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Abstract

Leaf growth and chlorophyll level in GAj-treated bean, and leaf growth and transpi-
ration intensity in ABA-treated bean plants were studied at two potassium concentra-
tions in the medium (1 and 3 mM KNO,). The plants were grown on Hoagland’s
solution and growth regulators were applied to the shoot growth apexes. Both GA,
and K ions were found to stimulate growth of primary leaves and increase their
potassium amount. GA; contrary to K* slightly decreased the potassium content in
leaves. Both factors reduced the chlorophyll content but did not affect the total
chlorophyll amount in these organs. Interaction between GA, and k * ions was of
additive nature. The effect of ABA and K ' ions on growth of both kinds of leaves
and on the amount and content of potassium in them were antagonistic. The inhibitory
effect of the hormone was stronger at higher potassium concentration in the medium.
Either factor reduced transpiration intensity in leaves. however. the inhibitory effect
of the growth regulator was stronger at lower potassium concentration. The potassium
level modified both the physiological effect of the regulators and the sensitivity of
bean particularly to ABA.
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INTRODUCTION

It has been pointed out in a number of recent papers that the uptake

and

transport of mineral substances may be regulated by plant growth

regulators (seec Pitman 1975, Stopinska 1978. Kaldewey 1984. Stopin-
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ska 1986a). It has also been demonstrated that mineral substances affect
the hormone level in bean plants (Stopinska 1986b). Other reports point
out that the effect of growth regulators depends on the supply of mineral
substances including potassium. It has been found so far that potassium
ions may modify the effect of auxin on wheat coleoptile growth (Haschke
and Liittge 1975), the effect of gibberellin on the growth of stems of
sunflower (de la Guardja and Benlloch 1980), internodes in wheat
(Chaussat 1968) and in potato seedlings (Wakhloo 1976) as well as the
effect of GA on development of leaves (Firsanova and Lukashkina 1973)
and initiation of inflorescences (Wakhloo 1976). Potassium also affects the
physiological effect of cytokinins (Elliott 1976, Green and Muir 1979)
and of abscisic acid (Dorffling and Bottger 1972). However, data on
this subject are scarce.

Most of the known effects of gibberellins on plants are connected with
juvenility and developmental processes such as for instance increase of the
rates of elongation of leaf and hypocotyl tissue and delaying the loss of
chlorophyll (Cleland 1969). Some authors claimed however, that GA,
increases leaf growth and simultaneously decreases the chlorophyll content
(Szalai 1968). It is known also, that chlorophyll content depends on the
potassium supply (Ozbun et al. 1965, Warcholowa 1968) this significantly
retarding senescence (Sankhla 1971, cyt. Nooden and Leopold 1978).

Most papers concerning abscisic acid deal with its role in response to
chilling or wilting. It was found that in wheat both wilting and ABA
injection resulted in smaller leaves owing to the reduced mean cell size and
number of stomata (Quarrie and Jones 1977). It is known that higher
ABA levels in leaves cause closure of stomata and reduces transpiration
(Beardsell and Cohen 1975, D&rffling et al. 1977). Contrary to ABA,
deficiency of potassium enhances the intensity of transpiration (Peaslee
and Moss 1968).

Considering the possibility of interaction between growth regulators
and potassium ions in the growth of bean leaves (Stopinska 1986a, b),
it was decided to estimate the effect of GA; on growth and chlorophyll
level in leaves and the effect of ABA on leaf growth and transpiration
depending on potassium concentration.

MATERIAL AND METHODS

The material for study was bean (Phaseolus vulgaris 1.) var. Saxa aurea.
Five-day-old seedlings from a culture grown on perlite at 25°C in darkness
planted on perforated plates in dishes containing distilled water. On the tenth
day after sowing the plants were stripped of assimilating cotyledones and
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transferred to Hoagland’s medium diluted in the ratio 1:2, with KNO,
in two concentrations, 1 and 3 mM. Potassium in lower concentration was
substituted by an equivalent amount of NaNOj;. The general conditions
of further culture were the same as in Part I (Stopinska 1986a).

EXPERIMENT 1

After transferring the plants to different media on the tenth day of culture,
0.5 pg GA; in 0.05", Tween 20 was applied to the growth apexes of shoots
for two days in succession. The controls were treated with a corresponding
amount of 0.05°, Tween. After nine days of culture on different media the
surface area of twenty plants and potassium amount were determined in
primary leaves. Chlorophyll content (a+b) was assessed by Mc Kinney’s
(1941) method, by measuring extinction (A) on a photocolorimeter at 645
and 663 nm. Chlorophyll content (a+b) was calculated by the formula:

chlorophyll (a+b) =802 x Age3+20.20 x Agys.

The results were converted to unit surface area and to the entire leaf
The standard error was calculated from three replications.

EXPERIMENT 11

After transferring the plants to different media on the tenth day after
sowing, 0.5pg of ABA in 005", Tween 20 was applied to the growth
apexes of shoots for six days in succession. After nine days of culture
the surface areas of primary and trifoliate leaves, potassium level in them,
transpiration intensity and the aperture of stomata were assessed.

In order to determine the intensity of transpiration, the leaves with
petioles were cut off and placed by threes in Erlenmayer flasks containing
the same kind of medium that was used in culturing the plants. The flasks
were sealed with parafilm against evaporation. The conditions under which
transpiration intensity was studied were the same as during plant growth.
The flasks with the plants were weighed twice, at the beginning of the
experiment and two hours later. Intensity of transpiration was expressed in
g-cm %-h™'. The standard error was calculated from three replications.

The aperture of stomata was measured by the collodium film method
after Zelitch (1963). On the underside of the basal portions of laminae
a thin layer of that preparation was spread. For each variant ten stomatal
apertures were measurced under x 960 magnification. The mean values were
expressed in pum, LSD was calculated at P = 0.05.

The surface areas of leaves and potassium level in them were estimated
in both experiments by the methods described in Part 1. In measurements
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of leaf growth LSD was calculated at P =005, and in potassium deter-
minations the standard error was taken into account.

Moreover, the effects of both GA and ABA were expressed as percentage
of the control values.

RESULTS AND DISCUSSION

The effect of GA; on leaf growth and potassium and chlorophyll level
in them is presented in Table 1. The stimulation of the surface area of
laminac is. besides stimulation of elongation. one of the most characteristic
effects of gibberellins. GA; as well as potassium stimulated growth in
primary leaves and increased the potassium amount in them at both K~*
concentrations in the medium (Table 1). GA5, however, contrary to potassium
slightly decreased the K™ content in leaves in both nutrient variants.
This influence probably resulted from the effect of dilution. It has been
found in several studies on intact plants, mainly leaves and shoots, that
as growth was stimulated, K™ content in these organs increased (Stojanov
1974, Saimbhi et al. 1975). The increase in potassium amount in the leaves
caused by GAj;, which 1 found in my experiments, probably resulted from
an enhancement of the uptake and transport of this ion, as also found by
other authors (Garcia and Guardiola 1981, Benlloch et al. 1983, Starck
et al. 1984). The data presented above show that the effect of GA; and
potassium on growth and on K' amount in bean leaves are similar and
additive. There was no difference in the effect of GA; relatively to control
depending on the potassium level in the medium. This may be due to
the lack of significant differences in K content in leaves of plants cultured
at both concentrations of that ion in the medium (Table 1). This fact is
inconsistent with the reports of Wakhloo (1975) and Starck ct al. (1980)
that plants containing potassium in low concentration show higher suscepti-
bility to gibberellin.

GA; did not significantly influence the chlorophyll (a+b) content in the
leaves, irrespective of the potassium level in the medium (Table ) The
effect of GA; appeared in the increased surface area of the leaves and
their lighter colour due to dilution. Szalai (1968) reported similar observa-
tions on bean. A similar effect was observed at increased potassium con-
centration in the medium. On low-potassium medium the leaves were darker:
this was probably due to initial changes, observed as untypical of drastic
potassium deficiency. These characteristics probably resulted from sufficient
transport of potassium from other organs to the leaves. These data are in
line with the results of Ozbun et al (1965), who observed similar changes
in chlorophyll content in bean at potassium deficiency of short duration.



Table 1

Influence of gibberellic acid on primary bean leaves growth and on chlorophyll and potassium level in relation to K* concentration in the

medium
ImMKT ImMK™
chlorophyll o chlorophyll g
Kind of surface (a+b) potassium surface (a+b) potassium
- area of . area of
amount. conten amount. : amount, content, amount,
le:r::s. ;@gzt—‘z ——— g g sslogerve 16::;5. con(tiem_.z ——— - S—
g leaf d.w. leaf R leaf d.w. leaf
Control 27.5 2.65 0.73 46 2.6 314 232 0.73 49 2.9
+0.10 +0.03 +0.1 +0.01 +0.03 +0.1
GA, 33.0° 2.12 0.70 42 30 39 540 1.70 0.67 47 3.2
+0.01 +0.01 +0.1 +0.17 +0.03 +0.1
% In rela-
tion to
control 120.0 80.0 95.5 913 115.4 125.8 73.3 91.8 959 110.3

Abbreviations:

a

- significant differences at P =005 for K* concentrations,

b_ significant differences at P = 0.05 for treatments, + — standard error
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With severe and long-lasting K * deficiency there was generally a drop in
chlorophyll content (Ozbun et al. 1965, Warcholowa 1968). This effect
probably resulted from the role of K in the syntheses of porophyrin
(Bush 1969), necessary for the synthesis of chlorophyll.

The effect of ABA on leaf growth, potassium level and intensity of trans-
piration is presented in Tables 2 and 3 and Fig. 1. The effect of ABA
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Fig. 1. Transpiration intensity of bean leaves depending on ABA application and K* con-
centration in the medium. Vertical lines — standard errors

on leaf growth in bean at different potassium concentration is shown in
Table 2. Unlike GA;, ABA inhibited growth of both kinds of leaves and
reduced the content and amount of K* in them, irrespective of the potassium
concentration in the medium. The leaf growth-inhibiting effect of ABA is
a commonly known fact and may be due, among other things, to the
reduction of cell size and the number of stomata (Quarrie and Jones 1977)
There has been lately an increasing number of reports on the physiological
effects of this regulator leading to a reduction in the content of K*
(Do6rffling et al. 1973, Dekock et al. 1978). Some researchers report
inhibition of K™ uptake and transport in ABA-treated intact plants of barley
(Pitman and Wellfare 1978), sunflower (Erlandson et al. 1978) and bean
(Karmoker and Steveninck 1979). According to my results, the actions
of ABA and potassium were antagonistic. The inhibiting effect to the hormone
was enhanced by a higher level of potassium in the leaves, which is in line
with the results of other authors (D&rffling and Bottger 1972). This fact



Table 2

Influence of abscisic acid on growth and potassium level in primary and trifoliate bean leaves in relation to K* concentration in the medium

I mMK"* IimMK"™
. potassium potassium
Kind of surface area of surface area of
variant leaves, cm? content, amount, leaves, cm? content, amount,
mg-g~'dw. mg per leaf mg-g~'dw. mg per leaf
prim. trif. prim. trif. prim. trif. prim. trif. prim. trif. prim. trif.
Control 16.9 18.4 42 54 13 24 2292 30.9¢ 50 55 1.8 30
+0.1 +0.2 +0.1 +0.2
ABA 154 16.6" 41 51 1.2 2.1 17.9%b 22.18b 46 51 1.4 24
+0.1 +0.2 +0.1 +0.2
%, In rela-
tion to
control 89 9.8 24 5.6 7.7 12.5 21.8 285 8.0 73 222 20.0

Prim. — primary. trif. — trioliate. Other abbreviations — as in Table 1.
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indicates that plants with higher potassium level show higher sensitivity
to ABA. The response of either kind of leaves showed no significant
differences. .

The results of investigations of transpiration presented in Fig. | demon-
strate that the reduction of the potassium concentration from 3 to 1| mM
enhanced transpiration intensity in both kinds of leaves to a similar extent.
This is in accordance with the opinions of other authors (Peaslee and
Moss 1968) that K* deficiency enhances the intensity of transpiration, and
is reflected in the withered appearance of the leaves. In general, plants
containing less potassium in the leaves showed a higher intensity of trans-
piration. Adequate K supply is necessary for the plant to utilize water
economically, this involving a decrease of the coefficient of transpiration.
The data concerning the degree of opening of stomata (Table 3) confirm

Table 3

Influence of abscisic acid on stomatal aperture of bean Ilcaves
in relation to K" concentration in the medium

- _AmMK® [ ImMK®
kind of !— stomatal aFrturc. pm
varant primary | trifoliate | primary | trifoliate
leaves | leaves leaves | leaves
FComroI | 11.0 1 94 : 9.94 I 8.4
| ABA L6 | gse 1 g8 7 gab
I -:— STV S — .! S —— - ]_ - . 3
[ In rela- | ) | i
| tion to | I . !
. 3 72 '
| Gonbeol | 09 | U4 | 5 | "R

Abbreviations  as in Table

the conclusions concerning transpiration intensity. Considering the fact that
the opening of stomata is linked with high potassium content in the guard
cells (Fischer and Hsiao 1968), those data seem to be contradictory.
However, according to Peaslee and Moss (1968), the stress caused by K
deficiency in the leaf at first promotes potassium migration from the guard
cells to more active cells of the mesophyll. As K * deficiency becomes more
and more pronounced, all mesophyll cells except the guard cells would
become deficient. It seems likely that this mechanism was in operation in
the present case.

ABA like higher K* concentration inhibited transpiration intensity and
reduced the stomatal aperture (Fig. 1, Table 3). There have been a number
of reports indicating that ABA reduces accumulation of K™ ions in guard
cells, this leading to a rapid loss of turgor and closure of stomata
(Mansfield and Jones 1971). The present data are in line with reports
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indicating that a higher ABA level in leaves closure of stomata and reduces
transpiration (Beardsell and Cohen 1975. Dorffing et al. 1977). The
present data indicate that, K= concentration plays a significant role in the
inhibition of transpiration by ABA. The effect of this hormone was stronger
at K" level 1 mM than 3 mM, and in primary leaves, characterized by
higher transpiration intensity and lower K* content and amount, than tri-
foliate leaves. This however, may have been due to a different IAA/ABA
ratio, as pointed out by Snaith and Mansfield (1982). This difference
may be a result of a lower ABA level in the primary leaves at | mM K~
concentration in the medium which was demonstrated in earlier experiments
(Stopinska 1986b) and, consequently, of their greater sensitivity to the
exogenous regulator. The sensitivity of the guard cells to ABA has been
found to be reduced by prolonged stress or an increasing level of ABA
(Kriedemann et al. 1972, Raschke 1975, Dorffling et al. 1977). Consi-
dering, however, the specific physiology of guard cells, it should be noted
that in general the total ABA level in leaves cannot be regarded as an
indicator of the condition of the stomata. Probably only part of the total
ABA in the leaf is involved in the stomatal movement (Walton et al. 1977).
Likewise, the total K content in the whole leafl cannot be the only measure
of the degree of stomatal opening.

The specific interaction of growth regulators with potassium ions as
exemplified in certain physiological processes in bean, throws some light on
the mechanism of action of both these factors which is still insufficiently
understood. The present data as well as reports from literature indicate
that growth regulators affect the potassium level in plants by controlling
the uptake and transport of K™ ions which, in turn, influence the plant’s
growth and development. On the other hand, the effect of regulators and
the plant’s sensitivity to them depend on potassium supply. It seems that
a number of physiological processes, often unspecifically regulated by hor-
mones, may be associated with the effect of mineral substances including
potassium. It is also possible that physiological effect of growth regulators
is modified by potassium via the influence on the activity, synthesis and
transport of hormones in plants. Hence in studies on the interaction between
potassium ions and growth regulators one of the principial difficulties is to
determine which effect is primary and which secondary. This interaction,
however, may have be of feed-back nature.
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Studia nad wspoldzialeniem requlatorow wzrostu z jonami potasowymi
w niektorych procesach fizjologicznych u fasoli (Phaseolus vulgaris L.).
1. Wplyw regulatoréw wzrostu na wzrost, poziom chlorofilu i transpiracje
w zaleznosci od stezenia potasu

Streszczenie

Badano wzrost lisci fasoli i poziom w nich chlorofilu pod wplywem GA, oraz wzrost
lisci 1 intensywnos$¢ transpiracji pod wplywem ABA przy réznym stgZeniu potasu w pozywce
(1 13 mM KNO;) Rosliny rosly na pozywce wodnej Hoaglanda, a regulatory podawano
na wierzcholki wzrostu pedow. Stwierdzono, ze GA; i jony K’ stymulowaly wzrost juwenil-
nych lisci fasoli zwigkszajac w nich ilo$¢ potasu. GA; w przeciwienstwie do potasu nieco,
obnizal zawarto$¢ K* w lisciach. Obydwa te czynniki obnizaly zawarto$é¢ chlorofilu, lecz nie
wywarly istotnego wplywu na ogoélng jego ilos¢ w tych organach. Interakcja GA; z K
miala charakter addytywny.

ABA i jony K* oddzialywaly na wzrost obu rodzajow lisci. tj. juwenilnych i troj-
dzielnych oraz na ogdlna w nich ilo$¢ i zawarto$é potasu w sposob antagonistyczny: hamujacy
wplyw hormonu byl silniejszy przy wigkszym stgzeniu potasu w pozywce. Obydwa czynniki
zmniejszaly intensywno$¢ transpiracji lisci, przy czym hamujacy efekt hormonu byl silniejszy
przy mniejszym stgzeniu potasu w pozywce. Stgzenie potasu w srodowisku modyfikowalo
zarowno efekt fizjologiczny regulatoréw jak i wrazliwos¢ fasoli, szczegdlnie na ABA.
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