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Abstraet. The effect of two different mechanisms of phosphorus ion transport from the nutrient 
solution volume to tile surface areas of excised maize roots was studied under concentrations 
ranging from 0.01 mM to 50.0 mM KH2PO4. A modified technique of study of kinetic ion ab- 
sorption was used. In the control series, the roots were placed in absorption solution without 
flow (the dominant mechanism of ion transport to the roots being diffusion), while in the ex- 
perimental series the absorption solution was flowing round the roots at a rate of 0.162 cm s -1 
(the dominant mechanism of ion transport to the roots being mass flow). The rate of phosphorus 
absorption by the roots from flowing solutions was highly significantly increased at all con- 
centrations of absorption solution except for the 50.0 mM KH2PO4 concentration. The increase 
in phosphorus absorption in the case of 50.0 mM KH2PO4 concentration was non-significant 
due to the fact that the high concentration of phosphorus together with the diffusion of phos- 
phorus ions ensured a sufficient supply of phosphorus to the roots, covering the requirement for 
their uptake. 

The results point to the need for an analysis of environmental factors to be carried out in 
studying ion absorption kinetics, and reveal the inadequacy of methods usually employed 
m such investigations, in particular with respect to the homogeneity of the nutrient solution 
m the whole of its volume and especially round the roots. 

T w o  bas ic  phases  c a n  be d i s t i n g u i s h e d  f r o m  t he  s p a t i a l  p o i n t  of  v i ew  in  
t h e  whole  process  of  p l a n t  n u t r i t i o n  b y  p h o s p h o r u s :  (1) t h e  s u p p l y  of  phos -  
p h o r u s  a n i o n s  f r o m  soil s o l u t i o n  to  t he  roo t  a rea ,  t r a n s p o r t  of  a n i o n s  across  
t h e  b o u n d a r y  l a y e r  of  i ons  a d s o r b e d  on  t he  roo t  su r face  to  cell m e m b r a n e s  
a n d  free spaces  of  t he  roo t  u p  to  t he  s i tes  of  a b s o r p t i o n ,  a n d  (2) t he  a n i o n  
a b s o r p t i o n  p rope r ,  t r a n s i t i o n  across  t he  c y t o p l a s m a  m e m b r a n e  to  t he  p ro to -  
p l a s t ,  a c c u m u l a t i o n  a n d  t r a n s p o r t  w i t h i n  t he  p l a n t .  B o t h  phases  c a n  be 
s u b d i v i d e d  i n t o  m o r e  d e t a i l e d  c o m p o n e n t s ,  a n d  dec is ive  fac to rs  e n g a g e d  in  
t h e  whole  process  c an  be  iden t i f i ed .  T h e  t w o  phases  s h o u l d  be c o n s i d e r e d  
as  a c o n t i n u o u s  process  wh ich  is c h a r a c t e r i z e d  a b o v e  all  b y  t he  fo l lowing  
f e a t u r e s :  t h e  r e q u i r e m e n t  of  t h e  p l a n t  for  t h e  a p p r o p r i a t e  a n i o n ;  t he  r a t e  
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of ion absorption; the anion concentration in environment; mechanisms of 
ion transport from the solution volume to the sites of their absorption, a. o. 

A number of authors in their detailed studies point to the effect of phos- 
phorus concentration in outer surrounding on the intensity of its supply 
to the absorption z o n e  ( H A N N A P E L  e ta l . ,  1964, MA~ITAB et al. 1971, 1972, 
0LSE~r et al. 1965, PHrLLIPS etal.  1968, PHILLIPS and PEASLEE 1970, PLACE 
e ta l .  1968). Other research workers have examined the influence of phospho- 
rus ion concentration on the mechanisms of their transport through cyto- 
plasma membranes(CARTER and LATHWELL 1967, HAGEN and HOPKINS 
1955, NOGGLE and FRIED 1960, PHILLIPS eta[. 1971). A different mechanism 
of ion supply to the root area, however, may be of considerable importance 
for the subsequent processes. HAI and LAUDELOUT (1966) have published 
a study demonstrating the functional dependence of ion concentration and 
ion supply mechanisms (diffusion, mass flow). In our previous studies 
(MACt~]aKOV/~ and LA~Tf:VKA 1972, PAL/~TOVS. and LA~Tt~VKA 1974) we have 
found that the mechanism of ion transport in nutrient solution, particularly 
that  of phosphorus transport, is of considerable importance for subsequent 
processes of absorption, accumulation and transport, or as the ease may 
be, for other metabolic activities in the plant as well. 

Existing literary data are not sufficiently exact in evaluating the effect 
of transport mechanisms and phosphorus concentration in the outer en- 
vironment on its absorption by the plants. In the present work this effect 
has been studied in excised maize roots under the conditions of two dominant 
mechanisms of ion supply (diffusion and mass flow) and graded phosphorus 
concentrations in the cultivation medium. 

Material and Methods 

The  m e t h o d  used  in our  e x p e r i m e n t s  is ana logous ,  excep t  for some  modif ica t ions ,  to t h a t  
descr ibed  b y  EPSTEIN a n d  HAGEN (1952), EPSTEIN (1961), H.~aE~r a n d  HoPxI~S (1955), HAGEN 
e t a l .  (1957), a n d  others .  W e  a l te red  t h a t  p a r t  o f  t he  m e t h o d  which  concerns  t he  m o v e m e n t  o f  
abso rp t ion  so lu t ions  r o u n d  t he  roots .  

Plant  Material and its Preparat ion 

Maize seeds  (Zea mays L. cv. ' KoS ovskg  rang ' )  were p laced in t ap  wa te r  for 48 h,  t h e n  su r face  
ster i l ized in 3 %  H20~ for 5 rain,  a n d  cu l t u r ed  for 5 d a y s  on g r a n u l a t e d  p o l y e t h y l e n e  covered  
wi th  filter pape r  a t  control led  r o o m  t e m p e r a t u r e  o f  24 ~ in t he  dark .  G r a n u l a t e d  p o l y e t h y l e n e  
was  be ing  m o i s t e n e d  wi th  0.6 m M  C aS e4  (under  t he  so-called low sa l t  condi t ions) .  

The  apical  s e g m e n t s  of  maize  seedl ings  were excised,  6 cm  long,  a n d  p u t  in to  dist i l led water .  
1 g s a m p l e s  o f  excised roots  were p laced in si lon ' t e abags '  o f  1 m m  2 m e s h  size (EPSTEIN etal .  
1963b.) 

Solutions and Exper imen ta l  Techn ique  

Solut ions  wi th  concen t r a t i ons  0.01, 0.1, 1.0, a n d  50.0 m M  KH2PO4  c o n t a i n i n g  0.6 m M  CaSe4  
were used  (EDWARDS 1970, JACOBSOX etal .  1961). The  so lu t ions  were label led 32p isotope;  t he  
ac t i v i t y  of  each abso rp t ion  so lu t ion  was  30 [zCi 1-1. The  h y d r o g e n  ion c o n c e n t r a t i o n  of  all so lu t ions  
was  a d j u s t e d  to p H  5.5, the  so lu t ions  were ae r a t ed  before the  e x p e r i m e n t ,  the i r  t e m p e r a t u r e  
was 21 ~ a n d  thei r  v o l u m e  was  chosen  so t h a t  1 1 o f  so lu t ion  was  ava i lab le  for  every  1 g o f  
roots .  T h e  so lu t ions  of  all concen t r a t i ons  were p laced in PVC vessels .  I n  one series,  t he  so lu t ions  
were still, s e rv ing  as the  control  s t a t i o n a r y  cul ture .  The  o ther  series of  so lu t ions  was kep t  in 
vessels  p e r m i t t i n g  a con t i nuous  flow of  t he  so lu t ion  a t  a ra te  of  0.162 cm s -1. The  solut ion wh ich  
f lowed o u t  o f  the  vessel  was p u m p e d  back  in to  t he  reservoir  by  PVC p u m p s .  
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Techniques of Phosphorus Absorption and Measurements of Activity 

At time zero (shortly after weighing the samples), all the bags containing roots were placed 
simultaneously in the solutions so that  the medium was flowing vertically to the bag surface. 
The samples were collected at 1/2, l, 2, 4, 8 h intervals in four repetitions. The roots were washed 
in distilled water for 20 rain; see CARTER and LATHWELL (1967), HAOEN ctal .  (1957), PHILLIPS 
e~ al. (1971 ). Before measuring their activity, the roots were mineralized by using the concentrated 
H2SO4 (2 ml H2SO4 per 1 g of roots). The mineralisate was placed in thin-walled test tubes. 
The radioactivity of the samples was measured on a Vacutronic scintillations-spectrometer 
Va-M-120. From the known specific activity of particular phosphorus solution, the total ab- 
sorption of phosphorus was calculated and expressed in ~M P g-1 of root fresh weight. The 
results are given in mean values of the four repetitions. The significance of differences in phos- 
phorus absorption by the roots between the control series (stationary culture) and flowing 
solution series was evaluated by the G-test (FRYER 1957). 

TABLE I 

PHOSPHORUS ABSORPTION BY EXCISED MAIZE ROOTS FROM STATIONARY AND FLOWING SOLUTIONS 
WITH CONCENTRATIONS 0.01,  0.1, 1.0 AND 50.0  m M  • H 2 P 0 4 .  

Absorption 
time 
[h] 

Water culture 

Phosphorus absorption [~zM P g-1 root fresh weight] 

Concentration of KH2PO4 absorption solution 
0.01 mM 0.1 mM 1.0 mM 50.0 mM 

1 / 2 stationary 0.057 0.047 0.323 4.542 
flowing 0.062 0.165 *** 0,382 5.063 

1 stationary 0.112 0.332 0.651 6.464 
flowing 0.149"** 0.381"** 0.935*** 7.669* 

2 stationary 0.200 0.568 1.174 9.010 
flowing 0.284*** 0.728*** 1.677"* 10.356 

4 stationary 0.351 1.003 2.344 13.244 
flowing 0.503*** 1.396"** 3.287 *~ 14.565 

8 stationary 0.817 2.228 4.536 21.370 
flowing 1.093"* 2.745*** 5.577*** 25.368* 

Significance of differences in phosphorus absorption between roots from stationary solution 
[control] and those from flowing solution is designated: P < 0.05", P < 0.01"*, P < 0.001"** 
(n = 4). 

Results 

The time course of phosphorus absorption is shown in Table l, the percent 
rates of increase in phosphorus content in roots absorbing phosphorus from 
the flowing solution as compared with those in roots absorbing phosphorus 
from the stationary solution are given in Table 2. 

With all the concentrations examined, the absorption of phosphorus by 
excised roots of maize from the flowing absorption solutions was higher 
than that from the stationary solutions having coresponding concentrations. 
The differences in phosphorus absorption between stationary and flow 
cultures were significant at all concentrations except for the 50.0 mM KH2PO4 
concentration, and this was so nearly at all the intervals of evaluation. 
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TABLE 2 
P E R C E N T  INCREASES IN PHOSPHORUS ABSORPTION BY EXCISED MAIZE ROOTS FROM FLO~VING SO" 

LUTIONS AS COMPARED W I T H  PHOSPHORUS ABSORPTION FROM STATIONARY SOLUTIONS ( ~  1 0 0 % )  

WITH CONCENTRATIO~'S 0 . 0 1 ,  0.1, 1.0 AND 50.0 mM KH2PO4. 

Phosphorus absorption [%] 
Absorption 

time concentration of KH2PO4 absorption solution 
[hi 

0.01 mM 0.1 mM 1.0 mM 50.0 mM 

1/2 8.77 12.24 18.27 11.47 
1 33.04 14.76 43.63 19.75 
2 42.00 28.17 4~.84 14.94 
4 43.30 39.18 40.23 9.97 
8 33.76 23.20 22.95 18.71 

Significant differences between the control and experimental (flow) series 
were observed already after 1/2 to 1 h absorption at low concentrations of 
absorption solutions. I t  follows from the percent expression of differences 
in phosphorus absorption (Table 2) that  the differences tend to lessen already 
after 8 h of absorption. 

Discussion 

The rate of absorption of a certain ion by  the plant is a function of ion 
concentration in the nutrient  solution near the absorption surface of the 
root, of the area of the absorption root surface, and of the conductivi ty of 
the absorption root surface for a given ion (NIELSEN 1972). At the same 
time, however, the concentration of given ions on the root surface at particular 
intervals is a function of the rate of t ransport  from the whole solution volume 
to the root surface and the rate of their absorption by  the root. Whenever 
the ion absorption rate exceeds the rate at  which the ions are conveyed to 
the roots, the ion concentration on the root surface appears lower than that  
in the whole volume of nutrient solution (BAaB~R 1962, LEWIS and QVrRK 
1967, etc.). A concentration gradient is formed round the absorption surface 
of roots, and it may  well be assumed that ,  under this condition, the real 
ion absorption rate will be lower than when the rate of ion t ransport  from 
the whole solution volume to the roots, and further up to the sites of ion 
absorption, exceeds the absorption rate, thus not being a limiting factor 
in the whole process. The rate of ion t ransport  to the root surface is primarily 
dependent upon the amount  of ions per volume unit of medium (BR~c~GS et al. 
1961, FRIED and SHAPrRO 1961, JESCHKE and SIMONIS 1965, TANADA 1964), 
as well as on the rate at which the ions are t ransported to the roots (HA~ 
and LAUDELOUT 1966). At a given ion concentration in nutr ient  medium, 
the rate of ion t ransport  to the roots can, to a degree, be influenced by the 
choice of one of the different mechanisms determining the rate of ion move- 
ment, i.e., by  ion diffusion or mass flow. I t  may  be theoretically assumed 
that  when diffusion does not ensure the absorption rate in a given con- 
c~ntration, more ions will be carried to the roots by  the flow of solution 
plus ions, and the absorption rate will increase. Mass flow, however, loses 
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its force when the ion t ransport  through diffusion provides the roots, at  
higher ion concentration in the medium, with an amount  of ions large 

enough to wholly satisfy the requirements of the plant. 
When comparing the results of the present work with tile above assump- 

tion, we find them to be in agreement. In  the whole range of concentrations, 
the rate of phosphorus absorption by  excised maize roots in flowing medium 
becomes increased, the increase being quite significant at the concentrations 
0.01 mM to 1.0 mM KH2PO4. Our assumption is proved correct also by  the 
fact that  the differences in absorption rate between the two series are non- 
significant in the case of the 50.0 mM KH2P04  concentration. The results 
suggest tha t  at low phosphorus concentrations, the rate of ion t ransport  
to the root zone may  be a factor limiting the absorption rate, especially 
if diffusion is the dominant  mechanism of ion movement.  The continuous 
supply of phosphorus ions through flowing solution to the absorption surface 
of the roots substantial ly narrowed the width of the dilute layer, thus 
speeding up the transition of ions to the cell membranes and free root spaces, 
and finally to the sites of their absorption. In our opinion, however, it could 
not  essentially change or affect the mechanism of ion movement  across the 
cell membranes and free spaces to the sites of absorption. The marked 
decline in mass flow effectiveness at  the 50.0 mM K H e P 0 4  concentration 
may  be accounted for by  the fact tha t  the diffusion of ions to the roots at  
such concentration was considerably high and the mass flow did not offer 
more ions during an equal time unit. I t  may be, however, tha t  in both 
series the absorption rate was limited by  the transition of ions across the 
very  root structures lying between the surface and absorption site, even 
though some publications report  the opposite (FRIED and SHAPIRO 1961, 
WELCH and EPSTEIN 1969). I t  should be taken into account tha t  in this 
region ion transitions across ion barriers, by  one cell membrane at least, 
are involved, but  rather than these, the whole system of extrafascicular 
space, ion movement  through free spaces, and complex adsorption phenomena 
on lignoeellulose surfaces are concerned here (ULRICH and OBERL_~NDER 1964). 

From the methodological point  of view, it is obvious that  the diluting 
of ion concentrations on the root surfaces due to a competition among 
neighbouring roots for ions (NEwsmAN and ANDREWS 1973) may  considerably 
affect the rate of their absorption. We tried to eliminate this competition 
by  placing the roots in bags so as to prevent  their overlapping and touching 
one another, and to make the solution, or solution flow, pass round 
the whole absorption surface of the roots. 

The results obtained from our experiments permit us to draw certain 
more general methodological conclusions. Numerous works studying the 
kinetics of absorption of different elements (EPsTEI~ and HAGEN 1952, 
EPSTEIN et al. 1963a, b, ttAGEN and HoPKI~s 1955, etc.) report that  aeration 
of the absorption solution is fully sufficient for levelling out its concentration 
in the whole solution volume, including the area round the roots. Depending 
on whether the roots are clustered in one place or placed at the opposite 
side of the aeration tube, the solution may  not be renewed sufficiently in 
the very  critical region round the root with all the due consequences for the ion 
absorption. We assume that  a determination of ion absorption kinetics 
should include not only a deduction of equations expressing the rates and 
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changes of the intensity of the active uptake  of given ions, bu t  also a de- 
finition of environmental  factors involved in the active uptake  of ions, 
including the rate of their t ransport  from the whole solution volume 
up to the sites of their absorption. 
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RADMILA ~i~KOVA.-MACORKOV.~, Z. LA~TI~VKA (Brno):  Kinetlckfi  studie absorpee fosforu od- 
I~ezan.('mi "ko~eny kukul~iee z proudieieh roztokfl  o rdzn6 koneen t rae i  fosforu.  --  Biol. P lan t .  
17 : 385- -391 ,  1975. 

Byl  sledovgm efek t  d v o u  rozdiln3?ch m e c h a n i s m f l  t r a n s p o r t u  iontfi  fosforu  z o b j e m u  ~ivn6ho 
roz toku  k pov rch f im  od~ezan~'ch ko~enfi kuku~ice v konccn t r aSnfm rozp~ti  0,01 m M  a~ 50,0 m M  
KH2PO4.  B~la  pou~i ta  mod i f ikovans  m e t o d i k a  s tud ia  k ine t iky  absorpce  iontfi.  V kon t ro ln f  
s6rii by ly  ko~eny u m i s t ~ n y  v absorpSnffn  roz toku  bez p o h y b u  ( d o m i n a n t n l m  m e c h a n i s m e m  
t r a n s p o r t u  lent i l  ke kof 'enfim je difuse),  v pokusn~  s6rii p roudi l  absorp6nl  roz tok  ko lem ko~en~ 
rych los t l  0,162 cm s -1 ( d o m i n a n t n i m  m e c h a n i s m e m  t r a n s p o r t u  iontfl  ke ko~enflm jc m a s s  flow). 
Mira  absorpce fosforu  ko~eny z proudiclho roz toku  by la  vysoce  p rSkazn6  zv~w p~-i vw 
koncen t r ac i ch  absorp6nfch  roztokfi  m i m e  koncen t rac i  50,0 m M  KH2PO4.  Zv~w absorpee  
fosforu  p~i koneen t rac i  50,0 m M  KH2P O4  bylo  neprf lkazn6 proto ,  p o n ~ v a d l  v y s o k ~  koneen t r ace  
fosforu  spolu  s d i fus l  fosfore6n3?ch ion t6  zabezpe6ovala  d o s t a t e 6 n o u  d o d s  fosforu  ke ko~enfim, 
pokr~va j lc f  po~adavek  jej ich pHj mu ,  

V#s ledky  ukazu j f  na  n u t n o s t  anal:~zy faktorf i  vn/fj~iho p ros t [ ed i  p~i s t u d i u  k ine t ik  absorpee  
l e n t 5  a n a  n e a d e k v h t n o s t  obvyk le  pou~ivan3~eh m e t o d i k  p?i t~chto  s tudi ich ,  p[edevfi im z h lodiska  
h o m o g e n i t y  g ivn6ho roz toku  v cel6m o b j e m u  a zvlgw ko lem ko~enfl. 

B O O K  R E V I E W  

CUSHING, D. H. :  The Product ivi ty  of the Sea. --  Oxfo rd  Biology Reader s .  Oxfo rd  U n i v e r s i t y  
Press ,  L o n d o n  1975. Pr ice  16 p. 

The  br ief  review of  the  oceanic p roduc t i on  biology b y  D. H.  Cush ing  m a k e s  a v e r y  good  
i n t roduc t i on  into the  topic for s t u d e n t s  as well as research  workers  of  o ther  fields. However ,  
i t  is popu la r  e n o u g h  to give some  i n fo rma t i on  to t he  wide public.  A shor t  descr ip t ion  a n d  se lected 
p ic tu res  of  mar ine  phy t o -  a n d  zoop lank te r s  r e m a i n  on the  t rad i t iona l  level o f  such  articles.  
W h a t  clearly exceeds  th i s  n i v e a u  are the  i n t roduc t i on  in to  q u a n t i t a t i v e  p roduc t i on  s tudies ,  
s u m m a r y  of  t he  influence of  the  m a i n  e n v i r o n m e n t a l  fac tors ,  and ,  par t i cu la r ly ,  t he  ou t l ines  of  
a s imple  mode l  of  t he  pelagic ecosys t em.  I a d m i t  t h a t  s impl i f ica t ions  were necessa ry ,  b u t  to call 
c o u n t i n g  o f  cells a n d  p h o t o s y n t h e t i c  m e a s u r e m e n t s  t oge the r  " e s t i m a t i n g  algal  q u a n t i t i e s "  seems  
to be a bi t  mis leading .  A m o n g  t he  factors ,  t he  p e n e t r a t i o n  of  l ight  a n d  wa te r  m o v e m e n t s ,  b o t h  
ver t ica l  a n d  hor izonta l ,  a re  exp la ined  sp lend id ly  a n d  ve ry  well depic ted.  Re l a t i ve ly  scarce  is 
the  i n f o r m a t i o n  on n u t r i e n t  effect a n d  dynami cs .  T he  concise p a r t  on  m a r i n e  f isheries revea ls  
t he  profess ional .  

I r e c o m m e n d  t he  pape r  to e v e r y b o d y  who  needs  or w a n t s  a quick i n f o r m a t i o n  a b o u t  sea  
p roduc t iv i t y .  
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