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SUMMARY 

The  u p t a k e  of Ca a n d  Sr  b y  t h r ee -week  old t o m a t o  (Lycopersicon escu- 
lentum) p l a n t s  f rom solut ions  c o n t a i n i n g  Ca ++ a n d  Sr  ++, an d  che la ted  Ca 
a n d  Sr  (CaL and  SrL) was nmasu red  over  a t w o - d a y  period.  T h e  so lu t ion  
was doub le - l abe l l ed  w i t h  Ca a5 a n d  Sr  sS. Two chelates ,  E D T A  (e thy lened ia -  
m i n e t e t r a a c e t i c  acid) a n d  D T P A  ( d i e t h y l e n e t r i a m i n e p e n t a a c e t i c  acid) were 
used a t  f ive  che l a t e - ca t ion  rat ios.  W h e n  t h e  Ca a n d  Sr  c o n t e n t  of t h e  so- 
l u t i on  was  he ld  cons t an t ,  add i t i on  of che la te  reduced  up take .  T h e  r educ t i on  
was g r ea t e r  w i t h  E D T A  t h a n  w i t h  D T P A .  

The  Ca/Sr  r a t io  of u p t a k e  was used to measu re  t h e  p r o p o r t i o n  of u p t a k e  
as t h e  che l a t ed  a n d  u n c h e l a t e d  species. T h e  Ca++/Sr ++ ra t io  was d i f fe rent  
f rom t h e  CaL /S rL  ra t io  in  so lu t ion  because  of t h e  d i f fe ren t  equ i l ib r ium 
reac t ions  of Ca a n d  Sr  w i t h  L. Di rec t  u p t a k e  of t h e  CaL a n d  SrL was indi -  
cated.  I n  so lu t ions  where  Ca++ = CaL, u p t a k e  of C a E D T A  was 0.47 of 
u p t a k e  of Ca ++ a n d  u p t a k e  of C a D T P A  was 0.95 of u p t a k e  of Ca ++. 

INTRODUCTION 

Soluble metal chelates and chelating agents are widely used in 
soils and solution culture to increase ion uptake and reduce nutri- 
ent deficiency 1 The way chelates increase ion absorption by plants 
is not well understood 7. Evidence from experiments using C 14- 
labelled chelate complexes has indicated some direct absorption of 
the chelate, although less chelate than chelate ion was absorbed 4 s 
Absorption of the chelated ions may occur through broken roots 9 
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The chelate may also serve to buffer the level of the unchelated 
cation (M x+) in solution. 

C h a n c y ,  B r o w n ,  a n d  T i f f i n  3 h a v e  ev idence  t h a t  t h e  p l a n t  roo t  re- 
leases a r educ ing  a g e n t  t h a t  reduces  ferr ic  Fe  in t h e  che la te  to  ferrous  Fe  
wh ich  releases i t  f r om t h e  che la te  before  roo t  absorp t ion .  This  would  ex- 
p la in  a mode  of ac t ion  for reduc ib le  ca t ions .  

W h e n  a soluble  che la t ing  agent ,  L x-, is added  to  a so lu t ion  c o n t a i n i n g  
ca t ions  3/ix+, a n  equ i l ib r ium will be  fo rmed  b e t w e e n  L x-, Nix+ a n d  t h e  
che la ted  meta l ,  ML. 

M x+ + L x - ~ M L  [1] 

The  p l a n t  roo t  m a y  a b s o r b  M as M x+ or M L  or bo th .  W h e n  more  M x+ 
t h a n  1rig ions are absorbed ,  t h e  in i t i a l  equ i l ib r ium in so lu t ion  will sh i f t  to  
t h e  lef t  a n d  M L  m a y  dissociate  g iv ing M x+ in so lu t ion  t h a t  m a y  t h e n  be  
absorbed .  Hence,  t h e r e  are t h r ee  sources  of M t h a t  m a y  be  abso rbed  /OIL, 
M x+ in i t i a l ly  p r e sen t  a t  equi l ib r ium,  a n d  M x+ t h a t  has  d issocia ted  f rom IV[L. 

The objective of this research was to develop a procedure and 
measure the rate of uptake of Ca and Sr from the unchelated and 
chelated forms. The approach used was to determine the Ca/Sr 
ratio of uptake of Ca and Sr from solutions containing chelated and 
unchelated Ca and Sr. Because Ca and Sr are chelated with differ- 
ent strengths the Ca++/Sr++ ratio will differ from the CaL/SrL ratio 
in an equilibrium solution of Ca, Sr, and L. Also, we have ob- 
served 2 that  some plant species such as tomato (Lycopersicon escu- 
lentum) absorbed ionic Ca and Sr indiscriminantly, particulary 
where Ca } Sr. Hence, the Ca/Sr ratio of absorption by  tomato 
roots can be used to calculate the amount of Ca and Sr coming 
from each of the unchelated and chelated forms in solution. 

MATERIALS AND METHODS 

T o m a t o e s  were g rown in so lu t ion  cu l tu res  in t h e  g reenhouse  for t h r e e  
weeks  pr io r  to  t h e i r  use in  a t w o - d a y  s t u d y  of Ca a n d  Sr  a b s o r p t i o n  f rom 
solu t ions  c o n t a i n i n g  soluble chelates .  T h e  che la t ing  agen t s  used were E D T A  
( e t h y l e n e d i a m i n e t e t r a a c e t i c  acid) a n d  D T P A  ( d i e t h y l e n e t r i a m i n e p e n t a a c e t i c  
acid). F ive  t o m a t o  p l a n t s  were g rown in each  of 40 th ree - l i t e r  pots .  T h e  
so lu t ion  for t h e  f i rs t  two  weeks was a modif ied  one- f i f th  s t r e n g t h  H o a g l a n d  
so lu t ion  c o n t a i n i n g  enough  Sr to  give a Ca/Sr  ra t io  of 100 w i t h  a Ca concen-  
t r a t i o n  of 1.0 m M .  Fo r  t h e  t h i r d  week  Ca a n d  Sr co n cen t r a t i o n s  were re- 
duced  to  one - fou r th  these  concen t ra t ions .  Af te r  t h r e e  weeks t h e  p l a n t s  were 
t r a n s f e r r e d  to Ca 45- a n d  SrS~-labelled so lu t ions  of CaC12, SrC12 a n d  t h e  
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che l a t i ng  agent .  H i g h  specific a c t i v i t y  Ca 45 an d  Sr s5 were a d d e d  a t  t h e  r a t e  
of 50 tzc each  pe r  po t  c o n t a i n i n g  2750 ml  of solut ion.  F o u r  po ts  were ha r -  
ves ted  a t  t he  s t a r t  of t h e  t w o - d a y  e x p e r i m e n t  for in i t ia l  m e a s u r e m e n t s .  
The  t r e a t m e n t  c o m b i n a t i o n s  used are g iven  in Tab le  I. T h e y  cons is ted  of 
f ive levels of che la te  a d d i t i o n  for  each  che la t ing  a g e n t  where  t o t a l  Ca an d  
t o t a l  Sr r e m a i n e d  cons t an t .  I n  addi t ion ,  chela te- f ree  so lu t ions  were inc luded  
w i t h  Ca a n d  Sr  c o n c e n t r a t i o n s  equa l  to  t h e  Ca ++ an d  Sr++ c o n c e n t r a t i o n s  in  
so lu t ions  for t he  t h r ee  lowest  levels of che la te  add i t ion .  Two repl ica tes  were 
used. The  so lu t ions  were m a i n t a i n e d  a t  a p H  of 7.0 to  7.5 du r ing  t h e  t w o - d a y  
a b s o r p t i o n  period.  

Af te r  a t w o - d a y  a b s o r p t i o n  period,  t h e  p l a n t s  were r e m o v e d  f rom t h e  so- 
lu t ions  a n d  t h e  free space and  ex ch an g eab l e  Ca 45 an d  Sr s5 were d isplaced 
f rom t h e  roots  b y  wash ing  in a n  un labe l l ed  Ca a n d  Sr solut ion.  P l a n t  measu re -  
m e n t s  m a d e  were t op  weight ,  roo t  weight ,  roo t  length ,  an d  u p t a k e  of Ca 45 
a n d  Sr  s5. R o o t  l e n g t h  was m e a s u r e d  b y  t h e  l i ne - in t e rcep t  m e t h o d  of 
N e w m a n  5. The  p l a n t  tops  a n d  roots  were d r y - a s h e d  a n d  t h e  ash  b r o u g h t  
in to  so lu t ion  w i t h  HC1. A d d i t i o n a l  Ca a n d  Sr were added,  t h e  Ca a n d  Sr 
p r e c i p i t a t e d  as oxala tes ,  t he  p rec ip i t a t e  w a s h e d  a n d  dried,  a n d  0.5 g r a m  
m a d e  in to  a pel le t  in  a n  A1 p lanche t .  Ca 45 a n d  Sr sa were co u n t ed  s e p a r a t e l y  
us ing  a t h i n  w i n d o w  gas flow de t ec to r  a n d  a N a I  c rys t a l  sc in t i l l a t ion  de-  
tec tor ,  respect ive ly .  The  b e t a  c o u n t  for Ca was cor rec ted  for  t h e  effect  of 
t h e  g a m m a  r a d i a t i o n  f rom Sr. Samples  f rom t h e  so lu t ion  cu l tu res  were also 
m e a s u r e d  in t he  same m a n n e r .  

CALCULATIONS 

The  c o n c e n t r a t i o n s  of all species in t h e  equ i I ib r ium of t h e  che la t ing  agen t s  
w i t h  t h e  Ca a n d  Sr so lu t ions  used were ca lcula ted .  The  ca lcu la t ions  were 
based  on  f o r m a t i o n  c o n s t a n t s  of t h e  ca t ion -che la t e  complex  r epo r t ed  b y  
S i l l e n  a n d  M a r t e l l  6 a n d  t h e  fol lowing p a r a m e t e r s  of t h e  s y s t e m :  (i) 
Ca ++ + CaL = t o t a l  Ca in  t h e  s y s t e m  = CaT. (ii) Sr ++ + SrL  = t o t a l  Sr in 
t h e  s y s t e m  = Srm. (iii) Srm + C a r  ~> LT. (iv) (CaL + SrL) a t  p H  above  7 
= t o t a l  L in t h e  s y s t e m  ~ LT. I n  t r e a t m e n t s  where  L / C a r  was t h r ee  (Table  1) 
all t h e  Ca a n d  Sr  was a s sume d  to  be  complexed  b y  t h e  che l a t i ng  agent .  
Calc ium and  Sr  were t h e  on ly  c o m p e t i n g  ions for t h e  che la te  in  t h e  sys tem.  
B y  m a i n t a i n i n g  t h e  so lu t ion  a t  p H  7.0-7.5 t h e  co mp e t i t i o n  b y  H+ was 
negligible.  The  f o r m a t i o n  c o n s t a n t s  used in t h e  ca lcu la t ions  for t h e  va r ious  
m e t a l  ion-che la te  reac t ions  were :  

Ca ++ + E D T A  ~ C a E D T A  
Sr ++ -b E D T A  ~ S r E D T A  
Ca++ + D T P A  ~ C a D T P A  
Sr ++ + D T P A  ~ S r D T P A  

log KCaEDTA = 10.85 
log KSr~.DTA ~ 8.64 
log KCaDTPA = 10.89 
log KSrDTPA ~ 9.68 

B y  c o m b i n i n g  t h e  equ i l ib r ium re la t ions  for t h e  reac t ions  of Ca++ an d  St++ 
w i t h  L x-  we can  wr i te :  

KcaL (CaL) (Sr++) 
- [2] 

KSrL (SrL) (Ca++) 
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By  combining  equa t ion  [2] wi th  relat ionships i, ii, iii, and iv, we can 
solve for the  amount s  of each species present  at  equil ibrium. This  solut ion 
involves  deve lopment  of equa t ion  [3] a quadra t i c  equa t ion  of the  second 
order. 

A(CaL)~ + BCaL -- D = 0 [3] 

f rom which 

where 

CaL = ( - - B  /3 x/B2 + 4AD)/2A [4] 

B = K s r L S r T -  (Ksrl~ -- KCal.)(LT) + KcaLCaT 
A ---~ K S r L  - -  KCaL 
D = KcaLCaTL~ 

Uptake rate calculation 

The mean  up take  ra te  for the  two-day  absorpt ion period was de te rmined  
using equa t ion  [5] 10. 

To ta l  up take  ln(L2/L1) 
Mean up take  ra te  --  × [5] 

t ime (L~ --  L1) 

where L1 and L2 are the  root  lengths  at  the  beginning and end of the  up take  
period. 

Calculation o/ uptake of chelated and unchelated Ca and Sr 

The source of Ca and Sr absorbed by  the  p lan t  was de te rmined  using the  
Ca/Sr ra t io  of uptake,  Uca/Usr,  and the  Ca++/Sr++ and CaL/SrL  rat ios in 
the  solution ba th ing  the  roots. We  have  shown exper imenta l ly  2 t h a t  the  
up take  of Ca ++, Uca*+, and Sr ++, Usr÷+, was in the  rat io  of Ca++/Sr++ in so- 
lution. We  assume t h a t  the  up take  of the  chelated species of Ca and Sr will 
be in the  CaL/SrL  rat io  in solution since CaL and SrL should be ve ry  similar. 

The  me thod  of calculat ing the  amoun t  of Ca and Sr absorbed as the  
chelated and unchela ted  species was as follows: 

Le t  U c a / U s r  -~  R = Ca/Sr in p lan t  up take  
UcaL/UsrI, = R t  = CaL/SrL  in solution 
Uca++/Usr++ = Re -= Ca++/Sr ++ in solution 

Then  

R = U c J U s r  = (Uca~ + Uca+.)/Usr 

= UcaL/Usr + Uca++/Usr 

= R I  UsrL/Usr -~- R2 Usr++/Usr 

= R1 (Usr --  Usr++)/Wsr "~- R2 Usr++/Wsr 

= R1 --  R1 Usr++/Usr + R2 Usr++/Usr 

= R~ + Us~++((R2 - Rt)/Usr) 

[6] 

[7] 

[8] 

[9] 

[lo] 

[11] 
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Usr++ = ((R -- R1)/(R2 -- R1)) Usr [12] 
Uca++ = IR2 Usr++ [13] 

Uptake of CaL and SrL were determined by subtracting the calculated 
v a l u e s  f o r  Uca++ a n d  Usr++ f r o m  U c a  a n d  U s r .  

R E S U L T S  A N D  D I S C U S S I O N  

The calculated concentrations of Ca ++, CaL, Sr++, and SrL in so- 
lution for the treatments used in this research are shown in Table 1. 

T A B L E  1 

Equ i l i b r i um concen t r a t i ons  (tzM) of Ca ++, CaL,  Sr ++, and  SrL  in the  solut ions used 

L/CaT CaT SrT LT CaL S rL  CaL /S rL  Ca ++ St++ Ca++/Sr ++ 

E D T A  

3.0 250.0 2.50 750.0 250.0 2.50 100 

1.0 250.0 2.50 250.0 248.6 1.34 186 1.4 1.16 1.25 

0.9 250.0 2.50 225.0 224.9 0.13 1720 25.1 2.37 10.61 

0.7 250.0 2.50 175.0 175.0 0.035 4937 75.0 2.46 30A4 

0.5 250.0 2.50 125.0 125.0 0.015 8160 125.0 2.48 50.31 

--  25.1 2.37 0.0 -- -- -- 25.I  2.37 10.61 

- -  75. I 2.46 0.0 -- --  --  75.1 2.46 30.44 

- -  125.0 2.48 0.0 -- -- -- 125.0 2.48 50.31 

D T P A  

3.0 250.0 2.50 750.0 250.0 2.50 100 

1.0 250.0 2.50 250.0 247.8 2.19 113 2.2 0.31 6.99 

0.9 250.0 2.50 225.0 224.1 0.87 257 25.9 1.63 15.88 

0.7 250.0 2.50 175.0 174.7 0.31 558 75.3 2.19 34.55 

0.5 250.0 2.50 125.0 124.9 0.14 862 125.1 2.36 53.14 

- -  25.9 1.63 0.0 -- -- -- 25.9 1.63 15.88 

-- 75.3 2.19 0.0 -- -- -- 75.3 2.19 34.55 

- -  125.1 2.36 0.0 --  -- --  125.1 2.36 53.14 

- -  250.0 2.50 0.0 -- -- -- 250.0 2.50 100.00 

The total Ca and total  Sr absorbed, their ratio, and the mean rates 
of uptake of Ca and Sr by the tomato plants over the two-day 
uptake period are given in Table 2. Since there was variation in 
mean plant size, uptake rate per cm of root rather than total 

uptake was used to compare treatments. Calcium uptake rate de- 
creased as L increased where CaT remained constant. This decrease 
was greater with EDTA than with DTPA. These results indicate 
that  CaL was less available than Ca++. 

Comparisons between chelate-free solutions and chelate-contain- 
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T A B L E  2 

T o t a l  a n d  r a t e  of Ca a n d  Sr  u p t a k e  b y  t o m a t o  p l a n t s  as a f f e c t e d  b y  che l a t e  t r e a t m e n t s  

L / C a T  Ca u p t a k e  Sr  u p t a k e  C a / S r  

T o t a l  R a t e  T o t a l  R a t e  
m o l e s / p o t  moles  e m  -1 see -1 ~ m o l e s / p o t  moles  c m  -1 see -1 

X 1014 X 10 t6 

E D T A  

3.0 2.24 0.36 

1.0 63.41 6.22 

0.9 82.93 6 .85 

0.7 98 .02  8.07 

0.5 102.00 9.51 

N o L  (0.9) * 35.73 2.90 

N o L  (0.7) 54.89 6.56 

N o L  (0.5) 133.60 9.40 

S~ 9.20 0.60 

D T P A  

3.0 51 .44  4.15 

1.0 63 .72  6.95 

0.9 60.06 7.73 

0.7 82.01 7.83 

0.5 81.38 8.60 

N o L  (0.9} * 23 .20  2.01 

N o L  (0.7) 42.57 6 .02 

N o L  (0.5) 100.15 8.07 

N o L  114.32 10.00 

S~ 7.67 0.39 

.04 0.69 52.3 

1.67 16.45 37.9 

1.68 14.14 48.9 

1.59 13.15 61.4 

1.38 12.90 73.5 

3.22 26 .22  11.1 

1.81 21.77 30.1 

2.65 18.66 50.4 

.16 1.82 - -  

1.00 8.10 51.0 

0.70 7.64 90.7 

0.59 7.66 93.0 

0.84 8.00 97.6 

0 .82 8.79 98.1 
1.42 12.40 16.3 

1.19 16.80 35.7 
1.86 15.05 53.6 

1.10 9.72 102.8 

.16 1.1 - -  

* No  che la te ,  Ca ++ a n d  Sr  ++ c o n e e n t r a t i o n s  the  s a m e  as Ca ++ a n d  Sr ++ c o n c e n t r a t i o n s  

in  i n d i c a t e d  che l a t e  t r e a t m e n t s .  

ing solutions where Ca ++ concentrations were the same indicate 
that, adding CaL increased Ca uptake rate for both chelates. This 
increased uptake rate from the chelate indicates a source of Ca 
available to the plant other than the Ca ++ present in solution in- 
itially. 

T h e  Ca/Sr ratio in plants grown in chelate-free solutions was ap- 
proximately the same as the Ca/Sr ratios in the culture solution 
(Tables 1 and 2) confirming the nondiscriminatory absorption of Ca 
and Sr by  tomato plants. However, the Ca/Sr ratio in plants grown 
in the EDTA and DTPA containing solutions fell between the Ca++/ 
Sr ++ and CaL/SrL ratios initially in the solution. These ratios can 
be explained by  assuming absorption of Ca from CaL as well as 
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from Ca ++ and Sr from SrL as well as Sr++. This agrees with the 
observation that adding CaL to solutions of Ca++ increased Ca 
uptake. It  may also be noted that adding CaL increased uptake 
less than from adding an equivalent amount of Ca++. 

Calcium may be supplied to the root from CaL either by  ab- 
sorption into the root directly as CaL or as absorption of Ca ++ 
after it is released into solution from CaL. When the root absorbs 
Ca ++, the initial equilibrium will be upset, some CaL will dissociate 
giving Ca++ and L x-, and the system readjusts to a new equilibri- 
um. However, if only Ca++ absorption occurs the proportion of L 
to Ca in solution will increase, and a greater proportion of the re- 
maining Ca will be in the CaL form. This shift in equilibrium may 
be viewed as competition between the ligand and the plant root 
for the Ca++ in solution. With a greater proportion of L to Ca less 
Ca++ will be present in solution and its uptake will be reduced. 
When the root also absorbs CaL directly it does so at a slower rate 
than Ca ++ so that  the total rate of Ca uptake (Ca ++ plus CaL) is 
reduced. 

When EDTA and DTPA treatments are compared, the rate of 
Ca uptake with DTPA was much greater than with EDTA, particu- 
larly where L/CaT was three and essentially all Ca was as CaL. This 
large difference cannot be explained solely on the basis of ligand- 
plant root competition for Ca++ because CaDTPA has a higher 
formation constant (7.76 × 101°) than CaEDTA (7.08 × 101°), 
thus higher not lower rates of Ca uptake would be expected with 
EDTA. A higher formation constant provides more competition 
with the plant root for Ca. The greater uptake of Ca from DTPA 
than EDTA treatments can most logically be explained by  as- 
suming direct uptake of CaL and a faster absorption rate for 
CaDTPA than CaEDTA. This does not rule out some absorption 
of Ca++ after it is released from CaL. 

Comparison between Ca++/Sr++ and CaL/SrL ratios at the be- 
ginning of the experiment (Table 1) and those at the end of the ex- 
periment (Table 4) shows that in most cases the ratios decreased. If 
the plants absorbed only Ca++ and Sr++, both that  initially in so- 
lution and that which dissociated from the chelate, the Ca/Sr ratio 
of uptake should have been between the initial and final Ca++/Sr++ 
ratios in solution. Actually the Ca/Sr ratios of uptake were much 
greater indicating that CaL and SrL must have been absorbed. 
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TABLE 3 

Uptake rates of Ca ++, CaL, Sr ++, and SrL based on their ini t ial  concen- 
t ra t ion in the culture solution 

Uptake,  moles cm -1 see -1 

L/CaT Ca++ CaL Sr ++ SrL 
× 1014 × 1014 x 1016 X 1016 

E D T A  

1.00 0.15 6.07 13.18 3.27 

0.90 1.46 5.38 13.82 0.32 
0.70 3.98 4.09 13.06 0.08 
0.50 6.47 3.04 12.86 0.04 

D T P A  

1.00 0.11 6.83 1.61 6.03 
0.90 0.83 6.90 5.21 2.45 
0.70 2.42 5.41 7.04 0.96 
0.50 4.41 4.19 8.30 0.49 

TABLE 4 

Mean uptake rates of Ca++, CaL, Sr++, and SrL and Ca++/Sr ++ and CaL/SrL ratios at  
the end of the experiment  as influenced by  rate  of addit ion of two chelates 

L/CaT Uptake rate * Final cul tural  
(moles cm-1 sec-1) of solution rat io of 

Ca ++ CaL St++ SrL Ca++/Sr ++ CaL/SrL 

X 1014 X 1016 

E D T A  

1.0 0.13 6.10 12.5 4.0 0.78 126 
0.9 0.79 6.06 13.4 0.7 0.24 860 
0.7 3.92 4.15 13.1 0.1 29.5 4857 
0.5 6.53 2.98 12.9 0.04 51.4 8248 

D T P A  

1.0 0.06 6.89 1.02 6.62 5.8 95 
0.9 0.86 6.87 5.29 2.37 16.3 265 
0.7 2.21 5.62 6.91 1.09 32.0 517 
0.5 4.03 4.57 8.22 0.57 49.0 795 

* Calculated using the means of the Ca++/Sr ++ and CaL/SrL ratios at  the beginning 
and end of the experiment.  

Uptake rates 
Uptake of Ca and Sr apportioned into that  absorbed as the 

chelated and unchelated forms is given in Table 3. The values 
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represent the amount of each that had to be absorbed from the 
initial solutions to account for the Ca/Sr ratio in the plant. The 
uptake values of Table 2 were used to calculate the amount of L, 
CaT, and SrT remaining in the culture solution at the end of the ex- 
periment and from these values, CaL/SrL and Ca++/Sr++ ratios in 
solution at the end of the experiment were calculated. The mean of 
the ratios at the beginning and end of the experiment were used to 
calculate the mean uptake rates of CaL, SrL, Ca ++, and Sr++ given 
in Table 4. These calculated values show that uptake of CaDTPA 
was much greater than ¢aEDTA. Using C14-1abelled chelates, Hi l l -  
C o t t i n g h a m  and L l o y d - J o n e s  4, also found differences in uptake 
between chelates when they compared EDTA and E D H P A  (ethylene- 
bis-(orthohydroxyphenylacetic acid)). 

When the rates of uptake are compared at L/CaT of 0.5, where 
initial CaL and Ca ++ concentrations were approximately equal, the 
uptake rate of CaEDTA was 0.47 o f t h e  uptake rate of Ca++. The 
uptake rate of CaDTPA was 0.95 the uptake rate of Ca++, reflecting 
the higher availability of CaDTPA. Uptake rates of CaL will be 
influenced by the levels ol Ca ++ present and vice versa. 

Since the level of Sr in the system was 0.01 the level of Ca and, 
because Ca was chelated perferentially to Sr, the rates of Sr uptake 
were influenced by  changes in Ca++ and CaL levels in solution. How- 
ever, since we have assumed that the plant does not differentiate 
between Ca++ and Sr++ or between CaL and SrL the relative availa- 
bility of Sr++ and SrL should be the same as for Ca ++ and CaL. 

The use of double labelling of Ca and Sr with Ca 45 and SrS5 and 
the measurement of the Ca/St ratio of Ca and Sr absorbed has 
shown that plant roots absorbed chelated as well as unchelated 
forms. It  also showed that the chelated forms were absorbed more 
slowly than unchelated forms. This method of measurement also 
showed a difference between chelate ligands in their relative rates 
of absorption by  the root. This procedure may be used to investi- 
gate other ligands and s tudy the relation of ligand type to its rate 
of absorption. The procedure can also be used to s tudy differences 
between plant species. This should offer an opportunity to de- 
termine the basic nature of the mechanism by which chelates affect 
nutrient absorption rates by plant roots. 

Received December 19, 1972 
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