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Summary. The effect of abscisic acid (ABA) on uptake of potassium (S6Rb+ or 
~'K +) by Avena sativa L. coleoptile sections was investigated. ABA lowered the 
potassium uptake rate within 30 min after its application and inhibition reached a 
maximum (ca. 75 %) after 2 h. The inhibition of K + uptake increased with ABA 
concentration over a range of 0.03 to 10 tzg/ml ABA. At a higher K + concentration 
(20 raM) the percentage inhibition decreased. The percentage inhibition of K + 
uptake by ABA remained constant with external K + varied from 0.04 to 1.0 mM. 
After a loading period in 20 mM K+ (S6Rb+), apparent efflux of potassium was 
only slightly increased by ABA. Experiments in which growth was greatly reduced 
by mannitol or by omission of indole-3-acetic acid from the medium indicated there 
was no simple quantitative correspondence between ABA inhibition of coleoptile 
elongation and ABA inhibition of K + uptake. Chloride uptake was also inhibited 
by ABA but to a smaller degree than was K + uptake. No specificity for counterions 
was observed for K+ uptake. Uptake of 3,0-methylglucose and proline were in- 
hibited by ABA to a much smaller extent (14 and 11%) than that of K +, a result 
which suggests that ABA acts on specific ion uptake mechanisms. 

Introduction 

Several  t y p e s  of f indings have  led us to  explore  the  re la t ionship  
be tween  abscisic acid  (ABA) and  po tas s ium u p t a k e  in a t issue in which 
A B A  is an  ac t ive  inh ib i to r  of growth.  A B A  inhib i t s  aux in - indueed  
e longat ion  (Addico t t  et al., 1964) and  this  inh ib i t ion  is de tec tab le  wi th in  
5 min  af te r  A B A  app l i ca t ion  (Rehm and  Cline, 1973). On the  o ther  hand,  
research  on control  funct ions  of A B A  in s toma ta l  a c t i v i t y  seems to 
follow a line un re l a t ed  to growth.  The  accumula t ion  of K+ in gua rd  cells 
is i m p o r t a n t  in control l ing s toma ta l  opening in l ight  (Fischer  and  Hsiao,  
1968). The  increased  a m o u n t  of K + in t he  gua rd  cells was p roved  to  be 
suff icient  to  p roduce  the  changes in guard  cell vo lume and  osmotic  
pressure  assoc ia ted  wi th  s t o m a t a l  opening (Humble  and  Raschke ,  i971 ; 
Sahwney  and  Zeli tsch,  1969), and  the  f lux in guard  cells in re la t ion  to  
s t o m a t a l  opening  and  closing has  been  d e m o n s t r a t e d  to  be under  the  
influence of A B A  (Hor ton  and  Moran,  1972; Mansf ie ld  a n d  Jones ,  1971). 

12, 
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An  effect of ABA on K+ uptake  was also demons t ra ted  in other  plant  
responses. I t  was reported tha t  ABA inhibits K + up take  in slices f rom 
expanding Vicia/aba leaves (Horton and Bruce, 1972) and in discs of 
expanded leaves of Commelina eommunis (Mansfield and Jones,  1971), 
a l though it was concluded in the  case of Commelina t ha t  ABA had  a 
much greater  effect on ion uptake  into guard  cells than  into the leaf 
tissue as a whole. I n  beet-root  tissue discs, Van Stevcninck (1972) re- 
por ted  tha t  A BA delayed the development  of the  uptake  capaci ty  for 
CI-, Na  + and K +. Once the tissue had developed this capaci ty  (more 
than  24 h after ABA application), however, ABA strongly s t imulated 
the net  up take  of these ions. 

Older work (Cooil and Bonnet ,  1957) showed tha t  addit ion of K + 
to  the growth medium increased the  growth of co]eoptile sections. I n  
view of the importance of K + in maintcning elongation of Avena coleoptile 
sections, and of the inhibition of this elongation by  ABA we set out  to 
examine the wa y  in which ABA might  irdluence K+ uptake  into a tissue 
at  a t ime when growth is being inhibited. Fur the r  we wished to make 
some initial assessment of the possibility tha t  the two activities of ABA 
might  be funct ional ly related a l though the results thus far have not  
indicated a simple quant i ta t ive  correspondence. 

I n  this paper  we report  some characteidstics of the influence of ABA 
on K+ uptake  in oat  coleoptile sections. I n  est imating K + uptake,  it was 
assumed t h a t  S6Rb+ and K+ moved  identically as has been shown in other  
higher plant  systems (Rains, 1968; Lauchli  and Epstein, 1970). To sub- 
s tant ia te  the val idi ty  of this assumption we did a test  using both  S~Rb 
and 4SK as tracers for potassium (K +) uptake.  

I n  addition, C1- up take  and up take  of two organic compounds,  
m~thylglueose and  proline, and the  effect of ABA on these were in- 
vestigated.  

Materials and Methods 
Seeds of Arena sativa L. ev. California Red were soaked in running tap water 

for 2 h and planted in vermiculite in the dark at 24 ~ All manipulations thereafter 
were carried on in the dark or under dim, green light. Seedlings 80-90 h old were 
selected for uniformity. Leaves were removed and eoleoptile sections of 4.7 ram 
were cut from 3 mm below the tip. About 35 sections (approximately 0.1 g ft. wt.) 
were floated on 5 ml uptake medium. 

The standard uptake medium contained 5 mM tris-hydroxyme~hylamino- 
methane-citric acid (Tris-eitrate) buffer, pH 4.8, and 0.5 mM CaSOd. Indole-3-aeetic 
acid (IAA) at 0.1 ~g/ml and 2% sucrose were used in the uptake medium at all 
times except where indicated otherwise. The ABA used throughout the experiment 
is (RS)-( • )-abseisic acid obtained from Hoffman-LaRoche. At the end of incubation, 
the sections were tranferred to 50 ml of desorption solution at 0 ~ for 30 min. The 
desorption solution contained 0.5 mM CaSO~ plus 1 mM KC1 (or higher concentration 
as indicated in results) in K + and C1- uptake studies, and 10 mM glucose for 3,0- 
methylglucose, or 0.1 mM L-proline for proline uptake studies. After desorption, 
the sections were blotted dry before radioassay procedures. 
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Radioactive rubidium (SG•b) and potassium (t2K) were used as tracers for K + 
movement. Radioactive chloride (a6C1), 3,0-methyl[14C]D-glueose, and L-[I~C]- 
proline (uniform) were used for Cl-, methylglucose and proline uptake studies, 
respectively. 

After freezing and thawing of coleoptile sections, the nonexchangeable S6Rb+ 
or 42K+ was radioassayed by Cerenkov radiation in 15 ml of 2.5 mM aqueous 
7-amino-l,3-naphthalene disulfonic acid (Lguchli, 1969). After a~C1- uptake, the 
tissue sections in counting vials were ground into small fragments while frozen on 
dry ice. The capped vials, containing tissue and 1 ml distilled water, were incubated 
in a 50 ~ bath for 30 rain. Then radioactivity was counted in a Packard Tri-earb 
scintillation spectrometer with 15 ml toluene-dioxane-ethanol scintillation fluid 
added to each vial. For the assay of 3,0-methyl[ltC]glucose and [14C]proline tissue, 
sections were processed the same as for the 36C1 radioassay except that 1 ml of 95 % 
ethanol instead of distilled water was added to the vial to extract methylglueose or 
proline. The quenching effects of tissue fragments were corrected for by internal 
standards. 

In the efflux experiments, freshly cut coleoptile sections were allowed to take 
up K+ (s~I4b+.labeled) from uptake medium containing 20 mM KC1 in the presence 
of 0.1 ~g/ml IAA for 6 h. After this, sections were briefly rinsed in unlabeled uptake 
medium, blotted dry, and divided into two lots. One lot was transferred to 5 ml 
unlabeled uptake medium with IAA. The second lot was transferred to an equal 
volume of the same solution plus ABA (10 tzg/ml). After varying time intervals 
the medium was withdrawn with a syringe and was replaced with 5 ml fresh medium. 
Aliquots of the withdrawn solutions were counted by Cerenkov radiation in the 
scintillation counter. 

All data presented are the results of experiments performed at least 2 times. 

Results 

The Characteristics o/the El/oct o / A B A  on Potassium Flux 

Time courses of K+ up take  in  the  absence and  presence of ABA over 
a period of 12 h from the  t ime sections were cut and  placed in  solut ion 
are shown in  Fig. 1. Wi thou t  ABA a decrease in  the K + up take  rate  
cont inued  for the first  hour  and  was followed b y  a lag phase or period of 
low up take  rate.  The ra te  increased again to a m a x i m u m  which re- 
mained  cons tan t  after abou t  4 h of incubat ion .  I n  the presence of ABA 
up take  was inh ib i ted  after  1 h, and  the  up take  rate  was reduced up  to 
75% between 4 and  10 h incubat ion .  I n  order to tes t  the va l id i ty  of 
using S6Rb as a K label a t ime course of up take  exper iment  was r un  using 
bo th  S~Rb and  4~K s imul taneous ly  in 1.0 mM K+. K+ up take  de termined 

by  86Rb and  by  4~K showed quan t i t a t ive  agreement  wi th in  a few percent.  
I n  order to tes t  whether  or no t  the strong reduct ion of the high up take  

ra te  after  4 h b y  ABA could be due to  inhib i t ion  of the  development  of 
an  increased capaci ty to accumula te  K +, we pre incuba ted  sections in  
unlabeled  solution for 4 h and  then  added S6Rb+ and  ABA. The results 
in  Fig. 2 show t h a t  the l inear  phase of up take  had  been reached. ABA 
inhib i ted  the K+ up take  wi th in  30 rain, and  the inh ib i t ion  reached a 
m a x i m u m  of 75 % after 2 h. I t  is obvious t ha t  the effect of ABA was to 
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l~ig. 1. Time course of potassium (SSRb) uptake by freshly cut oat coleoptile sections 
in the presence and absence of 10 ~g/ml ABA. The uptake medium contained 
0.5 mM CaSO~, 0.2 ml~I KC1, 2% sucrose and 0.1 tzg/ml IAA in 5 ml Tris-citrate 

buffer, pH 4.8 

reduce the high uptake rate which was already established, and not to 
prevent  the development of tha t  uptake  capacity. 

The relationships between ABA concentration, K + uptake and 
growth are shown in Fig. 3. The inhibition of K + uptake increased with 
ABA concentration over the range of 0.03 to 10 ~g/ml. This was the same 
range of ABA concentration found to be effective in inhibiting eoleoptile 
section growth as shown here and in Addicott et al. (1964). 

To determine the extent  to which the effect of ABA on K + uptake 
m a y  be dependent on the inhibition of growth by  ABA, the uptake was 
measured in the presence of 0.3 M mannitol which almost completely 
inhibited growth after 1 h. Growth was also reduced by  omitting auxin 
from the incubation medium. The results in Table 1 showed tha t  when 
growth was nearly stopped by  mannitol, ABA inhibition of uptake was 
not changed. The inhibition by  ABA was nearly as great in the absence 
of auxin-induced elongation as it was in its presence. Although the ion- 
uptake  rate  was higher in the presence of IAA, a large portion of the 
ABA inhibition of uptake remained under conditions in which growth 
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Fig. 2. Effect of ABA on potassium uptake by sections preincubated 4 h. Prein- 
eubation was in standard uptake medium with 0.2 m ~  KCl. ABA (10 ~g/ml) and 
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Fig. 3. The relationships between ABA concentration, and potassium uptake and 
growth of oat coleoptile sections. Elongation and uptake of K + (S6Rb +) of freshly 
cut sections measured after 6 h in standard uptake medium containing 0.2 mM KC1 

and various concentrations of ABA 
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Table 1. Effect of growth inhibition on ABA inhibition of potassium uptake 
Growth inhibited by0.3 M mannitol or by withholding 0.1 ~g/ml IAA. 6 huptake 

period in 0.2 mM KC1 (S6Rb labeled) uptake medium after preincubation in non- 
labeled uptake medium for 1 h. ABA at 10 ~zg/ml. 

Treatment K(SSRb) uptake ABA Elong. during 
(~mol/35 sections) inhibition uptake period 

(%) (%) 

+ IL~ ,  --ABA 0.12 28.2 
+IAA, +ABA 0.05 58.2 5.1 

+IAA, +mannitol, --ABA 0.124 3.3 
+IAA, +mannitol, +ABA 0.047 62.2 2.9 

--IAA, --ABA 0.086 8.0 
--IAA, +ABA 0.043 50.2 1.9 

was great ly reduced. I t  may  be concluded tha t  the inhibition of K+ 
uptake by  ABA is not dependent  on ABA inhibition of growth. 

The uptake of K + was measured over a range of external K + con- 
centrations from 0.04 to 20 mM (in this case desorption solution con- 
tained 0.5 mM CaS04 and 10 mM KCI was used). As shown for high and 
low ranges of K + concentration in Fig. 4a  and b, the uptake increased 
with concentration, and the percentage of uptake inhibition by  ABA 
was essentially constant up to 1.0 mM external KC1 concentration. The 
percentage of inhibition decreased at higher external K+ concentration. 

The amounts of uptake in 2 h measured by 86Rb and 4~K as shown in 
Fig. 4 are essentially the same. Therefore, the conclusion of various 
authors (Rains, 1968; L~uchli and Epstein, 1970) tha t  Rb + and K + are 
absorbed through a common carrier mechanism appears to be valid 
also for oat coleoptile sections. 

The K + uptake in the presence and absence of ABA did not appear 
to be influenced by  the species of inorganic anion accompanying K +. 
As shown in Table 2, K + uptake was similar when C1- was either re- 
placed with Br-,  NO~, or S0~-, or with citrate (KOH added). 

The ABA-mediated differences in K + uptake reported here could 
result from modification of either influx or efflux rates. In  order to 
evaluate the influence of efflux on the apparent  influx rate, coleoptile 
sections were incubated in 20 mM K+ with S6Rb+ label for 6 h, and the 
loss of radioactivity to unlabeled solution was measured for 10 h there- 
after. As shown in Fig. 5, efflux of K+(S6Rb +) was slightly greater with 
ABA present from the s tar t  of wash-out than without it. Flame photo- 
meter  assays indicated the concentration of K+ in the tissue after the 
loading period was about  40 raM, and from this the additional loss K + 
from the tissue due to ABA was calculated to be 2.2 raM. In  an experiment 
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Fig. 4 a and b. Effect of potassium concentration on the uptake of K + in the presence 
and absence of 10 {zg/ml ABA. S6Rb+ (open symbols) and 42K+ (closed symbols) 
were used as tracers for K +. Uptake was measured in 2 h after 4 h of pre-incubatiou 
in uptake medium without radioactive label. The desorption solution contains 
50 ml of 10 mM KC1 and 0.5 mM CaS04. Both S6Rb and *2K were counted by 
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Fig. 5. Effect of abscisic acid on the efflux of potassium from coleoptile sections. 
Sections were pre-loaded for 6 hours in medium containing 20 mM KCI (SSRb- 
labeled). ABA (10 ~g/ml) and unlabeled medium added from the start of efflux 

measurement 

measur ing  u p t a k e  f rom 20 mM+(SSl~b+) over  10 h (da ta  no t  shown) A B A  
was responsible  for a K+(8~Rb+) accumula t ion  difference of 27 mM in 
the  t issue.  Since this  u p t a k e  difference was more  t h a n  10 t imes  the  el- 
f lux difference,  the  A B A  influence on K + accumula t ion  cannot  be a 
resu l t  of increased  effhlx under  these  condit ions.  

E x p e r i m e n t s  using 0.2 mM K+ loading solut ions wi th  s imilar  loading 
a n d  eff lux per iods  in 0.2 mM K + gave  cor responding ly  smal l  differences 
in  eff lux with  and  wi thou t  ABA.  Sect ions  t a k e n  f rom p lan t s  ge rmina t e d  
and  growlt  in t he  presence of SSRb h a d  s imilar  minor  differences in efflux 
r a t e  in t he  presence and  absence  of ABA.  
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Table 2. Effect of ABA (10 $g/ml) on potassium uptake in the presence of various 
anions 

Uptake of freshly cut sections for 6 h in uptake medium containing 0.5 mM 
CaSO a, 2 % sucrose, 0.1 ~zg/ml IAA and various potassium salts at K + concentration 
of 1 mM in Tris-citrate buffer. 

Potassium K(S~Rb) uptake Inhibition 
source ~zmol/35 sections byABA 

(%) 
--ABA -kABA 

KC1 0.326 0.234 28.3 
KBr 0.365 0.228 37.5 
KNO 3 0.342 0.216 36.8 
KOH 0.388 0.212 45.4 
K2SO 4 0.319 0.201 37.0 

Relation between ABA Inhibition o] Growth and K+.uptake Rate 
To determine if the inhibition of K + uptake by ABA is responsible 

for the observed inhibition of growth by ABA, coleoptile sections were 
incubated with varying concentrations of K + in the medium in the 
presence or absence of ABA. This was done in order to test if variations 
of the K+ uptake rate or of internal concentration produced by varying 
the external concentration would affect growth in a manner similar to 
variations produced by ABA inhibition. Table 3 shows the growth and 
K+ uptake of sections incubated for 8 h with 0, 0.2 or 20 mM K + in the 
standard medium with and without 10 ~zg/ml ABA. In  response to the 
change in external K + concentration the apparent K+ uptake varied 
from 0 to 4.47 tzmol while the growth increased by not more than 25 %. 
ABA inhibition of growth was nearly the same at all K + concentrations 
or with no K + added. There does not appear to be a direct relationship 
between the K+ uptake rate and the growth rate inhibition by ABA. 

ABA Inhibition o/Chloride Ion Uptake 
Tests were conducted to determine if ABA in/luences the uptake of 

C1- by oat coleoptile sections. The uptake of 86C1 into freshly cut sections 
measured during 6 h in media containing KC1 or NaC1, and in the pre- 
sence or absence of 10 ~zg/ml ABA, is shown in Table 4. ABA inhibition 
of C1- uptake is slightly less than that  of K+ uptake from l ml~I KC1. 
The data also indicate that  C1- uptake at this concentration and its 
inhibition by ABA are not affected by having Na+ replace K+ as a cation. 
Again, the dependency of ABA inhibition of uptake on growth is ruled 
out since the ABA inhibition remained when growth was reduced by 
omitting IAA from the medium or nearly stopped by having 0.3 M 
mannitol in the medium. 
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Table 3. Relation between ABA inhibition of growth and K + uptake in 8 h 
The K + uptake rate was varied by supplying different K + concentration in the 

medium. The incubation medimn contained 0.5 mM CaSO 4, 2% sucrose, 0.1 ~g/ml 
IAA and various KC1 in 5 ml Tris-citrate buffer. The uptake and growth were from 
two different experiments. 

K + in Growth (ram) Inhibition K + uptake Inhibition 
medium by ABA (~moI/35 sections) by ABA 
(mM) --ABA +ABA (%) (%) 

--ABA +ABA 

0 t.39 0.30 78 0 0 0 
0.2 1.46 0.33 77 0.194 0.073 63 

20 1.09 0.28 74 4.47 2.69 40 

Table 4. Effect of ABA (10 ~g/ml) on chloride (a6Cl) uptake into freshly cut coleoptile 
sections in 6 h 

Growth was limited by either 0.3 M mannitol or omitting IAA (0.1 ~g/ml) in 
the medium. 

Control ABA Inhibition 
by ABA 
(%) 

Cl- uptake (epm/35 sections) 
in 1 mM KC1 

+ I A A  2785 2160 22.4 
+IAA,  +mannitol 3931 3324 15.4 
- - IAA 2495 2070 26.4 

in 1 mM NaCl 
+ I A A  2810 2080 26.0 
+IAA,  +mannitol 4020 3020 24.8 
- - IAA 3020 2230 26.2 

K + uptake (tzmol/35 sections) 
in 1 lnM KCI, + I A A  0.318 0.198 34.0 

E/ject o / A B A  on Uptake o/Organic Molecule~ 

Studies  on the  u p t a k e  of 3 ,0-methylglucose have  shown t h a t  a 
specific carr ier  med ia tes  the  t r a n s p o r t  of glucose and  this  g!ucose ana-  
logue (Gay le r  and  Glasziou, 1972 ; Re inho ld  and  Eshbar ,  1968). Moreover,  
i t  is r e p o r t e d  t h a t  th is  glucose analogue  is no t  me tabo l i zed  af te r  being 
t a k e n  up  (Reinhold  and  Eshbar ,  1968), a charac te r i s t ic  which m a y  be of 
special  a d v a n t a g e  for abso rp t ion  s tudies  wi th  an  organic compound.  
Dur ing  an  8-h per iod  oa t  coleopti le  sections accumula t ed  3 ,0-methyl-  
glucose a t  a s lowly decreas ing ra te  as shown in Fig.  6. This  is in con t ras t  
to  t he  lag phase  observed  in  t he  u p t a k e  of po ta s s ium (Fig. 1). The effect 
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Fig. 6. Effect of ABA (10 ~g/ml) on the uptake of methylglucose. Freshly cut 
coleoptile sections were allowed to take up methylglucose for various times in 
uptake medium containing 10 mM 3,0-methylglueose (14C labeled) without sucrose 

of ABA (10 ~zg/ml) on 3,0-methylglucose uptake was small, about 10% 
inhibition, and the influence on rate appeared to be constant throughout 
the period of measurement. 

Since it appeared that  the ABA inhibition of 3,0-methylglucose 
uptake could be due to the growth inhibition, the influence of ABA was 
tested in the presence of 0.3 M mannitol. Uptake of L-[14C]proline was 
also measured in the same way. The results in Table 5 show that  ABA 
inhibited methylglucose uptake to the same extent in mamlitol as without. 
This indicates ABA can inhibit uptake of organic molecules independently 
from growth inhibition. L-Proline uptake was inhibited to a small degree 
(11%) without mannitot, but  in the presence of mannitot there was 
essentially no ABA inhibition. This later effect may  not be due entirely 
to smaller cell size when growth is inhibited, since proline metabolism is 
also modified by growth changes (Cleland, 1968). 

Discussion 
The uptake of potassium by oat coleoptile sections was found to be 

strongly inhibited by  abscisic acid. This effect in Arena is similar to the 
ABA response reported for expanding Vicia leaves but not older non- 
expanding leaves (Horton and Bruce, 1972). Unpublished experiments 
of ours showed similar inhibition of K + uptake by ABA in coleoptile 
sections of ages 3.5 to 6.75 days, even though at the latter age the 
coleoptiles had stopped growing. 

The influence of ABA on uptake is not entirely specific for potassium 
since chloride uptake also was inhibited, although to a smaller extent.  



ABA and Ion Uptake in Coleoptiles 183 

Table 5. Effect of growth on abscisic acid inhibition of methylglucose and proline 
uptake 

Sucrose was not included in the uptake medium in methylglucose uptake study. 
Growth was limited by 0.3 M mannitol. 

Substance Uptake (nmol/35 sect.) Inhibition by ABA 
accumulated ( % ) 

Control ABA 

3,0-methylglucose-laC (10 raM) 
--mannitol 851 730 14 
~- mannitol 831 670 19 

a-Proline-laC (0.1 mM) 
--marmitol 14.2 12.7 11 
~-mannitol 17.8 17.4 2 

The effect does not appear  to be a result of a general change in mem- 
brane permeability, however, since the uptake of organic molecules 
(Table 5) was influenced to a much smaller extent than tha t  of K +. 
K+ efflux also was little affected, and this was in the direction of in- 
creasing efflux indicating increased permeabili ty (Fig. 5). Therefore, the 
effect of ABA on K+ and C1- uptake probably results from influence on 
specific ion uptake mechanisms. 

Attention has been directed to the roles of ABA and K + in the reg- 
ulation of stomatal  opening in recent years (Kriedemaim et al., 1972; 
Hor ton and Moran, 1972). I t  is not very probable, however, tha t  the 
uptake phenomena reported here can be at t r ibuted solely to the uptake 
of K+ into guard cells. In  this connection we measured the size of sto- 
ma ta  in the coleoptile sections used. We then estimated tha t  the total  
volume occupied by  the guard cells was less than  0.5% of the volume 
of all cells in the coleoptile sections. Moreover, the s tomata  of these 
dark grown coleoptilcs did not appear to be functional. They remained 
closed in darkness, after transfer to light for about 30 min, or after 
incubation of sections in 1 mM KC1 for 6 h in light or in darkness. Thus 
it is very unlikely tha t  guard cells take up K+ differently from other 
cells of the coleoptiles and tha t  the effect of ABA presented here is 
primarily the result of K + uptake into the guard cells. 

The possibility tha t  differences in K+ uptake were due to differences 
in growth can be discarded (Table 1). The alternative tha t  differences 
in K+ uptake were in some way responsible for differences in growth, 
or the possibility tha t  the two processes were unrelated may  be considered 
from the point of view of either the kinds of evidence which indicate 
close parallels or those data which indicate no close parallels. When 
one considers K+ uptake in terms of its contribution to the osmotic 
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properties of the system there appear  to be no close parallels ; for whether 
the absolute amount  of change in K+ up take  induced by  ABA was large 
or small (depending on the external K + concentration) or negligible 
(in the absence of added inorganic cations), ABA was effective as an 
inhibitor of elongation (Table 3). When  one considers the close parallels 
between the effect of varying A B A  concentrat ions on K + up take  rate 
and on growth rate (Fig. 3) and the similarity in the initial response 
curve after  A B A  appl ica t ion (Fig. 2, and R e h m  and Cline, 1973) a 
common ground might  be sought at  the level of activities in the mem- 
brane. Membrane-bound carrier systems for K + (interacting also with 
H+, Na+ and indirectly with C1-) and membrane-associated systems 
altering cell-wall properties m a y  well have something in common. 

I t  has been proposed (Hager et al., 1971) tha t  auxin act ion in cell 
elongation involves st imulation of a plasmMemma-bound,  directional 
ATPase  or proton pump tha t  secretes protons into the cell wall to  cause 
wall loosening. I t  was envisaged tha t  compensat ing inward flow of 
�9 cations or outward  flow of anions would accompany  the proton flux. The 
results reported here could well be related to an ABA interference at  
some point  with a proton-excret ion process or the related charge-bal- 
ancing ion movements .  

The possible influence of ABA on membrane-bound K-Na-s t imula ted  
ATPase  is under  investigation. 
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