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ABSTRACT

The presence of previously absorbed K in plants caused a
marked reduction in the short term influx of ¥*Rb-labeled
K into roots of barley seedlings. The influx values agreed
with net K absorption rates into intact plants, thus sug-
gesting that K efflux was negligible in comparison with
influx.

Earlier interpretations of a large K efflux component
from excised roots approaching equilibrium K concentra-
tions are considered to be due to an underestimation of net
K absorption rates resulting from xylem exudation as the
K status of the roots increased.

Net rates of salt absorption have long been recognized to be
greater for plant tissues of a low salt status than for those of a
high salt status (5, 6, 18). This phenomenon appeared to be
explained by observations that when K-starved excised roots
were transferred to solutions containing K, they maintained a
high influx of K but showed a steadily increasing efflux of K as
the net K absorption rate into roots declined (8, 9, 14). The
observed efflux was assumed to be an exchange process at the
site of K influx (9). This explanation was thought to account for
the low rates of K absorption observed in barley plants growing
for 20 days at continuously maintained concentrations of K in
complete nutrient solutions compared with those reported for
K-starved excised roots at similar K concentrations in solution

10).

( The experiments reported in the current paper were designed
to test the validity of extrapolating from results with excised
roots to K absorption by whole plants growing with a continu-
ous supply of K. Influx of labeled K into intact barley roots is
compared with net K absorption rates into the whole plant as
equilibrium K concentrations within the plant are approached.
The term “efflux’’ will be restricted to the sense used by Jackson
and Stief (9) to indicate the loss of K from roots to the external
solution at the site of K influx.

MATERIALS AND METHODS

Barley seeds, Hordeum vulgare L. cv Beecher, were germinated
for 24 hr in flasks of aerated deionized water. Ten batches, each
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of 300 germinating seeds, were then (day 0) evenly distributed
on cheesecloth-covered, epoxy-resin-coated wire screens in plas-
tic buckets containing 4 liters of aerated, K-free basal nutrient
solution of initial pH 6.4 and composition (um): Ca, 250; Mg,
100; N (as NH,*), 105; N (as NO;™), 600; S, 100; P, 5; Na, 10;
Cl, 10; Fe (as sequestrene 138), 10; B, 2; Mn, 0.3; Zn, 0.1; Cu,
0.1; Co, 0.04; Mo, 0.02. On day 5, two pretreatments were
imposed by transferring five batches of plants to fresh basal
nutrient solutions containing either no K (K,) or 2000 um KCl
(K2000). The temperature of all nutrient solutions was maintained
at 20 &= 1 C, and the pH was maintained above 5.0 by additions
of 0.1 N NaOH and by frequent replacement of nutrient solu-
tions (twice before transfer to pretreatments and three times
daily after transfer).

The effect of the plant’s K status on K absorption by barley
seedlings was followed during 3 days of pretreatment at K, and
K000 by measuring at intervals (0, 3, 7, 24, 31, 48, 72 hr): (a)
influx of #6Rb into roots of intact plants, (b) influx of 86Rb into
excised roots, (c) the K contents of the plants.

Influx was determined by measuring 36Rb absorption into
attached roots (40 plants) or excised roots (approximately 3.5 g
fresh wt excised 30 min prior to each experiment) in 2 liters of
complete nutrient solution containing 2000 um KCI labeled
with 8¢ RbCI of high specific activity at pH 6.0 = 0.1 and 20
=+ 1 C. The validity of using #Rb as a tracer for short term K
absorption into barley roots has been demonstrated (3, 4, 7).
Subsamples of plants and roots were removed periodically (5,
10, 15, and 20 min) from labeled solutions, desorbed in cold
(2 C) solutions of 5000 uMm KCI + 250 uM CaSO; (30 sec in 250
ml, 15 min in 400 ml), and then briefly rinsed with water. Roots
were cut from tops, blotted, and weighed; and the activity was
assayed in an end window G. M. tube. Influx was calculated by
regression analysis of the slopes of labeled K content with time.

K contents of the Koo plants were determined on separate
samples (40 plants) collected each time influx measurements
were made and also 96 hr after transfer to Kso . The plants
were briefly rinsed in deionized water; divided into tops, roots,
and seed reserve; weighed; oven-dried at 70 C; and digested in
a nitric-perchloric acid mixture (11). The digests were analyzed
for K by atomic absorption spectrophotometry (1). Average net
K absorption rates (¥) over successive days after transfer to Kaogo
were calculated from the equation
; — (02Wr, — log.Wr)M: — M)

(tz — n)(Wg, — Wg)

where Wg, and Wk, are the fresh weights of roots and M, and
M, are the total quantities of K in the plant at the start (¢,) and
completion (z,) of the absorption period (12, 22).

RESULTS AND DISCUSSION

Influx into Roots of Intact Plants of Increasing K Status. Influx
of #¢Rb-labeled K into roots of plants transferred to Ko was
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Fic. 1. Effect of time on 86Rb influx into intact (O, A) and excised
(@, A) roots of barley seedlings after transfer to K, and Ko and on
net K absorption rates into seedlings (0OJ) after transfer to Kagoo. Seed-
lings were grown in full nutrient solutions without K before trans-
ferring to Ko (O, @), or Kao (A, A) solutions. Net K absorption
rates by intact barley seedlings were calculated from daily K analyses
by equation 1 (see text).

severely depressed (P < 0.05) when compared with influx into
roots of plants grown continuously at K, (Fig. 1). Values for
influx into K roots dropped to a minimum of 209, of those
of K, roots within 1 day after transfer to Ko, . This decline in
influx accompanied an increase in K concentration of Koo
plants (Table I). After 1 day, influx into Ko roots increased
slightly with time but still remained at values of only 30 to 409,
of the influx into K, roots. Influx into K, roots remained reason-
ably constant over the period studied, even though K, plants
showed increasingly severe K deficiency symptoms from 48 hr
following transfer (Day 7) and grew less than plants transferred
to Kzooo (Table I)

Negligible activity appeared in the tops of either Ko or Koo
plants during the 20-min influx and subsequent desorption
period.

Net K Absorption Rate and Its Relation to Influx. Transferring
plants from Ko to Koo depressed their average daily net K ab-
sorption rates similarly to influx (Fig. 1). This suggests that the
approach to equilibrium K concentrations in intact barley
seedlings results primarily from a reduced K influx rather than
an increased K efflux as the concentration of K within the plant
builds up. Efflux of K appeared relatively unimportant (Fig. 1)
even when the K concentrations of plants reached relatively
high values (Table I).

Discrepancies with Excised Root Data. The results of the
present work conflict with published conclusions that roots
approaching equilibrium K concentrations have a large K
efflux component (8, 9, 14). These earlier experiments deter-
mined K efflux from the difference between #?K or8¢Rb influx
and net K absorption by excised roots. The conflict in estimates
of the importance of K efflux has arisen from errors in the meas-
urement of K influx and of net K absorption in earlier studies
with excised roots.

Earlier workers have made serious errors in estimates of efflux
by assuming that net K retention measured net K absorption by
excised roots. When excised roots lose K in the xylem exudate
during the absorption period, net K retention will underestimate
net K absorption. Data from intact plants indicate that only
K-starved roots retain K against movement to the xylem. For
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Table I. Changes in Fresh Weight and K Concentration of Barley
Seedlings after Transfer from K, to Ky or Kjoo

Time after Fresh Weight of Whole Plant K Concenlgxl-::&n in Koo
Transfer -
Ko ; K000 Tops ! Roots
hr i g ug- atoms/g fresh wt.
0 0.16 ... 31 22
3 0.15 | 0.16 36 41
7 0.16 : 0.15 61 57
24 | 0.17 | 0.18 107 85
31 ! 0.17 | 0.18 118 83
48 0.19 | 0.19 134 | 94
72 0.19 ' 0.22 153 | 96
96 0.22 0.29 172 103

Table 1. Transport of K to Tops of Barley Seedlings after Transfer
from K-free Solutions to Solutions Containing K

Data from Present Experiment Data from Pitman et al. (17)
Time period ) Transport! Time period Transport!
hr ‘ % hr %
0-3 | 200 1-2 0
3-7 3 69.7 2-4 33
7-24 i 69.8 4-11.5 64
24-48 77.3 11.5-23 92

872 710
7296 | 757

! Transport = amount of K moving to tops in a given time
period per total amount of K absorbed from the external solution
in the same time period.

example, during the first 3 hr after transfer to high K solutions,
roots of K-starved barley plants absorbed K rapidly but lost little
K to their tops; after 3 hr, with increasing K content of the roots,
an increasing proportion of K moved from roots to tops (Table
II). Indeed, when K reached a constant high concentration in
plants grown in continuously maintained nutrient solutions con-
taining 2000 uMm K, the roots retained only 209, of the total K
absorbed (10). It seems reasonable to assume that root K status
would influence K retention and K movement into the xylem in
the same manner in excised roots as in intact plants.

To obtain a valid measure of net K absorption for excised
roots, account must be taken of the K exuded from the cut end
of the xylem. For example, the data of Pitman et al. (17) show
that K influx was very much higher than net K absorption rates
into excised roots when net K absorption represented only that
K retained by roots. However, when an amount equivalent to
the K transported to the tops is included in the calculation of
net K absorption rate, then K influx becomes equal to net K
absorption rate.

Influx of K into excised roots may give results valid for ex-
trapolation to whole plants since, in the present experiment,
values of influx into both excised and intact roots were identical,
showing an increasing depression of influx with increasing K
status of the plant (Fig. 1). Good agreement between influx
values into excised roots and roots of whole plants is to be ex-
pected if the excised roots are freshly excised and the influx
period is short enough to preclude any loss of label in the xylem
exudate. The excised roots used in the present experiment satisfy
these conditions. Earlier failures to show effects of K status on
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influx (8, 9, 14) may have arisen from differences in the tech-
niques of measuring K influx into excised roots. For example,
influx measurements in very short time periods (8) would have
given exaggerated values for absorption because of failure to
remove labeled K from cell wall exchange sites: exchangeable K
would have accounted for a large fraction of the total root K
since no other cations were present in the experimental solutions.
In experiments over longer periods of time (9), differences
between the published and the present excised root experiments
would occur if excision and bathing of roots in KCl solutions in
the absence of calcium for long periods caused cell membranes
to deteriorate. Values of efflux across these membranes could
then assume undue prominence.

K Efflux from Intact Plants. The results of the present experi-
ment establish that efflux of K from roots of intact plants is
relatively unimportant compared to influx even when concen-
trations of K in the plant are quite high. However, this conclu-
sion may only apply when, as in the present experiment, K
absorption predominantly occurs through the operation of the
high affinity mechanism (2). At higher K concentrations, in the
region of the low affinity mechanism of K absorption (2), efflux
might assume some prominence. Indeed, accurate determina-
tions of K efflux from root tissues bathing in solutions of high
K concentrations could resolve whether K movement across the
plasmalemma is predominantly passive (19) or active (20, 21)
when the low affinity mechanism of K absorption dominates.

Quantitative, direct measurements of efflux of ions from
homogeneous plant tissues have been made by three-compart-
ment analysis (13, 15, 16) in which the change in specific activity
of the cytoplasm (the compartment in which incoming K mixes
freely) with time after transfer of plant tissue from labeled to
unlabeled solutions can be accounted for. Unfortunately, this
direct approach cannot be applied to intact plants growing with
a continuous supply of K primarily because of the transport to
plant tops of a large proportion of K absorbed by the root.
Quantitative determinations of the efflux from intact plants
must therefore continue to rely on comparisons of influx with
net absorption rates. With this technique, the present results
establish that, at concentrations of K commonly found in soil
solutions, rates of K absorption into intact plants are governed
by influx mechanisms and efflux of K is negligible in comparison
with influx.
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