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A b s t r a e [ .  Diurnal changes in K content in leaf blades, petioles, stems and roots of eleven 
lucerne genotypes wore followed. Significant positive correlations between changes in K content 
in petioles and upper half of stems and significant negative correlations between changes of K 
content in leaf blades and lower half of stems reflected rapid K movement.  The velocity -- up 
to 60 ~tmol g-l(f.m.)h-1 -- of changes in K content from leaf blades to lower part  of stems and the 
other way round showed that  long distance phloem transport  occurred. Only moderate increase 
of K content eontomporarily took place in roots. When total K amount in the whole plant was 
calculated then K uptake alternatively with K release were noticed during the day. Average K 
release reached 1.48 ~tmol g-l{f.m.) h -1. The rate of K movement correlated with irradiance and 
physiological activity of plants. The time course of K movement w a s  uniform in plants of the 
same strain and it differed partially in different strains. 

Potassium plays an essential role in plant metabolism. I t  participates in 
enzyme activation, formation of saceharides and starch, stomatal movement 
and especially in transloeation of important  metabolites such as photo- 
synthates (ASHLEY and GOODSO~ 1972, MENGEL e t a l .  1974), nitrates (BE~ 
ZIo~I et al. 1971), aminoacids (SEcER 1978) etc. In legumes, K fertilization 
increases nodule number and N2 fixation rate (CoLLI~S and DUKE 1981) 
by increasing translocation of photosynthates to roots (ME,eEL et al. 1974, 
•ARTA 1982). 

Due to its role in transport  processes, potassium is capable of free move- 
ment in the xylem and of unrestricted movement at high concentration in the 
phloem. I t  moves efficiently through the roots from the soil and from the 
downward phloem stream to the ascending xylem stream and through mature 
leaves again into the phloem so that  its recycling in the plant can take place 
(HALL and BAKER 1972, PATE 1975, ME,GEL and KIRKBY 1980). 

In  the preceding study (PLHgK 1984) contradictory diurnal changes in 
K content in leaves and stems of lucerne plants were established. These 
changes reflected possibl~ K movement occurring in plants by time sampling 
during solar exposure. A more detailed study of K movement in leaf blades, 
petioles, stems and roots of lucerne plants by sampling at shorter time 
intervals is involved in the present paper (cf. also PLH_~K 1987). 
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M A T E R I A L  A N D  ~ I E T H O D S  

Five lucerne Medicago sativa L. strains - -  progenies of open pollinated 
clones 9 - -  cv. Hodoninka, 45 - -  cv. Kogice, 60 --  cv. Pierovsks 81 - -  cv. 
Flandria and 82 --  ev. Isis, four cultivars Ps Bobrava, Verko and Euve-  
re, and 2 new breedings PS and PP/B  were used in experiments. Experimental 
plants were grown in a greenhouse in containers with soil or in the field. 
Plants were sampled every time in early bud stage. The sampling began at 
05.00 CET, followed at 06.00 and then at 2-h intervals up to 18.00 and at 
05.00 next  day. In two experiments the sampling occurred at 2 - - 3  h intervals 
also during the night. Irradiance was measured simultaneously and average 
day's irradiance calculated (PLH.~K 1981). Each sample of plant material 
consisted of  10- -12  shoots. 

The analyses of K and total nonstructural saccharide (TNS) content were 
made in triplicate by flame photometry and colorimetry (PL~XK 1981, 
1983) in leaf blades, petioles, the upper and lower halves of stems and in the 
roots. The values of K content were expressed in ~o dry mass after TNS 
subtraction. Changes in TNS content occurring especially in leaves during 
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Figs .  1 -  5. Diurnal  changes  of K content  in overground organs and roots  of  different lucerne 
strains.  K content  is expressed  in ~ d.m. (in overground organs  after T N S  subtract ion) .  -- 
Progenies of  open pol l inated c lone 9 derived from cv .  H o d o n i n k a  (Fig. 1); 45 from cv .  Koiiica 
(Fig. 2); 60 from cv.  PEerovakh (Fig. 3); 81 from cv.  Flandria  (Fig. 4); 82 from cv.  Is is  (Fig. 5). 
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TABL~ 1 
Statistical evaluation of  variability in K content in different plant organs during 24 h time 
ua rup l i ng  o f  two lucerne progenies (c lone  9 d e r i v e d  f r o m  ev .  Hodoninka and 45 f r o m  cv .  Kofiice) 
b y  means of analysis of  variance (a), and t-test (b) 

(a) 

Plant F v a l u e s  f o r  variability caused b y  
organ 

time sampling replication 

Clone 9 Clone  45 Clone  9 Clone  45 

L e a f  b l a d e s  146 ++ 97 ++ 21.3 ++ 0.59 
Petioles 76 ++ 18 ++ 0.34 2.46 
S t e m s  - -  u p p e r  h a l f  694 ++ 63 ++ 1.19 4.0 + 
S t e m s  - -  l ower  h a l f  500 ++ 145 ++ 9.6++ 5.0 + 
R o o t s  12.2 ++ 8.3 ++ 2.4 2.67 

(b) 

D i f f e r ences  t3 v a l u e s  for  c lone  9 
b e t w e e n  t i m e  
o f  s a m p l i n g  L e a f  t )e t io-  S t e m s  

b l a d e s  los - -  u p p e r  
h a l f  

S t e m s  R o o t s  
- -  l o w e r  (n = 7) 

h a l f  

0 5 0 0 - -  0600 5-8 ++ 6.6 ++ 10.0 ++ 7.6 ++ 2.7 
0 6 0 0 - - 0 8 0 0  6.2 ++ 4.1 + 12.9 ++ 18.0 ++ 0.8 
0 8 0 0 - -  1000 2.1 6.8 ++ 6.5 + 12.3 ++ 1.2 
1000- -  1200 10.0 *+ 3.3 + 18.2 ++ 19.4 ++ 0.9 
1200- -  1400 9.7 ++ 3.9 + 9.3 ++ 8.8 ++ 1.4 
1400- -  1600 5.7 ++ 12.8 ++ 5.6 + 22.0 ++ 0.2 
1600- -  1800 10.0 ++ 13.8 ++ 0.9 10.0 ++ 0.6 
1 8 0 0 - - 0 5 0 0  6.0 ++ 8.9 ++ 65.7 ++ 23.9 ++ 3.2++ 

+ significant at 0.05 leve l ;  ++ significant at 0.01 leve l .  

light exposure changed the K content in single plant organs (PLHXK 1981, 
1984). 

Statistical evaluation of the results obtained was made by means of linear 
correlations, analysis of variance, variation coefficients and by the t-test. 

R E S U L T S  

Five lucerne strains of the clones 9, 45, 60, 81, and 82 grown in containers 
were used in the first experiment (August 19, 1982). K content changed 
expressively in leaf blades, petioles and stems during the day in all five 
strains (Figs. 1--5). The changes were mostly highly significant (Table 1). 
K content estimated in the roots of strains of clones 9 and 45 increased mod- 
erately during time sampling similarly in both cases (r ~-- 0.70+). Significant 
positive correlations were established between K changes in petioles and 
upper haft of stems and significant negative correlations between K changes 
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T A B L g  2 

C o r r e l a t i o n s  b e t w e e n  d i u r n a l  c h a n g e s  in  K c o n t e n t  o f  d i f f e r e n t  o v o r g r o u n d  o r g a n s  o f  l u c e r n e  
s t r a i n s  o f  t h e  c l o n e  9 - -  d e r i v e d  f r o m  cv .  H o d o n i n k a ,  4 5  - -  f r o m  c v .  Kof i i ce ,  6 0  - -  e v .  P i ' e r o v s k ~ ,  
81 - -  ev .  F l a n d r i a  a n d  82 - -  cv .  I s i s  

C o r r e l a t i o n  
b e t w e e n  p l a n t  

o r g a n s  

C o r r e l a t i o n  c o e f f i c i e n t s  (r) o f  s t r a i n s  e x a m i n e d  

9 45 6 0  81 82 
A v e r a g e  

o f  a l l  
s t r a i n s  

L e a f  b l a d e s  vs. 0 . 32  - - 0 . 0 5  0 .19  - - 0 . 6 5  - - 0 . 3 9  - - 0 . 0 8  
p e t i o l e s  

L e a f  b l a d e s  v s .  

s t e m s  - -  u p p e r  h a l f  - - 0 . 3 3  - - 0 . 2 6  0 .20  - - 0 . 7 9  + - - 0 . 8 5  ++ - - 0 . 5 4  

L e a f  b l a d e s  vs. 
s t e i n s  - -  l o w e r  h a l f  - - 0 . 7 0  + - - 0 . 6 3  - - 0 . 7 1  + - - 0 . 6 1  - - 0 . 3 7  - - 0 . 7 3  + 

P e t i o l e s  v s .  

s t e m s  - -  u p p e r  h a l f  0 . 7 2  + 0 .76  + 0 .62  0 .35  0 . 3 5  0 . 7 7  + 

P e t i o l e s  vs. 
s t e m s  - -  l o w e r  h a l f  - - 0 . 2 8  0 .20  0 . 3 4  - - 0 . 1 6  0 . 2 9  - - 0 . 0 4  

S t e m s  - -  u p p e r  
h a l f  v.,. l o w e r  h a l f  0 . 2 4  0 .57  0 .12  0 . 2 4  0 . 3 5  0 .21  

+ s i g n i f i c a n t  a t  0 . 05  l eve l ;  4+ s i g n i f i c a n t  a t  0 .01  leve l .  

in leaf blades and the upper and especially the lower half of stems. These 
correlations showed the same tendency in all five strains. No important 
correlations were established in other cases (Table 2). Established K move- 
ment reached values up to 1.2 % d.m. h -1 that  is up to 60 ~mol g-1 (f.m.) 
h-I  at 40 cm distance -- length of experimental plants. 

Mostly positive correlations -- in 7 cases significant or highly significant -- 
were established between changes in K content in identical organs of five 
lucerne strains. The most uniform changes in K content were established in 
petioles. Very similar changes in K content in all three overground organs 
were established in the strain of the clones 9 and 82 (Table 3). 

The mass of the first sampled plants and their organs of the strains of 
clones 9 and 45 were used for K amount calculation (Table 4). This K amount 
changed in single plant organs during the day in correspondence with the 
changes in K content. Total K amount calculated for th'e whole plant changed 
during the day as well. The lowest K amount per plant was determined at 
first sampling, then it increased and decreased alternately during the day as 
a result of rapid changes of K content occurring in aboveground organs. 
The differences in K amount between succeeding samplings were calculated 
and expressed as K uptake (§  or K release (--) by the plant. K uptake 
prevailed over K release during 24 h by 6.7 % in the strain of clone 9 and 
by 13.3 % in the strain of clone 45. I t  was conditioned by plant growth 
during 24 h sampling. 
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T ~ a ~  5 

Changes of K content  during 24 h sampling time expressed as average var ia t ion coefficients and  
average irradiances during experimental  days in four experiments performed with 5, 2, 4 and  
1 lucerne cultivare. Dark  sampling occurred in 2--3  h intervals in two experiments.  Insecticide 
spray was applied 3 days before the day of sampling in the exper iment  on June  1, 1983 

Date of Number  of Average PhAR Average var ia t ion 
experiment cultivars irradiance coefficient [%] 

[W m -2] day night  

August  19, 1982 5 206 15.2 -- 
June  21, 1984 2 128 12.7 11.6 
Sept. 2, 1982 4 112 11.7 --  
June  1, 1983 
insecticide 
application 1 209 8.8 8.9 

Other three experiments were made with cultivars Phlava, Bobrava and 
new breeding PS and PP/B growing in field conditions (September 2, 1982), 
with cv. Ps cultivated in containers (June 1, 1983), with cv. Verco and 
cv. Euvere growing in field conditions (June 21, 1984). Average irradiance 
was measured and compared with changes in K content during sampling in 
overground organs expressed as average variation coefficients (Table 5). 
The values of variation coefficients of changes in K content decreased 
together with irradiances. Exception was on the 1st June 1983 when ilwa- 
diance was high but K changes were low as a result of preceding insecticide 
application. Similar values of K changes expressed as average variation coef- 
ficients were determined by sampling durii~g day and the following night 
(Table 5). 

D I S C U S S I O N  

Different methods such as aphid styled technique (PEEL 1975), incision 
exudation technique (VA~ DIE and TAMMES 1975), isolated phloem strands 
technique (FE~SO~ 1975) also in connection with radioactive traced com- 
pounds technique, were used for the study of phloem solute movements 
in plants. K movement upward through xylem and downward through 
phloem and its recireulation in connection with transport  of important  
metabolites was proved (BEN ZIo~rr et al. 1971, HALL and BAKER 1972, MEN- 
GEL and KIRKBY 1980, PETTERSSO~ 1984). Phloem transports downward, 
upward and simultaneously bidirectional are also established in plants 
(EscHRIC• 1975, PATE 1975). 

K transport mediated by reeirculation through the xylem -- phloem system 
can pass fluently without irregularities of K distribution in plants. The 
great differences in K content occurring in lucerne plants in our experiments 
were probably conditioned by one-way K movement upward and downward 
in the plant. Such differences cannot be and were not registered by the method 
mentioned above. Time sampling as well as plant integrity are necessary for 
that.  The time course of changes in K content in different lucerne organs 
reflects rapid K movement with all features of long distance phloem transport  
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(PEEL 1975, PLHJ, K 1987). This K pulsation was correlated with irradiance. 
I t  also occurred in the following dark period but more slowly. Its frequency 
was 1 to 2 h during light and 3 h during the dark period. CONTI and GEIGER 
(1982) established that photosynthate transport occurred more intensively 
during the day than during the night. A number of studies provide evidence 
that  K promotes the translocation of photosynthates, predominantly sucrose 
(HARTT 1970, MENGEL and HAEDER 1977, DOMAN and GEmER 1979). HARTT 
(1970) established that translocation of photosynthates was more dependent 
on K deficiency than net photosynthetic rate. Similarly transport of photo- 
synthates was more dependent on irradiance than photosynthetic TNS 
formation (PLH.~K 1983). High ATP/ADP ratio and turnover, Pi incorporation 
in ATP and ATP-ase activity are detectable in sieve tubes (GARDNER and 
PEEL 1972, GILD:NER and CRONSHAW 1973). It may therefore be assumed 
that long distance photosynthate transport occurring in sieve tubes is 
connected in some way with K movement and that the K movement is 
highly dependent on energy supply. 

Rapid changes in K content occurring in overground mcerne organs did 
not appear in roots. 0nly moderate increase in K content was observed in 
the roots during light exposure. When comparing the total K amount in the 
whole plant, it changed during sampling time. It  showed that some part of 
K content migrated out and into the plant (Table 4). K efflux from barley 
roots into nutrient solution was established by MENGEL and HAEDER (1971). 
PETTERSSON (1984) reported the values of K efflux from sunflower roots 1 
to 1.49 ~mol g-1 (f.Ih.) h-L In our case an average value of K release during 
13 h solar exposure in two lucerne strains reached 1.48 ~mol g-1 (tim.) h -1. 
Our results show that this K efflux can be a result of rapid K movement up 
and down the plant. 

Each sample consists of 10~ 12 plants and the K content changes reflected 
an average K movement in all these individual plants. The results show that 
very similar K movements up and down had to occur at the same time in 
plants of the same lucerne strain. Time similarities were also established 
in K movement between some lucerne strains. In other cases similarities as 
well as differences occurred between lucerne strains and cultivars as in the 
previous study (PLH.~K 1984). This indicates that K movements in lucerne 
plants are probably conditioned by external factors such as irradiance and 
others which cause the time uniformity in K movement. Alternation in time 
course can be evoked by internal metabolic processes of lucerne genotypes. 
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