb
was in the shoots (Fig. 1). This difference suggests that transport
of Rb does not-mimic that of K and the validity of following K
transport by *¥Rb accumulation needs further examination. The
reduced rate of xylem loading of Rb might be due to the fact
that transport of Rb into the vacuoles competed with xylem
loading. It is hypothesized that the relative flux of K into the
vacuole was less because of a greater initial concentration; there-
fore, a greater portion of the absorbed K was available for
transport out of roots. Accordingly, increasing the Rb concentra-
tion of the roots by preincubation in RbCl would increase the
rate of Rb transport to the shoot. Such results have been found
in preliminary experiments.

Effect of Inhibitors. Transport of Na to shoots was inhibited
by anoxia during the absorption period (Fig. 5). The reduction
in Na transport out of the root did not result from a decrease in
transport into the root, when the uptake solution contained 10
mM NaCl and plants were previously incubated at this NaCl
level. Similar results were obtained for Rb transport under anal-
ogous conditions (data not shown). However, when experiments
were conducted under conditions in which one would suspect
active uptake into roots (i.e low external concentrations), anaer-
obiosis during the uptake period inhibited cation accumulation
in both roots and shoots (data not shown). Therefore, it appears
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