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MOVEMENT OF TRACE ELEMENTS IN SOILS 
USING THIN-LAYER CHROMATOGRAPHY 

R. P. Singh, S. K. Saxena*, and K. Kumari** 
Section of Plant Pathology and Nematology 

Department of Botany 
Aligarh Muslim University 

Aligarh 202001. India 

ABSTRACT 

The e f f e c t  of  pH, o r g a n i c  m a t t e r ,  a u t o c l a v e d  soil, 
C a C O 3  and e x t r a c t s  o f  t h e  d i f f e r e n t  o i l - c a k e s  on t h e  m o b i l i t y  
o f  t r a c e  e l e m e n t s  b y  ernployinb s o i l  t h i n - l a y e r  chromatographic  
t e c h n i q u e  h a s  been s t u d i e d .  Removal of o r g a n i c  m a t t e r  from 
t h e  s o i l  i n c r e a s e s  t h e  movement of t r a c e  e l e m e n t s .  S i m i l a r l y ,  
w i t h  t h e  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  o i l - c a k e   extract.^ t h e  

m o b i l i t y  of t r a c e  e l e m e n t s  i n c r e a s e d .  However, a u t o c l a v l n g  t h e  
soil o r  a d d i t i o n  o f  C a C 0 3  i n c r e a s e s  t h e  f r o n t a l  Bi v a l u e s  o f  
c e r t a i n  t r a c e  e l e m e n t s  and n o t  t h a t  o f  o t h e r s .  

I N T R O n U C T I O N  

The r o l e  of t r a c e  e l e m e n t s  on t h e  growth of p l a n t s  h a r d l y  

need emphasised.  T h e i r  a v a i l a b i l i t y  t o  p l a n t s  i s  b e i n g  i n f l u e n c e d  

Author  t o  whom c o r r e s p o n d e n c e  and r e p r i n t  r e q u e s t s  s h o u l d  be 
addressed. 

Chemical  L a b o r a t o r i e s ,  F a c u l t y  of E n g i n e e r i n g  EL Technology,  
A l i g a r h  Muslim U n i v e r s i t y ,  I l i g a r h - 2 0 2 0 0 1  ( I n d i a ) .  
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1320 SINCH, SAXENA, AND KUMARl 

by a number of f a c t o r s  (8). 

S i n a h a 1  e t  a l .  (12)  have provided  e v i d e n c e  t h a t  m o b i l i t y  o f  

t r a c e  e l e m e n t s  and t h e i r  a v a i l a b i l i t y  t o  p l a n t s  a r e  g r e a t l y  

i n f l u e n c e d  by  t h e  presence  o f  d i f f e r e n t  s a l t s  and o r g a n i c  

m a t t e r  e t c .  i n  t he  s o i l .  The u s e  of o i l - c a k e s  which ere 

r i c h  in o r g a n i c  m a t t e r  f o r  c e r t a i n  cash c r o p s  h a s  become v e r y  

common p r a c t i c e  t hese  d a y s .  S i m i l a r l y ,  p l a n t s  are  grown i n  

soil w i t h  d i f f e r e n t  pH and h a v i n g  s a l t s  l i k e  CaC03. Moreover, 

i n  g l a s s  house  c o n t r o l  e x p e r i m e n t s  t h e  s o i l  I s  n a t u r a l l y  a u t o -  

c l a v e d .  The i n f o r m a t i o n  on the  e f fec t  of a l l  t h e s e  f a c t o r s  on 

t h e  m o b i l i t y  o f  v a r i o u s  t r a c e  e l e m e n t s  i s  meagre. Hence, i n  

t h e  p r e s e n t  s t u d i e s  an a t t e m p t  h a s  been made t o  d e t e r m i n e  t h e  

3 e f f e c t  o f  pH, o r g a n i c  matter,  a u t o c l a v i n g ,  p e r c e n t a g e o f  CaCO 

and amenfled w i t h  d i f f e r e n t  o i l - c a k e s  on t h e  m o b i l i t y  of  Cu2+, 

co2+,  N i 2 + ,  Mn2* and Zn2+ i n  t he  s o i l  w i t h  a view t h a t  the  

i n f o r m a t i o n  so o b t a i n e d  n i g h t  h e l p  i n  managlng t h e  f i e l d  f o r  

p r o p e r  f e r t l l i z e r  requi rements .  

Recent ly ,  S i n g h a l  anrl Singh ( 1 3 )  and 

MATERIALS AND METHODS 

The impor tan t  p r o p e r t i e s  of t h e  Ganga W a r l i r  s o i l  t y p e  I 

(0-30 cm) o f  the  A l i g a r h  d i s t r i c t  t h a t  h a s  been  used i n  t h e  

p r e s e n t  e t u d i e s  were as  under: 

Sand = 32.30$; s i l t  = 57.56%; c l a y  - 10.06%; pH - 9.0; e l e c t r i c a l  

c o n r l u c t i v i t y  = 2.3 x 10 

9.0 m . e . / i O O  g so i l ;  o r g a n i c  matter = 0.266; CaCo 
3 d e n s i t y  = 1.28 g/cm and p o r o o i t y  = 50.76. 

-4 m mhos/cm; c a t i o n  exctmge c a p a c i t y  = 

3 = 8.85%; b u l k  

B.D.H. A n a l a r  pure  c h e m i c a l s  w e r e  used t h r o u g h o u t  t h e  

s t u d i e s .  The trace e l e m e n t s  s o l u t i o n s  (O.IM) w e r e  p repared  
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TRACE ELEMENTS IN SOILS 1321 

by dissolving r e q u i s i t e  amount c p s u l p h a t e s  of Cu2+, Co2+, N i 2 + ,  

Mn and Zn . Aqueous 1% potass ium f e r r o c y n i d e  was used  a s  

d e t e c t i n 8  C Z t  , 1% d i p h e n y l  c a r b a z i d e  i n  a l c o h o l  f o r  Mn 

Zn2+ and 0.14 a l c o h o l i c  d i m e t h y l  g l y o x i a e  in ammonia f o r  N i  

and Co ( 1 2 ,  13) .  

2+ 2+ 

2 +  and 
2+ 

2+ 

The s o i l s  w i t h  p a r t i c l e  s i z e  100 mesh <150 m p w a s  used 

a s  a d s o r b e n t  phase.  F o r  d e t e r m i n i n g  t h e  e f f e c t  of o r g a n i c  

m a t t e r  on t h e  m o b i l i t y ,  t h e  soil was t r e a t e d  w i t h  30% H202 ( 2 , 9 ) .  

The soil was autoc laved  t o  d e t e r n i n e  t h e  e f f e c t  of a u t o c 1 a v i n g .  

To t h e  n a t u r a l  s o i l  (which c o n t a i n s  8 .85  g CaC03) 6.15  g CaC03 

was added in o r d e r  t o  make t h e  C o n c e n t r a t i o n  of CaC03 as  1 5  per 

c e n t .  The d i s t i l l e d  water was u s e d  as d e v e l o p e r  f c r t h e  s t u d i e s ,  

w h i l e  f o r  d e t e r m i n i n g  t h e  e f f e c t  o f  pH, d i s t i l l e d  w a t e r  w i t h  

o r i g i n a l  pH and pH a d j u s t e d  t o  4 and 10 w i t h  0 . l N  H C l  and 0 . l N  

NaOH was used a s  d e v e l o p e r .  In t h e  s t u d i e f i  d e a l i n g  w i t h  t h e  

e f f e c t  of o i l - c a k e s  n a t u r a l  soil s l u r r i e s  were prepared  b y  a d d i n g  

I00 g soil w i t h  100 m l  o f  15, 3% and 5% e x t r n c t s  o f  t h e  c a s t e r ,  

groundnut  and neem c a k e s  s e p a r a t e l y .  I l l s t i l l e d  w a t e r  was used 

a s  d e v e l o p e r .  In a n o t h e r  set o f  e x p e r i m e n t s  n a t u r a l  s o i l  and 

soil w i t h o u t  o r g a n i c  m a t t e r  were used a s  a d s o r b e n t s  and 

I$, 3s and 5% e x t r a c t s  of  o i l - c a k e s  were used a s  d e v e l o p e r s .  

Glass p l a t e s  (20 x 20 cm) were c o a t e d  w i t h  the soil 

s lu r r i e s  t o  a t h i c k n e s s  of  0 . 5  mm w i t h  t h e  h e l p  o f  t h e  TLC 

a p p l i c a t o r  and w e r e  a l lowed t o  a i r  d r y  a t  room t e m p e r a t u r e .  

Two l t n e s  a t  3 and 13 cm above t h e  b a s e  w e r e  s c r i b b l e d  so 

t h a t  t h e  s t a n d a d  development  d i s t a n c e  of 10 c m  was used  on 

a l l  t h e  p l a t e s  ( 1 0 , l l ) .  The s o l u t i o n s  o f  t race e l e m e n t s  w e r e  

a p p l i e d  on t h e  p l a t e s  a s  s p o t s  u s i n g  Lambda p i p e t t e  a t  a h e i g h t  

of  3 c m  from t h e  b a s e .  The s p o t s  were d r i e d  a t  room t e m p e r a -  
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SMCH, SAXENA, AND KUMARl 1322 

t u r e  and t h e n  p l a t e s  were developed i n  t h e  g l a s s  t a n k s  w i t h  

d i s t i l l e d  w a t e r  and e x t r a c t s  of  o i l - c a k e s  a s  ment ioned above 

upbo a upper  l i n e  by  a s c e n d i n g  chromatography.  Vet s t r i p s  

of f i l t e r  p a p e r  about  2.5 cm wide  were wrapped around t h e  

bot tom of  t h e  p l a t e s  t o  prevent  t h e  d i s i n t e g r a t i o n  of t h e  moil 

l a y e r  w h i l e  it comes i n  c o n t a c t  w i t h  t h e  d e v e l o p e r s .  The 

developed p l a t e s  were a i r  d r i e d  a t  room t e m p e r a t u r e  and t h e  

m o b i l i t y  of t r a c e  e l e m e n t s  was d e t e c t e d  b y  s p r a y i n g  t h e  s i i i t a h l e  

d e t e c t o r s  ( i 2 , l 3 ) .  

H e l l i n g  and T u r n e r  ( 5 )  and t l e l l i n g  ( 6 )  were measured. 

The f r o n t a l  Rf v a l u e s  us recommended hy 

RESULTS AND DISCUSSION 

nevelopment o f  t r a c e  e l e m e n t s  n ? u t s  on t h e  soil TLC 

p l a t e s  w i t h  d i s t . i l l e d  w a t e r  r e s u l t e d  t a i l i n g s  and l a t e r a l  

movements. Tn a u t o c l s v e d  s o t 1  t h e r e  w a s  an i n c r e a s e  in t h e  

f r o n t a l  Rf v u l u e s  of X i 2 +  and Co2+ and s l i g h t  d e c r e a s e  o f  Zn2+ 

und Mn as compare t o  n a t u r f t l   oil ( t a h l e  1). Vhen t h e  o r g a n i c  

m a t t e r  f r e e  s o i l  was used a s  nn a d s o r b e n t  t h e  m o b i l i t y  of  a l l  t h e  

t r a c e  elementn i n c r e a s e s .  T h i s  s u g g e s t s  t h a t  t h e  p r e s e n c e  of o r g a n i c  

m a t t e r  i n  t h e  s o i l  may prevent  l e a c h i n g  o f  t r a c e  e l e m e n t s .  

However, CaC03 added soil was used a s  e t a t i c  phase,  t h e  m o b i l i t y  

of  Cu2*, Co2+ and N i 2 *  i n c r e a s e s  w i t h  d e c r e a e e  i n  Mn2* and Zn2*. 

The d e c r e a e e  i n  f r o n t a l  Rf v a l u e s  of Mn2+ aml en2+ coulf l  be due 

t o  t h e  f a c t  t h a t  t h e s e  i o n s  g e t  f i x e d  o v e r  t he  s u r f a c e  of CaC03 

as sugges ted  by  Boischot  and Durroux ( I )  and Throne (14).  

L e e p e r  (7)  have a l s o  p o s t u l a t e d  t h a t  CaCO 

a d s o r b e n t  o f  heavy m e t a l e .  T h e r e f o r e ,  t h e s e  s o i l s  need f o r t i -  

f i c a t i o n  w i t h  Zn and Mn . Vhen t h e  n a t u r a l  soil was used a s  

a n  a d s o r b e n t  and d i s t i l l e d  w a t e r ,  pH 4 and pH 10 s o l u t i o r s  a s  

d e v e l o p e r  t h e  m o b i l i t y  of a l l  t h e  t r a c e  e l e m e n t s  i n c r e a s e d .  

2+ 

may a c t  a s  s t r o n g  3 

2+ 2+ 
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TRACE ELEMENTS IN SOILS 1323 

TABLE 1 

E f f e c t  o f  Autoclaved Organic  M a t t e r ,  Calcium Carbonate  and pH 
on t h e  Ri Values  of  Trace  E l e m e n t s ,  

1 1 I 1 I v 
Trace  N a t u r n l  Auto- Soil 6.15 R PA lirr 

4 10 e l e m e n t s  soil not  c l a v e d  w i t h o u t  CaC03 
arlded I n  
1r-m g 
n a t u r a l  
soil 

a u t o -  s o i l  
c l a v e d  m a t t e r  

cu++ 0 .oo 0 .oo 0.14 0.12 0.06 0.05 

GO++ 0.10 0.13 0.13 0.15 0.28 0.17 

N i + +  0.11 0.13 0.15 0.19 0.26 0.15 

Mn ++ 0.15 0.11 0.16 0.12 0.30 0.14 

Zn++ 0.11 0.11 0.13 0.10 0.18 0.10 

T A B U  2 

Effec t  on t h e  R Values  of  Trace  E l e m e n t s  When D i f f e r e n t  C o n c e n t r a t i o n s  
of Oil Cake E x t r a c t s  U R e d  a s  D e v e l o p e r s  i n  N a t u r a l  Soil. 

f 

1 I I 

Trace  C a s t o r  c a k e  Groundnut c a k e  Neem c a k e  
e leme n t II e x t r a c t  s e x t r a c t s  e x t r a c t  s 

i n  p e r c e n t a g e  i n  p e r c e n t a g e  i n  p e r c e n t a g e  

1 3 5 1 3 5 1 3 5 
1 t 1 f t t 

cu ++ 0.10 0.11 0.15 0.11 0.12 0.16 0.07 0.10 0.15 

co++ 0.13 0.19 0.25 0.14 0.27 0.30 0.11 0.14 0.23 

N i + +  0.16 0.32 0.38 0.17 0.35 0.48 0.15 0.20 0.36 

Mn+* 0.16 0.14 0.22 0.16 0.24 0.26 0.15 0.18 0.19 

Zn++ 0.12 0.14 0.20 0.12 0.14 0.16 0.12 0.13 0.15 
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1324 SINGH, SAXENA, AND KUMARI 

TABLE 3 

E f f e c t  on t h e  Ri Values of Trace Elements Vhea D i f f e r e n t  Conaentra- 
t i o n s  of Oil Cake B x t r a c t s  were Used a s  Developers on Soil havine; 
no Organic Mntter. 

Trace Cas to r  cake ' Groundnut cake Neem cnke 
e lements  e x t r a c t s  e x t r a c t s  e x t r a c t  s 

i n  percentage i n  percentage i n  percentage 
I I I t 1 

1 1 

I 3 1 5  1 3 5 1 3 5 

C U + +  0.06 0.08 0.10 0.18 0.38 0.44 0.13 0.30 0.34 

0.18 0.20 0.35 0.21 0.25 0.48 0.24 0.32 0.35 CO 

Ni** 0.21 0.35 0.41 0.24 0.41 0.72 0.29 0.39 0.45 

++ 

++ 
Mn 0.19 0.21 0.22 0.18 0.22 0.38 0.14 0.20 0.23 

Zn 0.14 0.16 0.10 0.16 0.20 0.33 0.18 0.23 0.25 *+ 

TABLE. 4 
E f f e c t  on t h e  R Values of Traee Elements When Q i f f e r e n t  Concentra- 
t f o n s  of Oil Cake E x t r a c t s  were Mixed w i t h  Na tu ra l  Soil and 
r ) i s t i l l e f i  Water a s  Developer. 

f 

r r 1 
Trace Cns tor  cake Groundnut cake Neem cake 
element s e x t r a c t s  e x t r a c t 8  ex t  r a c t  s 

i n  percentage f n  percentage in perceatnge 
1 1 r 

1 3 5 1 3 ' 3  i 3 5 

CU++ 0.10 0.11 0.13 0.06 0.05 0.04 0.06 0.09 0.13 

co** 0.10 0.13 0.14 0.14 0.13 0.12 0.11 0.14 0.15 

N i * +  0.14 0.16 0.22 0.14 0.13 0.12 0.11 0.15 0.16 

Mn++ 0.10 0.10 0.13 0.i6 0.13 0.12 0.11 0.11 0.13 

Zn 0.09 0.10 0.11 0.11 0.10 0.10 0.10 0.12 0.13 
*+ 

T A B U  5 
pH of t he  BXtraCtR of O i l  Cakes Used a s  Developers and Adsorbents. 

Ext r a c t  s Percentage of e x t r a c t s  
1 

t 1 

1 3 5 
Castor  6.50 6.30 6.20 
Groundnut 4 .SO 5.00 5.40 
Neem 6.80 6.60 6.40 
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TRACE ELEMENTS IN SOILS 1325 

The maximum movement o f  a l l  t h e  t r a c e  e l e m e n t s  was o b s e r v e d  

a t  pH 4. 

a s  f o l l o w s r  Mn 

t o  t h e  f a c t  t h a t  pH of t h e  s o l u t i o n  i n f l u e n c e  t h e  a d s o r p t i o n  (4). 

n o n e r  ( 3 )  a l s o  r e p o r t e d  t h a t  t h e  C 1 -  I o n s  i n c r e a s e s  the  r a t e  of 

m o b i l i t y  o f  N i 2 + ,  Cu2' and Cd2* t h r o u g h  s o i l .  

much s t r o n K e r  than  o t h e r  t r a c e  metals. 

The o r d e r  o f  f r o n t a l  Rf  Values  o f  t r a c e  e l e m e n t n  a r e  
2+ > C o 2 + > N i 2 + >  Zn2*) Cu2+. T h i s  s i t u a t l o n  i r  due 

Copper  was he ld  

I n  n a t u r a l  s o i l  o i l - c a k e s  a s  ( t a h l e  2) ,  b y  and l a r g e  

b r o u g h t  about  an i n c r e a s e  i n  t h e  m o b i l l t y  of t r a c e  e l e m e n t e .  

An i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of  t h e  e x t r a c t s  brouRht  about  

a c o r r e s p o n a i n e  i n c r e a s e  i n  the  m o b i l i t y  o f  t h e  e l e m e n t s .  

Removal of o r g a n i c  m a t t e r  ( t a b l e  3 )  f u r t h e r  i n c r e a s e d  t h e  

m o b i l i t y .  O u t  of t h e  t h r e e  oi l -ccike e x t r a c t s  used o p t i m a l  

movement was observed i n  groundnut  e x t r a c t  fol lowed by C a s t o r  

and neem. TheRe d i f f e r e n c e s  may p a r t l y  be  due t o  t h e  fact  

t h a t  groundnut  e x t r a c t  h a s  much lower  pH a s  compared t o  t h e  

rematnine;  two e x t r a c t s  ( t a b l e  5 )  i n  a d d i t i o n  t o  o t h e r  f a c t o r s .  

When o i l - c a k e  e x t r a c t s  were Used as  an a d s o r b e n t  w i t h  

n a t u r a l  s o i l  ( t a b l e  4) and d i s t i l l e d  w a t e r  a s  d e v e l o p e r ,  there 

was an i n c r e a s e  i n  t he  m o b i l i t y  o f  t r a c e  e l e m e n t s  o n l y  i n  

c a s t o r  and neem cake  e x t r a c t s .  Groundnut  c a k e  e x t r a c t ,  how- 

e v e r ,  b rought  about  r e d u c t i o n .  These d i f f e r e n c e s  may be 

a t t r i b u t e d  t o  the  v a r i a t i o n  I n  t h e  pH v a l u e s  of t he  t h ree  

o i l - c a k e  e x t r a c t s .  T h e r e f o r e ,  it a p p e a r s  t h a t  a d d i t i o n  o f  

o i l - c a k e s  t o  t h e  s o i l  In  a way i n c r e a s e s  t h e  m o b i l i t y  o f  t r a c e  

e l e m e n t s  i n  soil, t h e r e b y  i n c r e a s i n g  t h e i r  a v a i l a b i l i t y  t o  

p l a n t s .  T h i s  might  be one o f  the r e a s o n s  t h a t  in o i l - c a k e  

amended soil the p l a n t s  seldom s u f f e r  Sroa d e f i c i e n c y  symptomm. 
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