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( ? % .  S A R ^ ^ A M A T H )

2.

(G . S. DASOCJ) 

M E L l)

(S. M. HIREMATH)



A f f e c t i o n a t e l y  d e d i c a t e d

T o

i V I y  B e l o v e d  P a r e n t s



ACKNOWLEDGEMENT

I ex p re ss  m y  heartfelt gratitude and in d e lib le  in d eb te d n ess  to  Dr. B. B asavaraj,  

A ssis ta n t P rofessor , departm ent o f  S o il S c ie n c e  and A gricultural C h em istry  and chainp.an o f  

m y  a d v iso ry  co m m ittee ,  for the gen eration  o f  the  im p etu s  for this w ork  and for  h is  

su b seq u en t insightfu l su g g es t io n s ,  gu id a n ce ,  l iv e ly  en co u ra g em en t,  co n stru c tiv e  cr it ic ism  c o ­

operative  a ss is ta n ce  at e v e iy  s tage  o f  th is  work.

1 greatly  a c k n o w le d g e  Dr. P. A . Sarangm ath, P rofessor  and H ead , D epartm en t o f  S o il  

S c ie n c e  and agricultural chem isti'y  for h is  v a lu a b le  gu id a n ce ,  im m e n s e  in terest and for  h is  

kind  and  und erstand in g  nature.

I ex ten d  m y  s incere  gratitude to Dr. G. S. D a so g ,  P ro fesso r  o f  S o il  S c ie n c e  and  

Agricultural c h e m is t iy ,  w h o  has o ffere d  critical c o m m en ts  and s u g g es t io n  regard ing  m y  

research w ork  and im p ro v em en t  o f  the th esis .

I am greatly  in d eb ted  to Dr. S. M . H irem ath , A s s o c ia te  P ro fesso r  o f  C rop P h y s io lo g y  

and Dr. S. S. M e li ,  P ro fesso r  and H ead, D ep a itm en t  o f  A g r o n o m y , w h o ,  as a m e m b e r  o f  m y  

ad v isory  co m m itte e  o ffered  v a lu a b le  su g g est io n  and g en ero u s  a ss is ta n ce  during the study.

1 a lso  o w e  m y  s in cere  thanks to D r .J .H .K u lk a m i,  P rofessor  and H ead , D e p a itm en t  o f  

M ic r o b io lo g y ,  Dr. H. M. M anjunathaiah , P ro fesso r  o f  S o il S c ie n c e  and A gricultural  

Chem isti'y , Dr. T .B . B haram agoudar, A s s o c ia te  P ro fesso r  o f  so i l  S c ie n c e  and A gril.  

C h em istry , Dr. H. T. C hannal, A s s o c ia te  P ro fesso r  o f  S o il  S c ie n c e  and A gril.  C h em istry  and  

Dr. C. M . P o lesh i and Dr. B . M . H irekum bar, A s s o c ia te  P ro fesso r  o f  S o il  S c ie n c e  and A gril.  

C h em istry , Mr. A. R. S. B hat for their im m e n s e  care, interest, su g g e s t io n s  and a ss is ta n ce  at 

critical s tages  o f  th is  study.

It is  a great p leasure  to  p la c e  o n  record  m y  p ro fo u n d  s e n s e  o f  gratitude and  

in d eb te d n ess  to  Srinidhi, R enukaprasanna, Mr. Praveen  G oroji, Mr. Prakash, Mr. Patagar, 

Sint. Raikar and all the staffs  for their su g g es t io n s  and a ss is ta n ce  and h elp  during the co u rse  

o f  m y  research.

M y  untold  sen se  o f  lo v e  and gratitude to m y  parents for their b le s s in g s  and e n d le ss  

en cou ragem en t b y  m y  sister and grandm other for their e n d le ss  en co u r a g e m en t  . 1 am



o v e r w h e lm e d  w itli  s in cere  fe e l in g s  o f  in d e b te d n ess  to  A n il  for  h is  h e lp  and co -o p era tio n  at 

critical s ta g es  o f  th is in vestiga tion .

1 can't fo rg et  m y  c o l le a g u e s  S halin i,  Suresh , H arikrishna, L o k esh , B h a n d i,  A sh o k ,  

H ariyappa, K ad em an i, m y  sen o ir  J .S .N agaraj and C h a n n a k esh a v a  and m y  ro o m m a tes  R een a  

and Prita and other ju n io rs  for  their  ch eerfu l en co u ra g e m en t  and t im e ly  h e lp  at d ifferen t  

p h a ses  o f  the research.

1 gratefu lly  a c k n o w le d g e  the rece ip t  o f  f in anc ia l h e lp  by  Indian C o u n c il  o f  

A gricultural research.

F in a lly , 1 ex p re ss  sp ec ia l thanks to Arjun, S y e d  and K arem ani for  ty p in g  this  

m anuscrip t and fe e d in g  the data in co m p u ter  and g iv in g  the sa m e  at right tim e.

D h arw ad

A u gu st , 2 0 0 0  (R e sh m i Sarkar)



CONTENTS

C H A P T E R  N O . T I T L E P A G E  N O .

1. I N T R O D U C T I O N 1-3

II. R E V I E W  O F  L I T E R A T U R E 4 - 1 8

111. M A T E R I A L  A N D  M E T H O D S 1 9 - 2 6

IV , E X P E R I M E N T A L  R E S U L T S 2 7 - 5 3

V . D I S C U S S I O N 5 4 - 6 8

V I. S U M M A R Y 6 9 - 7 2

V II . R E F E R E N C E S 7 3 - 8 1

A P P E N D I C E S

.................................. ......... _  .



LIST OF TABLES

l a b l e  T itle  Page

N o . N o .

1. Details o f  the experiment 2

2. Basic characterisation o f  soils o f  three different places 28

3. Iron, calcium and bicarbonate concentration in soils o f  three different locations 30

4. Characterisation o f  iron and calcium in soils o f  three different locations 33

5. Correlation study o f  dilTcrcnt parameters o f  surface samples 35

6 . Basic characterisation o f  soil o f  pot culture study 37

7. Dry matter yield o f  groundnut {Arachis h yp o g a ea  L.) as influenced by calcium 39

carbonate and moisture

8 . Changes in iron, calcium and bicarbonate concentration in soil solution after 41

the harvest o f  crop

9. Changes in different forms o f  iron oxides in soil after the harvest crop 44

10. Changes in available iron and calcium in soil after harvest o f  the crop 46

11. Concentration o f  calcium in plant an influenced by calcium carbonate and 49

moisture

12. Concentration o f  iron in plant as influenced by calcium carbonate and moisture 5 1

13. Uptake o f  calcium in plant as influenced by calcium carbonate and moisture 65

14. Uptake o f  iron in plant as influenced by calcium carbonate and moisture 67



LIST OF FIG URES

F ig u r e

N o .

T i t l e B e tw e e n

p a g e s

1. D istr ib u tion  o f  b icarb on ate  io n  in  p ro f i le  sa m p le s  o f  three  

lo ca t io n s

5 5 -^ 6

2. D istr ib u tion  o f  w a ter  so lu b le  iron  in p ro f i le  sa m p les  o f  three  

lo c a t io n s

5 6 - 5 7

3. D is tr ib u tio n  o f  free  c a lc iu m  carbonate  co n te n t  in  p ro f i le  sa m p le s  

o f  three lo ca t io n s

5 8 - 5 9

4. D is tr ib u tio n  o f  e x c h a n g e a b le  ca lc iu m  co n ten t in  p ro f i le  sa m p les  

o f  three lo ca t io n s

5 8 - 5 9

5. D istr ibution  o f  D T P A -  extractab le  iron in p ro fi le  sa m p les  o f  

three lo ca t io n s

5 8 - 5 9

6. C on cen tra tion  o f  b icarb on ate  ion  in so il  and con cen tra tion  o f  

iron  in  grou n dn u t kernel

6 2 -6 3

7. C o n cen tra tio n  o f  a v a ila b le  fo rm s  o f  iron  in so i l  as in f lu e n c e d  b y  

d ifferen t le v e ls  o f  C aC O s and m oistu re

6 5 - 6 6

8. In f lu en ce  o f  w a ter  so lu b le  c a lc iu m  in  so i l  o n  c a lc iu m  c o n ten t o f  

kernel u nder d if feren t l e v e ls  o f  C aC O s and m oistu re

6 7 -6 8

9. In flu en ce  o f  co n cen tra tio n  o f  iron  in  kern el o n  p o d  y ie ld 6 7 -6 8

10. Y ie ld  o f  p o d  and  iron uptake b y  kernel as in f lu e n c e d  by  

differen t le v e ls  o f  m o is tu re  and c a lc iu m  carbonate

6 7 -6 8



LIST OF PLATES

P la te

N o .

T i t le B e tw e e n

p a g e s

1. E f fe c t  o f  d if feren t le v e ls  o f  ca lc iu m  carbonate  at sa m e  m oistu re  

le v e l  (Saturation)

5 2 -5 3

2. In flu en c e  o f  d if feren t le v e ls  o f  m o is tu re  (7 5  % , 1 50  %  and 2 0 0  %  

o f  F .C )  at 2 0  per ce n t  o f  C a C 0 3

5 2 -5 3

3. A  gen era l v i e w  o f  the sy m p to m s  appeared  u nd er  d ifferen t  

treatm ents  w ith  three rep lica t io n s

5 2 -5 3





I. INTRODUCTION

Iron is th e  fourth m o s t  abundant e le m e n t  in the earth ’s crust, after o x y g e n ,  s i l ico n  

and a lum in iu m , w h e r e  i t ’s con cen tra tion  is 4 .7  per c e n t  (b y  w e ig h t) .  T h e  iron content,  

ex p re ssed  as p erc en ta g e  o f  FeaO^, m a k e  up o n e  to  s ix  per cen t  o f  m a n y  so ils ,  w h ich  is 

com parab le  to  sev e n  per cent in earth’s crust and o n e  to  se v e n  per cen t in  v a r io u s  rocks  

(B ear , 1 964) . Iron is  su b jected  to  in crea se  in  con cen tra tion  through  so il  d e v e lo p m e n t  

p ro c e s se s ,  as r e f lec te d  b y  co n ten ts  o f  10 to 15 per c e n t  in m a n y  so i l  c o l lo id s .  In L a to so ls  and  

L aterites, the F c 2 0 3  co n ten t is  freq u en tly  2 0  to  8 0  per cent. S o ils  co n ta in in g  h igher  

p ercen tages  o f  iron o x id e s  are ap p roach in g  tow ards  lo w  grade iron ore.

In plant, iron p la y s  a role in the sy n th e s is  o f  ch lo ro p h y ll ,  carbohydrate  production ,  

ce l l  respiration, ch e m ic a l  reduction  o f  nitrate and su lp h ate  and in N  a ss im ila t io n . Iron  

d e f ic ie n c y  sy m p to m s  appear on y o u n g e r  le a v e s  in d ica t in g  y e l lo w is h  in ter-veina l areas o f  

l e a v e s  (c o m m o n ly  referred  to  as iron  ch lo ro s is ) .  In c a se  o f  sev ere  d e f ic ie n c y ,  le a v e s  b e c o m e  

a lm o st  p a le -w h ite  d ue to  lo s s  o f  ch lo ro p h y ll .  In cerea ls ,  a lternate y e l l o w  and green  str ipes  

a lo n g  the len gth  o f  the  l e a f  b la d e  m a y  b e  o b serv ed . A t later s tage , c o m p le te  l e a f  fa ll  occu r  

and sh o o ts  m a y  d ie  a lso .

P lants are p ron e to  iron  d e f ic ie n c y  in a lkaline , ca lc a reo u s  so i ls ,  c o m p a c ted  f ie ld s ,  

coarse-tex tu red  so ils ,  s o i ls  l o w  in organ ic  matter, ero d ed  so i ls ,  in  c o ld  w ea th ered  area and  

f lo o d e d  r ice  f ie ld s  b e in g  an e x c e p tio n .  S o m e  crops  sen s it iv e  to iron d e f ic ie n c y  are citrus,  

f ie ld  b ean , grapes, groundnut, sorghum , so y b e a n , v e g e ta b le s  and orn am enta ls  

(T a n d o n ,1 9 9 8 ) .

A c c o r d in g  to  S c h o ltz  ( 1 9 8 3 ) ,  the con cen tra tion  o f  iron in so i ls ,  m a y  range from  0 .5  

to  3 .6  p er  cent. A  con cen tra tion  w h ic h  in c o m p a r iso n  w ith  other p lant nutrients such  as N  

and P is extraordinary h igh . D e sp ite  th is large a m o u n t o f  so i l  Fe, p lants  m a y  su ffer  from  F e  

d e f ic ie n c y  e s p e c ia l ly  w h e n  g ro w n  o n  ca lc a reo u s  s o i ls  w h ic h  co v e r  3 0  per cent o f



o
c.

the earth’s land  surface (C h en  and Barak, 1 982). T h is  is  n o t  surprising  i f  o n e  co n s id ers  

the s trong d e p en d c n c c  o f  iron so lu b il ity  on  pH  so  m u ch  so  that o n e  unit in crea se  in pH  

can  red u ce  the so lu b i l ity  o f  iron b y  as m u ch  as 1 0 0 0  tim es . I f  it is  in a q u e o u s  m e d ia ,  the  

con cen tra tion  o f  iron in so il  so lu t io n  can n ev er  reach  a n y w h e r e  c lo s e  to the le v e l  n ee d ed  

b y  plants. B u t the m ajority  o f  p lan ts  (w h ic h  are n o rm a lly  green ) g e t  h o ld  o f  the n ee d e d  

iron, w h i le  others, g r o w n  u nder the sa m e  co n d it io n s ,  m a y  su ffer  from  F e c h lo r o s is .  It 

appears that p lants  h a v e  d e v e lo p e d  m e c h a n ism s  (u su a l ly  referred to  in the literature o n  Fe  

stress r e sp o n se s )  b y  w h ic h  th ey  m a y  m o b i l iz e  F e b y  their  roots . S o ,  as a  w h o le ,  factors  

ca u s in g  F e - d e f ic ie n c y  in c lu d e  the factors  l ike  the g e n e t ic  su sc ep t ib il i ty  to F e -d e f ic ie n c y ,  

virus in fec t io n , roo t p runing  b y  n e m a to d e s ,  in se c ts  and fu n g u s  d is e a s e s  and oth er  than the  

so il  and en v iron m en ta l factors.

Iron d e f ic ie n c y  s e e m s  to  b e  o n e  fourth  as e x te n s iv e  as that o f  Z n, a m o n g st  the  

m icronutr ien ts . It is  an im portant p rob lem  in H aryana and to a le s se r  ex ten t  in T am il N ad u  

and Punjab. In K arnataka state, the  resu lts  reported  b y  the research  inst itu t ion s  and the  

state D epartm en t o f  A gricu lture , ind ica te  that 3 9  per cen t  so il  sa m p les  to  b e  d e f ic ie n t  in 

iron.

Iron ch lo ro s is  is  em erg in g  as a p ro b le m  in grou n dn u t g r o w in g  area o f  

A ndhra  P rad esh  and in  severa l crops  in c lu d in g  su garcan e o n  b la c k  c la y  s o i l s  in  

M aharastra and a lso  in  c la y e y  so i ls  o f  southern  Rajasthan. T h o u g h  research  data are fe w ,  

iron  ch lo ro s is  in  fruit p lan ts  and orn am enta ls  i s  a lso  qu ite  co m m o n . Im p ortan ce  o f  iron  

d e f ic ie n c y  can  n o t  b e  d o u b ted  in v ast  areas o f  a lka lin e  ca lca reo u s  so ils .  Iron d e f ic ie n c y  

w a s  very  h igh  (4 6 % ) in the s i ia llo w  and d eep  b la ck  s o i ls  o f  M a d h y a  Pradesh  but n o t  s o  in  

m e d iu m  b lack  s o i ls  there. Iron d e f ic ie n c y  is  an im portant p ro b lem  in K arnataka and  

T am il N a d u , as w e l l .  K arnataka is  o n e  o f  the  fou r  states  w h e r e  7 0  per ce n t  o f  the area and  

75  per cent o f  the p rod u ction  o f  groundnut are con centra ted  w h ile ,  India o c c u p ie s  the first 

p o s it io n , both  in regard to  the area and the p rod u ction  o f  groundnut in the w or ld .



A b o u t  7 .5  m il l io n  h ectares  is  put under grou n dn u t a n n u a lly  and the p rod uction  is 

about 6  m il l io n  to n n es .  T h e  total o u t  put in c re a se d  w ith in  e ig h t  e c o n o m ic  y ea r s  w a s  b y  

16 .83  per c e n t  (ou t put in 1 9 90-91  w a s  7 5 .1 5  lack  M . T  and in 1 9 9 8 -1 9 9 9 ,  8 7 .8 0  lack  

M. T). G roundnut is o n e  o f  the m o s t  im portant oil s e e d s  and fo o d  crop, not o n ly  that, 

a m o n g  the oil see d  crops, groundnut has first p la ce  in India due to various reason s  as 

f o l lo w s  :

1. It can  w ith stan d  drought and is  su itab le  for  dry land  fa n n in g .

2 . It is  a so i l  er o s io n  resistant crop  and b e in g  a le g u m e  crop, it can f ix  the  

atm osp h eric  n itrogen  w ith  the h e lp  o f  n o d u le  bacteria  and there b y  im p ro v es  the so il  

fertility .

3. Its sh e ll ,  sk in , haulm  and h ay  can b e  u sed  as fodder.

4. G roundnut cak e  is  c h ie f  o il  cak e  f e e d  to  an im als  and it is  a lso  u se d  as m anure.

5. T he p lant stalks are fe e d  to cattle  in  the form  o f  green , dried  and s ilage .

6. It is  an im portant cash  crop  and is u sefu l as a rotational crop.

7. M o r eo v er ,  grou n dn u t is  a c h ie f  so u rce  o f  protein .

A  p opu lar  b u n ch  ty p e  variety , JL -24 , reco rd ed  lo w e s t  l e a f  ch lo ro p h y ll  co n ten t in 

a b sen ce  o f  iron a m o n g st  f iv e  v arie ties  o f  groundnut (T an don , 1 9 9 8 ).  A n  in v e st ig a t io n  on  

ch em istry  o f  iron in so i l  so lu t io n  and l im e  in d u ced  iron ch lo r o s is  to groundnut crop  

(J L -2 4 )  w a s  carried out under f o l lo w in g  o b jec t iv e s  :

1. C haracter isation  o f  iron o x id e s  in ca lca reo u s  ver tiso ls .

2. S o lu t io n  ch em istry  w ith  re sp ec t  to  iron and ca lc iu m .

3. Iron a v a ila b ility  to p lants under varied  C a C 0 3  and m oistu re  lev e l.
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II. REVIEW OF LITERATURE

Iron m a k es  up ab out 5 per ce n t  b y  w e ig h t  o f  the earth’s crust and is in var iab ly  

p resent in all so i ls .  T h e  greatest part o f  so il  iron u su a lly  occ u rs  in  the crysta l la ttices  o f  

n u m ero u s  m in era ls .  T h e  prim ary m in era ls  in w h ic h  F e  is  p resen t in c lu d e  the  

ferrom agn esian  s i l ic a tes  (eg . o l iv in e ,  augite , h o rn b len d e  and b io t ite ) .  T h e  o x id e s  and  

h y d r o x id es  o f  iron fo u n d  in l i th o sp h ere  are as fo l lo w s:

H em a tite  ( a - F e 2 0 3 ), the abundant form  o f  iron o x id e  w h ich  g iv e s  p ink  to bright red  

co lo u r  to  so i ls ,  is  co a r se ly  cry sta ll in e  and fo u n d  in san d  and s ilt  fraction . M artite  is  

another o x id e  form  o f  iron h a v in g  sa m e  m o lec u la r  form u la  as o f  h em atite .

G o eth ite  ( a - F e O O H ) ,  the h y d r o x id e  form  o f  iron e n d o w s  b ro w n  and dark reddish  

b ro w n  co lour. F in e ly  d iv id ed  g o e th ite  p artic le s  are k n o w n  as l im o n ite  w h ic h  is m o re  

h y d ro u s than goeth ite .

M a g n et ite  (F c 3 0 4 ) is  the  form  o f  o x id e s  o f  iron w h ic h  s h o w s  m a g n e t ic  properties,  

w h erea s ,  m a g h em ite  (y -F e 2 0 3 ) is  the m o re  o x id is e d  form  o f  m agn etite .

T h o u g h  iron co n ta in in g  m in era ls  are so  abundant in  earth crust, i t ’s av a ila b il i ty  to  

plant is  l im ited  in a lka lin e  and/or in  ca lca reo u s  so ils .  T h is  in c id e n c e  o f  F e  u n a v a ila b ility  

in  so i l  in f lu e n c e d  b y  severa l fac tors  w h ic h  m a y  b e  in d ig en o u s ,  en v iro n m en ta l,  nutritional  

or m icrobia l.

L iterature o n  form s, d istribution  and ava ila b il i ty  o f  iron  w ith  s p e c i f ic  re feren ce  to  

ca lca reo u s  V e r t iso ls  is  p resen ted  in  th e  f o l lo w in g  head in gs;

i) C haracter isation  and  d istribution  o f  d if feren t form  o f  iron  in so il .

II) Iron in so lu t io n  and i t ’s in teraction  w ith  d if feren t ions .

III) Factors in f lu e n c in g  iron ava ila b il i ty  to  plant.



2.1 C haracterisation  and distribution o f  different forms o f  iron in soil

C o o l in g  o f  m a g m a  fo m ie d  ig n e o u s  rock  and a s e q u e n c e  o f  rocks, bearing  

character istic  m ineral sp e c ie s ,  co n ta in in g  iron as an e lem en t.  F rom  so lid  and residual  

m a g m a s it ca m e  in to  so il  as the p r o ce ss  o f  w e a th er in g  f o l lo w s  and in  so i l  it is  fou n d  in  

crysta l la ttices  o f  prim ary and sec o n d a ry  m in era ls .  T h e  te n d e n c y  o f  e le m e n ts  to  rep la ce  on e  

another in crystal la ttices d ep e n d in g  on  charge and io n ic  radius pred icts  ab out the  

distribution o f  e le m en ts  in a m ineral. In w h ich , h igh er  charge  is preferred and for iron o f  the  

sa m e  c o -o rd in a tio n  num ber, the  sm aller  io n  is  p referentia lly  s e le c te d  (G o ld sc h m id t ,  1954).  

R in g w o o d  ( 1 9 5 5 )  in tro d u ced  the a d ded  factor o f  e le c tro n eg a tiv ity .  T h e  l e s s  e le c tr o n e g a t iv e  

a ca tion , the greater the ten d en cy  to enter into  io n ic  c iy s ta l  la ttice  su ch  as that o f  the s i l ica te  

m inera ls . For ex a m p les ,  iron b earin g  ferro m a g n es ia n  prim ary m in era ls  (o l iv in e ,  h o rn b len d e,  

b io t ite )  and seco n d a ry  c la y  m in era l (n on tron ite)  w h er e  a lu m in iu m  is substitu ted  b y  iron at 

octahedral p o s it io n .

2.1.1 Characterisation o f  iron in soil

2.1.1.1 Fe in secondary minerals

M in e r a lo g y  o f  V e r t iso ls  and M o ll i s o ls ,  a sso c ia te d  in a h y d r o to p o se q u e n c e  in the  

p lateau  o f  M o r o c c o  w a s  stu d ied  b y  B a d ra o u i and B lo o m  ( 1 9 9 0 )  u s in g  X -ra y  d iffraction ,  

in terlayer s w e l l in g  w ith  a lk y la m m o n iu m  ca t io n s ,  c h em ica l  a n a ly s is  and infrared  

sp ectro sco p y . A fter  ca lcu la t in g  the structural form u la , th ey  fo u n d  that the c la y s  are 

b e id e lli te  in nature h a v in g  h igh  charge d en s ity  and m a y  con ta in  Fe. Infrared s p e c tr o sco p y  

d em on strated  that th ese  b e id e l l i t e  co n ta in  substantia l a m o u n t o f  Fe^^ in the octahedra l sheet.

B ig h a m  e t  a l .  ( 1 9 9 1 )  h a v e  a n a ly se d  the orig in  o f  con trasting  so il  co lo u r  o f  tw o  so ils  

fo rm ed  from  sed im en tary  rocks  w h ic h  w e r e  s im ilar  in c lay  co n ten t ( 5 0  to 6 5% )an d  

m in era lo g y  (sm e ctite ) .  T he co lo u rs  w e re  dark red d ish  b ro w n  (2 .5  Y R  3 /4 )  v s  o l iv e  ( 5 Y  5 /3 ).



X -ra y  d iffraction  stu dy  o f  F e -o x id e -e n r ic h e d  sp e c im e n  ob ta ined  through  h ig h  gradient  

m a g n et ic  separations o f  the so i l  c la y s  s h o w e d  g o e th ite  to  b e  the o n ly  d e tec ta b le  F e -o x id e  in 

the p ed o n  fo rm ed  from  o l iv e  ( 5 Y  5 /3 )  shale . R ed  p ig m en ta tio n  in the c o m p a n io n  so il w a s  

due to the p r ese n c e  o f  l i th o g e n ic  h em atite  a s so c ia te d  w ith  v a ry in g  am o u n ts  o f  g o e th ite  and  

lep id o cro c ite .  R a tio s  o f  d ith ion ite  extractab le  to  total iron ind icated  that g o e th ite  had form ed  

prim arily  b y  p e d o g e n ic  w ea th er in g  o f  s i l ica te  m inerals  in the profile  d e v e lo p e d  from o l iv e  

shale . In contrast, su fU cicn t Fc w a s  apparently  m o b il iz e d  by d is so lu t io n  o f  l i th o g en ic  

h em atite  in the red  so il  to  su pp ress  the re lea se  o f  iron from  s i l ic a te s  and to  e x c e e d  the  

so lu b il ity  prod uct o f  g o e th ite  and le p id o c r o c ite  on  at lea s t  a sea so n a l b asis .

2.1.1.2 Sedimented iron oxide

Barral S i lv a  and G uitian  O jea  (1 9 9 1 )  h a v e  c la s s i f ie d  ferru g inou s sed im en ta t io n  

(m a in ly  g o eth ite ) ,  on  the b a s is  o f  m o rp h o lo g ica l  and analytica l character istics .

C la ss - l  ; Hard lam inar crusts o f  g o e th ite  c e m e n te d  sand are th ou ght to  h a v e  b een  

fo r m ed  in so m e  c a se s  b y  ch em ic a l  d if fu s io n  o f  d is s o lv e d  Fê "̂  to the cap illary  fr inge o f  a 

form er w ater  tab le and in other ca se s  b y  o x id a t io n  and prec ip itation  o f  iron o x id e s  at the 

in terface b e tw e e n  se d im en t  layers  w ith  d ifferen t texture and aeration  co n d it io n . D u rin g  

form ation , co n t in u o u s  d ep o s it io n  w o u ld  m ain ta in  the d is so lv e d  iron con cen tra tion  gradient  

and h en ce  g iv e  r ise  to a  sink  e f fe c t  en su r in g  the co n tin u a n ce  o f  the d if fu s io n  and  gradual 

th ick en in g  o f  the  p rec ip ita tes .

C la ss  11; G lob u lar  a cc u m u la tio n  c o n s is t  o f  an indurated  co a t o f  g o e th ite  surrounding  

b lack ish , ac id  red u ced  m aterial co n ta in in g  iron su lp h id es  n a m e ly  pyrite  and su lphate  

m etanterite  (F e S 0 4 . 7 H 2 O ) ; p r ese n c e  o f  carbon iferrou s organ ic  m atter in the sed im en ts  

p ro d u ce  g a se s  that m a y  f o n n  b u b b le s  w h ic h  u nder w a te r - lo g g e d  co n d it io n s ,  m a y  d efo rm  the  

texture o f  the d ep o s it  and m o b i l iz e  large a m ou n ts  o f  ferrous iron (S iu ta  and M o to w ic k a ,  

1 969). In th is c a s e  the g lo b u la r  co n cr e t io n s  can b e  seen . O n  e x p o su re  to



better aerated  en v iro n m en t the ferrous iron w o u ld  b e  o x id is e d  and h y d r o ly se d  to p ro d u ce  

g o eth ite  as a hard coatin g , p ro tectin g  the inner m ateria ls  from  ox id a t io n .

C la ss  III: T ubular g o e th ite  p rec ip ita tes  are m o s t  str ik ing featu res  w h ic h  is  due to  

th e  red istr ibution  o f  iron as the c o m b in e d  result o f  ch a n n e le d  h orizon ta l f lo w  and the  

d if fu s io n  o f  d is s o lv e d  iron tow ard s  the unsaturated  z o n e  w h er e  it w o u ld  b e  o x id iz e d  and  

precipitated .

2.1.1.3 Precipitated form of  iron oxide

Iron o x id e  co a t in g  from  p ed  su rfaces  and p ores  o f  three r ice  p a d d y  s o i ls  and o n e  

non  p ad d y  so il  from  B ea u m o n t,  T ex a x ,  p ro v id e d  sa m p les  for s tu d y in g  iron o x id e s ,  

m in er a lo g y  and the re la tion sh ip  o f  ex tractab le  F e to extractab le  A l ,  Si and P. C h em ica l  

a n a ly s is  o f  iron o x id e s ,  so n ica tio n , cen tr ifu gation  and m a g n e t ic  separation  b y  W a n g  e l  al. 

( 1 9 9 3 )  s h o w e d  that th ese  iron o x id e  co a t in g s  c e m e n t  c la y  m in era ls  and quartz p artic les  

together. Iron o x id e  co a t in g s  in all s o i ls  co n ta in ed  le p id o c ro c ite  and sm a ller  a m ou n ts  o f  

goeth ite .  A n  im p ro v ed  d ifferen tia l X -r a y  d if frac tion  ( D X R D )  m e th o d  in  s i tu  D X R D  

on  a n on  re flec t in g  quartz p la te  a l lo w e d  the id en t if ica tio n  o f  ferrihydrite  w h ic h  is 

o th erw ise  d if f icu lt  to  id e n t ify  b e c a u se  o f  its p o o r  crysta ll in ity  and lo w  con centration . T he  

D X R D  and c h em ic a l  data ind ica te  that the p a d d y  s o i ls  h a v e  m ore  ferrihydrite  in  relation  

to  total iron o x id e s  than the n o n -p a d d y  so il.  T h e  P to  F e ratio d e cr ea se d  w ith  ea c h  A O D  

treatm ent (a m m o n iu m  o x a la te , p H  3, in  th e  D ark) step  fo r  all so i ls ,  their  s tu dy  su g g ested  

that p h y s ica l  separation  and in  s i m  A O D  treatm ent can  b e  u se d  w ith  the D X R D  m e th o d  to  

id en t ify  ferrihydrite, lep id o c ro c ite  and  g o e th ite  in so il  c la y s  co n ta in in g  extractab le  iron  

con cen tra tion s  as l o w  as 10 to  4 4  g/kg.

W h ite  and D ix o n  ( 1 9 9 6 )  in  their  tw o  seq u en tia l  stud ies ,  s h o w e d  the d istribution  o f  

iron as w e ll  as m a n g a n ese  d istr ibution  in n o d u le s  from  a y o u n g  T e x a s  V ertiso l and  

d escr ib ed  d ifferen t ty p es  o f  b a n d in g  o f  Fe and M n in sp herica l n o d u le s .  W h erea s , G o ld en  

c t  al.  ( 1 9 9 7 )  at T ex a s  d escr ib ed  the p recip ita ted  fo n n  o f  iron o x id e s .  T h e y  c o l le c ted
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p rec ip ita t ion  o f  iron o x id e s  on  p ed  su rfaces , d e s ic ca t io n  cracks, p o res  o f  c la y  so i l  and a lso  

the F e -o x id e s  o n  th e  roots  o f  r ice p lan ts  g ro w n  in  f lo o d e d  so il .  T h e y  ch aracter ised  tw o  

ty p es  o f  iron o x id e s  b a sed  o n  crysta ll in ity  :

1. T h e  red p rec ip ita tion  fo u n d  on  th e  fresh ly  e x p o s e d  d es ic c a te d  cracks and on  su rface  o f  

p o res  o f  c la y  so il ,  w h ic h  are p o o r ly  cry sta ll in e  iron  o x id e s .  T h e s e  iron o x id e s  

p recip itate  d irectly  fro m  th e  b u lk  so lu t io n  a lso  con ta in  Si and P as th ese  a n io n s  are 

so lu b le  in the red u ce d  m ed iu m .

2 . T h e  form s fo u n d  in o x id is in g  co n d it io n  p rec ip ita ted  near  the r ice -ro o t  su rface  (G reen  

and  E therington , 1 9 7 7 )  co n ta in s  abundant, w e ll -c r y s ta l l iz e d  le p id o c r o c ite  that is  free  o f  

P and Si.

2.1.2 Distribution o f  iron in soil

T h e d istr ibution  o f  iron  is  a fu n ct io n  o f  th e  o x id a t io n  p o ten tia l  o f  th e  so i l  

en vironm ent. In so il ,  d iva len t  fo rm  o f  F e  is l e s s  s tro n g ly  h e ld  b y  so i l  su rfa ces  than  other  

m icronutr ien ts  l ike  C u, Z n  but the property  o f  b e in g  o x id iz e d  to  h ig h er  v a le n c e  states, 

w h ic h  can form  v ery  in so lu b le  o x id e s  and p h o sp h a tes  renders th e se  e le m e n ts  m u c h  le ss  

ava ilab le  to  p r o c e s s  o f  lea ch in g . D istr ib u tion  o f  iron  in so il  is  m a in ly  d ep en d s  u p o n  

organ ic  m atter con tent, c la y  content, o x id a t io n -red u c t io n  state and drainage co n d it io n .

In India, w h i le  s tu d y in g  d istribution , iron d e f ic ie n c y  h a s  b een  reported  in the so i ls  

o f  Punjab (K a n w a r  e t  a i ,  1 9 6 2 ) ,  Uttar P radesh  (A g a r w a la  and  M ehrotra , 1 9 6 3 ) ,  M a d h y a  

Pradesh  (R ai,  e t  a l . ,  1 9 7 2 )  and in  S o u th  India (S h an k arasu b ram on ey  e t  a i ,  1955).

2.1.2.1 Iron diagnosed by different extractants

T o stu dy  the d istribution  o f  d ifferen t fo rm s o f  iron  in s o i ls  o f  U ttar Pradesh,  

M isra  and P an de ( 1 9 7 5 )  h a v e  c o l le c te d  so i ls  fro m  d if feren t a g ro c lim a tic  reg io n s  o f  Uttar



Pradesh. N o n e  o f  the so i l  w a s  fo u n d  to  b e  d e f ic ie n t  in  a v a ila b le  iron as s o i l s  w ere  

a n a ly sed  for ex c h a n g ea b le ,  redu cib le ,  a v a ilab le , c o in p le x e d ,  organic , dil. H C l so lu b le  and  

free iron form s. T he order fo l lo w e d  b y  the d if feren t form s o f  Fe in resp ect  o f  its 

extractab ility  is free F e>  0 . 1 N , H C l so lu b le  F e>  organ ic  F e>  c o m p le x e d  F e> red u c ib le  

F e > a v a ila b le  F e > e x c h a n g e a b le  Fe. T h e  corre la tion  w ith  F e w a s  fo u n d  p o s it iv e  to organ ic  

carbon  and n eg a t iv e  to p H  and C aC O s content.

T w o  U sterts p ic k ed  out from m id d le  and lo w e r  N a n n a d a  v a lley ,  n a m e ly  Karanpur  

(T y p ic  C h rom u sterts)  and K e s h v i  (T y p ic  P ellu ster ts)  w e r e  e v a lu a ted  for  their  p h y s ic o ­

ch e m ic a l  p rop erties  and form s o f  iron. S tudy  o f  d if feren t form s o f  iron  b y  T hakur e t  al.  

( 1 9 9 5 )  rev ea led  w a ter  so lu b le ,  e x c h a n g e a b le  and a v a ila b le  form s o f  iron c o n te n t d ecr ea se  

w ith  depth, it w a s  prob ab ly  due to precip ita tion  o f  so lu b le  iron at lo w e r  depth  by 

adsorption  on c la y s  and u ncharged  o x id e s  as p o in ted  out b y  D u b e y  (1 9 8 2 ) .  Iron con tents  

w ere  h igh  w h e n  extracted  through s e le c t iv e  d is so lu t io n  o f  IN  H C l, 0 .2 M  o x a la te ,  citrate-  

b icarb on ate-d ith ion ite  and 0 .5  N  N a O H  (b o il in g ) .  IN  H C l extracted  m ore  iron inight be  

due to in creased  so lu b il ity  o f  iron co m p o u n d  in acid . For both the so i ls ,  the a m ou n t  

extracted  b y  d ith ion ite  e x c e e d e d  the a m o u n t that ex tracted  b y  oxa la te . T h e  lo w e r  v a lu e s  

w e r e  o b ta in ed  w ith  resp ect  to  a m o rp h o u s  free  iron in T y p ic  C hrom ustert su g g e s te d  that 

m o st  o f  the free  iron w a s  cry sta ll in e  in the form  o f  g o e th ite  as p o in ted  out b y  M c K e a g u e  

e t  a l .  (1 9 7 1 ) .  C r y sta lliza tio n  o f  re le a sed  iron o x id e s  m a y  h a v e  b e en  en co u ra g e d  b y  lo w  

organ ic  m atter co n ten t and their a g e in g  s p e e d e d  up b y  re la tiv e ly  h ig h  p H  (B lu m e  and  

S ch w ertm an n , 1 9 6 9  ; S inger, 1 977).  T h e  v a lu e  w ith  r e sp e c t  to  0 .5  N  N a O H  (b o i l in g )  

extractable F e 2 0 3  s h o w e d  an in crea sin g  trend w ith  depth  in both  the so ils .  S im ilar  

f in d in g s  w ere  a lso  reported  b y  D u b e y  (1 9 8 2 ) ,

A  v ery  sm all  quantity  o f  Fe^^ w a s  fo im d  in  th e se  so i ls  than Fe^^ w h ic h  m ig h t b e  

due to  its transform ation  into  ferric form s (T hakur e t  a l .,  1 995).  T h e  h ig h er  v a lu e s  in 

lo w e r  layers and redu ction  to ferrous iron fro m  the h ig h er  total iron w a s  o b serv e d  in 

T y p ic  Pellustert d ue  to  its b asa lt ic  or ig in  as fo u n d  in  s o i ls  o f  N a n n a d a  v a lley .
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2.1.2.2 Fractionation o f  iron

F ractionation  o f  iron rev ea led  that w ater  so lu b le ,  M n -o x id e  o c c lu d e d  and  

org a n ica lly  fo u n d  iron d ecrea sed  w h erea s ,  e x c h a n g ea b le ,  a c id -so lu b le ,  P b -d isp la ce a b le ,  

am orp h ou s iron o x id e -o c c lu d e d  and residual iron in crea sed  w ith  depth  as fo u n d  by  

Y e rr isw a m y  e t  al.  ( 1 9 9 5 )  in f iv e  ty p ica l  V e r t iso l  ser ie s  o f  Karnataka. T h e  p ercen ta g e  

contr ibution  o f  d ifferen t fractions to the total F e  w a s  in the f o l lo w in g  order: residual >  

am orph ou s F e -o x id e  o c c lu d e d  >  o rg a n ica lly  b o u n d >  M n -o x id e  o c c lu d e d  >  Pb-  

d isp la ce a b le  >  ex c h a n g e a b le  >  ac id  so lu b le  >  w a ter  so lu b le  iron. A c c o r d in g  to their  

study, the a m o u n t o f  iron in lab ile  p o o ls  w a s  v ery  lo w  and th is  c o u ld  b e  the reason  for  the  

freq uent ap pearan ce  o f  iron ch lo r o s is  in  ca lca reo u s  V e r t iso ls  o f  Karnataka.

2.1.2.3 Influence o f  soil properties on distribution o f  iron

T o  f in d  out the ca u se  fo r  iron  d e f ic ie n c y  in the V e rt iso ls  (T y p ic  C hrom u sterts)  in 

M aharashtra, Y e lv ik a r  e t  al.  ( 1 9 9 6 )  h a v e  a n a ly se d  severa l so i l  sa m p les  and fo u n d  

s ig n if ica n t in f lu e n c e  o f  p H , C aC O s, organ ic  carbon  and c la y  to  d if feren t fraction  o f  iron. 

T h e  fractions o f  iron te sted  w e r e  D T P A -e x tr a c ta b le  Fe, e x c h a n g e a b le ,  red u cib le ,  d ilute  

acid  so lu b le  and w a ter  so lu b le  iron.

Z h a n g  e t  al.  ( 1 9 9 7 )  reported  the sorption  and d o w n w a rd  transport o f  trace m eta ls  

and p h o sp h a te  in s o i ls  are d ep en d en t , in part on  the d istr ibution  o f  variou s  form s o f  F e, A l  

and M n. T h e  o b jec t iv e s  o f  th is  s tu dy  w e r e  to  in v estig a te

i) T h e  d istribution  o f  var iou s form s (e x c h a n g e a b le ,  o rg a n ica lly  b ou n d , a s so c ia te d  w ith  

M n  o x id e ,  am orp h ou s and a sso c ia te d  w ith  cry sta ll in e  F e o x id e  fo rm s) o f  F e, M n , A l 

and P in the surface  h o r izo n s  and

ii] T h e  d istribution  o f  th ese  e le m en ts  in  d if feren t depth  in s ix  s o i l  ser ie s  in  Florida  

representing  S p o d o so ls ,  A l f i s o l s  and E n t iso ls .  V ar ia tion  in co n cen tra tio n  o f  total F e w ith
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depth o f  so il  w a s  s ig n if ic a n t ly  correlated  w ith  c la y  content. G reater than 6 0  per cent o f  

total F e w a s  p resen t in the am orp h ou s form  in s o i ls  w ith  pH  <  6 .5 ,  w h i le  m ore  than 8 0  per  

cent o f  total iron w a s  present in the crysta ll in e  fo n n  in s o i ls  w ith  pi I >  6 .5 . T he  

distribution  o f  total and o x a la te -ex tra cta b le  P  w a s  s ig n if ic a n t ly  re lated  to the co n ten t o f  

am orph ou s A1 and F e and crysta ll in e  Fe o x id e s  in the so ils .

2.2 Iron in solution and its interaction with different ions

A s  w e a th e r in g  p ro ce ed s ,  F e  o r ig in a lly  p resen t in  th e  ea s i ly  w ea th e ra b le  

ferrom agn esian  prim ary m in era ls  appears in i l l it ic  c la y  m in era ls  and u lt im a te ly  in so il  

so lu tion . T h e  in organ ic  iron s p e c ie s  in  so lu t io n s  are Fe^^, F e  F e  ( 0 H ) 3 °, F e ( 0 H ) ' 4

and Fe^'. T h e  con len t  o f  so lu b le  Fe in s o i ls  is e x lr c m c ly  lo w  in co n ip a r iso ii  w i(h  the lolal 

F e content. In w e ll  aerated so i ls ,  h o w e v e r  Fe^" con tr ib u tes  little  to  the total so lu b le  

in organ ic  F e  e x c e p t  u nder lo w  so i l  p H  co n d it io n s .  Iron so lu b i l ity  is  la rg e ly  co n tr o lle d  b y  

the so lu b il ity  o f  h y d ro u s  F eix ic  o x id e s .  T h e se  g iv e  rise  to Fe^* and its h y d r o ly s is  s p e c ie s  

(L in d say , 1972);

Fe'" +  3 (OH)- =  F e ( 0 H ) 3  ( so l id )

T h e  eq u ilib r iu m  is v ery  m u ch  in favou r  o f  F e ( 0 H ) 3  p rec ip ita tion  and is h ig h ly  pH  

d ep en d en t , th e  a ctiv ity  o f  Fe^" fa l l in g  w ith  in cre a sin g  p H . A t  h ig h er  p H  le v e ls  Fe^" 

act iv ity  in so lu t io n  d ecr ea ses  1 0 0 0  fo ld  fo r  r ise  in  ea ch  p H  unit. In th is h ig h  p H  range  

(7  to  9 ),  F e  (OH)^' , Fe ( 0 H ) 3  and F e  ( 0 H ) ’ 4  are form ed .

2.2.1 Iron in solution

A c c o r d in g  to W a d a  and H ig a sh i (1 9 7 6 ) ,  the addition  o f  fresh  o rgan ic  m atter to 

so i ls  k n o w n  to increase  the w a te r -so lu b le  iron in so il  so lu tion . W h ile  so lu b il i ty  leve l  

reach es  a m in im u m  in the p H  range b e tw e e n  7 .4  to  8 .5  (L in d sa y  and S ch w a b , 1982).  

A c id  so i ls  are thus re la tiv e ly  h ig h  in so lu b le  in organ ic  Fe than ca lca reo u s  so i ls  w h ere
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le v e ls  can  be e x trem e ly  lo w . T h is  m a y  b e  the reason  for  Fe d e f ic ie n c y  in crops  g ro w in g  

on th ese  so ils .  A c c o r d in g  to C hen  and Barak ( 1 9 8 2 )  the so lu b i l ity  o f  Fe o x id e s /h y d r o x id e s  

d ecr ea ses  in the fo l lo w in g  seq u en ce:  F e ( 0 1 1 ) 3  a m o rp h o u s>  Fe (OH)^ in so i ls  >  

m a g h a em ite  (y -F e 2 0 3 ) >  le p id o c ro c ite  (y -F e O O H ) >  h eam atite  ( a - F c 2 0 3 ) >  g o e th ite  

( a - F e O O H  ).

W h e n  s o i ls  are w a ter  lo g g e d  a red u ct ion  o f  Fe'^  ̂ to  Fê "̂  ta k es  p la c e  a cc o m p a n ie d  

b y  an increase  in Fe so lu b ility .  R ed u ctio n  is b rought ab out b y  an aerob ic  bacteria  w h ic h  

u se  Fe o x id e s  as e lectron  a ccep to rs  in respiration  (M u n ch  and O tto w , 1983).  A  c lo s e  

con tac t  b e tw e e n  the bacteria  and the F e o x id e s  is  required  for  th is p ro cess .  In so i ls  

su b jected  to an aerob ic  c o n d it io n s  the ratio o f  a ct iv it ie s  o f  F e ’̂ '/Fe^' can  b e  an im portant  

param eter in re lation  to crop  grow th . T h is  is  a s s e s s e d  b y  m ea su r em en t o f  the red o x  

poten tia l  u nder an aerob ic  so il  co n d it io n s .  B u t  the d if fer en ce s  in re d o x  poten tia l can  often  

b e  o b serv ed  in th e  sa m e  profile . In th e  d eep er  so il  la y ers  w h ic h  are l e s s  w e l l  aerated, Fe^^ 

i s  freq u en tly  h ig h er  than in th e  u pp er  h o r izo n s .  T h e  o b serv a t io n s  o f  W ik la n d er  and 

H allgren  ( 1 9 4 9 )  s h o w e d  that at a depth  o f  2 m , o v er  9 0 %  o f  the so lu b le  F e w a s  p resen t as 

Fe^^. T h e  r e d o x  p oten tia l  thus g e n e r a lly  fa l ls  fr o m  th e  u pper to  the lo w e r  h o r izo n s .

E l-D em er d a sh e  et al.  ( 1 9 9 3 )  w o r k e d  on  status o f  iron  in a ca lc a reo u s  so i l  o f  n orth ­

w estern  co a s t  o f  E gypt. T ota l iron range w a s  b e tw e e n  2 ,5 0 0  to  5 5 ,2 5 0  ppm . T h e y  

extracted  a v a ila b le  F e w ith  d if feren t extractants and e f f ic ie n c y  o f  d if feren t extractants to  

k eep  a v a ila b le  iron in so lu t io n  w a s  in the order; H C l >  N l l^ H C 0 3  +  D T P A  >  E D T A  >  

N H 4 O A C  >  D T P A  >  H 2 O.

2.2.2 C oncentration o f  b icarbonate in soil solution to induce iron chlorosis

W ith  regard to  the ex a c t  ca u se  o f  l im e - in d u c e d  c h lo ro s is ,  h o w e v e r ,  there is  m u ch  

d ivers ity  o f  o p in io n . It is  a w e l l -k n o w n  fact, that p lant sp e c ie s  vary  in their  su scep tib il i ty  

to  l im e - in d u c e d  ch lo ro s is .  B e s id e s  the in a b ility  o f  the p lant to  take up iron from  the so il,
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iron d e f ic ie n c y  m a y  a lso  b e  d ue  to in ac tiva tion  o f  the iron w ith in  the plant. W a lla ce  and  

Lunt stressed  o n  the fo l lo w in g  cau sa l factors:

a) L o w  iron  a v a ila b ility  as a result o f  h ig h  pH ,

b) h ig h  so il  m o istu re  co n ten t and p o o r  aeration,

c) h ig h  b icarb on ate  co n ten t in  th e  so il ,

d) ex trem e tem peratures,

e) h ig h  p h o sp h a te ,  and

f) incorporation  o f  organ ic  matter.

I'hc m u ltip l ic ity  o f  factors m ak es it d if f icu lt  to eva lu ate  each  o n e  for its 

contr ibution  to  l im e - in d u c e d  ch lo ro s is .  P o t  ex p er im en ts  and f ie ld  trials w e r e  co n d u c te d  b y  

B o x m a  ( 1 9 7 2 ) ,  to  d eterm in e  the d irect ca u se  o f  l im e - in d u c e d  c h lo r o s is  in  

N eth er la n d s .T h e  f in d in g s  w e re  as fo l lo w s :

1) H igh  b icarb onate  co n ten t in the so il  w a s  the m ain  ca u se  o f  l im e - in d u c e d  ch lo ro sis .

2) T here w a s  a s ig n if ic a n t  correla t ion  b e tw e e n  l im e- in d u c ed  ch lo ro s is  and the  

b icarb onate  co n ten t o f  the so i l  in the spring  under f ie ld  co n d it io n s .

C o u lo m b e  e t  al.  ( 1 9 8 4 )  a lso  stu d ied  on  b icarb on ate  in d u c ed  iron ch lo ro s is .  Four  

so y b e a n  { G ly c in e  m a x  (L .)  M err.) cu ltivars d if fer in g  in  su sc ep tib il i ty  to  iron  (F e )  ch lo ro s is  

in  w e t  ca lc a reo u s  so i ls  w e re  g ro w n  in nutrient so lu t io n s  to  ch aracter ise  th e  e f fe c ts  o f  

p h osp h ate  (P )  and b icarb on ate  (H C O  3 )  in in d u c in g  ch lo ro s is .  NaVICO^ (O  or 10 |.iM), 

P (1 0  or 4 0 0  JJ.M) as N a H 2 P 0 4  and N H ^ 4  (0  or 3 0 0  ^ M ) as ( N H 4 ) 2 S 0 4  w e r e  factorial  

treatm ents in a nutrient so lu tion . L o w  F e  a v a ila b ility  w a s  m ain ta in ed  b y  su p p ly in g  5|.iM
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F e +  10 ).iM E D D H A  and e x c e s s  CaCO.i (pH  7 .5 ) .  W ith  n o  HCO'^ added, ‘T 2 0 3 ’ 

(e x tre m e ly  ch lo ro s is  su sc ep t ib le )  w a s  green  at 10|.iM P, but s e v e r e ly  ch lo ro tic  at 4 0 0  |.iM 

P; ‘W a y n e ’ (c h lo r o s is  su sc ep t ib le )  w a s  green at both P lev e ls .  A d d it io n  o f  HCO'.^ cau sed  

ch lo ro s is  in  T 2 0 3  and w a y n e  at 10 or 400p .M  P. C h lo ro s is  resistant ‘A P 9 ’ and ‘H a w k e y e ’ 

rem ained  green  w ith  added  P on  H C O 3 . L o w  Fe co n cen tra tio n s  in y o u n g  lea v es  

co rresp o n d ed  w ith  h igh  c h lo r o s is  ratings. P h osph oru s co n cen tra tio n  in y o u n g  le a v e s  d id  

n o t  ch a n g e  w ith  H C O 3 ’ at 10 jiM  P, but d e cr ea sed  w ith  H C O 3 ' at 400}j.M P. In the  

a b sen c e  o f  H C O 3 ' ‘W a y n e ’ w a s  n o t  ch lo r o t ic  at e ither  co n cen tra tio n  o f  so lu t io n  

P, a lth ou gh  th is  cu ltivar is  k n o w n  to  b e  h ig h ly  su sc e p t ib le  to  c h lo r o s is  in  the fie ld .  

B ica rb o n a te  in d u ce d  ch lo ro s is  in  w a y n e  w a s  n o t  the result o f  in cre a sed  s o lu b il i ty  o n  plant  

uptake o f  P. T hus, H C O s' w a s  a d irect factor  in c a u s in g  so y b ea n  c h lo ro s is  and l ik e ly  is 

a lso  a ca u se  in so ils .

2 .2 .3  Iro n  a v a i la b i l i t y  a s  in f lu e n c e d  b y  o t h e r  io n s  in p r e s e n c e  o f  H C O '3

Four p o t  ex p er im en ts  w e re  p erfo rm ed  b y  In sk eep  and B lo o m  (1 9 8 6 ) ,  w ith  f iv e  

ca lca reo u s  s o i ls  from  w e stern  M in n e so ta  to  d e te n n in e  th e  e f fe c ts  o f  so i l  m o is tu re  o n  Fe 

ch lo ro s is  in  so y b e a n  { G ly c in e  m a x  (L .)  M err.). T h e  so i l  to  C O 2  co n te n ts  m ea su red  from  

g as  w e l l s  in  p o ts  in crea se d  from  0 .1 6  to 16 .4  c m o l  m o f '  as a  resu lt  o f  d ecrea sed  gas  

d if fu s io n  w h e n  the a ir-f illed  p o ro s ity  d ecrea sed . W ith  in crea sin g  so il  m oistu re , H C O 3 ' 

con cen tra tion s  in so i l  so lu t io n  attained  v a lu e s  as h ig h  as 10 |j,M. T ota l ch lo ro p h y ll  

con tents  o f  A n o k a  s o y b e a n s  d ec r e a se d  as so i l  m o istu re , so i l  p C 0 2  and so i l  so lu t io n  H C O 3 ' 

increased . T h e  sa m e  r e sp o n se  w a s  n o t  o b serv e d  in all ca lc a reo u s  so ils .  C a lca reo u s  so i ls  

w ith  lo w e r  am ou n ts  o f  c la y  s iz e d  CaCOa, lo w e r  so i l  so lu t io n  Mg^' and/or lo w e r  

b icarb onate  extractab le  P d id  n ot  p ro d u ce  sev ere  ch lo ro s is  w ith  in cre a sed  m o istu re . T h is  

su g g es ts  that c la y  s iz e d  C a C 0 3 , M g  or P m a y  b e  additional stress factors  a s so c ia te d  w ith  

H C 0 3 ’ in d u ced  ch lo ro s is .
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W a ta n b e  and M a tsu m o to  (1 9 9 4 )  stu d ied  e f fe c t  o f  m o n o s i l ic a te ,  p h o sp h a te  and  

carbonate  o n  iron d is so lu t io n  b y  m u g e n e ic  acid . T h e y  c h o s e  ferrihydrite  as a m ineral o f  

F e u se d  to  s tu dy  d isso lu t io n  rate b y  th e  p h y to s id er o p h o re  m u g e n e ic  a c id  (M A )  su sp en d ed  

in N a C l (a q u eo u s ,  p l l  4 - 9 )  co n ta in in g  orthop h osp h ate , m o n o s ih c a te  and carbonate  at a 

range o f  con centration . T h e  resu lts  s h o w e d  in h ib ited  F e  d is so lu t io n  b y  M A  in p rese n c e  o f  

an ions. M o n o s i l ic a te  inh ib ited  >  8 0  per cen t  at >  pH  8 . T h e  inh ib it ion  o f  iron d isso lu t io n  

b y  m o n o s i l ic a te  d ecrea sed  s ig n if ica n t ly  w ith  d e cr ea s in g  pH . In c a se  o f  p h o sp h a te ,  it 

inh ib ited  d is so lu t io n  o f  F e at l o w  con cen tra tion  and all the te s ted  p H  va lues.

2.3 Factors influencing iron availability to plant

Total Fe in Indian s o i ls  varied  from  le s s  than 1.3 per ce n t  to  m ore  than 8  per  cen t  

w ith  an a verage  v a lu e  o f  3 .3  per ce n t  as m e n t io n e d  b y  K atya l and S h a n n a  (1 9 9 1 ) .  B ut iron  

ch lo ro s is  o ften  occu r s  in ca lca reo u s  so il .  T h is  l im e  in d u ced  ch lo ro s is  in not as a 

c o n s e q u e n c e  o f  to o  l o w  a v a ila b ility  o f  F e  in the so il ,  b u t is  rather a p h y s io lo g ic a l  disorder. 

D e sp ite  p h y s io lo g ic a l  d isorder so m e  sp e c i f ic  cu ltivar  m a y  n ot fa c e  iron  c h lo ro s is .  S o , it 

can  b e  ex p re ssed  that there are other factors  w h ic h  are related  to  iron ch lo ro s is .

In 1 9 7 5 , V e n k a ta  S u b rah m an yam  and M eh ta  at A n and , Gujarat, s tu d ied  on  

a va ilab ility  o f  iron in p re se n c e  o f  d if feren t le v e ls  o f  Z n, Fe and m oistu re  in ca lca reo u s  

so il.  T h e y  fo u n d  a n ta g o n is t ic  e f fe c t  o f  Z n to w a rd s  F e ava ilab ility .  M a x im u m  availab le  

Fe w a s  p resen t u nder f lo o d in g ,  lea st  under f ie ld  ca p a c ity  and in term ed iate  under  

saturation.

S in gh  and D a h iy a  (1 9 7 5 )  in H issar, H a iy a n a  co n d u c te d  ex p er im en t to f in d o u t the  

e f fe c t  o f  ad ded  C aC O s and iron o n  the transform ation  o f  iron in a  l ig h t  textu red  so i l  in  

laboratory. E x c h a n g e a b le ,  a v a ila b le  and red u c ib le  iron d ecrea sed  w ith  the in crea se  in 

added  C aC O s. Increase in  t im e  o f  in cu b a tio n  a lso  c a u sed  s ig n if ic a n t  d e cr ea se  in all fo n n s  

o f  iron irrespective  o f  ad d ition  o f  CaCOa. A d d it io n  o f  so lu b le  iron salt resu lted  in  

im m ed ia te  increase  in all form s o f  iron w h ich  a lso  d ecrea sed  w ith  in cu b ation  tim e.
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M orris e t  al.  ( 1 9 9 0 )  h a v e  c la s s i f ie d  the factors  in f lu e n c in g  iron ava ila b il ity  in to  

four heads.

i) In d ig en o u s  so il

ii) E nvironm enta l

iii) N utritional and

iv) M icrob ia l

T h e  in d ig en o u s  so il factors are th o se  param eters that rem ain  re la t iv e ly  co n sta n t and  

are not readily  altered by cn v iron inen la l co n d it io n  on m a n a g em en t  practices. T h e  m ajor  

in d ig en o u s  so il fac tors  im p lica ted  in c lu d e  co n centra tion , m in e ra lo g y  and crysta ll in e  

nature o f  so il  Fe (L oep p ert and H allm ark, 1985; V em p ati and L oeppert, 1 9 8 8 )  and  

con centration , particle  s iz e  disti ibution , reactiv ity  and c o m p o s it io n  o f  so il  carbonate  p h a se  

(Y a a lo n , 19 5 7  ; Inskeep  and B lo o m , 1 9 8 7 ) ;  so il  organ ic  m atter (C h en  and Barak [ 1 9 8 2 ] ) ,  

ex c h a n g e a b le  M g  and ex c h a n g e a b le  N a  co n cen tra tio n s  (In skeep  and B lo o m , 1 9 8 4 )  ; 

L oeppert and H allm ark, 19 8 5 ) and so il  so lu tion  co m p o s it io n ,  e s p e c ia l ly  HCO'^  

con centration  (B r o w n  e t  a i ,  1959  ; B lo o m  and Inskeep , 1986).

E nvironm enta l factors  that h a v e  b een  m a n ife s ted  in F e  a v a ila b ility  in c lu d e  so i l -  

w aler  coiU cnt, so il  gas  phase c o m p o s it io n  and rootin g  v o lu m e.

N u tr it ion a l factors as it r e c o g n ise d  to be re sp o n s ib le  for iron a v a ila b ility  inc lud e  

P con centration , N H 4 /N O 3  b a lan ce , K -fertil iza tion  and M n / F e balan ce .

M icrob ia l factors im p lic a b le  to  m icro -o rg a n ism  p op u la tion  that e ither in crea se s  or 

d ecr ea ses  the con cen lra tion  on ava ilab le  Fc, m o b il iz in g  the la b ile  Fe in c lu d in g  O 2  b a lan ce  

in so il  a tm osphere . A v a i la b le  F e in ca lca reo u s  s o i ls  ex tracted  b y  D T P A -C a C la  (p H  7 .3 )  

D T P A -C a C l 2  (pH  8 ,0 ) ,  E D T A  (NH^OjCO., (pH  8 .6 ), D T P A - N I l ,H C O ,  (pH  7 .6 )  and
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E D T A - N H 4 O A C  (pM 7 .0 )  s h o w e d  s ig n if ica n t correlation  n e g a t iv e ly  w ith  pH , free  C a C O i  

and act ive  C aC O s, w h erea s  p o s it iv e ly  w ith  organ ic  carbon. C la y  co n ten t s h o w e d  a 

te n d en c y  o f  p o s it iv e  correlation  w ith  extractab le  total Fe in the ex p er im en t  co n d u c te d  by  

Prasad and Sakai (1 9 9 1 )  at Pusa, Sam astipur, Bihar.

A  p o t  ex p er im en t w a s  co n d u c te d  w ith  c a lca reo u s  vertic  u stoch rept in Junagarh, 

Gujarat b y  Suthar and Patel (1 9 9 2 ) .  T h e y  studied  the e f fe c t  o f  l im e  (0 , 10 or 2 0 % ) and  

so il w ater  (saturation, 2 0  and 8 0 %  o f  so il  w ater) on  groundnut. L im e ap p lica t ion  

d ec r ea sed  p o d  y ie ld ,  so il  av a ila b le  iron and p lant Fe, M n and K co n te n ts  and  

in crea sed  p lant P content. Pod y ie ld  w a s  h ig h e s t  w ith  8 0 %  a v a ila b le  so il  w ater  that w ith  

2 0 %  ; n o  p o d s  fo rm ed  w ith  so i l  saturation. W ith  in crea se  in so i l  w ater  con tent, p lant  

I’ and K co n ten ts  d c c ie a sc d  and |)laiit i ’c, Mn and Zn coiU ciils  increased.

C a m p illo  and Torrent ( 1 9 9 2 )  c h o s e  ch ick p ea  and s u n f lo w e r  as te st  crops  and g re w  

in  a g row th  ch am b er  on  2 5  ca lc a r eo u s  so i ls  from  A n d a lu s ia  rep resen tin g  X ero flu ren ts ,  

X erorthents , X ero ch rep ts ,  H a p loxera lfs ,  R o d o x era lfs ,  C h ro m o x e ren ts  and P e llo x eren ts .  

T h e y  fou n d  m ean  ch lo ro p h y ll  con ten ts  o f  the p lants  w e r e  m o s t  s tro n g ly  and n e g a t iv e ly  

co iT e la ted  w ith  so i l  ca lc iu m  ca rbona te  eq u iv a len t  and n ative  l im e  and p o s it iv e ly  c o rre la te d  

w ith  ac id  a m m o n iu m  o x a la te  extractab le  Fe, D T P A - extractab le  Fe. T h e  F e form  m o st  

c lo s e ly  re lated  to  Fe c h lo ro s is  w a s  ac id  N H 4 -o x a la te -ex tra c ta b le  F e ; the  critical le v e l  

separating  s o i ls  w ith  h igh  and lo w  p rob ab ilit ies  o f  re sp o n d in g  to Fe fertil izer  w a s  0 .6 3  

g /k g  o f  so il .

R ao el al. ( 1 9 9 3 )  o b serv e d  iron ch lo ro s is  o f  groundnut and stu d ied  on p lant  

nutrient con tent and so il factors  on sa m p les  c o l le c te d  at d ifferen t s tages  o f  the crop  

(groundnut) and their y ie ld  in ch lo ro tic  and n o n c h lo r o t ic  p lo ts . T h e y  m e n t io n ed  

s ig n if ica n t n eg a t iv e  correlation  b e tw e e n  p hosp h oru s  co n ten t and ferrous iron in ca lcareou s  

so il  o f  A ndhra Pradesh w h ic h  s h o w e d  h igh  P co n ten t in p lant ; a c tu a lly  the reason  b eh in d  

le s ser  iron absorption  b y  p lants , due to im m o b il iz a t io n  o f  Fe.
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Jagtap and M o h ite  (1 9 9 4 )  ca m e  to k n o w , the in f lu e n c e  o f  le v e l  o f  m o istu re , organ ic  

matter, C aC O s and partic le  s iz e  o f  s a l in e -so d ic  ca lca reo u s  so i l  o n  re lea se  o f  su lphur and  

iron  from  pyrite . D u rin g  incub ation  r e lea se  o f  F e and S w e r e  in crea sed  up to 3 0  and 4 0  

d a y s  r e sp e c t iv e ly  and thereafter d ecr ea sed  gradually . T h e  r e lea se  o f  av a ila b le  S and Fe  

and d ecr ea se  in  so i l  p H  w a s  fo u n d  w ith  addition  o f  o rgan ic  m atter ( 2 0  t/ha), and the  

application  o f  fm er  ( > 1 0 0  m e sh )  partic les  o f  pyrites  during incubation . T lic  so il  pi I 

d ecreased  in it ia lly  in p yr ites  treated so il  up to  7  d a y s  and thereafter in crea sed  s ligh tly .

K horsand i ( 1 9 9 4 )  stu d ied  the e f fe c t  o f  su lphuric  a c id  on  th e  ava ila b il i ty  o f  F e and  

P in tw o  ca lc a re o u s  s o i ls  in green  h o u s e  ex p er im en t  c o n d u c te d  w ith  sorgh u m  {S o rg h u m  

b ic o lo r ) .  A d d it io n  o f  su lphuric  a c id  in c rea se d  so i l  ac id ity , sa lin ity , D T P A -F e ,  a v a ila b le  

P (N a H C 0 3 'ex tractab le) and crop  y ie ld .  T h e  ch a n g e  in  so i l  p H  w a s  the k e y  to  the  

in crea sed  nutrient a v a ila b ility  and su b seq u en t  crop  y ie ld .  L e a c h in g  after a c id  ap p lica t ion  

w a s  b e n e f ic ia l  in d ecr ea s in g  sa lin ity  during the germ in ation  and the se e d l in g  s ta g es  and  

th is d irectly  a ffec ted  the y ie ld .  T h e  b e n e f ic ia l  e f fe c t  w a s  m ain ta in ed  o v e r  tw o  g r e e n h o u se  

cropp ing  sea so n s .
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T o  stu dy  the d ist iib u tio n  o f  d ifferen t form s o f  iron  and ca lc iu m  in c a lca reo u s  b lack  

s o i ls  in re lation  to  p rese n c e  o f  d ifferen t co n cen tra tio n  o f  iron in so i l  so lu t io n , s o i ls  w e re  

c o l le c te d  fro m  D h a rw a d  and  H eb b a ll i  ( fro m  I 5 “ 19' N  to  15°4 l'  N  and  fro m  7 4 “43* E  to 75°15' 

E ) and H eb su r  ( 1 5 ° i l '  to  15°3 l' N ,  7 5 “0 l'-7 5 °2 8 '  E )  in N orth  Karnataka. P ot cu lture  

ex p er im en t w a s  carried out to  k n o w  the in f lu e n c e  o f  m o is tu re  and free  CaCO.^ on  iron  

a va ilab ility  to  groundnut crop  in a ca lca reo u s  b la ck  so il.  T h e  m aterial u se d  and m e th o d s  

f o l lo w e d  for the study, m e n t io n e d  a b o v e ,  are g iv en  b e lo w .

3.1 C haracterisation  o f  calcareous vertisols for form and distribution o f  iron 

and calcium

3.1.1 Collection o f  soil samples

S a m p le s  at depth  o f  0  to  15 cm , 15 to  3 0  cm , 3 0  to  6 0  cm  and 6 0  cm  to  1 m  o f  a 

p ro fi le  and fou rteen  surface sa m p les  surrounding the p ro f i le  w e r e  c o l le c te d  from  ea ch  o f  the  

s e lec ted  s ites  in  D h a rw a d  (m a in  research  station), H eb b a ll i  (A gr icu ltura l R esea rch  Station)  

and H eb su r  (farm er’s f ie ld ) .  C o l le c te d  so il  sa m p les  rep resen ted  v er t iso ls  and  w e re  ca lca reo u s  

in  nature. T h e  so i l  sa m p les  w e r e  air dried  in sh ade , m ix e d  and p o w d e r e d  w ith  w o o d e n  p est le  

and mortar. A fter  p a ss in g  through 2  m m  s iz e d  s ie v e  th e  p o w d e r e d  so i l  sa m p les  w e r e  

presei-ved in  p la st ic  b a g s  for  further an a lys is .

3.1.2 Basic characterisation  o f  soils

3.1.2.1 Soil reaction

S o il  p H  w a s  d eterm in ed  in 1:2.5 (so i l iw a ter )  s u sp en s io n  u s in g  a p H  m eter  

(Jackson , 1967).

I I I .  M A T E R IA L  A N D  M E T H O D S
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3.1.2.2 E lectrical conductiv ity  (dSm ‘ )̂

E lectr ica l co n d u c t iv ity  w a s  d eterm in ed  in the supernatant so lu t io n  o f  1:2.5  

(so il:w ater)  extract u s in g  a co n d u c t iv ity  m eter  (Jackson , 1 967).

3.1.2.3 O rganic  carbon

O rgan ic  carbon  w a s  es t im a ted  by  W a k le y  and B la c k  w e t  o x id a t io n  m e th o d  by  

o x id is in g  the o rg a n ic  m atter in f in e ly  grou n d  so i l  w ith  ch ro m ic  ac id  u s in g  su lphuric  acid  as 

so u rce  o f  heat through  heat o f  d ilu tion  o f  it. T h e  p rocedu re  fo l lo w e d  w a s  d escr ib ed  by  

J ackson  (1 9 6 7 ) .

3.1.3 A lkaline earth carbonate  (free calcium  carbonate)

F ree  c a lc iu m  carbonate  con ten t o f  so i l  w a s  d eterm in ed  b y  ac id  d ilu tio n  m e th o d  as 

d escr ib ed  by  P iper, (1 9 6 6 ) .

3.1. D ifferent form s o f  iron oxides

3.1.4.1 Free iron oxide

Citrate b icarb on ate  d ith ion ite  (C B D )  m e th o d  w a s  f o l lo w e d  to  extract free  iron  o x id e  

from  so i l  sa m p les .  S o il  sa m p le  w a s  h ea ted  at 7 0 °C  w ith  c itrate-b icarb onate  b u ffer  (1:5  to  

so i l  : b u ffer) . A t  so i l  su sp e n s io n  tem perature o f  7 5 °  C, I g  o f  s o d iu m  d ith ion ite  w a s  added  

o n ce  and stirred interm ittantly. T h e  su sp e n s io n  w a s  co o le d ,  cen tr ifu g ed  and supernatant w a s  

co llec ted . T h e  res id u e  w a s  w a s h e d  w ith  c itrate-b icarbonate  and N a C l  ( tw ic e )  and the  

supernatant w a s  c o l le c ted .  Iron in the w a s h in g s  w h ic h  w a s  m a d e  to a k n o w n  v o lu m e  w a s  

est im ated  u s in g  a to m ic  ab sorp tion  sp ectro  p h o to m eter  (M eh ra  and J ack son , 1 960).



O n e  part o f  so il  and 4 0  part o f  o x a la te  re a g en t (a m m o u n iu m  o x a la te  +  o x a l ic  ac id )  

w a s  stirred and k ep t in darkness for  4  hours. Later cen tr ifu g ed  (3 0  r .p .m .)an d  iron in the  

su p e m a n a n t  w a s  m ea su red  in a a to m ic  absorption  sp ec tro p h o to m eter  (M il le r  e t  a l ,  1 986) .

3.1.5 Estimation o f  iron calcium, carbonate and bicarbonate in soil solution

3.1.5.1 W ater  soluble iron

S o il  w a s  extracted  w ith  d o u b le  d is t i l led  w a ter  m a in ta in in g  so i l  to  w a ter  ratio o f  1 : 

4 0  and b y  sh a k in g  for  16 hours. Iron in the extract w a s  d eterm in ed  b y  A A S  (M il le r  e t  a l ,  

1986).

3.1.5.2 W a ter  soluble calcium

S o il  w a s  extracted  w ith  d o u b le  d is t il led  w a ter  b y  m a in ta in in g  so i l  to  w a te r  ratio  o f  

1:1. C a lc iu m  in  th e  extract w a s  d eterm in ed  b y  v ersen a te  titration (B la ck ,  1 965).

3.1.5.3 C arbonate and bicarbonate

1:2.5 (so i l:w a ter )  extract w a s  u sed  for  d eterm in ation  o f  carbonate  and b icarbonate  

ion . 0 .0 5  ^ s u l p h u r i c  a c id  w a s  u se d  in  p re se n c e  o f  p h en o lp h th a le in  ind ica tor  lo  riculralize  

carbonate ion . A t  th is  stage , another su itab le  ind icator m e th y l  o ran ge w a s  a d ded  and  

further titrated a ga in st su lphuric  a c id  to  g e t  the n eu tra liza t ion  p o in t  w h ic h  in d ica te  the  

p r ese n c e  o f  b ic a ib o n a te  ion  (Jackson , 1967).
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3.1.6.1 D TPA  extractable form of iron

T he m eth o d  fo u n d  to be u sefu l for sep erating  s o i ls  into  d e f ic ie n t  and non  d e f ic ie n t  

ca teg o r ies  for m icro  nutrients, d e v e lo p e d  b y  L indsay  and N o rv e ll  (1 9 7 8 )  w a s  f o l lo w e d  for  

est im ation  o f  a v a ila b le  iron. D T P A  (D ie th y le n e  tr iam ine p enta  a ce t ic  a c id )  w a s  u sed  as 

extractant and a to m ic  absorption  sp ectro p h o to m eter  w a s  u se d  for  e s t im a tio n  as d escr ib ed  

b y  T a n d o n  (1 9 9 8 ) .

3.1.6.2 E xchangeable calcium

K C l-T E A (T r i-e th a n o l a m in e)  b uffer  so lu t io n  (p H  8 .2 )  w a s  u sed  to extract  

e x c h a n g ea b le  form  o f  ca lc iu m  instead  o f  u s in g  a m m o n iu m  acetate  to p revent  

o verestim ation  o f  ca lc iu m  e s p e c ia l ly  in ca se  o f  ca lca reo u s  so il .  T h e  ex tracted  so lu t io n  w a s  

titrated aga inst v er sen e  (d iso d iu m  d ih y d ro g en  e th y len e  d ia m in e  tetra a ce tic  a c id )  u s in g  

m u rex id e  as ind icator (Jackson , 1967).

3.2 Pot culture experiment

3.2.1 Collection and preparation o f  soil sam ple for pot culture

Surface  so il  sa m p les  (0 - 1 5  c m ) w e r e  c o l le c te d  from  a site  in  M R S  D h a m a d  w h ic h  

represen ted  ca lca reo u s  vertiso l (T y p ic  H aplustert). C o l le c te d  so i l  sa m p le  w a s  dried, 

p o w d ere d , p a sse d  through 2  m m  s ie v e  and in c lu d ed  in p o t  culture study.

3.2.2 Experim ental details

D iffere n t  le v e ls  o f  c a lc iu m  carbonate  w e r e  c h o s e n  for  p ot  culture ex p er im en t  to g et  

f iv e  treatm ents. T he le v e ls  c h o s e n  w e re  5, 7, 10, 15 and 2 0  per ce n t  w h ic h  rep resen ted  the  

w id e  variation  o f  ca lc iu m  carbonate  in ca lc a reo u s  ver tiso l o f  N orth  Karnataka. T h e se
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treatm ents w e re  c o m b in e d  w ith  three d ifferen t m o is tu re  le v e ls  ( 7 5 , 150  and 2 0 0 %  o f  

f ie ld  ca p a c ity  o f  so i l )  to  g et  a co m b in a tio n  o f  15 treatm ents.

R eq u ired  a m ou n t o f  CaCOa (L. R  grade) w a s  m ix e d  w ith  6  K g  o f  so il  w h ic h  w a s  

f i l led  in c le a n e d  p orce la in  p ots  and th ese  p o ts  w e r e  transferred to  green  h o u se ,  w h e r e  the  

added  C a C 0 3  w a s  a l lo w e d  to equ ilibrate  w ith  so il for  2  m o n th s  b y  k ee p in g  the so il  at 

m oistu re  lev e l  o f  F. C.

G roundnut {A r a c h is  h y p o g a e a  L.), variety  J L -2 4  (P h u le  Pragati) w a s  u sed  as test  

crop. F ive  se e d s  w e r e  d ib b led  in ea c h  p ot and three h ea lth y  s e e d l in g s  w e r e  retained. T he  

crop w a s  g ro w n  till the  s tage  o f  harvest, f o l lo w in g  all o f  the cultural p ra ct ices  e x c e p t  ad d in g  

g y p su m .

T h e  d eta ils  o f  the ex p er im en t  are g iv e n  in T a b le  1.

3.2.3 M aintenance o f  moisture level

U s in g  pressure p la te  apparatus, the f ie ld  ca p a c ity  o f  the so i l  w a s  d eterm ined .  

D e p e n d in g  u p o n  the treatm ent, p o t  r e c e iv e d  d ifferen t q uantities  o f  w a ter  at tw o  pre 

d eterm in ed  stages, v iz . ,  the  f lo w e r in g  and p e g g in g  stage  o f  the crop. W h ile  m a in ta in in g  the  

three m oistu re  le v e ls ,  three seperate  p o ts  w ith  5 0 0  g m  so il  w e r e  kept in sa m e  en v iron m en ta l  

co n d it io n  (in  g r e en h o u se )  and red u ct ion  in w e ig h t  due to  evap oration  w a s  m e a su red  and  

m oistu re  w a s  m ain ta in ed  in d if feren t treatm ents in a cco rd  w ith  that.
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Table 1. DETAILS OF THE EXPERIMENT

SI. N o Particulars

C rop variety J L -24

D esig n 2 factor C o m p le te ly  R a n d o m ised  D esig n

T ,-  M oistu re  lev e l  at 7 5 %  o f  F .C + 5 %  o f  CaCO., ( M ,C | )

T j-  M oistu re  lev e l  at 7 5 %  o f  F .C + 7 %  o f  C a C O j ( M 1C 2 )

T r  M o istu re  le v e l  at 7 5 %  o f  F .C + 1 0 %  o f  C a C 0 3  ( M 5C 3 )

T 4 - M o is tu re  le v e l  at 7 5 %  o f  F .C + 1 5 %  o f  CaCO,^ ( M ,C 4 ) 

T 5 - M oistu re  le v e l  at 7 5 %  o f  F .C + 2 0 %  o f  CaCO.i (M iC s)  

T (r  M o is tu re  lev e l  at 150%  o f  F .C + 5 %  o f  C a C 0 3  ( M 2 C 1) 

T 7 - M o is tu re  le v e l  at 150%  o f  F .C + 7 %  o f  C aC O s ( M 2 C 2 ) 

Tg- M oistu re  le v e l  at 150%  o f  F .C + 1 0 %  o f  C a C O s ( M 2 C 3 )  

T 9 - M o is tu re  le v e l  at 1 5 0 %  o f  F .C + 1 5 %  o f  C a C O s ( M 2 C 4 ) 

T ,o- M o is tu re  le v e l  at 1 5 0 %  o f  F .C + 2 0 %  o f  C a C 0 3  (M 2 C 5 ) 

Ti | -  M oistu re  le v e l  at 2 0 0 %  o f  F .C + 5 %  o f  C a C 0 3  ( M 3 C 1)

T 1 2 - M oistu re  le v e l  at 2 0 0 %  o f  F .C + 7 %  o f  C a C 0 3  ( M 3 C 2 ) 

T , 3 - M o is tu re  le v e l  at 2 0 0 %  o f  F .C + 1 0 %  o f  C a C 0 3  (M 3 C 3 ) 

T ) 4 - M o is tu re  lev e l  at 2 0 0 %  o f  F .C + 1 5 %  o f  CaCO.^ (M 3 C 4 ) 

T , 5 - M o is tu re  le v e l  at 2 0 0 %  o f  F .C + 2 0 %  o f  CaCO;, ( M 3 C 5 )

Treatm ents

R e p lica t io n T hree

5

6

D a te  o f  s o w in g 3 1 .1 2 .1 9 9 9

D ate  o f  harvest 1 8 :0 4 .2 0 0 0



3.2.4 Soil analysis

3.2.4.1 Iron and calcium  content after harvest

A fter  h arvest so il  sa m p les  w e r e  c o l le c te d  and a n a ly se d  for  d if feren t form s o f  iron, 

ca lc iu m  and b icarb onate  ion . [procedure as m e n t io n e d  in se c t io n  3 .1 ( 3 .4 .5 . 6 )].

3.2 .5  Dry m atter yield and plant analysis

3.2.5.1 D ry m atter yield

A s  s o o n  as the crop g row th  p er io d  w a s  over , p lant sa m p le  w a s  c o l le c te d ,  w a s h e d  w ith  

w ater  f o l lo w e d  b y  0.1 N  H C l and d is t i l led  w ater  and kept for  air drying . A ir  dried  h aulm  

sa m p les  w e r e  o v e n  dried  at 7 0 ”C for overn ight. T h e  w e ig h t  o f  o v e n  dried h au lm  and air dried  

p o d  sa m p les  w e r e  recorded .

3.2.5.2 Preparation o f  plant samples

D ried  sa m p les  w e re  p o w d e re d  in a grinder and p ressured  in paper b a g s  for  further  

a n alysis .

3.2.5.3 Estim ation o f  iron and calcium  in plant sam ples

Plant sa m p les  w e r e  d ig e s ted  in d ia c id  m ixtu re  (N itr ic  ac id  : P erch lor ic  a c id  in 

proportion  o f  9 :4 )  and filtered  extract w a s  u sed  for e st im a tio n  o f  iron b y  A A S  and ca lc iu m  

b y  v ersen ate  titration m e th o d  (T an don , 1998).

0



i:- 8

3.3 Statistical analysis

C o m p le te ly  ra n d o m ised  d es ig n  ( 2  factor) w a s  f o l lo w e d  for p ot  culture ex p er im en t  and  

correlation  stu d y  w a s  m a d e  to a n a ly se  d istribution  o f  iron and ca lc iu m  in so il  sa m p les  

c o l le c te d  fro m  three d if feren t p la c es .  C o m p u ted  data w a s  interpreted w ith  critical d if fer en ce  

lev e l  at 5 per cen t and 1 per cent.





IV. EXPERIMENTAL RESULTS

S u rface  and p rofile  so i l  sa m p les ,  rep resen tin g  ca lc a re o u s  b lack  so il  

(T y p ic  H aplustert) w e re  c o l le c te d  from  M .R .S . ,  D h a rw a d  ( D - B lo c k ) ,  H eb b a lli  

(A gricu ltural R esea rch  S tation ) and H eb su r (F a rm er’s f ie ld ) .  A  p o t  culture ex p er im en t  

w a s  co n d u c ted  w ith  grou n dn u t (J L -2 4 )  as te st  crop  in the w in ter  se a so n  o f  1 9 9 9 - 2 0 0 0  and  

so i l  sa m p les  w e r e  a n a ly se d  for  d if feren t fo rm s o f  iron, c a lc iu m  and  b ica rb o n a te  and p lant  

sa m p les  fo r  total iron and ca lc iu m . T h e  resu lts  o f  the su rv ey  w o r k  and p o t  culture  

ex p er im en t are p resen ted  as fo l lo w s:

4.1 R esults o f  soil survey

4.1.1 Basic characterization  o f  soils

4.1.1.1 Soil reaction

S urface so i l  sa m p les  ( 0 - 1 5 c m )  o f  D h a rw a d  w e r e  neutral in  p H , ran g in g  from  pH  

6 .5 0  to  p H  7 .1 6 .  In H eb b a ll i ,  su rface  s o i ls  w e r e  h a v in g  th e  p H  range o f  7 .5 6  to  8 .3 6 ,  

ind ica tin g  neutral to  s l ig h t ly  a lka lin e  so i l  reaction . S urface  so il  sa m p les  from  H eb sur  

w e r e  a lka lin e  in p H  ranged  from  8 .2 4  to  8 .9 6 .

p H  o f  p ro f i le  sa m p le s  (tab le  2 )  d id  n o t  f o l l o w  any s p e c i f ic  d istr ibution  pattern in 

D h arw ad  and H eb b a lli  and the range w ere  6 .7 0  to  7 .6 9  and 7 .0 1  to 7 .8 7  re sp ec t iv e ly .  

W h erea s ,  p ro f i le  sa m p les  in H eb su r  s h o w e d  p H  in d ecrea s in g  order as th e  depth  in creased  

(p H  8 .9 6  to pH  8 .7 8 ) .

4.1.1.2 Soluble salts

E lectr ica l co n d u c t iv ity  o f  su rface  so i ls  o f  D h a rw a d , H eb b a ll i  and H eb su r  ranged  

from  0 .4 3  to 0 .6 4  dSm '',  0 .2 9  to 0 .7 7  dSm '' and 0 .5 7  to  0 .6 8  d S m ‘‘ re sp e c t iv e ly ,  rev ea lin g  

the w id er  range o f  E .C . v a lu e s  in the surface s o i ls  o f  H ebballi .
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P ro file  sa m p les  o f  all the three p laces^ record ed  E .C . v a lu e s  w h ic h  d id  n ot f o l lo w  

a n y  d efin ite  pattern w ith  depth. S o il  sa m p les  fro m  D h a rw a d  reco rd ed  E .C . v a lu e s  w h ich  

w e r e  in the range o f  0 .4 3  to 0 .6 2  d S m  '. E .C .v a lu e s  o f  H eb b a ll i  s o i ls  ran ged  from  0 .5 0  to  

0 .7 2  dSm"' and E .C . o f  H eb su r  s o i l s  w e r e  in  the range o f  0 .6 5  to  0 .6 8  dSm"' (T a b le  2). It 

can  b e  co n c lu d e d  from  the results  that so lu b le  salt co n ten t in all the  s o i ls  w e r e  quite  le s s  

and so i ls  o f  all o f  the  three p la c e s  w e re  n o n -sa lin e .

4.1.1.3 Organic  carbon

Surface  so i ls  sa m p les  o f  D h a rw a (^ reco rd ed  the lo w e s t  v a lu e  o f  0 .4 8  per c e n t  and  

th e  h ig h es t  v a lu e  o f  0 .7 2  per ce n t organ ic  carbon  co n ten t and in H eb b a ll i  so i l  it ranged  

from  0 .5 4  to  0 .6 3  per cent. In H eb su r  so i l  the v a lu e s  ran ged  fro m  0 .3 9  to  0 .6 3  per cent  

(T a b le .2 ) .

O rgan ic  carbon  co n ten t in p ro file  sa m p les  o f  all o f  the three p la c e s  d ecr ea sed  w ith  

depth. T h e  range o f  organ ic  carbon  in p ro f i le  o f  D h arw ad  w a s  0 .6 0  to 0 .3 6  per cent ,  in  

H eb b a lli  it w a s  0 .6 0  to  0 .4 5  per c e n t  and in  H eb su r  it w a s  0 .6 0  to 0 .3 9  per cent.

In all the three p la c es ,  the d istr ibution  o f  o rgan ic  carbon w a s  m ed iu m .

4.1.2 Distribution o f  w ater soluble iron, calcium and bicarbonate in soil solution

W ater  so lu b le  iron, c a lc iu m  and b icarb onate  in so i l  so lu t io n  w e r e  e s t im a ted  in the  

so i l  sa m p le s  c o l le c te d  from  d ifferen t p la c es .  T h e  resu lts  (T a b le  3 )  are as fo l lo w s .

4.1.2.1 W ater  soluble iron

Su rface  so il  sa m p les  o f  D h arw ad ^recorded  w ater  so lu b le  iron from  0 .2 8  to 0 .7 6  

p p m  and it w a s  in the range o f  0 .2 6  to  0 .4 8  p p m  in H eb balli .  W h erea s ,  H eb su r  so i ls  

s h o w e d  a lo w e s t  v a lu e  o f  0 .2 2  p p m  and  h ig h es t  o f  0 .3 2  ppm .
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W ater so lu b le  iron o f  p ro f i le  so il  sa m p les  o f  D h a m a d  d ecr ea sed  w ith  increasin g  

depth , ran g ing  from  0 .7 6  to 0 .4 4  ppm . In profile  sa m p les  o f  I leb balli  and H ebsur, w ater  

so lu b le  iron d id  n o t  f o l lo w  any d efin ite  trend and the v a lu e s  w e r e  in  the range o f  0 .4 8  to  

0 .4 4  p p m  and 0 .3 6  to 0 .2 2  ppm  resp e c tiv e ly .

4 .1 .2 .2  W a t e r  s o lu b le  c a lc iu m

S u rface  sa m p les  o f  D h a rw a d  record ed  w ater  so lu b le  C a  w h ic h  w a s  in the range o f

2 2 0 .0  to  3 3 3 .3  ppm . In H eb b a lli ,  it w a s  in the range o f  2 0 .0  to 1 3 0 .0  ppm . W h erea s ,  it 

w a s  4 0 .0  to 1 2 0 .0  ppm  in H ebsur (T a b le .3).

D istr ib u tion  o f  w ater  so lu b le  ca lc iu m  in p ro file  sa m p les  d id  n ot f o l lo w  an y  d efin ite  

trend in all o f  the three p la c es  and the v a lu e s  w e r e  in the ranges o f  2 2 6 .7  to 4 0 0 .0  ppm ,

4 0 .0  to  1 5 0 .0  ppm  and 4 0 .0  to 1 2 0 .0  ppm  in D harw ad , H ebballi  and H eb su r  re sp ectiv e ly .

4 .1 .2 .3  B ic a r b o n a te

T he b icarbonate  con centra tion  in surface  s o i ls  o f  D h a rw a d  w e r e  in the range o f

152 .5  to 4 5 7 .5  ppm . A  range o f  4 5 7 .5  to 7 6 2 .5  ppm  o f  b icarb on ate  iron con centra tion  

w a s  o b serv e d  in s o i ls  o f  H ebballi  and in H eb sur it w a s  in the range o f  3 0 5 .0  to 9 1 5 .0  ppm .

T he p rofile  so il  sa m p les  o f  D h a rw a d  d id  n ot  f o l lo w  a n y  d efin ite  trend in the  

distribution  o f  b icarb onate  iron but th e  con centra tion  w a s  m o re  in all other dep th s ex c e p t  

surface. T h e  v a lu es  o f  b icarb onate  ion s  con centra tion  w e r e  in the range o f  1 5 2 ,5 0  to

3 0 5 .0 0  ppm  (T a b le .2). B icarb on ate  con centra tion  in p ro fi le  o f  H eb ba lli  in crea sed  w ith  

in crea sin g  depth  and the v a lu e s  w e r e  in a range o f  4 5 7 .5  to 7 6 2 .5  ppm . T h e  p rofile  

sa m p les  o f  H eb su r  d id  n ot  s h o w  an y  d efin ite  trend in b icarb on ate  co n cen tra tio n  and the  

v a lu e s  ranged  from  3 0 5 .0  to 7 6 2 .5  p pm  (T a b le .3).
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A m o rp h o u s  iron o x id e -o c c lu d e d  iron, free  iron o x id e ,  free  c a lc iu m  carbonate ,  

ex c h a n g e a b le  ca lc iu m  and D T P A -e x tra c ta b le  iron co n ten t in p ro f i le  and su rface  soil  

sa m p les  are p resen ted  in T a b le  4  and the resu lts  are d escr ib ed  as under:

4.1.3.1 A m orphous iron oxide-occluded iron

A m o r p h o u s  Fe o x id e -o c c lu d e d  iron w a s  in the range o f  1 0 4 3 .6  to 1 2 6 4 .4  ppm  

surface s o i ls  o f  D h a rw a d  (T a b le  4 ).  It ranged  from  1 0 6 6 .0  to 1 4 6 6 .0  p pm  in H eb ba lli .  

W h ere a s ,  it w a s  in range o f  4 4 5 .0  to 1 1 0 3 .2  p pm  in H ebsur.

A m o r p h o u s  iron o x id e -o c c lu d e d  iron co n ten t in crea sed  as the depth in crea sed  in 

p ro file  sa m p les  at all the three p la c e s  w h ic h  ran ged  from  1 0 9 5 .8 0  to  1 4 3 4 .0  p p m  o f  so il ,  

7 9 8 .8  to  1 0 7 2 .8  p p m  and 4 7 9 .6  to  1 2 2 2 .0  p p m  in D h a rw a d  H eb b a lli  and H eb sur  

resp e ctiv e ly .

A v e r a g e  v a lu e  o f  am orph ou s Fe o x id e -o c c lu d e d  iron w a s  m o re  in D h a rw a d  so il  

and w a s  le s s  in H ebsur.

4.1.3.2 Free iron oxide

F ree iron o x id e  co n ten t in surface  sa m p les  o f  D h a rw a d  w a s  in a range o f  1 7 5 .6  

p pm  to  4 1 6  ppm . T h e  surface  s o i l s  o f  H eb b a ll i  record ed  a  ran ge o f  1 00  to  3 5 0  ppm . li 

w a s  8 9 .9  to  2 1 0  p p m  in  the su rface  s o i l s  o f  H ebsur.

F ree iron o x id e  co n ten t in  p ro f i le  sa m p le s  o f  D h a rw a d  s h o w e d  p o s it iv e  relation  

w ith  depth , ranging from  1 7 5 .6  to  2 1 0 .6  p p m  (T a b le  4 ) .  W h ere a s ,  H eb b a ll i  and H eb sur  

did  n ot reco rd ed  a n y  d e fin ite  pattern in d istr ibution  o f  free  iron in p ro fi le  sa m p le s  and the  

v a lu es  ranged  from  1 5 3 .6  to 3 1 9 .0  p pm  and 76.1  to 1 1 2 .7  p p m  resp e c t iv e ly .
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4.1.3 Distribution of different forms of iron and calcium
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4.1.3.3 Free calcium carbonate

Free ca lc iu m  carbonate  co n ten t ranged  from  1.5 to  8 .0  per ce n t  in  su rface  s o i ls  o f  

D h arw ad . In surface so i ls  o f  H eb ba lli ,  it w a s  from  1.5 to 8 .5  per c e n t  w h i le  in  surface  

so i ls  o f  H eb su r  it w a s  from  8 .0  to 18 .5  per c e n t  (T a b le  4).

T h e  d istr ibution  o f  free  c a lc iu m  carbonate  in su rface  so i l  sa m p les  o f  D h arw ad  

varied  v ery  n a rro w ly  w h erea s ,  the range w a s  w id e ,  in surface  s o i ls  o f  H eb sur  

(8 .0  to  18.5% ).

Free ca lc iu m  carbonate  in p ro file  sa m p les  o f  D h arw ad  d id  n o t  f o l l o w  a n y  d efin ite  

trend, and the v a lu e s  ran ged  from  2 .0  to  9 .0  per cen t  (T a b le  4). D istr ibution  o f  free  

ca lc iu m  carbonate  in p ro file  sa m p les  in H eb ba lli  w a s  in in crea sin g  order as the  depth  

increased , ran g ing  from  2 .0  to 5 .5  per cent. T here  w a s  n o  d efin ite  trend f o l lo w e d  in free  

ca lc iu m  carbonate  c o n te n t  in p ro file  sa m p les  o f  H eb su r  and it ranged  from  13 .0  to  17.5  

per cent.

4.1.3.4 E xchangeable calcium

E x c h a n g e a b le  ca lc iu m  in the surface s o i ls  o f  D h a rw a d  ranged  from  2 4 .8  to 3 6 ,8  

c .m o l  (p^)kg'V It w a s  1 8 .6  to 4 5 .0  c .m o l  (p^)kg’' in  surface sa m p les  o f  H eb b a ll i  and 2 8 .0  

to  3 6 .8  c .m o l  (p"^)kg’  ̂ in  surface sa m p les  o f  H ebsur.

T h e  data o f  e x c h a n g e a b le  ca lc iu m  as g iv e n  in T a b le  3, s h o w e d  p o s it iv e  relation  

w ith  depth , in  p ro f i le s  o f  both  D h a rw a d  and H eb b a ll i ,  w h e r e  th e  v a lu e s  ran ged  fro m  2 4 .6  

to  2 8 .4  c .m o l  (p^)kg'’ and 3 9 .0  to 4 5 .8  c .m o l  (p^)kg’’ re sp e c t iv e ly .  W h erea s , d istr ibution  

o f  ex c h a n g e a b le  c a lc iu m  in p ro f i le  o f  H eb su r  d id  n o t  f o l lo w  an y  d efin ite  trend and it 

ran ged  from  2 6 .6  to  4 2 .6  c .m o l  (p^)kg'‘ (T a b le  4).
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T a b le  5 . C O R R E L A T I O N  S T U D Y  O F  D I F F E R E N T  P A R A M E T E R S  O F  

S U R F A C E  S A M P L E S

SI.

N o .

r - v a lu e

D h a r w a d H e b b a l l i H e b s u r

I F ree c a lc iu m  carbonate  v s  D T P A -F e - 0 .7 8 6 * * -0 .7 6 6 * * —

2 W ater  so lu b le  C a  v s  D T P A -F e -0 .3 0 7 - 0 . 0 1 0 -0 .1 5 3

3 W ater  so lu b le  C a v s  w a ter  so lu b le  F e 0 .0 3 9 0 .1 7 7 0 .1 5 8

4 E x c h a n g e a b le  C a  v s  F ree  iron  o x id e 0 .4 1 3 0 .0 5 1 0 .3 4 5

5 E x c h a n g e a b le  C a  v s  A m o r p h o u s  F e  

o x id e -o c c lu d e d  F e

0 .3 7 0 0 .1 6 8 0 .4 9 8

6 E x c h a n g e a b le  C a  v s  w a ter  so lu b le  F e 0 .0 9 8 0 .0 2 4 0 .1 4 2

7 B ica rb o n a te  v s  F ree c a lc iu m  carbonate 0 .6 3 1 * 0 .8 8 9 * * 0 .6 4 4 *

8 B ica rb o n a te  v s  D T P A -F e -0 .8 4 2 * * - 0 .7 9 7 * * -0 .3 7 4

* S ig n if ica n t at 5%  lev e l.

** S ig n if ica n t  at 1% lev e l .



D T P A -e x tra c ta b le  iron in surface  s o i ls  o f  D h a rw a d  ranged  from  1 .79  to 8 .3 5  ppm .  

S urface  sa m p le s  o f  H eb b a ll i  reco rd ed  0 .7 3  to  1.81 p p m  o f  D T P A  F e  and it w a s  0 .2 3  to  

2 .6 2  p pm  in su rface  sa m p les  o f  H eb su r  (T a b le  4).

T h e  d istr ibution  o f  D T P A -F e  d id  not f o l l o w  an y  d efin ite  trend in p ro fi le  sa m p les  o f  

D h arw ad , w h ich  ranged  from  1,75 to 5 .1 9  ppm . T h e  D T P A -e x tra c ta b le  iron c o n te n t in 

p ro file  o f  H eb b a lli  d ecr ea sed  w ith  depth  and th e  v a lu e s  ran ged  from  0 .3 0  to  1 .6 4  ppm .  

T here w a s  n o  d efin ite  trend fo u n d  in D T P A -F e  co n ten t in p ro f i le  o f  H eb su r  and it ranged  

from  0 .4 4  to  2 .3 4  ppm .

4.2 Pot culture study

G rou nd n ut (J L -2 4 , a b u n ch  varie ty ) w a s  c h o s e n  as te st  crop and  w a s  g ro w n  in pot  

till m aturity  o f  the crop. A v a i la b i l i ty  o f  iron  and ca lc iu m  to  p lan t w a s  s tu d ied  b y  

im p o s in g  d if feren t le v e ls  o f  m oistu re  and  C aC O s as d if feren t treatm ents to  the so il .  

M o istu re  treatm ent w a s  im p o se d  at f lo w e r in g  (7  d a y s )  and  p e g g in g  (7  d a y s )  s tage  during  

crop grow th  w ith  sev en  d a y s  gap, w h i le  C a C O j treatm ent w a s  im p o se d  at the b e g in n in g  o f  

the exp er im en t.

4.2.1 B asic  characterisation  o f  soil

C h em ic a l  and p h y s ica l  p roperties  o f  so i l  and d if feren t fo rm s o f  iron and ca lc iu m  

w e r e  a n a ly se d  at the  b e g in n in g  o f  the exp er im en t. T lie  data is  p rese n ted  in  T a b le  6 .

4.2.2 Pod and haulm yield

A ir-dry  w e ig h t  o f  p o d s  (g /p o t)  and o v en -d ry  w e ig h t  o f  h au lm  (g /p o t)  are g iv en  in 

T a b le  7  and th e  d eta ils  are as fo l lo w s .

36
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Table 6. B A SIC  C H A R A C T E R IS A T IO N  O F  SO IL  U S E D  IN P O T  C U L T U R E  

ST U D Y

T r e a t m e n t s  a n a ly s e d V a lu e s M e t h o d o l o g y

P h y s ic a l  p r o p e r t ie s

C oarse  sand 1 8 .1 0  % International p ip ette

F in e  sand 2 6 .0 0  % m e th o d  (P iper, 1 9 6 6 )

Silt 2 2 .4 4  %

C lay 3 0 .0 %

T extu re c la y  lo a m

C h e m ic a l  p r o p e r t ie s

p H 7 .3 4 Jack son , 19 6 7

E lectr ica l c o n d u c t iv ity 0 .61  d S m ’^ Jack son , 19 6 7

O rgan ic  carbon 0 .6 3 % Jack son , 1 9 6 7

F ree  c a lc iu m  carbonate 5 .0 0 % Piper, 19 6 6

A m o rp h o u s  F e  o x id e -  o c c lu d e d

iron 1 0 6 4  p p m M iller  e f f l / . ,  1 9 8 6

F ree  iron o x id e 4 2 3 .4  p p m M eh ra  &  J ack son , 1 9 6 0

D T P A -e x tra c ta b le  iron 8 .4 9  p p m L in d sa y  &  N o r v e l l ,1 9 7 8

W ater so lu b le  iron 0 . 8 8 8  p p m M ille r  e t  a l . ,  1 9 8 6

W ater so lu b le  c a lc iu m 3 7 0 .0 0  p p m T a n d o n , 1 9 9 8

B icarb on ate 5 3 7 .2 5  p p m J a c k s o n , 1 9 6 7

E x c h a n g e a b le  c a lc iu m 2 8 .4 0  c. m o l  (p'*’)kg'' B la c k ,  1 9 65 .



4 .2 .2 .1  Y ie ld  o f  p o d  (g /p o t )

M o is tu re  le v e l  h a d  p o s it iv e  and s ig n if ic a n t  e f fe c t  on  p o d  y ie ld .  A t  m o is tu re  le v e l  

o f  75  p er  ce n t  o f  F .C . p o d  y ie ld  w a s  1 1 .25  g /pot . A t  m oistu re  le v e l  o f  1 50  p er  ce n t  o f  

F .C . it in c re a se d  to  a le v e l  o f  1 3 .9 2  g/pot. W h ere a s ,  at 2 0 0  per c e n t  o f  F .C . ( M 3 ) y ie ld  o f  

p o d  in crea sed  further and it w a s  14.21 g/pot.

D ifferen t CaCO^ lev e l  a lso  in f lu e n c ed  s ig n if ic a n t ly  o n  y ie ld  o f  p od . A t  C i (5 %  o f  

C aC O s) y ie ld  w a s  1 4 .3 7  g /p o t  and it in cre a sed  to  a le v e l  o f  1 4 .93  g /p o t  at C 2  (7 %  o f  

C aC O g). W h ere a s ,  C 3  i .e .,  at 10 per cen t  C a C O s co n ten t y ie ld  d ecr ea sed , reco rd in g  a 

va lu e  o f  1 2 .3 7  g  /pot. Y ie ld  o f  p o d  at C 4  (1 5 %  o f  C a C O s)  s h o w e d  p o s it iv e  e f fe c t  o v er  

C 3  and y ie ld  in crea sed  to 1 2 .6 0  g  /pot. 2 0  per  ce n t  o f  C a C 0 3  c o n te n t  ( C 5 ) sh o w e d  

n eg a tiv e  e f fe c t  on p o d  y ie ld  (1 1 .3 8  g  /p o t)  (T a b le  7).

Interaction  e f fe c t  o f  m o is tu re  and C a C 0 3  le v e l  s h o w e d  m o re  y ie ld  in T 6 - M 2 C 1 and  

T 7 - M 2 C 2  than in other treatm ents (1 9 .4 0  g /p o t  in To and 1 9 .9 0  g  /p o t  in  T7 ). W h erea s ,  

m a x im u m  p o d  y ie ld  w a s  reco rd ed  in T7 , at m o is tu re  le v e l  o f  1 50  per ce n t  o f  F .C . in 

p r e se n c e  o f  7  per cen t  o f  C a C 0 3 .

4 .2 .2 .2  Y ie ld  o f  h a u lm

S ig n if ic a n t  in c re a se  in h a u lm  y ie ld  w a s  o b serv e d  w ith  in c r e a se  in m o is tu re  lev e l  

(2 2 .3 5  to  2 3 .7 3  g /pot) .  A t M i(7 5 %  o f  F .C .)  y ie ld  o f  h au lm  w a s  2 2 .3 5  g /p o t  w h ic h  

in crea sed  to 2 3 .1 1  g /p o t at M 2 (1 5 0 %  o f  F .C .)  and further in c re a se d  to 2 3 .7 3  g /p o t  at M 3 

(2 0 0 %  o f  F .C .)  (T a b le  7).

S ig n if ica n t  in f lu e n c e  w a s  reco rd ed  in  y ie ld  o f  h a u lm  w ith  in crea se  in le v e l  o f  

C aC O s. A t  5 p er  cen t le v e l  o f  C a C 0 3 , y ie ld  w a s  2 4 .2 9  g /p o t  and it d ecrea sed  to  2 3 .2 6  

g /p o t at C 2  (7 %  o f  C aC O s). Further d e cr ea se  in y ie ld  o f  h au lm  w a s  o b serv ed  at C 3  and it 

w a s  2 1 . 8 6  g /pot. T h e  h a u lm  y ie ld  further d ecr ea sed  (2 1 .7 6  g /p o t)  at 15 per cen t C aC O s

38
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co n tcn t (C 4 ). T reatm en t w ith  2 0  per cen t C a C 0 3  ( C 5 ) recorded  e x c e p t io n a l ly  increased  

y ie ld  o f  h aulm  ( 2 4 .1 6  g /pot).

In teraction  e f fe c t  in d ica ted  m o r e  y ie ld  at T 6 - M 2 C 1 and at T 7  -M 2 C 2  (record in g  

2 6 .9 0  g /p o t  at Tg and 2 6 .0 6  g /p o t  at T 7 ). W h erea s ,  m a x im u m  y ie ld  a m o n g st  all the  

treatm ent w a s  in  the treatm ent o f  15 0  p er  ce n t o f  F .C . +  5 per ce n t  o f  CaCO.^ con ten t  

(2 6 .9 0  g /pot) .

4.2.3 Concentration o f  different ions in soil solution

D iffere n t  io n s  viz . ,  w ater  so lu b le  iron, w ater  so lu b le  c a lc iu m  and  b icarb on ate  w e re  

est im ated  after harvest in the so il  sa m p les  w h ich  w e re  treated w ith  d if feren t leve l o f  

m oistu re  and C aC O s (T a b le  8 ).

4.2.3.1 W ater  soluble iron

In creased  m o is tu re  le v e l  in f lu e n c ed  s ig n if ic a n t ly  o n  w a ter  so lu b le  iron co n te n t  after  

h arvest (T a b le  8 ). A t 75  per ce n t  F .C . (M j)  w a te r  s o lu b le  iron  co n te n t  w a s  0 .6 2  ppm  

w h ich  in crea sed  up to a  le v e l  o f  0 .9 8  p p m  at 150  per cen t  and 75  per cen t  o f  FC, though  

further in crea se  w a s  n ot fo u n d  at 2 0 0  per  cen t F .C . (0 .9 8  ppm ).

N e g a t iv e  but s ig n if ic a n t  e f fe c t  o f  C aC O s le v e l  w a s  o b ser v e d  on  co n cen tra tio n  o f  

w ater  so lu b le  iron. A t  C )(5 %  o f  C a C O s) it w a s  1 .80  ppm  and d ec r e a se d  to  1 .37  ppm  in 

C 2 ( 7 %  o f  C aC O s). Increase o f  C aC O s co n te n t  to  10 per c e n t  (C 3 ), c /ecreased  the  

con centra tion  o f  w ater  so lu b le  iron  to a  le v e l  o f  0 .9 4  ppm . Further in cre a se  in C aC O s to  

15 per ce n t  (C 4 ), d e cr ea sed  the w ater  so lu b le  iron to  0 ,0 9  p pm , C a C O s o v e r  15 per cent,  

did  n ot s h o w  a n y  in f lu e n c e  o n  co n cen tra tio n  o f  w a ter  so lu b le  iron (0 .0 9  p p m  at 2 0 %  o f  

CaCOg).
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Interaction  e f fe c t  s h o w e d  p rese n c e  o f  m a x im u m  co n ce n tra tio n  ( 1 .8 0  p p m ) o f  w ater  

so lu b le  iron at m o is tu re  le v e l  o f  2 0 0  per c e n t  o f  F .C . (sa turation) w ith  5 per cen t o f  

C a C O j (T n - M j C i) .

4.2.3.2 W a ter  soluble calcium

W ater  so lu b le  c a lc iu m  w a s  s ig n if ic a n t ly  and  p o s it iv e ly  re la ted  to  m o is tu re  lev e l.  

M l (7 5 %  o f  F .C .)  reco rd ed  th e  con cen tra tion  o f  8 4 .0 0  p p m  o f  w a te r  s o lu b le  ca lc iu m  

w h ic h  in crea sed  to  1 4 8 .6 7  p p m  at M 2  (1 5 0 %  F.C .) . Further in crea se  w a s  o b se rv e d  at M 3 

(2 0 0 %  o f  F .C .)  and it w a s  2 6 4 .0 0  p p m  (T a b le  8 ).

C a lc iu m  carbonate  treatm ents s h o w e d  p o s it iv e  and s ig n if ic a n t  e f fe c t  on w ater  

so lu b le  ca lc iu m . In C i (5%  o f  CaCO^) it w a s  1 0 8 .8 9  ppm  w h ich  in crea se d  to 1 3 0 ,0 0  ppm  

in  C 2  (7 %  o f  C aC O s). 10 per c e n t  o f  C aC O s (C 3 ) s h o w e d  m o r e  in crea se  in w ater  so lu b le  

ca lc iu m  ( 1 6 0 .0 0  ppm ). Further in crease  w a s  record ed  at C 4  (1 5 %  o f  C aC O s) and the  

v a lu e  w a s  1 8 8 .8 9  ppm . M a x im u m  v a lu e  ( 2 4 0 .0 0  p p m ) o f  w a ter  so lu b le  c a lc iu m  v/as  

record ed  at C 5 ( 2 0 %  o f  C aC O s).

Interaction e f fe c t  s h o w e d  p r ese n c e  o f  m a x im u m  a m ou n t o f  w a ter  so lu b le  ca lc iu m  

(3 5 3 .3 3  p p m ) at m oistu re  le v e l  o f  2 0 0  per cen t  F .C . +  2 0  per ce n t  o f  C aC O s ( T 1 5 - M 3 C 5 ).

4.2.3.3 B icarbonate

B ica rb o n a te  w a s  p o s it iv e ly  and s ig n if ic a n t ly  re la ted  to  m o is tu re  le v e l .  In M | (7 5 %  

o f  F .C .)  b icarb on ate  co n cen tra tio n  w a s  6 4 1 .2 0  p p m  w h ic h  in crea se d  to 7 4 0 .1 5  p p m  in  

M 2 (1 5 0 %  o f  F .C .) .  A  con cen tra tion  o f  7 7 7 .7 5  p p m  o f  b icarb onate  w a s  o b se r v e d  in 

M 3  (2 0 0 %  o f  F .C .)  (T a b le  8 ).

In creased  le v e l  o f  C a C 0 3  in cre a sed  th e  con cen tra tion  o f  b icarb onate  sh o w in g  

s ig n if ica n t and  p o s it iv e  e ffec t .  U n d e r  treatm ent o f  5 per c e n t  o f  C aC O s con ten t
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b icarb onate  reco rd ed  6 2 7 .7 2  p pm  w h ic h  in c re a se d  to  6 7 8 .1 7  ppm  at C 2  (7 %  o f  C„C 0 3 ). 

Further in cre a se  in CaCO^ lev e l  in c rea se d  the b icarb onate  le v e l  to 7 2 5 .2 8  ppm  in € 3 ( 1 0 %  

o f  C a C O i)  and in Q  ( 1 0 %  o f  CaCO^), it w a s  7 7 0 .9 4  ppm  and 7 9 6 .3 9  p p m  in the  

treatm ent o f  2 0  per ce n t  o f  C aC O s ( C 5 ).

Interaction  s h o w e d  p re se n c e  o f  lo w e s t  am o u n t o f  b ica rb o n a te  ( 5 1 0 .6 7  p p m ) at 

m oistu re  lev e l  o f  75  per cen t  o f  F .C. +  5p er  ce n t  o f  C a C 0 3  ( T i - M iC i ) .  M a x im u m  

con centra tion  o f  b icarb on ate  ( 8 3 8 .7 5  p p m ) w a s  fo u n d  at m o is tu re  le v e l  o f  2 0 0  p er  ce n t  o f  

F.C . +  2 0  per ce n t  o f  C aC O s ( T 1 5 - M 3 C 5 ).

4.2.4 Iron oxide

T w o  form s o f  iron o x id e s  viz .,  free  iron o x id e  and a m o rp h o u s Fe o x id e -o c c lu d e d  

iron w e r e  a n a ly se d  and data is p resen ted  in T a b le  9.

4.2.4.1 Free iron oxide

M o istu re  le v e l  in f lu e n c e d  p o s it iv e ly  and  s ig n if ic a n t ly  o n  free  iron o x id e  content.  

In M i (7 5 %  o f  F .C .)  free iron o x id e  c o n te n t w a s  3 6 4 .7 7 0  p p m  and it in crea se d  to  3 7 0 .0 6 0  

p p m  in  M 2  ( 1 5 0 %  o f  F .C .) .  Further in crea se  in m oistu re  le v e l  resu lted  in 3 8 1 .9 8 0  p p m  o f  

free  iron  o x id e  as in  M 3  ( 2 0 0 %  o f  F .C .)  (T a b le  9).

C aC O s le v e l  in f lu e n c e d  n e g a t iv e ly  and s ig n if ic a n t ly  on  free  iron  o x id e  co n te n t  and  

it d ecrea sed  from  3 9 5 .0 6 0  ppm  [C ,(1 0 %  C aC O a)] to  3 7 8 .2 6 0  p p m  [C 2  (1 0 %  C aC O a)].  

Further in crea se  in C a C 0 3  con tent, d ecrea sed  the free  iron o x id e  co n ten t to  3 7 0 .1 0 0  ppm  

and it l e s s e n e d  to 3 6 3 .0 0 0  p pm  as in  15 p er  cen t  o f  C a C 0 3  (C 4 ). W h ere a s ,  further  

in crea se  in C a C 0 3  to  2 0  per cen t(C s),  d ecr ea sed  th e  free  iron o x id e  to  3 5 4 .9 6 0  ppm .
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Interaction e f fe c t  in d ica ted  m a x im u m  co n ten t ( 4 0 2 .3 6 3  p p m ) o f  free iron o x id e  in 

so il  at T 1 1 - M 3 C 1 . M in im u m  am o u n t o f  free iron o x id e  (3 5 0 .0 2 3  p p m ) w a s  fo u n d  at 

T s-M .C s.

4.2.4.2 Am orphous Fe oxide-occluded iron

A m o r p h o u s  F e o x id e -o c c lu d e d  iron w a s  p o s it iv e ly  and s ig n if ic a n t ly  re lated  to  

m oistu re  c o n te n t in so il .  In M i (7 5 %  o f  F .C .)  am orp h ou s iron o x id e -o c c lu d e d  iron w a s  

6 5 5 .1 7  p p m  w h ic h  in crea sed  to  7 6 5 .0 5  p p m  in M 2  (1 5 0 %  o f  F .C .)  further in M 3  ( 2 0 0 %  o f  

F .C .) ,  it w a s  8 7 1 .9 3  ppm . In 5 per c e n t  C aC O s (C i) ,  a m o rp h o u s  Fe o x id e -o c c lu d e d  iron  

w a s  1 0 1 9 .9 0  ppm  w h ic h  d ecrea sed  to 9 2 6 .4 0  p pm  in € 2 ( 7 %  C aC O s). In C 3  ( 1 0 %  C aC O s),  

it w a s  7 7 9 .2 9  ppm  and further in crea se  in lev e l  o f  C aC O s d ecr ea sed  the iron co n ten t  and  

it w a s  6 6 5 .6 4  p p m  in  C 4  (1 5 %  C a C O s)  and 4 3 4 .0 4  p p m  in C 5 (2 0 %  C a C 0 3 ).

In teraction  e f fe c t  in d ica ted  h ig h es t  a m o u n t o f  a m o rp h o u s iron  o x id e -o c c lu d e d  iron  

( 1 0 4 3 .0 6  p p m ) in 5 per ce n t +  2 0 0  per c e n t  o f  F .C . and  w a s  lo w e s t  ( 3 1 9 .0 9 3  p p m ) in  

T s-M iC s  (7 5 %  o f  F .C .+  2 0 %  C a C 0 3 ).

4.2.5 O ther forms of iron and calcium in soil after harvest

D T P A -e x tra c ta b le  iron and e x c h a n g e a b le  c a lc iu m  w e r e  a n a ly se d  and the resu lts  are 

p resen ted  in  T a b le  10.

4.2.5.1 D TPA  cxtractabic iron

M o istu re  le v e l  in f lu e n c ed  n e g a t iv e ly  on  D T P A -F e  in so il .  In 75  per c e n t  o f  F .C. 

( M l)  D T P A -F e  co n ten t w a s  3 .7 0  p p m  and d ec r ea sed  to 3 .3 5  p p m  at 150  per c e n t  o f  F .C .  

( M 2 ). Further d ecrea se  w a s  o b se r v e d  at 2 0 0  per c e n t  F .C . ( M 3 ) w h e r e  th e  v a lu e  w a s  2 .4 2  

p p m  o f  D T P A  - Fe.
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CaC0 3  also showed negative and significant effect on concentration of DTPA-Fe 

in soil. In Ci (5% CaCO^), DTPA-Fe was found to be 4.56 ppm, which reduced to 3.51 

ppm, 2.79 ppm and 2.60 ppm in the treatinents C2 (7% CaCO^), (10% CaC0 3 ) and 

C4 (15% CaCOs) respectively. The lowest value was recorded in the 20 per cent CaCOs 

treatment (C 5), where the value was 2.31 ppm.

Interaction effect of moisture and CaCOa resulted in maximum level of DTPA-Fe 

(5.51 ppm) at moisture level of 75 per cent of F.C + 7 per cent CaC0 3 . The lowest 

amount of DTPA-Fe (1.58 ppm) was found in presence of moisture of 200 per cent of 

F.C. + 20 per cent of CaCOs (T 15-M 3C5).

4.2.S.2 Exchangeable calcium

Moisture had a significant influence on exchangeable Ca in soil. It was

25.07 c.mol (p ) kg"' txL the moisture level of 75 per cent of I'.C. (M i). The Ca level 

decreased to 23.53 c.mol (p") kg'' at 150 per cent of F.C. (M 2) and a t  2 0 0  per cent of 

F.C. (M 3) the exchangeable Ca was 24.20 c.mol (p^) kg '.

Significant and negative effect of CaC0 3  was observed on exchangeable Ca 

content in soil. Exchangeable Ca in Ci (5%  CaCOs) was 27.16 c.mol (p ') kg"' and it 

reduced to 25.80 , 24.78 and 23.16 c.mol (p") kg 'at C2 (7% CaC0 3 ),C3 ( 10%  CaCOa) and 

C4 (15% CaC0 3 ) respectively. Further decline in exchangeable Ca was found in the 2 0  

per cent CaCOs (C 5) treatment and the value was 20.44 c.mol (p' ) kg'' (Table 10 ).

Interaction effect revealed, presence of highest amount of exchangeable Ca (28.20 

c.mol (p") kg"') at 200 per cent o f F.C. with 5 per cent of CaCOs content (T 11-M 3C 1). 

Lowest amount of exchangeable Ca (18.4 c.mol (p ') kg‘') was found in presence of 

moisture level of 150 per cent of F.C. with 2 0  per cent CaC0 3  (T 10-M 2C5).
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Calcium content in kernel and haulm was analysed after harvest and data is given in 

Table 11.

4.2.6.1 Calcium  in kernel

With increasing level of moisture, Ca content in kernel increased showing significant 

and positive relationship. At moisture level of 75 per cent of F.C. (M i), Ca content in 

kernel was 0.88 per cent which increased to 0.93 per cent at 150 per cent of F.C. (M 2) and 

further increased to a level of 1.00 per cent at 200 per cent of F.C. (M 3).

Calcium carbonate content in soil increased the Ca content in kernel showing positive 

and significant effect. In 5 per cent o f CaCOs treatment, Ca content in kernel was 0.71 per 

cent which increased to 0.81 per ccnt at 7 per cent CaCOs content (C2). Further increase in 

CaCOs level in soil, raised the Ca content in kernel also [0.92% and 1.-07% at C 3 (10%  

CaCOs) and C4 (15% CaCO.O respectively]. Maximum Ca content (1.18%) in kernel was 

associated with 2 0  per cent CaC0 3  (C5).

Interaction effect revealed presence of higher amount o f Ca (1.23%) in kernel at 

moisture level of 2 0 0  per cent of F.C. with 20 per cent of CaCOs (T 15-M 3C5). The lowest 

amount (0.65%) was found at moisture level o f 75 per cent of F.C. and with 5 per cent of 

CaC0 3  (T rM ,C ,) .

4.2.6.2 Calcium  content in haulm

Calcium content in haulm increased significantly witli the influence o f moisture. In 

75% F.C. treatment(Mi) Ca content in haulm was 1 .10  per cent which increased to 1.54 per 

cent and 1.80 per cent at 150 per cent of F.C.(M 2) and 200 per cent of F.C. respectively.

48
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In Cl (5%  CaCO.O, Ca content in haulm was 0.95 per cent which raised to 1,21 per 

cent to 1.44 per cent at 7 per cent of CaCOa (C2) and 10 per cent o f CaC0 3  (C3) content 

in soil respectively. Further increase in CaCOs content to 15% per cent (C^) and 20 

per cent (C 5), increased the Ca content in haulm to 1.76 per cent and 2.05 per cent 

respectively.

Interaction effect showed, presence of the highest amount o f Ca (2.32%) in 

T 15-M 3C5 [moisture level of 2 0 0 %  of F.C. (saturation)] and lowest Ca (0.56%) was 

noticed at T ,-M ,C , ( 75% of F.C. and 5% of CaCOs).

4.2.7 Iron content in plant

Total iron was analysed both in kernel and haulm after harvest and is presented in 

Table 12.

4.2.7.1 Iron in kernel

A significant positive effect was found between iron content in kernel and moisture 

level in soil. In M i(75%  of F.C.), Fe content in kernel was 192.49 ppm which raised to 

195.44 ppm in M2(150% of F.C.) and further increase in moisture level at 200 per cent of 

F.C. (M 3) resulted in increased Fe concentration (199.95 ppm) in kernel.

CaCOs content in soil also showed positive and significant effect on Fe content in 

kernel. In 5 per cent CaCO^ treatment Fe content in kernel was 183,99 ppm which 

increased to 189.78 ppm and 196.65 ppm in C2 (7% CaC0 3 ) and in C3 (10% CaCO^) 

respectively. Fuitlier increase in Fe. content was also observed [202.2 ppm at C4 (15%  

CaCOs) and 207.15 ppm at C 5 (20%  CaCOs)] as the level o f CaCOj content increased in 

soil.
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Study of interaction effect indicated, presence of highest amount of iron (2 1 1 .6 6  

ppm) in Tis-MsCs (moisture level of 2 0 %  of F.C. + 20% of CaCOj). Lowest amount of 

total iron content (180.78 ppm) in kernel was recorded in T i-M iC i i.e., at iTioistiire level 

of 75 per cent of F.C. with 5 per cent of CaCOs.

4.2.7.2 Iron in haulm

Moisture influenced significantly on iron content in haulm. 634.07 ppm of Fe was 

found in M] (75%  of F.C.) and 766.62 ppm in M 2 (150% of F.C.). further increase in 

moisture level in M 3 ( 200% of F.C.) decreased the Fe content in haulm to the level of 

745.24 ppm.

Increased CaCOi level, increased the Fe content in haulm showing significant and 

positive relation. At 5 per cent o f CaCOs (C i), Fe content in haulm was 532.68 ppm 

which increased to 605.16 ppm in C2 (7% CaCOs). Further increase in level o f CaC0 3 , 

increased Fe content in haulm to 703.81 ppm [in € 3( 10%  CaC0 3 )]and to 832.04 ppm [in 

C4(15% CaCOs)]. At 20 per cent o f CaC0 3  in soil, further increase in Fe content was 

noticed in haulm (903.03 ppm).

Interaction effect showed presence of highest amount o f total iron (1025.47 ppm) 

at T i5 (moisture level o f 2 0 0 %  of F.C. witli 2 0 %  of CaCOs). Lowest amount o f total iron 

(528.82 ppm) in haulm was found at T p M iC i (moisture level of 75% of F.C. in presence 

of 5% of CaCOs content).

4.3 Observation o f  visual sym ptom  on groundnut

During the fust imposition o f moisture levels at flowering stage (48 DAS)

prominent chlorotic symptoms in younger leaves was obseived. With increasing moisture 

level the more prominent yellovmess was noticed (Plate 3). At 20 per cent of CaCOj 

content and at moisture level 75 per cent of F.C. plants did not appear chlorotic



Plate 1. Effect o f  different levels o f  calcium carbonate at sam e moisture level 

(Saturation)

SI. No. Treatm ent

1. T il (M 3C 1) = Moisture content of 200 per cent of F.C. + 5 per cent CaC0 3

2 . T 12 (M 3C2) Moisture content of 2 0 0  per cent of F.C. + 7 per cent CaCOa

3. T i3 (M 3C3) = Moisture content of 200 per cent of F.C. + 10 per cent CaC0 3

4. T i4 (M 3C4) = Moisture content of 200 per cent of F.C.. + 15 per cent CaCOs

5. T i5 (M 3C5) = Moisture content of 200 per cent of F.C. + 20 per cent CaCOs

Plate 2. Influence o f  different levels o f  moisture 7 5 ,1 5 0  and 200 per cent o f  F. C. at 

20 per cent o f  C aC O s

SI. No. M oisture level C aC O s content (% )

1. 200 per cent of F.C. 20

2 . 150 per cent of F.C. 20

3. 75 per cent of F.C. 20

Plate 3. A  general view o f  the sym ptom s appeared under different treatm ents with  

three replication

SI. No. C aC O s content (% ) M oisture content

1. 5, 7, 10, 15 and 20 200 per cent of F.C.

2. 5, 7, 10 , 15 and 2 0  150 per cent o f F.C.

3. 5, 7, 10, 15 and 20 75 per cent of F.C.
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wliereas, plants at moisture level of 150 per cent of F.C. and 200 per cent of F.C. 

(saturation) showed chlorotic symptoms (Plate 1). Degree of yellowness increased with 

increasing moisture level. In case o f moisture level of 200 per cent o f F.C. with 20 per 

cent CaC0 3  (T 15-M 3C5) lamina of younger leaves was completely yellow whereas at 

moisture level of 150 per cent of F.C. with 2 0  per cent CaCO.i (T 10-M 2C 5), only veins 

were yellow but lamina appeared still greenish (Plate 1).

On the other hand at saturation level [M 3( 200% of F.C.)] yellowness was more 

prominent witli increasing level o f CaCOs. In Tn-MsCj^ (5%  CaCOj) symptom was not 

prominent, in T ]2 -M 3C2 (7%  CaCOs) two or three leaves in each branch showed chlorotic 

symptom, in T 13-M 3C3 ( 10%  CaCOs) maximum of four leaflets in a twig were chlorotic 

showing yellow veins, in T 14-M 3C4 (15% CaC0 3 ) one or two leaflets in a twig appeared 

totally yellow whereas, at maximmn concentration of CaCOs [T ,5-M 3C5(2 0 %  CaC0 3 )] 

all the leaflets in every younger twigs were chlorotic showing yellow appearance of leaf 

lamina (Plate 2). But second time, when moisture levels were imposed at pegging stage 

(61 DAS) after a interval of 7 days, plants did not show any such chlorotic appearance, 

even at the end o f the moisture imposition period o f 7 days.





V. DISCUSSION

The results of ionic composition of soils with respect to iron, calcium and 

bicarbonate at selected places of Dharwad, Hebballi and Hebsur and results o f pot culture 

experiment conducted in different levels of moisture and calcium carbonate are discussed 

under the following headings.

5.1 C haracterization o f  iron and calcium in soils o f  three locations in D harwad  

district

5.1.1 Initial properties o f  soils

5.1.2 W ater  soluble ions (iron, calcium and bicarbonate) in soil

5.1.3 Content and distribution o f  different forms o f  iron and calcium in profiles and 

surface o f  D harw ad, Hebballi and H ebsur

5.2 Pot culture study

5.2.1 Dry m atter yield o f  groundnut

5.2.2 Ionic composition o f  soil solution with respect to iron, calcium and bicarbonate  

after the harvest o f  the crop

5.2.3 C hanges o f  different forms o f  iron and calcium in soil after harvest

5.2.4 U ptake and concentration o f  calcium and iron in plant in different treatments

5.2.5 Sym ptom s o f  lime induced iron chlorosis
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5.1 C haracterization  o f  iron and calcium  in soils o f  three locations in D harw ad  district

5.1.1 Initial properties  o f  soils

Soil of Dharwad was neutral, that o f Hebballi was neutral to slightly alkaline, while the 

soil of Hebsur was slightly alkaline to alkaline in pH (Table 2). It is evident from result, pH 

increased due to increase in bicarbonate concentration (152.5 to 457.5 , 457.5 to 762.5 and

305.0 to 915.0 ppm respectively in Dharwad, Hebballi and in Hebsur) and may be associated 

with high concentration o f sodium.

A ll the soil samples (profile and surface) were found to be non-saline (EC range was 

0.29 to 0.77 dSm'*).

Organic carbon content in profile and at surface were medium in range in all the three 

soils. Organic carbon content decreased with increasing depth o f profiles in all the three 

places. Presence of higher organic matter at surface than in sub surface soil could be 

expected as a result o f addition o f organic matter through the decomposition o f plant and 

animal tissues which was confined to upper horizon only.

5.1.2 W ater so luble ions (iron, calcium  and b icarbonate) in soil solution

5.1.2.1 W ater  so luble calcium

Although the profile samples did not show any definite pattern in distribution of water 

soluble calcium, the deepest layer (60 cm to Im ) contained highest amount o f water soluble 

Ca. Comparing surface soils of the three soils, the calcium concentration (226.7 to 400.0 

ppm) in Dharwad soil was very high. It might be due to difference in particle size 

distribution o f CaCO^, substantiated by the work o f Nandi and Dasog (1992).





5.1.2.2 B icarbonate

Subsurface soils contained more amount o f bicarbonate than surface soils in all the 

three profiles (F ig .l). Moisture might have contributed to higher bicarbonate concentration 

in Dharwad.

Rao et al. (1993) found positive correlation (r = 0.96) o f soil water with I IC O '3 in soil 

solution. Once the profile is wet, higher moisture remains for a long period in the lower 

depth and thus favours H CO '3 formation which is one o f the products of hydrolysis of 

CaC0 3  (CaC0 3  +C 0 2 + H 20=Ca^ ̂  + 2 H C 0 '3 ).

5.1.2.3 W ater  soluble iron

Distribution o f water soluble iron in profile samples (Fig.2) revealed less amount of 

water soluble iron in subsurface layers (15-30 cm, 30-60 cm and 60 cm to 1 m) than in 

surface (0-15cm). More clay content and less amount of organic matter in subsurface layers 

could be the reason of this type o f distribution. Yerriswamy et al. (1995) also found negative 

relation of clay (r = - 0 .792**) and positive relation of organic matter (r 0 .703**) with 

water soluble iron.

Comparison o f data o f surface samples at the three places indicated the presence of 

highest amount o f water soluble iron in Dharwad (0.68 ppm). It might be due to relatively 

less soil pH. According to Lindsay and Schwab (1982) each unit increase in pH, decreases 

the solubility o f iron as much as 1 00 0  times.
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5.1.3.1 A m orp h ou s  iron oxide-occluded iron

It can be noted from the data presented in Table 4 that amorphous iron oxide-occkided 

iron increased with depth o f profile samples at all the three places. Yerriswamy et a/.(1995) 

noticed positive correlation o f clay (r = 0 .65**) with distribution o f amorphous iron oxide- 

occluded iron in profile samples.

. The concentration of amorphous iron oxide-occluded iron was less in surface samples 

of Hebsur (445.0 to 1103.2 ppm) than in those from Dharwad (1043.6 to 1264.4 ppm). This 

is evident from the higher o f concentration of free iron oxides (76.1 to 112.7 ppm and 175.6 

to 210.6 ppm in Hebsur and in Dharwad respectively) since the trend of distribution of 

amorphous iron oxide-occluded iron follows the trend of distribution o f free iron oxide. 

Hawkes and Webb (1962) are o f the opinion that amorphous iron oxide-occluded iron 

remain sorbed on the surface or in interlayer spaces of free iron oxides.

5.1.3.2 Free iron oxide

Perusal o f the data (Table 4) revealed that concentration o f free iron oxide increased 

with depth and maximum amount was found at the depth o f 60 cm to 1 m (2106 , 319.0 and

112.7 ppm in Dharwad, Hebballi and Hebsur respectively). This might be due to mure 

accumulation o f precipitated iron oxide at this depth (60 cm to Im ) which later crystallized 

to free iron oxide. The results are in confirmity with the findings of Thakur et a/.(1995) who 

found differences in amount o f precipitated iron in subsurface layers which influenced 

crystallization and ultimately indicated the age of soil.

5.1.3 D istribution o f  different form s o f  iron and calcium
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5.1.3.3 Free calcium  carbonate

Results (Table 4) indicated that no definite trend was followed in distribution o f free 

calcium carbonate in profile samples o f Dharwad (2.0 to 9.0%) and Hebsur (13.0 to 17.5%). 

Amount of free calcium carbonate increased with increase in depth in the profile o f Hebballi 

(2.0 to 5.5 %). Generally concentration of calcium carbonate was high at 1 m depth (Fig.3) at 

all the three places which might be due to leaching of calcium from surface horizons and 

precipitation as CaCO^. This might also be due to higher concentration o f exchangeable 

calcium and solution calcium at lower depth.

5.1.3.4 E xchangeable  calcium

Exchangeable calcium in profile did not follow any definite pattern o f distribution 

(Fig.4) but maximum level of exchangeable calcium was noticed at lower depth. This could 

be related to higher clay content at that particular layer (Appendix II).

Surface soils of Hebballi was found to have more exchangeable calcium content [18.6 

to 45.0 c. mol (p^) kg'^] than those or other two places. This might be due to higher clay in 

Hebballi soils. Mengel and Kirkby (1987) were o f the opinion that exchangeable calcium 

mostly remained adsorbed to inorganic soil colloids.

5.1.3.5 D T PA -extractab le  iron

No definite trend in the distribution pattern o f DTPA-extractable iron was observed in 

profiles of Dharwad and Hebsur soils (Fig. 5). DTPA-Fe concentration was found to decrease 

with increasing depth at Hebballi (0.30 to 1.64 ppm). The concentration was found to be 

higher at surface than in sub-surface o f all the profiles. It might be due to higher organic 

matter content at surface than in sub-surfiice. Katyal and Sharma (1991) also observed 

/josftive relation o f DTPA-Fe with content of organic matter in soil in different climatic 

zones of India.
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Surface soil samples o f Dharwad contained maximum amount (1.79 to 8.35 ppm) of 

DTP A- Fe than the surface soils o f Hebballi and Hebsur (Table 4). This might be associated 

with the concentration o f bicarbonate ions, since, it was noticed that bicarbonate 

concentration was lower at surface o f Dharwad (152.5 to 457.5 ppm) than at Hebsur (305.0 

to 915.0 ppm) and Hebballi (457.5 to 762.5 ppm). This resuh is in confirmity with the results 

obtained by Rao et al. (1993) who noticed significant negative relation of DTPA-Fe with 

bicarbonate concentration in calcareous soil of Andhra Pradesh.

5.2 Pot culture study

5.2.1 D ry  m atter  yield o f  groundnut

Pod and haulm yield were recorded (Table 7) and the influence of different 

treatments on these parameters are discussed as under.

5.2.1.1 Pod yield

Decreased pod yield was noticed (14.37 at Cj to 11.38 g/pot at C5) with increase in 

CaCOs level which might be due to lesser iron uptake (ranged from 0.66 at Ci to 0.59 

mg/plant at C5) as mentioned in Table 14. A t 75 per cent o f F.C, pod yield increased with 

increasing CaCOs (6.10 at Ci to 14.90 g/pot at C5) since, pod formation is known to be 

influenced by Ca content in soil. According to Hartmond et al. (1994) computation o f soil 

Ca content needed to satisfy pod calcium requirement, higher concentrations were needed 

mostly for the bunch cultivars than for runners. They suggested higher dose of Ca to increase 

radius of pod and yield of pod.

In a study, Singh and Singh (1996) found higher the Ca content, higher will be the 

groundnut yield. So, it is evident that higher concentration of soluble calcium at higher 

moisture level is the reason for more yield of pod in 150 and 200 per cent F.C. than in
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75 per cent F.C. (yield of pod was 11.25, 13.92 &14.21 g/ha respectively in M i, M 2 and in 

M 3).

Amongst all the treatments, the highest yield (1043.6 to 1264.4 ppm) was noticed 

where moisture content was 150 per cent o f F.C. and CaCOs content was 7 per cent (T 7- 

M 2C2) had greater effect on pod yield. Suther and Patel (1992) also found more yield of 

groundnut in calcareous soil when moisture content was near 80 percent o f available soil 

water i.e 160 per cent o f F.C.

5.2.1.2 D ry  m atter yield of haulm

No definite trend was found in haulm yield with increase in CaC0 3  level. Increase in 

moisture level increased the haulm yield (22.35 to 23.73 g/pot) . It might be due to more Ca 

uptake at moisture level o f 150 and 200 per cent o f F.C.than in 75 per cent F.C. . More water 

content might have resulted in more calcium in solution which was ultimately reflected in 

more uptake of Ca to produce more haulm yield.

Amongst all the treatments, the interaction effect of moisture and CaCOs showed 

maximum dry matter yield of haulm at 150 per cent of F.C. with 5 per cent of CaCOs content 

(T 6 -M 3C 1). It might be due to balanced uptake of Fe and Ca (4.779 mg/plant of Fe and

86.070 mg/plant of Ca) in an ideal condition with respect to water and oxygen supply 

resulting in better grov^h and haulm yield. Patel and Patel (1985) also observed more yield 

when ideal ecological condition was provided with respect to water and oxygen.
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5.2.2 Ionic composition of soil solution with respect to iron, calcium and bicarbonate

after harvest of the crop

5.2.2.1 W ater soluble iron

Lesser concentration of water soluble iron was found at higher level o f CaCO^ and 

the values varied from 1.80 to 0.09 ppm. High concentiation of bicarbonate (627.72 to 

796.39 ), might be the reason to decrease the concentration of water soluble iron (Fig.6 ). 

Since, bicarbonate ions are known to induce higher pH which reduces the solubility of 

iron as pointed out by Thakur el al. (1995).

Increase in water soluble iron was noticed with increase in moisture level at any 

given CaCOs level in soil. This indicated the fact that free calcium and moisture together 

were responsible for higher concentration of bicarbonate in soil solution, which in turn 

reduced iron availability (as indicated by lower water soluble iron). On the other hand, 

moisture alone tendito increase water soluble iron due to more reduced environment as 

moisture changed from 75 per cent F.C. to 200 per cent F.C .

5.2.2.2 W ater soluble calcium

Both the levels of CaCOs and moisture increased the concentration o f water 

soluble calcium. It is a fact that i f  in exchange site is more, more w ill be in solution. 

So also as the content of CaCOs increased, Câ  ̂ in soil solution /ncreased. Further, 

presence of CO2 in soil environment induced more dissolution of Ca. When the moisture 

content was 150 or 200 percent o f F.C, it led to anaerobic situation where CO2 

predominated due to root respiration and microbial activity and caused dissolution of lime 

material in more amount.

Interaction effect also showed highest amount of water soluble Ca (353.33 ppm) in 

treatment with 20 per cent CaCOs + moisture level of 200 percent of F.C (T 15-M 3C5).



5.2.2.3 Bicarbonate

Bicarbonate concentration increased with increase in moisture and CaC0 3  level 

(Table 8 ). It might be due to formation of calcium bicarbonate in presence of CO2 at high 

moisture level which led to increase in concentration of bicarbonate in soil solution.

Ca(HC0 3 ) “=^ Ca"'+2 HC0 '3

Rao el cf/.(1993) pointed out positive correlation of soil moisture to bicarbonate 

(r = 0.96). Interaction effcct showed, at moisture level of 200 per cent of F.C. (saturation, 

M 3) with 20 per cent of CaC0 3  level induced the presence of maximum amount of HCO '3 

(838.75 ppm). Correlation study also revealed positive relation of bicarbonate with free 

CaC0 3 (r = 0 .889**) as found in Hebballi (Table 5).

5.2.3 C hanges in different forms o f  iron and calcium in soil after harvest

5.2.3.1 Different form s o f  iron oxides

According to the data shown in Table 9, both the forms of iron oxides decreased 

as the level o f CaCOs increased . Moreover, increase in moisture level from 75 per cent of 

F.C. to 200 per cent of F.C. also resulted in presence of higher free and amorphous Fe 

oxide-occluded iron content after harvest.

Initial free iron oxide content (423.4 ppm) was itself lesser than the initial content 

of amorphous Fe oxide-occluded iron (1064 ppm).This supports the views of Yerriswamy 

et al. (1995) who found the form of iron oxides mentioned later comprises about 4 to 6  

per cent of the total iron which was just next to residual iron. Since, free iron oxide, the 

form extracted by CBD was mostly crystalline (in the form of goethite) as pointed out by 

Mckeague et al. (1971), was less soluble than amorphous form of Fe oxides.

6 2



T ,(M ,C ,)  Moisture level at 75% of F. C +5%  of CaCO^

T 2(M  1C2 ) Moistiire level at 75% of F. C +7%  of CaCOj

TaCMiCs) Moisture level at 75% of F. C + 10%  of CaCOj

T 4(M iC 4) Moisture level at 75% of F. C +15% o f CaCO^

T 5(M [C 5) Moisture level at 75% of F, C +2 0 %  of CaCO.i

T(;(M2C i) Moisture level at 150% of F. C +5%  of CaCOj

T 7(M 2C2) Moisture level at 150% of F, C +7%  of CaCO.^

TsCMsCa) Moisture level at 150% of F. C +10 %  of CaCOa

Tcj(M2C4) Moisture level at 150% of F. C +15%  of CaCOj

Tio(M 2C 5) Moisture level at 150% of F. C + 2 0 % of CaCO^

Ti ,(M 3C,) Moisture level at 200% of F. C +5%  of CaCO.^

T ,2(M 3C2) Moisture level at 2 0 0 %  of F. C +7%  of CaCO^

T i3(M 3C3) Moisture level at 200% of F. C +10%  of CaC0 3

T i4(M 3C4) Moisture level at 200% of F. C +15%  of CaC0 3

L E G E N D

T i5(M 3C 5) Moisture level at 200%  o f  F. C +20%  o f  CaC0 3
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Interaction effect showed significant effect o f moisture and CaC0 3  level to 

decrease both of the iron oxides, but lesser availability of free iron oxide (only 17 

per cent) to plant than amorphous iron (70 %) in T 5-M 1C5 was observed. Since, 

amorphous form of oxides or hydroxides were most soluble than crystalline (free iron 

oxide) form (Chen and Barak, 1982). Despite least amount o f CaCOs content in treatment 

T il-M l Cl (with 5% of CaCOa) the content of iron oxides both occluded and free iron were 

found to be maximum after harvest (1043.06 and 402.363 ppm respectively ). This might 

be due to presence of more concentiation of bicarbonate at 200 percent F.C (777.75 ppm) 

which related to lesser uptake of Fe by plant system. Similarly Rutland (1971) also 

noticed lesser availability, uptake and translocation o f iron to plant (Azalea) system when 

concentration of MCO' i was more. Same observation was made by Rutland and Bukovac 

(1971) in chrysanthemum.

S.2.3.2 Exchangeable calcium

Concentration o f exchangeable Ca was found to decrease with increasing level of 

CaCOa (27.16 to 20.14 c.mol (p"̂ ) kg’’). Exchangeable Ca, the major form which is 

available to plant, that might be the reason behind presence of lesser amount of 

exchangeable Ca in treatment with more level Ca. Isermann (1970) and Drew and 

Biddulph (1971) were of the opinion that both uptake and transport of Ca is associated 

with presence of exchangeable Ca in soil.

Interaction effect revealed presence of lowest amount (18.47 c.mol (p+) kg ’') in 

T 10-M 2C5 after harvest where plants were provided with ideal ecological condition with 

respect to water and oxygen supply which affects growth and uptake, as indicated by Patel 

and Patel (1985), who did not find formation of pod of groundnut at extremely high and 

low moisture level maintained throughout the crop growth period and mentioned about 

ideal ecological condition at 160 per cent F.C. where yield was also obsei'ved to be 

highest.



On the other hand presence of minimum amount of exchangeable Ca (18.47 c.mol 

(p^) kg"') was found in treatment with 150 percent F.C + 20 per cent of CaCO.v So it was 

evident that more Ca was taken up by plant in T 5- M 1C5 than in T 15 -M 3C 5 at same level 

of CaC0 3 - Inskeep and Bloom (1986) were of the opinion that abnormally high or low 

water content in the soil has ill effects on the growth and physiological process o f plant 

which in turn affected the nutrient absorption by plant.

S.2.3.3 D T P A  - extractable iron

Decrease in concentration of DTPA- Fe (Fig.7) was observed with increase in 

moisture [DTPA -Fe decreased from 3.7 (M |) to 2.42 ppm (M 3)] and CaCOs (DTPA-Fe  

decreased from 4.56 at Ci (o 2,31 ppm at C 5). This might be due to more concentration of 

HCO ‘3 ion at higher moisture and CaCOs level (Table 8 ). Bicarbonate was found to be 

negatively correlated with DTPA -Fe (r = - 0 .892**, r = -0 .777** in Dharwad and Hebballi 

as given in Table 5). The result was in confirmity with the results found by Rao et al 

(1992). In a similar type of experiment they observed negative correlation (r -  - 0.94) of 

DTPA -Fe to HCO '3 ion.

As a consequence of this, interaction effect showed presence of highest amount of 

DTPA -Fe (5.51 ppm) in moisture level of 75 per cent F.C + 5 per cent CaC0 3  and 

lowest amount of DTPA - Fe (1.58 ppm) was noticed in moisture level of 200 percent of 

F.C + 2 0  per cent of CaCOs.

5.2.4 U ptake and concentration o f  calcium and iron

5.2.4.1 Influence o f  calcium in soil on calcium content and uptake of  plant

Calcium content in plant samples (Table 11) increased with increase in level 

of CaCOs and moisture. Maximum concentration of Ca (1.23%) in kernel and in haulm 

(2.32%) were noticed in T 15 - M 3 C5 (200 % of F.C + 20% CaC0 3 ), Ca uptake by plant
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T2(M |C2) MoisUirc level al 75% of F. C +7%  of CaCOa

T3(M|C3) Moisture level at 75% of F. C +10% of CaCO.^

T4(M i C4) Moisture level at 75% of F. C +15%  of CaCO.i

T 5(M iC 5) Moisture level at 75% of F. C +20%  of CaCOs

T 6(M 2C i) Moistwe level at 150% of F. C +5%  of CaCOi 

T7(M2C2) Moisture level at 150% of F. C +7%  of CaCOi

T r(M 2C3) Moisture level at 150% of F. C +10%  of CaCO^

T 9(M 2C4) Moisture level at 150% of F. C +15%  of CaC0 3

Tio(M 2Cs) Moisture level at 150%> of F. C +20%  of CaCOs

T ii(M 3Ci) Moisture level at 200% of F. C +5%  of CaC0 3

T i2(M 3C2) Moisture level at 200% of F. C +7%  of CaCOj

TnCMjCs) Moisture level at 200% of F. C +10% of CaCOj

Ti,i(M 3C i) Moisture level al 200% of F. C +15%  of CaCO;,

L E G E N D

T ,(M ,C ,)  Moisture level at 75% o f  F. C +5% o f  CaCO.^

T i5(M 3C 5) Moisture level at 200%  o f  F. C +20%  o f  CaCOa
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samples also followed same trend as that of Ca content. It is evident from Table 13 that 

uptake of Ca by kernel was more in T7 - M 2 C2 (39,81 mg/plant). It might be due to high 

concentration of Ca in soil solution (both in the form of water soluble and exchangeable) 

which was adequate to meet the crop demand resulting in more uptake of Ca by plant 

(Fig.8 ) and more pod yield (19.90 g/pot) as indicated by Mengel and Kirkby (1996).

S.2.4.2 Influence of different levels of moisture and C aC O j on uptake and

concentration o f  Fe in plant

It is quite clear (Fig.9 ), that pod yield increased with increase in iron uptake and 

decreased with decrease in iron uptake. Iron uptake was influenced by both CaCOs and 

moisture but the effect was opposite at 75 per cent o f F.C.where increased uptake of iron 

was noticed with increased CaCOa level. However, with increase in inoisture level (150 

per cent and 200 per cent F.C) and CaCOa, iron uptake was decreased .

I f  we consider the concentration of iron, it increased with increasing level of 

CaCO? and moisture, the concentration of Fe in plant was found highest at T 15 C5 

(Fig. 10 ), though symptoms of chlorosis was more prominent in same treatment. Chen 

and Barak (1982) were of the view that Fe deficiency can not be determined by plant 

analysis since chlorotic leaves may contain even more Fe than healthy leaves. The high 

concentration of Fe in chlorotic plants occurs in the vein and in the apoplast but it can not 

be translocated across the plasma membrane in to the inter costal cells i f  HCO '3 ion exists 

in apoplast (Mengel and Bubl, 1983; Rutland, 1971). So, we have evidence to express that 

the chlorosis is not due to Fe unavailability (less DTPA-Fe in soil solution) but because of 

a physiological disorder (The ineffective translocation of Fe towards the younger leaves) 

which is induced by excess bicarbonate ion concentration (Mengel and Kirkby., 1996). It 

is supposed, that abundant HCO '3 ion in the root medium results in Fe immobilization in 

the plant. Therefore, we can conclude, though the value of iron content in plant revealed
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T ,(M ,C ,)  Moisture level at 75% of F. C +5%  of CaCO.i

T 2(M ,C 2 ) Moisture level at 75% of F. C +7%  of CaCOj

T 3(M iC 3) Moisture level at 75% of F. C +10% of CaCOj

T4(M,C4) Moisture level at 75% of F. C +15%  of CaCO.i

T 5(M ,C 5) Moisture level at 75% of F. C +20%  of CaCOj

TfiCMzCi) Moisture level at 150% of F. C +5%  of CaCOj

T 7(M 2C2) Moisture level at 150% of F. C +7%  of CaCO^

T 8(M 2C3) Moisture level at 150% of F. C +10%  of CaCOj

ToCMjCO Moisture level at 150% of F. C +15%  of CaCOj

TioCMjCs) Moisture level at 150% of F. C +20%  of CaCO^

T, iCMjC,) Moisture level at 200% of F. C +5%  of CaCO^

T i2(M 3C2) Moisture level at 200% of F. C +7%  of CaCOj

T i3(M 3C3) Moisture level at 200% of F. C +10%  of CaCOj

T i4(M 3C4) Moisture level at 200% of F. C +15%  of CaC0 3

L E G E N D

T i5(M 3Cs) Moisture level at 200%  o f  F. C +20%  o f  CaCO^



(%) |0Uj8>i uj iuaiuoo
CM 00

O
<o
O o

CNJ
o CO

o

o
ro

O
H-
o
jfl
d>
>
o
■4—»
c
0>
0)

■■O
L .
d>
T3
C
3
O
c
i _

0)
Jd

c
o+-
c
o
o
ro
O

o
3
(A 
O
E

i |
o
(/>
c

o
_0)
13
_3
O
W
Wb

o>
«
5

0)
o
c
0>
3
5=
c
oo
d)

( a i d d )  i ! O S  u |  b q  a i q n i o s  J a ; e / \ A



T ,(M ,C i) Moisture level at 75% of F. C i 5%  o r O i r O ,

T 2(M ,C 2 ) Moisture level at 75% of F. C +7 %  of CaCO.,

Moisture level at 75% of F. C +10%  of CaCOa 

T,,(M ,C ,) Moisture level at 75% of F. C 115% of CaCO.,

TslMiCs) Moisture level at 75% of F. C +2 0 %  of CaCOj

Tr,(M2C |) Moisture level at 150% of F. C +5%  of CaCO.^

T 7(M 2C2) Moisture level at 150% of F. C + 7 %  o f CaCO.,

T«(M 2C3) Moisture level at 150% of F. C +10%  o f CaCO^

T 9(M 2C4) Moisture level at 150% of F. C +15%  of CaC0 3

TloCMzCj) Moisture level at 150% o f F. C +20%  of CaCO.^

T ,i(M 3C|) Moisture level at 200% of F. C +5%  of CaCO.,

'I'lzlM.iCz) Moisture level at 200% of F. C 17% of CaCC),

T i3(M 3C3) Moisture level at 200% of F. C +10%  of CaCOs

T i4(M 3C4) Moisture level at 2 0 0 %  of F. C +15%  of CaCOj

L E G E N D

T i5(M 3C 5) Moisture level at 200%  o f  F. C +20%  o f  CaC0 3
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T ,(M ,C i) Moisture level at 75% of F. C +5%  of CaCOj

T2(M iC 2 ) Moisture level at 75% of F. C +7%  o f CaCOa

T3(M iC 3) Moisture level at 75% of F. C +10%  o f CaCOa

T4(M)C4) Moisture level at 75% of F. C +15%  of CaCOa

TsCMiCs) Moisture level at 75% of F. C +20%  of CaCOj

T 6(M 2C i) Moisture level at 150% o f F. C +5%  o f CaCOa

TvCMsCs) Moisture level at 150% of F. C +7%  of CaCO .1

TsCMsCa) Moisture level at 150% of F. C +10%  of CaCO,

T9(M2C4) Moisture level at 150% of F. C +15%  of CaCOj

TiolMjCs) Moisture level at 150% o f F. C +20%  o f CaCOa

T 1 KMaCj) Moisture level at 200% of F. C +5%  o f CaCOa

T i2(M 3C2) Moisture level at 200%  of F. C +7%  o f CaCOs

ToCMaCa) Moisture level at 200% of F. C +10%  of CaCOa

T h (M 3C4) Moisture level at 200% of F. C +15%  of CaCO.i

L E G E N D

T i5(M 3C 5) Moisture level at 200%  o f  F. C +20%  o f  CaC0 3
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more concentration of Fe both in haulm and kernel, plant failed to assimilate Fe in system 

which was reflected in yield.

5.2.5 Sym ptom s o f  lime induced iron chlorosis

During flowering stage, when moisture treatment was im^wed plant exhibited 

chlorotic symptoms. But when moisture treatment was im|>o^cd for the second time plants 

did not express chlorotic symptoms. 1 'hc reason for plant showing no symptom during 

second time might be due to sudden increase in temperature.

At flowering stage, average temperature (Appendix I) was 32.64 °C (max) and

14.71 °C (min) and in pegging stage (2"‘* period o f moisture control) temperature was 

34.26 (max) and 17.21 °C (min) which might have increased the mobility of Fe in soil 

and better translocation to upward position o f plant parts. Similar results were found by 

Benett et al. (1992) and Shii et al. (1980). The study revealed, in relation to iron stress 

there was response of plant to elevated temperature in nutrient assimilation. It is also 

found that after an adaptation period, the terminal leaves to be regreened and growth was 

also resumed whereas temperature tolerant parent genotypes did not develop chlorosis in 

same condition.





Distribution of different forms of iron and calcium in presence of bicarbonate ion in 

calcareous black soils of Dharwad, Hebballi and Hebsur was studied. A pot culture 

experiment was conducted to know the uptake o f iron and calcium by groundnut crop 

{Arachis hypogaea L.) (JL-24) using calcareous black soil collected from M . R. S., Dharwad 

and which received three moisture level (M i=75%  of F. C., M2=150% of F. C. and

M 3=2 0 0 %  of F. C) and five level o f CaCOs (C,=5% , C2= 7 %, € 3- 10%, C4=15% and

€ 5=2 0 %  ). Possible iron deficiency to plant in moist calcareous soil (lime induced chlorosis) 

was investigated. After the harvest of the crop characterisation of iron oxides, solution 

chemistry with respect to Fe and Ca and iron availability to plant through uptake were 

studied under treatment of different moisture level and CaCOs content. The summary o f the 

investigation is described as follows.

•  Free calcium carbonate content was more in surface soils o f Hebsur (8.0 to 18.5 % ) than

that of Dharwad (1.5 to 8.0 %) and Hebballi (1.5 to 8.5 %). The profile samples of 

Dharwad and Hebsur did not follow any definite pattern of distribution,whereas free 

calcium carbonate percentage increased with increase in depth at Hebballi.

•  Amorphous iron oxide-occluded iron and free iron oxides increased in profiles of

Dharwad, Hebballi and Hebsur, with increase in depth. However, the distribution of free 

iron oxide in Hebsur profile did not follow any definite pattern.

•  Exchangeable Ca increased with depth in profiles o f Dharwad and Hebballi but 

distribution did not follow any definite pattern in profile sample of Hebsur.

VI. SUM M A RY
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•  Amongst the different soluble ions, Fe, Ca and HCO 3 were analysed. Water soluble 

iron in a range of 0.22 to 0,76 ppm in surface soil. No definite pattern was followed in 

distribution of profiles.

High water soluble calcium was noticed in soils o f Dharwad (220.0 to 333.3 ppm) 

than at Hebballi and Hebsur.

The concentration of bicarbonate ions in surface was found to be high in Hebballi 

(457.5 to 762.5 ppm) and Hebsur (305.0 to 915.0 ppm) than in Dharwad (152.5 to 457.5 

ppm). In profiles there was no definite trend as it followed with respect to distribution of 

bicarbonate ions although lower depths recorded higher concenti ation of biocarbonate.

•  DTPA extractable iron was found high in Dharwad (1.79 to 8.35 ppm) than in Hebballi 

(0.73 to 1,81 ppm) and Hebsur (0.24 to 2.62 ppm).

The distribution of DTPA-Fe did not follow any definite trend in profile of 

Dharwad and Hebsur. The concentration of DTPA-Fe decreased as the depth increased in 

profile of Hebballi (1.64 to 0.30 ppm).

•  After the harvest of groundnut crop, grown in pots, both of the forms of iron oxides in 

soil decreased significantly with increase in CaC0 3  level and moisture level. Minimum  

concentration of amorphous iron oxide-occluded iron (350.02 ppm) and free iron oxide 

(319.09 ppm) were noted in treatment with moisture level of 75 per cent F.C + 20 per 

cent CaCOs indicating higher utilization of iron oxides by the plants.

Amongst water soluble ions, water soluble Ca and bicarbonate increased 

significantly with increase in both CaCOs and moisture level in soil after the harvest of 

crop. Interaction effect showed highest concentration of water soluble Ca and HCOj 

(350.33 ppm of water soluble Ca and 838.75 ppm of HCO'3) in treatment with 

moisture level of 200 per cent F.C and 20 per cent CaCO^. Concentration of water
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soluble iron decreased with increase in CaC0 3  level whereas, water soluble iron (0.62 

ppm to 0.98 ppm) increased with increase in level of moisture.

The concentration of exchangeable calcium decreased after the harvest o f the crop 

as influenced by the levels of CaCOs (27.16 c.mol (p+) kg ’ in 5% CaC03 to 20.44 

c.mol (p^) kg'^in 20% CaC03), whereas, no definite pattern was observed in the change 

of exchangeable Ca concentration with increased moisture level.

DTPA-extractable iron decreased significantly with increase in level of moisture 

and CaCOi in the treatments. Highest (5.51 ppm) and lowest (1.58 ppm) concentration 

of DTPA-Fe was noticed in treatment with 75 per cent F.C + 5 per cent CaCOs and 200 

per cent F.C + 2 0  per cent CaCOs respectively.

•  Calcium concentration in plant samples (haulm and kernel) and Ca uptake in haulm 

increased significantly with increase in both CaCOs and moisture level. But more 

uptake of Ca by kernel (39.81 mg/plant) was noticed in treatment with 150 per cent 

F.C + 7 per cent CaCOa only.

Iron concentration in plant samples (haulm and kernel) and Fe uptake by haulm 

was significantly increased with increased level o f moisture and CaCOs in treatments. 

But maximum Fe uptake by kernel was noticed in treatment with moisture level of 150 

per cent F.C with 7 per cent CaCOa (0.946 mg/plant).Results also indicated about ill 

effects of higher concentration of Ca and Fe in treatment with higher level of CaCOa 

^ d  200 per cent F.C moisture.

•  Maximum yield o f pod (26.07 g/pot) was observed in treatment with moisture level of 

150 per cent F.C + 7 per cent CaCOa. Haulm yield did not follow any definite pattern 

with changing pattern of CaCOa level and moisture level.
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It is evident from the study that though available iron (DTPA-Fe + water soluble 

iron) was found less in treatment with more CaCOs and moisture, it did not show any 

influence in Fe concentration in plant samples. However, balanced uptake o f Fe (0.946 

mg/plant) and Ca (39.81 mg/plant) as found in treatment with 150 per cent F.C + 7 per 

cent CaCOa resulted in highest yield o f pod (19.90 g/pot).
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APPENDIX 1; Maximum and Minimum temperature of Jan, Feb, Mar, April (2000)

January February Mar ch Aphi

■ Date
Max(°C) Min(°C) Max(°C) Min(°C) Max(°C) Min(“ C) Max(°C) Min(°C)

1 28.3 12.2 32.1 13.3 32.1 16.2 37.1 20.1

2 27.3 13.0 33.6 17.4 33.5 16.0 37.3 21.0

3 27.4 12.3 33.0 14.8 24.9 18.1 36.3 21.6

4 27.3 12.3 32.2 16.0 33.9 18.7 36.6 23.2

5 27.9 13.8 33.4 17.2 34.7 18.1 36.8 23.0

6 27.9 11.1 33.2 14.3 35.0 17.4 37.2 22.8

7 28.0 11.1 32.0 13.6 35.0 16.3 37.7 21.2

8 28.6 11.5 30.7 14.2 33.0 15.9 37.1 20.0

9 29.0 12.9 31.7 11.5 33.8 16.7 35.9 22.0

10 30.5 15.2 31.2 15.9 32.8 17.5 38.7 22,0

11 30.6 16.1 32.3 16.1 33.0 15.9 39.1 21.3

12 31.5 15.9 27.7 15.9 32.8 16.3 39.4 21.2

13 31.2 18.8 29.9 16.0 33.8 17.0 37.8 20.8

14 31.2 18.0 32.3 16.5 23.6 16.5 37.5 20.7

15 31.6 20.0 32.5 18.1 34.9 16.4 37.6 20.9

16 32.4 19.6 32.9 17.6 35.0 20.9 37.1 21.6

17 32.0 19.0 33.5 18.1 35.6 18.5 36.8 22.5

18 33.3 14.8 33.9 16.5 36.5 18.1 36.6 22.0

19 31.7 14.3 34.0 14.0 37.7 18.2 37.2 18.0

20 30.1 16.0 33.9 12.7 37.7 18.1 33.8 21.5

21 32.5 17.0 28.6 11.5 36.9 18.1 35.9 21.5

22 34:1 17.2 30.6 15.9 36.6 21.0 35.6 20.8

23 33.9 14.8 32.7 19.6 36.6 20.3 36.6 21.0

24 34.1 13.3 23.1 17.6 36.6 20.2 37.2 22.6

25 32.2 14.8 34.1 18.1 36.0 23.5 37.3 23.2

26 31.6 15.5 31.7 18.8 36.2 21.0 36.8 20.3

27 30.1 16.6 30.8 16.9 36.9 19.8 38.8 21.1

28 30.4 14.7 31.9 18.1 36.3 21.0 38.6 21.8

29 29.3 14.5 32.0 17.5 36.2 20.7 39.2 20.9

30 30.4 15.0 36.0 21.0 38.0 20.1

31 31,1 14.6 36.6 21.0

Average temperature

17th Feb to 23rd Feb 2nd Mar to 8th Mar

Max(°C) Min(°C) Max(°C) Min(°C)

32.64 14.71 34.26 17.21



Appendix II. Data o f  m echanical analysis o f  soils o f  Hebballi and H ebsur

Place Depth  

(cm)

C oarse sand i Fine sand i Silt Clay

(% ) I (% ) 1 (% ) 1 (% )

Textural

class

Hebballi I 0-25 11.4 3.9 15.7 69.1 Clay

25-55 9.6 5.7 13.6 71.1 Clay
I

55-100 8.3

! I

4.3 12.2 I 75.2 Clay

Hebsur | 0-15 12.6 3.8 15.6 66 .1 Clay

15-52 9.8 4.9 16.2 6 8 .2 Clay

52-140 8.7 8.6 11.7 70.0 Clay
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Distribution o f  different forms ot iron aiicl cAltilLlTTf' in  presence o f  

bicarbonate ion in calcareous soils o f  Dharwad, Hebballi and Hebsur was studied. 

A pot culture cxperimcnl (imposing three moisture and five CaCOi levels) was 

conducted at M.R.S., Dharwad to know the uptake o f  iron and calcium by 

groundnut crop in calcareous soils.

Free calcium carbonate was more in soils o f  Hebsur while exchangeable Ca 

was found more in Hebballi. Amorphous iron oxide-occluded iron and free iron 

oxides increased with increase in depth. N o defmite pattern was followed in 

distribution o f  water soluble iron, whereas, high water soluble calcium was noticed 

in soils o f  Dharwad. The concentration o f  bicarbonate ions in surface soils was  

found least in Dharwad and did not follow any trend in profiles. D TPA-Fe was  

found high in Dharwad.

After harvest o f  the crop, both forms o f  iron oxides in soil was found to 

decrease significantly with increased level o f  CaCOs and moisture. Water soluble  

Ca and HC O '3 increased significantly with increase in both CaCOs and moisture 

level. With increasing level o f  CaCO], concentration o f  water soluble Fe decreased. 

Decrease in concentration o f  exchangeable Ca and DTPA -Fe was observed with  

increasing level o f  CaCOs and with increasing level o f  both o f  the factors 

respectively.

Uptake and concentration o f  Fe and Ca in plant samples (haulm and kernel) 

increased significantly with increasing level o f  moisture and CaCOs.

Balanced uptake o f  Fe and Ca resulted in maximum yield o f  pod in 

treatment with moisture o f  150 per cent o f  F.C. + 7 per cent CaCOs.


