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I. Introduction

The extensive and prolonged investigations on the effects of potassium in
green plants have been carried on in recent years from the standpoint of
agronomy. But the true functions of potassium through an interest in the
biochemical and enzymological properties relating metabolic process are not
yet fully solved. :

We have dttempted to clarify the functions of potassium’ in the metabolism
of higher plants and at first a good deal of attention was devoted to investigate
the fundamental phenomena concerning the metabolic- especially respiratory-
process. The authors wish to report the results obtained concerning respira-
tion in relation to potassium as part 1.

Generally speaking, the physiological functions of potassium upon the green
plants, so far as we know from the previous publications, could be summarized
as follows, namely (1) effect on carbohydrate metabolism or formation, breaking
down and translocation of starch(1~10), (2) effect on the nitrogen metabolism
and the synthesis of protein in green plants, (11~15), (3) control and regu-
lation of activities of various essential mineral nutrients(16~21), (4) neutraliz-
ing the physiologically important organic acids (22, 23), (5) as activator of
various enzymes, (7~9), (6) promoting the growth of young meristem (24),
(7) adjusting the stomatal movement (25), and so on.

Among previous investigations, some of important ones on respiration are
as follows. In 1920 J. Stoklasa(26) pointed out that the potato and the cucum-
ber plants cultured in a medium supplied with a heavy amount of potassium
showed a higher evolution of carbon dioxide, compared with the same plants
raised under potash deficient conditions. These results are not in accord with
the modern idea of respiration in relation to potassium.

! Financial support from .Agricultural Department, DAINIHON KALI is gratefully acknowledged.

57



58 Tohoku Journal of Agricultural Research VI (1) 1955

Afterwards, F. G. Gregory and F. J. Richards(27) observed that the barley
plant which showed slight symptoms of potassium deficiency evolved more
carbon dioxide than the barley plant supplied with rich potassium. Then
F. J. Richards presumed that the increase of the amino acid content in the
potassium deficient plant may be the cause of the respiration rise. Also the
rise of oxygen respiration and the depression of anaerobic respiration through
the addition of potassium was observed by G. Rohde (28), and he presumed
this respiration promoting effect may depend upon the activation of respiratory
enzyme through the iron containing pigment as cytochromes. .

H. Scheffer(17) et al made experiments on the relation between the carbon
dioxide evolution and the intake of potassium using yeast and they concluded
that potassium was taken in and sodium was given off by yeast cells accord-
ing to the rise of their respiration. ;

At the first step of our research, we assumed that among the respiration in
the glycolysis process, potassium may combine with 3-phospho-glyceric acid
and other organic phosphafe esters. Relating to Krebs cycle potassium may
form soluble salts with physiologically important hydroxyorganic acids, but
sodium, on the contrary, may give difficult soluble salts with these acids under
the same conditions. So fundamental experiments on the effect of potassium'
were carried on by the authors.

Materials and methods

From our preliminary experiments, certain differences in the effect of potas-
sium, between the respiration of monocotyledonous and dicotyledonous plants
were observed, so the seedlings of many species were adopted for the esti-
mation of the rate of respiration in relation to the potassium supply.

Tomatoes, rice plants (Norin 16) and barley (Aizu 4) were raised by the
water culture method supplied with the following nutrients solutions under
strictly regulated conditions for ten to twentyfive days, until their top length
attained about 10-15 centimeters.

Table 1. Composition of the nutrient solution

(NH4),S04, NaNOs N 50 ppm
NagHPO4'12H20 ’ P205 30 »

KCl1 K,0 10 »

CaCl, . ' Ca0 40 »

MgCly-6H,0 MgO 30 »

Fe-citrate Fe, 03 3 »

minor elements Mn 0.5, Cu 0.02, Zn 0.05, B 0.5, Mo 0.05,

Respiration intensity was measured precisely by means of Warburg’s mano-
meter, using as many samples as possible of evenly grown seedlings.
Our measurement was carried on at 24°C in complete darkness to avoid trace
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of photosynthesis. Experimental results were expressed as O, uptake cmm/mg
of dry weight/minutes or O, uptake cmm/g of green weight/minutes. The
potassium content was estimated by flame photometer after ashing at 550°C"
and extracting with dilute hydrochloric acid.

Experiments and results

(1) Effect of the form of nitrogen on the respiration in relation to potassium

From our preliminary experiments it was observed that the form of nitro-
gen supplied during the culture period seriously affects the potassium status
of green plants. 7

Barley seedlings were cultured for 48 hours with and without potassium.
Each plot had two sections, one supplied with NO;-nitrogen and the other
with NH,-nitrogen. After 48 hours, ten seedlings were taken out and excess
water was blotted off by filter paper. The respiration intensity was measured
as to separated roots and tops. The result obtained is shown in Table 2.

Table 2. N, K nutrient status and respiration
(barley seedling)

Respiration intenéity*
Treatment (48 hours.) e —
Roots " Tops
+K (K,0 50 ppm) 14 1.0
NO;3-N (50 ppm)
—-K 1.6 1.1
+K (K,0 50 ppm) 2.3 0.8
NH¢eN C » )
-K 3.3 1.1

*  Respiration inténgity: O.cmm/mg dry weight/30min

From this result the following may be concluded.
1. The potassium defficient plants showed higher respiration per unit weight
in both NH,-nitrogen and NO;-nitrogen plots than those of potassium enriched
plants,
2. The oxygen uptake per unit weight of the roots is higher than that of the
tops in both NH,-nitrogen and NOj;-nitrogen plots.
3. The respiration of the roots of the plants supplied with NH,-nitrogen is
always more active than that of the roots of the plants supplied with NO;-
nitrogen, in both potassium deficient and sufficient treatments.

(2)  Effect of nitrogen, potassium and glucose supply on the respiration of
seedlings.

Considering the result of experiment(1), special attention must be payed -
to the supply of respiration substrate as glucose. Culture methods for seedl-
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ings are just the same as those of the aforementioned experiment, but in
addition, 0.9% of glucose was given as substrate at the time of measurements.
The result obtained was as follows.

Table 3. N, K, glucose nutrient and respiration (barley seedling)
Respiration intensity : O, cmm/mg dry weight)/30 min

T hrs.

Treatment | 0 - “
Roots | glucose (0.99) +K (50 ppm) 3.7 A7 2.9
NOg-N (50 ppm) _ i " 5.2 3.7

Tops | glucose (0.9%) KO ) 25 L0 H
NOs-N (50 ppm)} _ g " 11 1.9

The same tendencies were observed in this experiment notwithstanding the
addition of substrate, so it may be concluded that the effect of the preliminary
supply of potassium does not depend upon the mere increase of photosynthesis
or accumulation of respiration substrate,

(3) Effect of concentration of supplied potassium and sodium on the respi-
vation.

From the result of experiment(1), the effect of the coexisting monovalent
cations may be hardly overlooked, so the interaction of potassium and sodium
on respiration was examined. The respiration intensity of the whole plants
of rice seedlings was measured, with the addition of varioﬁs amounts of
potassium' and sodium in the manometer vessel (Table 4, 5).

Table 4. Respiration in regard to potassium concentration (rice plant seedlings)
Respiration intensity : O, cmm/g green weight/15 min

K;0 concentration in nutrient Respir. intensity
solution (p. p. m.) after 20 hrs.
200 0.8
50 0.9
5 1.1
2 1.2
0 1.2

From these results, it may be concluded that the decrease of the concen-
tration of potassium in the culture solution brought a severe rise of respiration,
nevertheless the supply of sodium had no distinct influence on the respiration
between the concentration of 0-1500 p.p.m., sodium supply over 1500 p.p.m.
gives rise of respiration.
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Table 5. Respiration in regard to sodium concentration (rice plant seedlings)
Respiration intensity : O, cmm/g (green weight)/15 min

Na,O concentration hrs.

in nutrient (9%) 0 5 8 23
(NaCl)
1.5 1.0 1.52 2.33 3.15
0.5 ” 1.36 2.25 291
0.3 ” 1.09 2.22 1.83
0.15 ”» 1.00 2.22 1.67
0.1 ” 1.01 2.22 1.66
0.025 » 1.00 2.21 1.67
0.005 »” 1.01 2.22 1.68
0.00025 ” 0.99 2.18 1.65
0 " 1.00 2.21 1.67

(4) The intake of potassium in relation to the respiration.

The barley seédlings were placed in the manometer vessel with a potassium
(190 p. p.m.) and glucose (0.01%) supply, and the oxygen uptake was measured,
simultaniously the potassium concentration of the outer solution was estimated.

The results obtained are indicated in Table 6 and Figure 1.

Table 6. Intake of potassium and respiration (barley seedling)

b s 15 T 17 175
Respiration .

intensity l 6.2 glucose 6.5 8.6 8.0 6.4 5.7
K,0 | 100 addition | ;) 5 180.0 182.5 1850 | 190.0
concentration ! | £ 0.1 +0.2 +1.0 40.6 +0.2

Respiration intensity : O, cmm/g (green weight)/20 min.

K30 concentration : p.p.m. in the outer solution
10 % x /90

Respir ’ &
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Fig. 1.

The result obtained was extremely important. The respiration of barley
was greatly increased by the addition of glucose and the concentration of



62 Tohoku Journal of Agricultural Research VI (1) 1955

potassium in the outer solution decreased rapidly. In the lapse of time, the
respiration decreased according to the consumption of the substrate, then
potassium ion came out from the plant tissues. This result is partly in accord
with that of Scheffer et al (17).

(5) Effect of iron addition on the respiration in relation to potassium.

According to G. Rohde(28), iron addition might bring a rise of respiration
of the plant, so authors examined the effect of iron. Experimental plans are
shown in Table 7. At this experiment 0.99% of glucose was added to make
clear the changes in the respiration intensity. Tomato plants were adopted
for this experiment. The total volume of solution added to each manometor
vessel was 2ml. o ‘ R A

From this exb‘eriment it was shown that the dicotyledonous plant as tomato
also behaves commonly as the monocotyledonous plants. '

Potassium deficient tomatoes showed a higher oxygen uptake than those
supplied with proper amounts of potassium. We could not observe the activat-
ing effect of the iron supplement relating with potassium on the respiratioh
in many cases of our treatments, ‘

Table 7. Potassium, iron nutrient and respiration (tomato seedling)

Treatments {a, 0.99§ glucose, 0.2 ml. + water, 1.8 ml.
(after 3 hours)|b, 0.99 glucose, 0.2 ml. + 0.99¢ KCl, 0.2 ml +water, 1.6 ml.
a’, 0.995 glucose, 0.2 ml. + 0.995 KCl, 0.2 ml+ 0.1% FeCls,
0.2ml. + water 1.4 ml.

b’ 0.9% glucose, 0.2 ml. + 0.19¢ FeCl;, 0.2 ml+water 1.6 ml.
! + 0.9%KCl, 0.2 ml.+water, 1.6 ml.

Respiration intensity : O, cmm/g green weight/20 min.

hrs. Initial period* Experimental period
Treatments

0 . 1 3 4 5 10 12 21 23
a 055 078  0.80 glucose 130 170 140 1.00 090  0.61

055 083 0.83 | glucose+K | 1.00 1.25 108 075 075  0.60
a’ 1.07 160  1.60 gl“i‘;s{ir Fe| 186 200 178 160 150 140
v 101 156 160 |glucose+Fe| 177 207 170 150 130  1.10
¢ 105 158 158 | glucose+K | 1.76 196 1.80 161 149 141

* The treatments were adopted after the 3 hours’ initial period.

Discussion

Numerous investigations have long been pursued on the relation between
the form of nitrogen supplied and potassium. It was confirmed by Takahashi
(19) that potassium and ammonium ions behave competitively at the intake of
ions by tobacco roots, as they are both monovalent cations, so the absorption
of potassium is seriously .depressed by the absorption of ammonium ion.
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He also observed that potassium deficient symptoms could be seen on ammo-
nium supplied tobacco plants, more distinctly than on those supplied with
nitrate,

From our experiment (1), the authors found that the respiration of the
ammonium supplied plant is far higher than that of the nitrate supplied plant.
We could not say with certainty that this increase of the respiration might
depend upon the interferance of intake of potassium ion by ammonium ion or
that the action of oxygen derived from nitrate may act as hydrogen acceptor
in the respiration process and economize the oxygen uptake from the outside.

The content of potassium in the roots is generally lower than that of the
tops in rice plant and barley (1).

According to the modern idea of ion absorption by roots, the energy con-
sumed during intake is derived from the active respiration. Since the roots
has particular physiological roles such as ion absorption, the respiration of the
root must be kept in a highly active state, on the contrary, from our experi-
ments potassium is able to suppress the respiration of the plant tissues.

Therefore it might be considered that the lower content of potassium inside
of the root has the meaning of controling the respiration and absorption of
ions by the root.

The result of our experiment(3) showed that the concentration of potas-
sium from 0 to 200 p.p.m, which is commonly used in solution culture and
could be found in soil solution, can seriously affect the respiration. From this
fact, it may be concluded that the potassium may concern directly with the
respiratory process, because it brings the change of oxygen uptake within the
range of the normal concentration of environment, while on the contrary,
sodium might have no direct connection, as it has no effects on oxygen uptake
within the condition of normal environment. The authors would conclude that
the rise of oxygen uptake by the higher concentration of sodium depends upon
the expulsion or replacement of potassium by sodium, which, as a result causes
the respiration increase. This expulsion or replacement of potassium from
tissue by high concentration of sodium is alrerdy observed by many research
workers ; namely for chlorella by J. T. Scott(16), for alfalfa by J.T. Cope(2D)
and for frog muscle by Stainbach(18).

The above assumed direct concern with the respiratory process was also
clearly shown in expefiment(4). It may be very important that potassium can
easily enter in the root and again come out according to the respiration in-
tensity or the supply of substrate from the leaves. These results partly accord
with those of Scheffer in relation to the potassium, sodium and glucose supply
in yeast cells. ' ‘

It is very difficult to suggest the action of iron from our experiment, but
the respiration might not be intensified by mere addition of iron which has



64 Tohoku Journal of Agricultural Research VI (1) 1955

been taken to be activated by potassium, as potassium itself checks the res-
piration of tissue.

From the experiment(4) it is very interesting that the increase of oxygen
uptake caused by the addition of glucose for barley root brings rapid intake
of potassium, but according to the former experiments(1), (2), and (3), re-
.spiration intensity should be suppressed by the absorbed potassium, so it may
be said that the amount of potassium inside of the tissue is able to regulate
" the excessive consumption of substrate in the respiratory process.

Now we would suggest that potassium takes part in the regulation or
control of respiration by means of direct connection with the repiratory process
itself.

Summary -

(1) The effects of the potassium supply on the respiration of tomatoes, rice
plants and barley seedlings in relation to other factors were fully investigated.

(2) All plants in potassium. starved condition, showed markedly increase
in respiration intensity, and the effect on respiration appeares rapidly by the
slight changes of potassium status in eanvironment.

(3) Sodium seems to have no direct connection with the respiratory process.

(4) At the time of increase in respiration intensity caused by the addition
of glucose, potassium is taken in and the decrease of respiration caused by the
consumption of substrate brings excretion of part of the absorbed potassium.

(5) Respiration is not intensified by the iron, which has been thought to
be activated by potassium.

(6) It may be suggested that potassium regulates the respiratory process
through direct connection. '

References .

1) Matuki, G. (1934). Studies on the Biological and Nutritional Effect
of Potassium on the Rice Plant and Barley. (In Japanese)

2) Scharrer, K. und Schropp, W. (1934). Pflanzeuerndhr. Diing Boden., |
35, 185.

3) Russel, E.J. (1949). Soil Condition and plant growth, p. 39.

4) Lennermann, O. und Liesegang, H., (1930). Pflanzenerndhr. Diing.
Boden., 9, 256.

5) Alten, F. und Goeze, G. (1937). Ern. der Pflanze, 33, 29.

6) Eckstein, O. (1927). Angew. chem., 40, 42.

7) Helmut, S. (1953). Pflanzenerndhr. Diing. Boden., 60, 209.

- 8) Amberger, A. (1954). » ” » 66, 211.
9) Sugawara, T. (1941). J. Sci. Soil and manure, Jap., 15, 153 (In
Japanese)

10) Noguti, Y. and Sugawara, T. (1952). Studies on the effect of
potassium on the Rice Plant. (In Japonese) o
11) Gregory, F.G. and Sen, P.K. (1937). Ann. Bot., 1, 521.



12)
13)
14)

15)

16)
17)
18)

19)

20)
21)
22)
23)
24)
25)
26)
27)
28)

Fujiwara and Iida : Studies on Potassium I.

Nehring, K. (1941). Pflanzenerndhr. Diing. Boden., 23, 186.

Steward, F.C. and Preston, C. (1941). Plant physiol., 61, 85.

Alten, F. und Haupt, W. (1949). Pflanzenerndhr. Diing. Boden., 17,
265.

Okajima, H. and Takagi, S. (1951). Bulletion of the Institute for
Agricultural Research Tohoku Univ., 3, 135. (In Japanese)

Scott, G. T. (1944). ]. Cell. and Comp. Physiol., 23, 47.

Scheffer, F. et al. (1952). Pflanzenernidhr. Dii g. Boden., 56, 139.

Steinbach, H.B. (1952). Barron, E.S.G.; Modern Trends in Phys-
iology and Biochemistry, P. 173.

Takahashi, T et al. (1952). J. Sci. Soil and Manure Jap., 31, 42.

(In Japanese)
Hoagland, D.R. (1948). Inorganic plant wutrition P. 48.
Cope, J.T. et al. (1953). Soil Sci. 76, 65.
Hoagland, D.R. and Broyer, T.C. (1940). Am. J. Botany, 27, 173.
Rathje. W. (1952). Pflanzenernahr. Diing. Boden., 57, 151..
Mecallum, (1905). J. Physiol. 32.
Imamura, (1943). Jap. J. Bot., 12. (In Japanese)
Stoklasa, J. (1920). Biochem. Zeit. 108, 109.
Gregory, E.G. and Richards, F.J. (1929). Ann. Bot., 45, 119.
Rohde, G. (1935). Pflanzenerndhr. Diing. Boden., 39, 159.

65



