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I H T R O D t l C T l O K

Fro® a p ra c tic a l  stand p o in t s o i l  s c ie n tis ts  
arc In te re s te d  in  p la n t n u tr i t io n  in  re la tio n  to  so il  
composition, in  order to  develop re la tio n sh ip s  between 
the composition o f the s o il  as determined in  the labora
tory  and crop response obtained from added n u tr ie n ts  in  
the fie ld ,. Such re la tio n sh ip s  serve as the  basis  fo r 
advising fanners concerning f e r t i l i s e r  app lica tions.

k  chemical method fo r determining avail able 
phosphorus in  s o ils  was suggested a t  the  turn  o f th is  
century and i t  did gain wide acceptance. s in ce  then 
muds progress has been made. But most o f the so il 
phosphorus availab le  to crops have been developed empi
r ic a l ly  ra th e r than from an estim ation o f the phosphorus 
frac tio n s  vhlch are ac tu a lly  re la te d  to a v a ilab ility *
Any o f these methods gives s a tis fa c to ry  re su lts  only 
w ithin re s tr ic te d  groups o f s o i l s f and i s  no t applicable 
in  a general way to a l l  groups o f  so ils*  (Soil Test
Work Group, Rational Research Committee. Soil te s te  
compared with f ie ld ,  green house and laboratory  resu lts*  
Worth C arolina Agr.Exp*Sta*Tech*Bull* 121,3956).

In  order th a t  t e s t  values fo r ava ilab le  phosphorus 
determined by various methods are usefu l to  p red ic t the  
phosphorus needs o f a crop, i t  i s  e ssen tia l to develop



re la tionsh ips  between the t e s t  values on d iffe ren t so ils  
and the response o f the crop from added phosphorus*

Another problem which has received very l i t t l e  
a tten tio n  I s  the e ffe c t of drying the so il p rio r to 
sampling and te s tin g . Air drying has shown markedly 
to a l te r  the a v a ila b il i ty  o f n itrogen , phosphorus and 
potassium. There i s  considerable evidence to show th a t 
when so ils  are kept moist the available phosphorus in 
creases. BasaK and Eh attach ary a (1961) have shown th a t 
the re  i s  an increase o f 6d percent o f available  phosphorus 
in  water-logged so ils  dujlng the period from planting  to  
t i l l e r in g  stage in  the case o f r ic e ,  a period o f approsd- 
mately twenty days to one month. For these reasons a 
sample te s ted  a f te r  drying, especially  in  the case o f 
r ice  s o ils ,  cannot be considered as rep resen ta tive  o f 
the f ie ld  s o ils .  This i s  an aspect th a t should be given 
due consideration in  te s tin g  r ic e  paddy so ils  for 
availab le  phosphorus.

The i lc e  so ils  o f Kerala include a wide rang© o f 
s o il  types, v ia . X a te rlte  s o ils , found in  Trivandrum, 
Quilon, T rldm r, Palghafc, Korfiikode and Csnnanore D is tr ic t  
Sandy s o ils  (coastal alluvium) occurring In the Onattukara 
region o f Quilon and Alloppey D is tr ic ts ;  and Peat s o ils  
(Karl.) riverbom e alluvium (Karanadorn) snd lake bed so il 
(kaval) o f the Kuttanad region comprising Alleppey, 
Kottayam and Krnakulsm d is tr ic ts*
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Th® Kuttanad region in  which the  p resen t study 
i s  p ro jec ted , covers an area o f about 400 sq. m iles, 
mainly devoted to the cu ltiv a tio n  o f r ic e .  The s o ils  
o f th is  t r a c t  are submerged under water during the 
g re a te r  p a r t  o f  Si© year and a re  sub ject to p erio d ica l 
inundation with sea water*

She s o il  t e s t  summaries prepared by the  Soil 
Testing Laboratory, V d laysn i in  respec t o f over 10,000 
samples co llec ted  from Kuttanad, using Bray Ho* I  
Roagent as e x trac tan t, show th a t about 80 percent o f  the 
s o ils  i s  low in  ava ilab le  phosphorus. Studies eondu-

] cted  by Koshy end B rito  Kutunayagom (1064) reveal th a t^the f ix a tio n  o f phosphorus in  these s o ils  i s  p rim arily  
a  chemical p re c ip ita tio n  reac tion  involving iro n  and 
aluminium ra th e r than on absorption type o f reaction*

F ie ld  experiments conducted over a number o f
i

years by A gricu ltu ral Research S ta tion s located  in  
J t  Kuttanad have given in c o n sis ten t re s u lts  (P o ti, 1064)

o r low response to  phosphatic f e r t i l i s e r s  (Annual repo rts  
o f  the C*H*A* Schema 1064)* The need was, the re fo re ,

"  f e l t  fo r a reapp raisa l o f  the phosphorus t e s t  methods
end re la te d  aspects o f the  problem and hence the p resen t 
study was undertaken with following objectives*

( i )  To evaluate some o f the  im portant ex trac tan ts



(

<ii>

( i i i )

<iv)

fo r the  determ ination o f av a ilab le  phosphorus, 
on a ird rlo d  samples and on samples incubated 
a t  water holding capacity*
To study some o f the im portant chemical 
c h a ra c te r is t ic s  o f the s o i ls  o f the area  and 
th e ir  in fluence on the  av a ilab le  phosphorus 
as determined by various extractan ts*

To co rre la te  the av a ilab le  phosphorus estim ated 
by chemical methods with th a t determined by 
Heub&uer t e s t  method and po t cu ltu re  experiments*
To determine response o f r ic e  p la n ts  grown on 
r iv e r  borne a llu v ia l  s o ils  (Karanadorn so ils )  
o f  Kuttanad having widely d if fe re n t t e s t  
values fo r ava ilab le  phosphorus, to graded 
doses o f added phosphorus*
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R E V I E W  O F  L I T E R A T U R E

L iebig  (1840) and Way (3S50) dem onstrated th a t  
phosphorus might be re ta in e d  In  the s o i l  In  an u n av a ilab le  
form* Since then s o i l  chem ists have attem pted  to  e s tim a te  
the  amount o f av a ila b le  phosphorus in  s o i l s  by v a rio u s  
m ethods. These methods in c lu d e  d if f e r e n t  chemical reag en ts  
fo r  e x tra c tin g  the  so lu b le  phosphorus. In  many o f  th e se  
methods a ttem pts were made to  s im u la te  co n d ition s e x is t in g  
in  th e  ro o ts  o r  su rfa c e s  between ro o ts  and s o i l  p a r t i c l e .  
I n s p i te  o f  t h i s  none o f  th e  methods so f a r  suggested  has 
been proved as a s u i ta b le  one fo r  determ ining p la n t  
a v a i la b le  phosphorus In  s o i l s .  L i te r a tu r e  on th i s  su b je c t 
I s  r a th e r  voluminous and so only such works as a re  p e r t in e n t  
to  th e  p re se n t study a re  reviewed h e re .

■l.-Us.O of—d llu te ^ a c id s  as  ext r a c ta n ts ;

V arious o rg an ic  ac id s  have been used  by d if f e r e n t  
workers as e x tra c tin g  reag en ts  fo r  a v a ila b le  phosphorus.
One o f  th e  e a r l i e s t  methods which i s  s t i l l  in  use  i s  th a t  
o f  Dyer (1894) who used one p e rcen t c i t r i c  a c id . Egner 
(1941) and Rlehm (1942) suggested  th e  use  o f  l a c t a t e  
b u ffe r , w hile H ibbard (1931) employed a c e t ic  a c id  and Brown 
(3940) used a c e ta te  b u ffe r  as e x tra c ta n ts  fo r  determ ining 
phosphate a v a i l a b i l i ty .  D ilu te  m ineral ac id s  have been 
used by sev e ra l workers fo r  the  e x tra c tio n  o f  a v a ila b le
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s o il  phosphorus* Von sigmond <3929) used 0*1 B K itr ie  
a d d  #\oraas 0*2 H n i t r i c  a d d  was used e a r l ie r  by Praps 
<3904)* Baver and Burner (3939) and Olson (3946) 
ex tracted  available phosphorus with 0*3 S hydrochloric 
a d d  and 0 .7  H hydrochloric a d d  mixed with ammonium 
molyMata respectively*

Truog (3930) used 0.002 N sulphuric a d d  buffered 
a t  pH 3 with Ammonium sulphate in  a  s o il  solvent ra tio  o f 
1* £00 whereas the same ex trac tan t in  the ra tio  of 1*100 
was used by Peech ^  (3947)* Morgan (3935) used 
ace tic  a d d  buffered to pH 4*8 with sodium ace ta te  fo r 
estim ation o f available phosphorus. Beater (3949) used 
H/21 sulphuric a d d  buffered with sodium borate a t pH 1,5 
fo r th is  purpose* Ghsnl (3943) employed 6 hydroxy quino
l in e  in  ace tic  a d d  as an extractan t and recommended i t s  
use fo r a d d  s o ils  containing higher proportions of active 
eequioxidcs.

2^-ll8a^Jt_alhnIi_es as extractants*
Darks and Sheffer (3928) used calcium bicarbonate 

and Das (3930) used 1 percent potassium carbonate fo r 
dissolving availab le  so il  phosphorus. Lasstsch (i©4l) 
employed potassium bicarbonate so lu tion  with advantage to  
replace exchangeable phosphorus* Olsen (39S4) proposed 
the use o f 0 .5  H sodium hydroxide so lu tion  for trop ica l



s o i l s  w hile W illiams (3950) suggested 0*1 N sodium 
hydroxide fo r  both a c id ic  and a lk a lin e  so ils*  Rubins 
(1953) found e x tra c tio n  with 0*5 H sodium hydroxide 
su ita b le  fo r  determ ining a v a ila b le  phosphorus in  a d d  
so ils*  Saunders (1956) developed a method using h o t 
0 .1 N  sodium hydroxide and ob tained  s a t is fa c to ry  r e s u l t s  
fo r  some o f  the Rhodesian s o i l s .

og-smmpnlua flu orid e as extractant*

Bray and K urtz (1945) have developed a method fo r  
the  e x tra c tio n  o f  a v a ila b le  phosphorus using d i lu te  ac id  
so lu tio n s  o f  ammonium f lu o r id e . The two reag en ts  recom
mended by th e se  workers a re  0*03 K ammonium f lu o r id e  in  
0*025 N hydroch lo ric  acid* and 0 .03  R ammonium f lu o r id e  
in  0 .1 N  h y droch lo ric  a d d .  The form er e x tra c ts  only 
th e  adsorbed f ra c tio n  while in  l a t t e r  e x tra c ts  a  p a r t  o f  
the  a d d  so lu b le  phosphorus.

4* qgmflrlsstSLaf #  tx  avfii jph° Erfr pr» s #
In  calcareous s o i l s  Das (1926) found th a t  e x tra c tio n  

with potassium  carbonate y ie ld ed  more s a t is fa c to ry  r e s u l ts  
than when d i lu te  a d d s  were used as e x tra c ta n ts . Koeken 
end Smith (1933) compared d if fe re n t  s o i l  te s tin g  methods 
in  calcareous s o i l s  and found th a t  phosphorus ex tra c te d



by potassium  carbonate showed high  c o r re la t io n  w ith 
crop y ie ld s*  Anderson and Noble (1937) compared 
d if f e r e n t  reag en ts  on n e u tra l and a d d  s o i l s  and found 
th a t  phosphates e x tra c te d  by ac id s  gave g en e ra lly  
b e t te r  c o r re la t io n s  w ith crop y ie ld s*  Olson (1945) 
used 0 .7  H h y d ro c h lo ric  a d d  as  an e x tra c ta n t  and c o rre 
la t io n  w ith  y ie ld  o f  co tto n  was fbund to  be e r r a t ic *
Rubins and Dean (1946) compared Truogs, Morgens, Egnor* a 
and Efeubauer* s  methods and found th a t  th e re  i s  a h igh  
degree o f  c o r re la t io n  between th e  d i f f e r e n t  chemical 
methods* But th e  degree o f  c o r re la t io n  between neubauer 
method and d if f e r e n t  chem ical methods was no t d o se *  D atta  
and Kamath (1959) compared n in e  d i f f e r e n t  methods and 
ev a lu a te d  them using  p ercen tag e  y ie ld  response  and *A* 
v a lu e s . They found th a t  th e  perform ance o f  sodium b i 
carbonate method to  bo th e  best* Bouyer (1959) compared 
d if f e r e n t  methods and o b ta in ed  h igh  c o r re la t io n  among the  
amounts o f  a v a ila b le  phosphate determ ined by Bray and 
K urts  (1945), Olsen (1954) a id  Saunder (1956) and t o t a l  
phosphoric  a d d  content* M ille r  (i960) found th a t  
e x tra c t io n  w ith su lp h u ric  a d d  ammonium f lu o r id e  reag en t 
(bo th  0*1 and 0*03 IT) gave the  most s a t i s f a c to r y  v a lu e s  
fo r  a v a ila b le  phosphorus as determ ined by crop response*
He a lso  observed f e a t  s o i l  type determ ined to  a  l a r g e  
ex te n t th e  c o r re la t io n  between y ie ld  o f  the  crop and 
phosphorus e x tra c te d  by th e  d if f e r e n t  m ethods.



Swaminathan (I960) compared th© amounts of phosphorus 
ex tracted  from 14 potato so ils  by nine rapid  chemical 
t e s t  methods and found th a t the reagents suggested by 
Troug, Spurway end Bray as well as 2 .5 N ace tic  acid 
and 1 per cant el t r i e  a d d  had s im ilar capac ities fo r 
ex trac ting  available phosphorus* Though th© phosphorus 
index obtained from each te s t  was p o sitiv e ly  co rre la ted  
though not s ig n ifican tly  with the average percentage 
y ie ld  values in  each case* Olson's method gave maximum 
degree of co rrelation  with crop response in  these so ils*  
Eleven rapid methods fo r phosphorus were evaluated as to 
th e ir  d e s ira b ili ty  fo r pred icting  response to added 
phosphorus in  two reddish brown laterifce so ils  o f Oregon 
by Alban ©£ aL ( 3064) *

Available phosphorus in  re la tio n  to  so il phosphorus fractions*
A so il phosphorus te s t  should provide a quanti

ta tiv e  measure o f the degree to  which quan tities  of 
p la n t available  phosphorus are re la ted  to  the various 
so il  phosphorus fractions* Since to ta l  amount o f so il  
phosphorus can be accurately determined, i t s  re la tionsh ip  
to p la n t phosphorus a v a ila b il i ty  may be u ti l i s e d  fo r 
improving fee rapid  phosphorus so il t e s t  techniques in  
vogue*
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m a t e r i a l s  u p  m e t h o d s
I
If

Spil-SttaplaS- and chemlcnl nnnlvsestif
34 samples o f  s u rfa c e  s o i l s  (0 -6 * ), ty p ic a l  o f  

th e  th re e  s o i l  jjfcypes in  K uttsnad  v iz .  r i v e r  hom e 
alluvium  (Karapadorn) f p e a t  (K arl) and laHo bed s o i l  (KaVal) 
were c o lle c te d  jfor th e  p r e s e t  s tu d y . Of th e se  8 samples 
ware o f  th e  k a r l  typo , 92 re p re sen ted  th e  lcarBnadom reg ion  
and 4 were from th e  kaval lands*  The s o i l s  showed wide 
v a r ia t io n  in  c h ja ra c te r is t ic s ,  the  pH v a lues  ranging from 
3.9 to  5 .9  and th e  o rg an ic  carbon co n ten t from 0 .9$  to  
16.63$. |

A complete re c o rd  o f  th e  p a s t  f e r t i l i s a t i o n  th a t  
th e se  s o i l s  rece iv ed  was compiled from th e  lo c a l  c u l t i 
v a to r s ,  The d a ta  show th a t  12 f i e ld s  had n o t rece iv edjlany p h o sp h a tie  ( f e r t i l i s e r  though a l l  th e  f i e ld s  were under[ic u l t iv a t io n  as jsing le  crop paddy lan d s  fo r  sev e ra l y e a rs .

ifThe samples were a i r  d r ie d , p assed  through a 2 mm
sie v e  and s to re d  in  wide-mouthed g la s s  b o t t l e s  w ith screw|J
caps p r io r  to  a n a ly s is . The r e s u l t s  o f  chemical a n a ly s is
a re  g iven in  T abic I .I'I

The pH cjf the  s o i l s  was measured in  th e  fresh  
samples and a ftle r dry ing  using a  g la ss  e le c tro d e  in  is 2 .5  
d i lu t io n  w ith  d i s t i l l e d  w ater.
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Exchangeable aluminium, hydrogen and I ro n , were 
determ ined by th e  methods o f  Yuan (1959) end Coleman j£t 
r!  (1959) as m odified  by C ate and Sukhei (1964) • Water 
s o lu b le  aluminium and i ro n  were determ ined by th e  methods 
desc rib ed  by Cate and Sulshai (3964)* O rganic carbon was 
es tim ated  by th e  Walkley and Black method (P ip e r , 1950) 
and c a tio n  exchange cap ac ity  and anion exchange cap ac ity  
by th e  method o u tlin e d  i n  P ip e r  (2950). C onductiv ityjio f  i t  5 e x t r a c ts  was determ ined u s in g  th e  S o lu -b ridge 
(U.S.D.A. Hand book 170.60) •

T o ta l phosphorus was determ ined by wet ashing 
one gram o f  so il^w lth  10 c l .  o f  su lp h u ric  a c id , 20 m l. o f  
n i t r i c  a c id  and f in a l ly  two o r  th re e  ml* o f  p e rc h lo r ic  
a c ic  to  g iv e  a  c le a r  s o lu t io n . The s o lu t io n  was made 
to  300 m l. and th e  phosphorus determ ined e o lo r im o tr ic a lly  
u sin g  stannous d ilo r id o  os reducing ag en t. (Jackson , 3958).

Four s o i l  t e s t  methods were used  to  ev a lu a te  th e
a v a ila b le  phosphorus s ta tu s  in  th e se  s o i l s .  The methods1
employed w ith d e ta i l s  o f  th e  c o n s ti tu e n ts  o f  th e  e x tra c tin g  
s o lu t io n , s o i l  to  s o lu tio n  r a t i o  and tim e o f  shaking a re
g iven below* j

I
(iH<i

?



Method E x tracting  so lu tio n

1. Bruy Ho* 1 0*03 H ammonium

2. Bray Ho. 2

3* Olsen

flu o r id e  in  0 .025 H h y droch lo ric  ac id .
I
olos B samonlunf lu o r id e  0*1 N hy d roch lo ric  a d d .

'[0 .5  M sodiun b icarbona te  ad ju sted  to  pH 6 .5  w ith sodium hydroxide.

S o il to so lu tio n  r a t io

Is 10

Timeo fshaking

10 m inutes

Is 25 10 m inutes

Is SO 30 m inutes

4 . Sounder O il H sodium hydroxide Is SO 60 minutes (Heated on steam bath)

The phosphorus concen tra tion  in  a l l  th e  e x tra c ts  
vas determ ined by)the molybdenum b lu e  method o f  BicksaEjn 
and Bray (1&4D). Ij Stannous ch lo rid e  was used as th e  r e 
ducing agent according to  procedures described  by Jackson 
(1958)• B oric ac id  was added to Bray Ko.I and Ho. I I
e x tra c ts  p r io r  to  [co lour development to  reduce the  i n t e r -!|ferenee  o f  th e  f lu o r id e  i ro n .

i
In  Saunder*a method (Saunder, 3956) i n  which 0*1

normal h o t  a lk a l i  I i s  u sed  as e x tr a c ta n t , d e a r  e x tr a c tsJwere o b ta ined  by adding a  p±nc& o f  a c tiv a te d  charcoal
It



(Darco. 0*60) to th© s o ils  p r io r  to  ex traction  end 
coagulation o f  the organic m atter by a c id if ic a tio n  o f 
th® e x tra c t. In  fa c t ,  a conbination o f  both those 
methods gave dle<p ex tra c ts  desp ite  the fa c t th a t many 
o f the s o i ls  used in  the p resen t study were high inIorganic matter#

I t  i s  well known th a t continuous submergence o fI,s o i ls  re le a se s  more o f  av a ilab le  phosphorus* Wien so ils  
co llec ted  from r ic e  f ie ld s  are d ried  p r io r  to  s o il  t e s t ,  
the re  i s  a p o s s ib il i ty  o f  the reverse change taking p lace . 
To study th is  aspect 300 g . o f  each s o il  was moistened with 
d i s t i l l e d  water to water holding capacity  and incubated 
fo r  16 days a t  30± 1°G In  p la s t ic  containers* Giving due 
consideration  fo r m oisture s ta tu s , su ff ic ie n t quantity  o fis o ils  was ex tracted  with the  various ex trac tan ts  l i s t e d  
in  toe previous page.

Ii!

Sxpertpcnt; i .  j

The availab le  phosphorus in  a l l  the th i r ty  four 
samples was determined by the standard Heubauer technique. 
330 g . o f  the so il  was mixed with 50 g. o f  a d d  washed 
quartz sand and placed in  a p la s t ic  dish 11 cm. In  diameter
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and 7 «©• In  heigh t.j 30© good $aa lity  (germination
3D© percent) Swiss summer rye seeds were sown uniformly
in each dish and 50 g. o f $ ia rtz  sand was uniformly 

Ispread on top o f th is  to  cower the seeds. Enough 
water was added p e rip d ica lly . fhe dishes were placed
under flourescant lamp fo r 30 hours d a ily . A re p l l-Ication  was kept fo r  p&eti s o i l .  Controls were run side 
toy s id e . Seventeen days a f te r  sowing the p lan ts  were 
harvested . Shoots jjnd roo ts were separately  dried* 
weighed and saved fo r chemical analysis .

A pot cu ltu re esperiment was conducted to  study 
the effect o f d iffe ren t doses o f  phosphatie f e r t i l i s e r  ^
(s ing le  super phosphite) on the growth and y ie ld  o f r ic eip la n ts . Soils frottlfeagflnafloa lands having widely dif
ferent s o il  te st values for available  phosphorus (fable I I )  
were selected fo r th is  study.

|
Approximately 250 kg. o f so il co llected  a t a 

depth o f 0-6" from fchje respective lo ca lit ie s  was trans
ported to  dried* crushed and passed through a 3/4" 
s ieve . Earthenwarejpots to hold 10 kg. s o ils  were

Iused to grow the plants.
Ifhe experiment was conducted in  randomised block
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design w ith  fo u r treajlm eats o f  phosphorus a t  the r a t#  
o f  G* 209 40 and 60 kg* o f  % % Pe r  a c re  and re p l ic a te d  
f iv e  tim e s . N itrogen  and po tash  (Kg 0) a t  th e  r a t e  o f  
60 k g . p a r  ac re  were Jspplied i n  the form o f  ammonium 
su lp h a te  and m uria te  o f  po tash  re s p e c t iv e ly . k minimal 
dose o f  m ic ro n u tr le n ts  was a lso  added l e s t  any one o f  
them becomes a  l im it in g  f a c to r .  Sprouted  seeds o f  r i c e  

3. 10 o f  90 days* d u ra tio n ) were sown in  th e  p o ts  and
only  th re e  seed lin g s  were allow ed to  e s ta b lis h  in  each 
p o t .  Sowing was done on 14-10-1964#

th e  p o ts  were arranged  in  a  f i e l d  ad jacen t to  th e  
S o il S cience and A g ric u ltu ra l Chem istry B iv ision  and n o t 
i n  a  green house* s in c e  s im ila r ly  conducted * f i e l d  p o t 
c u l tu re  experim ents ' pave haen found to  conform to  f i e l d  
co n d itio n  to  a  g re a te r  e x te n t than g reen  house ex p e ri
ment®. (M ille r  and Ai&ey 1966).

The p la n ts  m  
a  ro se  can and a  l e v  
s o i l  su rfa c e  was main 
v e s tin g . The g ra in  
h a rv e s te d  se p a ra te ly  
saved f o r  chemical an

r© i r r i g a te d  w ith  r a in  w ater u sing  
e l  o f  about l*  o f  w ater above th e  

ta in e d  t i l l  IS days p r io r  to  h a r -  
and s traw  from each p o t ware 
on 33-1-3965 dried* weighed and 
a ly sis*

The to ta l phe sphorus co n ten t o f  the  p la n ts  from
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m a t e r i a l s  u p  m e t h o d s
I
If

Spil-SttaplaS- and chemlcnl nnnlvsestif
34 samples o f  s u rfa c e  s o i l s  (0 -6 * ), ty p ic a l  o f  

th e  th re e  s o i l  jjfcypes in  K uttsnad  v iz .  r i v e r  hom e 
alluvium  (Karapadorn) f p e a t  (K arl) and laHo bed s o i l  (KaVal) 
were c o lle c te d  jfor th e  p r e s e t  s tu d y . Of th e se  8 samples 
ware o f  th e  k a r l  typo , 92 re p re sen ted  th e  lcarBnadom reg ion  
and 4 were from th e  kaval lands*  The s o i l s  showed wide 
v a r ia t io n  in  c h ja ra c te r is t ic s ,  the  pH v a lues  ranging from 
3.9 to  5 .9  and th e  o rg an ic  carbon co n ten t from 0 .9$  to  
16.63$. |

A complete re c o rd  o f  th e  p a s t  f e r t i l i s a t i o n  th a t  
th e se  s o i l s  rece iv ed  was compiled from th e  lo c a l  c u l t i 
v a to r s ,  The d a ta  show th a t  12 f i e ld s  had n o t rece iv edjlany p h o sp h a tie  ( f e r t i l i s e r  though a l l  th e  f i e ld s  were under[ic u l t iv a t io n  as jsing le  crop paddy lan d s  fo r  sev e ra l y e a rs .

ifThe samples were a i r  d r ie d , p assed  through a 2 mm
sie v e  and s to re d  in  wide-mouthed g la s s  b o t t l e s  w ith screw|J
caps p r io r  to  a n a ly s is . The r e s u l t s  o f  chemical a n a ly s is
a re  g iven in  T abic I .I'I

The pH cjf the  s o i l s  was measured in  th e  fresh  
samples and a ftle r dry ing  using a  g la ss  e le c tro d e  in  is 2 .5  
d i lu t io n  w ith  d i s t i l l e d  w ater.
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Exchangeable aluminium, hydrogen and I ro n , were 
determ ined by th e  methods o f  Yuan (1959) end Coleman j£t 
r!  (1959) as m odified  by C ate and Sukhei (1964) • Water 
s o lu b le  aluminium and i ro n  were determ ined by th e  methods 
desc rib ed  by Cate and Sulshai (3964)* O rganic carbon was 
es tim ated  by th e  Walkley and Black method (P ip e r , 1950) 
and c a tio n  exchange cap ac ity  and anion exchange cap ac ity  
by th e  method o u tlin e d  i n  P ip e r  (2950). C onductiv ityjio f  i t  5 e x t r a c ts  was determ ined u s in g  th e  S o lu -b ridge 
(U.S.D.A. Hand book 170.60) •

T o ta l phosphorus was determ ined by wet ashing 
one gram o f  so il^w lth  10 c l .  o f  su lp h u ric  a c id , 20 m l. o f  
n i t r i c  a c id  and f in a l ly  two o r  th re e  ml* o f  p e rc h lo r ic  
a c ic  to  g iv e  a  c le a r  s o lu t io n . The s o lu t io n  was made 
to  300 m l. and th e  phosphorus determ ined e o lo r im o tr ic a lly  
u sin g  stannous d ilo r id o  os reducing ag en t. (Jackson , 3958).

Four s o i l  t e s t  methods were used  to  ev a lu a te  th e
a v a ila b le  phosphorus s ta tu s  in  th e se  s o i l s .  The methods1
employed w ith d e ta i l s  o f  th e  c o n s ti tu e n ts  o f  th e  e x tra c tin g  
s o lu t io n , s o i l  to  s o lu tio n  r a t i o  and tim e o f  shaking a re
g iven below* j

I
(iH<i
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Method E x tracting  so lu tio n

1. Bruy Ho* 1 0*03 H ammonium

2. Bray Ho. 2

3* Olsen

flu o r id e  in  0 .025 H h y droch lo ric  ac id .
I
olos B samonlunf lu o r id e  0*1 N hy d roch lo ric  a d d .

'[0 .5  M sodiun b icarbona te  ad ju sted  to  pH 6 .5  w ith sodium hydroxide.

S o il to so lu tio n  r a t io

Is 10

Timeo fshaking

10 m inutes

Is 25 10 m inutes

Is SO 30 m inutes

4 . Sounder O il H sodium hydroxide Is SO 60 minutes (Heated on steam bath)

The phosphorus concen tra tion  in  a l l  th e  e x tra c ts  
vas determ ined by)the molybdenum b lu e  method o f  BicksaEjn 
and Bray (1&4D). Ij Stannous ch lo rid e  was used as th e  r e 
ducing agent according to  procedures described  by Jackson 
(1958)• B oric ac id  was added to Bray Ko.I and Ho. I I
e x tra c ts  p r io r  to  [co lour development to  reduce the  i n t e r -!|ferenee  o f  th e  f lu o r id e  i ro n .

i
In  Saunder*a method (Saunder, 3956) i n  which 0*1

normal h o t  a lk a l i  I i s  u sed  as e x tr a c ta n t , d e a r  e x tr a c tsJwere o b ta ined  by adding a  p±nc& o f  a c tiv a te d  charcoal
It



(Darco. 0*60) to th© s o ils  p r io r  to  ex traction  end 
coagulation o f  the organic m atter by a c id if ic a tio n  o f 
th® e x tra c t. In  fa c t ,  a conbination o f  both those 
methods gave dle<p ex tra c ts  desp ite  the fa c t th a t many 
o f the s o i ls  used in  the p resen t study were high inIorganic matter#

I t  i s  well known th a t continuous submergence o fI,s o i ls  re le a se s  more o f  av a ilab le  phosphorus* Wien so ils  
co llec ted  from r ic e  f ie ld s  are d ried  p r io r  to  s o il  t e s t ,  
the re  i s  a p o s s ib il i ty  o f  the reverse change taking p lace . 
To study th is  aspect 300 g . o f  each s o il  was moistened with 
d i s t i l l e d  water to water holding capacity  and incubated 
fo r  16 days a t  30± 1°G In  p la s t ic  containers* Giving due 
consideration  fo r m oisture s ta tu s , su ff ic ie n t quantity  o fis o ils  was ex tracted  with the  various ex trac tan ts  l i s t e d  
in  toe previous page.

Ii!

Sxpertpcnt; i .  j

The availab le  phosphorus in  a l l  the th i r ty  four 
samples was determined by the standard Heubauer technique. 
330 g . o f  the so il  was mixed with 50 g. o f  a d d  washed 
quartz sand and placed in  a p la s t ic  dish 11 cm. In  diameter
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and 7 «©• In  heigh t.j 30© good $aa lity  (germination
3D© percent) Swiss summer rye seeds were sown uniformly
in each dish and 50 g. o f $ ia rtz  sand was uniformly 

Ispread on top o f th is  to  cower the seeds. Enough 
water was added p e rip d ica lly . fhe dishes were placed
under flourescant lamp fo r 30 hours d a ily . A re p l l-Ication  was kept fo r  p&eti s o i l .  Controls were run side 
toy s id e . Seventeen days a f te r  sowing the p lan ts  were 
harvested . Shoots jjnd roo ts were separately  dried* 
weighed and saved fo r chemical analysis .

A pot cu ltu re esperiment was conducted to  study 
the effect o f d iffe ren t doses o f  phosphatie f e r t i l i s e r  ^
(s ing le  super phosphite) on the growth and y ie ld  o f r ic eip la n ts . Soils frottlfeagflnafloa lands having widely dif
ferent s o il  te st values for available  phosphorus (fable I I )  
were selected fo r th is  study.

|
Approximately 250 kg. o f so il co llected  a t a 

depth o f 0-6" from fchje respective lo ca lit ie s  was trans
ported to  dried* crushed and passed through a 3/4" 
s ieve . Earthenwarejpots to hold 10 kg. s o ils  were

Iused to grow the plants.
Ifhe experiment was conducted in  randomised block
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design w ith  fo u r treajfemeats o f  phosphorus a t  th© r a t#  
o f  G* 209 40 and 60 kg* o f  % % Pe r  a c re  and re p l ic a te d  
f iv e  tim e s . N itrogen  and po tash  (Kg 0) a t  th e  r a t e  o f  
60 k g . p o r ac re  were Jspplled i n  the form o f  ammonium 
su lp h a te  and m uria te  o f  po tash  re s p e c t iv e ly . k minimal 
dose o f  m ic ro n u tr le n ts  was a lso  added l e s t  any one o f  
the® becomes a  l im it in g  f a c to r .  Sprouted  seeds o f  r i c e  

3. 10 o f  90 days* d u ra tio n ) were sown in  th e  p o ts  and
only  th ro e  seed lin g s  were allow ed to  e s ta b lis h  in  each 
p o t .  Sowing was done on 14-10-1964#

th e  p o ts  were arranged  in  a  f i e l d  ad jacen t to  th e  
S o il Selene© and A g ric u ltu ra l Chem istry B iv ision  and n o t 
i n  a  green house* s in c e  s im ila r ly  conducted * f i e l d  p o t 
c u l tu re  experim ents ' pave been found to  conform to  f i e l d  
co n d itio n  to  a  g re a te r  e x te n t than g reen  house ex p e ri
ment®. (M ille r  and Ai&ey 3966).

The p la n ts  m  
a  ro se  can and a  l e v  
s o i l  su rfa c e  was main 
v e s tin g . Th© g ra in  
h a rv e s te d  se p a ra te ly  
saved f o r  chemical an

r© i r r i g a te d  w ith  r a in  w ater u sing  
e l  o f  about l*  o f  w ater above th e  

ta in e d  t i l l  IS days p r io r  to  h a r -  
and s traw  from each p o t ware 
on 33-1-3965 dried* weighed and 
a ly sis*

The t o t a l  phe sphorus co n ten t o f  the  p la n ts  from
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experiment 2 and 12 was determined by wet ashing method.
fit© dried and ground

was wet ashed with SO 
acid and fin a lly  dig© 
or ©ore o f perchloric 
300 ©2. m i the phosp! 
as phosphomolybdate*

le n t material (tops and roots from
©a^erteient X and grain and straw from experiment 21)

m2* n itr ic  ad d , 10 ml. sulphuric 
sted to a d ear  colour with 2 ml* 
add* ffee solution was made to 

koras determined eolerim etrieally

Linear correlation coeffic ien ts were worked outifor relationships between the available phosphorus deter- 
mined by various methods in  the dried and sampled s o ils  
end as determined affepr incubating the s o ils  at water 
holding capacity for jp5 days with the phosphorus taken 
up by plants in  the njeubauer e^eriment (E^eriment 2)
and in  the pot culturp experiment with r ice  plants 
Clsperiment II)*

Sine© pH, organic matter content, soluble and 
exchangeable aluminium soluble and exchangeable iron etc*, 
influence phosphorus k v a ila b ility , a multiple regression  
was worked out with these so il characteristics as

IIndependent variables! and available phosphorus values as 
determined by ©xtraetjants which showed a sign ificant 
len lar correlation with neubauer technlcue as dependent 
variables*
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Besponas curves were f i t t e d  on the  quadratic 
model y » ax2 ♦ t»  + L fo r the  po t cu ltu re  eaperlment 
on the four s o i l s .  Equations were worked out fo r the 
grain  weight end t o t #  dry m atter fo r the  four s o i l s .

C orrela tion  co e ffic ie n t fo r s o il  t e s t  values by 
various methods and percentage y ie ld  response were
separate ly  worked ou t
method fo r  determining av a ilab le  phosphorus.

to  find  out the most s a tis fa c to ry

-f



RESULTS
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R E S U L T S

Table* t  p resen ts  the data on some o f the 
Important chemical c h a rac te r ls ti es o f the 34 so il  samples 
used fo r experiment I , (Heufeauer technique) yad avail able 
phosphorus determination with chemical extractants*
These data have a healing on the av@ilatd.lity and fix a tio n  
o f  phosphorus* Usually In  these s o ils  the to ta l  phos
phorus content i s  high ranging fro® O.OS percent to  0*57 
percent* The so il reac tion  i s  d e fin ite ly  a d d le  the *
value o f pH ranging f:*ea 3.9 to  6.9* The s o il  contains 
a high percentage o f organic m atter as evidenced fey the 
content o f organic carbon xhich ranges from 0 .9  to 16.63Ip ercen t. The conductivity ranges fro© 0.0  to  90 tu  mhos 
per cm* Exchangeable iron  and water soluble iron  are  
also usually  high but found to  be varying in  d if fe re n t 
so ils*  The exchangeable iron  ranges fro® 7.1  p.p.®. 
to  38*6 p.p.® . ihil®  ihe water soluble iron  v aries  from 
Q.O p.p.m. to  p.p.m. Isdiangeable aluminium ranges 
fro® 0 .0  to  6 .5  m llllj  equivalents per 100 g# Ex<hengeable 
hydrogen also  varies from 0.0  to  10.7 m ill!  equivalents 
per 300 g.

Table 11 gives the mechanical composition and 
chemical d h a rae te rls t.e s  o f so il  used in  experiment I I  
(po t cu ltu re  experiment with r ic e  p la n ts ) .  I t  could be
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from the results that the day content varies fro® 56 to 

€© percent* Fro® the data on total nitrogen* total 
phosphorus, and total potassium, I t  could fee seen that 
so il Bo. I appears to fee well supplied with these 
nutrients* But, however, tmm the values obtained for 

available phosphorus i t  i s  seen that so il Ho* I i s  low 
in  avail able phosphorus*

fable III summarises the data on the available 
phosphorus determined in  the 34 samples o f that were pro* 
conditioned fey drying in  air* I t  also presents the 
available phosphorus in  these so ils  as determined fey 
Heufeauer technique* The available phosphorus content 
in  the seme so ils  that have been incubated for 15 days at 
water holding capacity at 3D°C, has been determined and 
i s  given in  Table If* From the results i t  could fee seen 
that the reagents Bray Ho* I and Bray Ho* 3 extract only 
very low amounts o f phosphorus %hlle Olsen end Saunder* e 
reagents extract larger amounts o f phosphorus. On 
Incubation o f the so ils  Olsen and Sounder* s reagents extract 
Increased amounts o f phosphorus while Bray Ho* l  and Bray 
Bo. 2 extract leaser amounts than those obtained with dry 
s o ils .

Bata on the y ie ld  o f grain in  the pot culture 
experiment with r ice  plants are presented in Table f .
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m w A M m m  o ?  a v a im b m  m m b m o m ®  3 m & & t 8 wS m mmtrwT nmhbsa von m i soias
(3figur©s g iven  a r e  in  p a r t s  p e r  m il l io n )

1 1 1

aoll Bray Bray Olsen* a Saunter* s KeubeuerHumber Ho.1 Iio.2 reagent reagent technique
1 20 33 52 119 11.5
2 23 45 90 110 23.5
3 15 37 53 149 1.4
4 2 14 27 112 22.55 7.5 10 62 181 11.25
6 2 9 25 166 9.5
7 2 7 24 »9 a 2 .4
& 2 2 2 99 6.5
9 2 2 2 121 9.4

10 2 2 17 112 9.5
11 7 30 2 110 11.0
12 1 13 19 98 11.5
13 8 9 2 125 5.5
14 6 42 13 161 5.4
15 2 15 2 172 3.4
16 10 2 2 156 17.5
17 2 60 75 145 18.5
n 2 10 24 161 11.0
19 2 2 2 163 5.5
20 2 2 2 128 23.5
21 2 2 2 172 22.5
22 2 2 3 98 17.5
23 13 2 2 85 16.5
24 20 2 4 78 13.5
25 2 2 3 110 13.4
26 2 2 2 124 4.6
27 2 2 2 127 5.5
28 2 2 2 132 5.6
29 2 ‘ 2 2 161 6.6
30 2 5 3 94 6.6
31 2 2 2 238 3.5
32 10 30 50 268 14.5
33 2 37 37 181 11.5
34 2 26 18 238 10.5
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ot a va iu m m  mmsmomB 'm m a 'im  
m  m m jm m  mszmm m& xnm im m  mxm

(She figures are given In past© per raillion)

I A & 2  I V

B oil Bray Bm y Olsen* © Saunaer*©ffmaher Ho*1 Po*2 reagent reagent
1 100 28 250 662
2 46 31 500 8333 100 36 27 150
4 SO 28 500 8823 25 2© 250 7506 2 14 200 >341
7 2 33 28 1508 14 17 167 300
9 11 16 200 35010 2 15 200 35211 11 17 250 64512 28 25 250 690n 22 41 125 321n 250 40 125 34215 125 17 15 112

16 17 33 334 500
17 83 14 330 72118 28 13 328 718
19 28 11 250 650
20 63 It 125 34521 11 11 500 852
22 28 20 §00 841
23 28 13 334 500
24 27 17 334 498
23 30 11 167 300
26 2 11 165 %m
27 2 28 100 321
28 63 11 125 348
29 2 13 125 34430 26 12 125 346
31 2 11 125 353
32 23 23 100 300
33 2 16 100 320
34 25 20 25 140



35

SABbt V
T flH L B  O F O M B IS  FOB SOS CU M tJ& jD  O T E H IiU a iffi O il m&d QRQF

(She figures are in gaa/pot and are •fee 
average of fiv*  replications)

S o i l  Umaber tre a tm e n t  o f  phosphorus in  l b s / a c r e  and - —      ------------------—
naae 0 20 40 60

31 Munday K a rl 9.5 18*6 16.2 18.46

32 fhakaahi © oil 23.4 32.6 23.4 23.5

33 Veilarkonea
©oil 18.46 20.9 21.0 20.3

34 Pulakkudukka 18.36 22.6 21.18 25.2
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I t  could be seen fro® th is  table and appendix I  
(Ahalysis o f variance tab le) th a t phosphorus fe r t i l is a t io n  
re su lts  in  s ig n ifican t increases in  grain y ie ld . An 
in te re stin g  finding i s  th a t the higher lev e ls  of phos* 
phorus application (40 and 60 pounds per acre) decrease 
the grain y ie ld  as compared with the lover dose of 90 
pounds per acre. A quadratic equation* y =* ax2 ♦ bx ♦ c 
has been f i t te d  for the grain y ie ld  data fro® which optimum 
dose for maximum y ie ld  i s  worked out. the  response curves 
are given in  figures V, VI* VII and VIII* Optimum doses 
calculated from the equations are 44* 96* 45 and 99 lb * / 
acre respectively .

Table VI presents data on the to ta l dry m atter in  
grams per pot in  the pot culture experiment with r ic e .
In  general i t  could be seen that addition of graded doses 
of phosphorus s ign ifican tly  increase the to ta l dry m atter 
production* though with higher leve ls  the response I s  
e ith e r sta tionary  o r shows a decreasing trend. The 
re su lts  have boon f i t te d  in to  a quadratic model y » ax2 ♦ 
bx * c. The optimum dose to give a maximum y ie ld  has 
also been worked o u t. The response curves are given in  
figures IX* X* XI and XXX. Optimum doses calculated 
from the equations are 35* 30* 40 and 65 Ib ./a c re  
respectively .
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S&BMS VI
n m $  op TGMit mruAZTZR won m  gulturz 

m m m M iT  o s  s i c e  ckop
(2he fig u re s  a re  in  gQ o/pot and a r e  the  

average o f  f iv e  re p lica tio n s)

S o il  number treatment o f  phosphorus in  lb s/acreand
p lace  0 20 40 60

31 Hundar S a r i 21*48 36.7 28.32 30.9

32 Jhakassht s o i l 29.5 54.88 27.26 42.6

33 Vellarkonaa 36.18 39.5 43.2 40.2

34 Pulskudukka 37.86 41.2 41.32
«

49.5
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Tmm mi
t o x a k s  o p  m m m o m s  m  Q i m »  a m  a> a s a & w

(impressed in »*g«/pat)
U ptake toy g ra in  U ptake toy strawS e r ia l  t re a tm e n t tre a tm e n t

isstoer
0 20 40 60 0 20 40 60

1 Ifandar k a r l 19.0 38 36.8 32.0 11.0 16.0 9.0 10.4

2 *2halcaahi s o i l 23.4 39.6 43.7 43.7 14.5 16.5 20.5 17.0

3 Vellarkonaffl s o i l 36.1 52.5 46.4 50.0 14.5 17.0 14.5 17.0

4 PuXakkudu&a 57.0 57.5 48.3 75 12.5 17.6 20.0 18.0



Table t i l  p resen ts  the uptake o f phosphorus by 
g rain  and straw  in  tag* p e r p o t. I t  could be seen from 
the  re s u lts  th a t the re  i s  an increasing  trend in  uptake 
o f phosphorus by the grain  and straw  with increasing 
doses o f phosphorus the  ra te  o f inc rease  being g re a te r  
in  the  case o f the g rain  than in  the case o f  the  straw .



DISCUSSION
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O X S C U S S I O H

Several c r i t e r i a  were used to evaluate four 
d if fe re n t s o il  t e s t  methods to  determine avail able 
phosphorus in  the typ ica l a d d  r ic e  s o i ls  o f  Kerala* 
th e  major c r i t e r i a  employed were the amount o f phos- 
phorus ex tracted  hy various ex trac tan ts  and the corre
la t io n  o f the same with $ie actual phosphorus taken up 
by p la n ts  in  the  Naubauer experiment• Hfee influence o f 
various so il  chemical c h a ra c te r is t ic s  th a t a ffe c t the 
amount o f  phosphorus ex tracted  hy the ex trac tin g  reagents, 
as well as th e ir  in fluence on the q u an titie s  o f  phosphorus 
taken up hy p la n ts  in  Beubauer experiments were also  
employed as c r i t e r i a  fo r f in a lly  choosing the method* 
Another im portant aspect inv estiga ted  was the precondi
tion ing  th a t i s  to  be given to  s o il  samples p r io r  to 
te s tin g  them fo r av a ilab le  phosphorus* fhe p resen t 
method o f  te s tin g  s o ils  In  moat o f the  la b o ra to rie s  in  
In d ia  and abroad except probably th a t a t  Iowa (Hanvay, 
3964) i s  to  a i r  dry them p r io r  to  testing*  But a t  the 
S o il te s t in g  labora to ry  a t  Iowa, a s lu rry  i s  made from 
the m oist samples co llec ted  from the f ie ld ,  and a liqu o ts  
o f  th is  are used fo r determ ination o f  ava ilab le  n u trien ts*  
In  the p resen t study the r ic e  s o i ls  were incubated fo r 
3JS days a t  water holding capacity to assess the increase
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in  a v a ila b le  phosphorus. Hi© r e s u l t s  ©f th e se  in v e s t i 
g a tio n s  a re  d iscussed  in  th e  follow ing pages*

The a v a ila b le  phosphorus e x tra c te d  by the  four 
e x tra c ta n ts  v is*  O lsen*sf Bray* s Ho* 1, Bray*s Ho* 2* and 
Saumder1®, 34 samples o f  th e  waterlogged r i c e  so ils*  
conditioned  by a i r  drying i n  th e  la b o ra to ry  were co rre 
l a t e d  K ith th e  ac tu a l p la n t  a v a ila b le  phosphorus as 
determ ined by the  Heubauer technique vitfe ry e  m  in d ic a to r  
p la n ts  {Table I I )  * The c o rre la tio n  c o e f f ic ie n ts  a re  
given in  {Table T O D .

s m i
l in e a r  c o rre la tio n  c o e f f ic ie n ts  fo r  th e  r e la t lo n -  afclp fo r  a v a ila b le  phosphorus as  determ ined by four d if f e r e n t  s o i l  t e s t  methods In  a i r  d r ie d  s o i l s  w ith th e  a v a ila b le  phosphorus as determ ined by th e  Heubauer method*

a .Ho* Method C o rre la tio nc o e ff ic ie n t Regression®equation

1 Bray Ho* 1 0.26S Hots ig n if ic a n t
2 Bray Ho* 2 0.142 »
3 Olsen 0*276 w
4 Sounder Hoc o rre la tio n

w

Hone o f  the  s o i l  t e s t  methods shows any s ig n if ic a n t



correlation though Glam and Bray Bo* 1 indicate a 
p ositive  trend* fh la  shows that the for® of phosphorus 
W en  up by p lants may b© iron phosphates or aluminium 
phosphates as these are the two inorganic fores predo
minantly ©nd respectively extracted by the two reagents* 
th is  lads of sign ifican t correlation , ^hen viewed in  the 
l ig h t o f the works o f Shapiro <3958) Islam and E3,ahl 
(3954) Keressteny (3953) and Bassfc and Biattachsrya (3969) 
reveals* tha t the amounts of these forms extracted may 
be considerably lo s s , whereas# the same so ils  a f te r  sub- 
mergenee show considerable increase in  available phosphorus 
especially the sodium hydroxide soluble fraction  (the  Iron 
fraction) (Paul and Belong, 3949)* In th is  connection 
i t  i s  pertinen t to note a sim ilar increase in  available 
phosphorus in  so ils  observed by Hack and Barber (3960) on 
incubation of so ils  with le sse r amounts o f moisture regime 
in  the so ils  in  the Beubauer experiment of the present 
study# corresponds nearly to the levels  of moisture in  
the eagjeriBients o f Hack and Barber* I t  i s  mainly for 
these reasons that Banway (3964) emphasised the need for 
testing  the so il for the **ma3or trio*  in  p lant nu trition  
d irec tly  on samples collected from the f ie ld  and p rio r to 
drying in  the laboratory* I f  suds a procedure i s  required 
for upland so ils , the need Iter the same for waterlogged 
and a d d le  so ils  where fixation  and av a ilab ility  o f
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phosphorus are wall knom to be subtly  con tro lled  by the  
re la t iv e  amounts o f iro n  and aluminium needs no emphasis*

To c la r ify  th is  p o in t the  s o ils  were incubated 
a t  the  w ater holding capacity  fo r  15 days and av a ilab le  
phosphorus determined by four d if fe re n t ex trac tan ts  
(Table i l l )  were co rre la ted  with the ac tual phosphorus 
taken up in  Heub&uer experiments (Table IX ).

i i L . i l

l in e a r  c o rre la tio n  co e ffic ie n ts  fo r the relation*  ship for av a ilab le  phosphorus as determined by four d if fe re n t s o il  t e s t  methods in  incubated so ils , with the av a ilab le  phosphorus as determined by ffeubauer method*
ax*Ho* „  _  . C orrela tionMethod co e ffic ien ts Regressionequation

Bray Ho* l  
Bray Ho* 2 
Olsen* s 
asunder* s

Ho re la tio n  
Ho re la tio n  

0*753 ** 
0.664 **

y* l6 .84 x ^S 8 .76 
y®34*l6x*!02.5O

+ S ig n ifican t a t  5$ lev e l *+ s ig n if ic a n t a t  %  lev e l
I f  could be seen th a t  h igh ly  s ig n if ic a n t corre

la t io n s  a re  obtained fo r Olsen* s method (0*5 K Sodiumibicarbonate) and Sounder* s (0 * 1 11 Ilo t sodium hydroxide) 
method* ®&is together v ith  the lack  o f co rre la tion  in
the e a r l i e r  experiment on a i r  d ried  s o i ls  show th a t  th e re
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i s  an increase in the alkali sole t ie  phosphorus* Again, 
the form sna amounts that are extracted by the mildly 
alkaline extractant (sodium bicarbonate) and the 0 .1 $  
sodium hydroxide solution bear a close proportionality 
with the form and amounts taken up by the plant in  the 
Heubauer e^erisenfc* Haat this increase in available 
phosphorus i s  considerable could be seen from table II 
and I II . Ihe fact that ferric phosphates are le ss  
soluble in  mild alkalies tfeile ferrous phosphates are 
more soluble suggests that reducing conditions, typical 
of waterlogging, have been simulated in the experiment 
on Incubation of the so ils  at watezholdlng capacity.

Comparison o f the amounts extracted by Bray $o. i ,  
before and after incubation, with the values for the 
Olsen and Saunder method before and after incubation show 
that i t  may even become necessary to redesignate some 
of the waterlogged so ils  that are now biassed as low in 
available phosphorus as medium when evaluated by &ie 
Olsen* s  method. However, this Is  an aspect which requires 
further study.

A number o f workers have repeatedly shown that 
the alkali extractahLe portion Is dominated by iron phos
phate* (Chi Hoo Ghu, (39691 Bratt and Garber, (3964).



Al~Abbas and Barber (3964) from a m ultiple regression 
analysis o f d ifferen t fractions of phosphorus of 94 
so ils  as independent faetors and the phosphorus taken 
up by p lants In  three Heuhsuer type experiments as 
dependant fac to rs , have shown tha t i t  i s  the iron 
phosphate tha t i s  predominantly taken up by p lan ts.
She resu lts  o f the present investigation  thus ind irec tly  
support the above finding.

Correlation of the to ta l phosphorus with the 
available phosphorus as determined by the four d ifferen t 
extractants both for a i r  dried so ils  and so ils  incubated
a t water holding capacity i s  sign ifican t only for the

2incubated so ils  with alkaline extractants via*, Olsen 
( r  » 0.434) Sounder ( r  m 0.437) • fhs major fraction  of 
the to ta l phosphorus in  so ils  I s  present as Inorganic 
phosphorus b©% combined and occluded with aluminium, 
iron end calcium, and also as soluble and exchangeable 
phosphorus* ^Hesae(3962)r found tha t on addition of soluble 
phosphate to th is  phosphate pool i t  i s  immediately fixed 
as aluminium phosphate which la te r  Ranged to iron phos
phate on water logging the so il . fh ls  establishes the 
fac t tha t a lka li extractable phosphorus I s  the one which 
I s  re la ted  to a g reater extent with to ta l phosphorus*

Al-Abbas and Barber (2964) in  th e ir  m ultiple 
regression analysis used important so il character!sties 
l ik e  organic matter and pH content as Independent factors
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and could obtain only low m ultiple co rre la tion  co
e f f ic ie n t on phosphorus uptake In  th ree  Henbauer type 
experiments* In  the presen t investiga tion  th is  was 
studied in  g rea ter d e ta il  by determining on 34 samples 
o f so li  a number o f s o il  c h a rac te r is tic s  l ik e  pH* organic 
carbon, exchangeable iro n , and exchangeable hydrogen th a t 
are known to have a re la tionsh ip  with phosphorus fixation  
and a v a ila b il i ty . Other so il p ro p ertie s  which also in 
fluence phosphorus a v a ila b il i ty  l ik e  conductivity o f water 
ex tra c t, water soluble iron  and water soluble aluminium 
were included along w ith  the e a r l ie r  mentioned ones, as 
independant variab les in  the m ultip le regression analysis 
with phosphorus uptake in  Heubauer experiment. fhe 
m ultip le regression analysis gave the equation.

*3 -  U.0235=« 1.3337 (xx -  5.2294) * 0.0970 
C*g -  3.5130) -  0.2040 <x3 -  6.3800) + 0.0176 
{Xq -  30.7412) -  0.3302 <xg -  2.0824) * 0.0023

-  5.9382) 4* 0.2905 (xy -  6.6853) -  0.5454
-  1.2559)

Idiere^yg i s  the phosphorus uptake in  mgs. In  the 
Heubauer experiment.
x^ « pH § xg w conductivity , ^  « Organic carbon
X4 * exchangeable iro n  xg * exchangeable aluminium
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Xg a exchangeable hydrogen x^ a water soluble iron  
xg = water golttbie aluminium.
(See tab le  I jk tab le  I I  fo r  values for x^ to  % ana yg 
respectively)

I t  could be seen from the regression co e ffic ien ts  
in  the above equation th a t pH, and water soluble and 
exchangeable iron  p o sitiv e ly  influence the  uptaft© o f phos
phorus by p la n ts . This p o sitiv e  influence, especia lly  o f 
soluble and exchangeable iro n , when studied in  the context
o f the  findings o f Al-Abbas and Barber (1964) and B1 an charsand Caldwell (1964) show^that in  these so ils  also iron  
phosphate i s  the predominant form o f available  phosphorus 
and I s  the one th a t i s  ac tua lly  taken up by p i g e ts . The 
so ils  examined in  the presen t study have a pH value lower 
than 6.0 and in  some cases as low as 3*9. This would 
adversely a ffe c t phosphorus a v a ila b il i ty  and normal crop 
growth* The m ultip le regression coeffic ien t^  obtained 
in  the present study shoŵ t th a t phosphorus a v a ila b il i ty  
and uptake increase with higher pH values*

On the o ther hand, water soluble aluminium, exchange
able aluminium and organic carbon negatively influence the 
phosphorus uptake, in  decreasing order. High water solu ble  

aluminium has d ire c t tox ic  e ffe c ts  Gn p la n ts  and Is  known to 
reta rd  the uptake o f phosphorus (Cate and Sukhai, 19 6 4 ) .
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Fro® the linear correlation coefficients for
Of*Olsen and Saunder (fable IX fig* 1 and $) 1he formerA

i s  found to fee superior provided the so ils  are tested In 
the moist condition* A number of chemical processes 
tahetp place during extraction of available phosphorus 
with d&sslcal reagents* 1h.es© processes are in turn 
guided by varying soil chemical factors besides the 
nature of the extracting solution and so il to extractant 
ratio* fhese ultimately decide the phosphorus extracted* 
The effectiveness of an extracting solution i s  also 
affected by the buffering capacity o f the so il and the 
readsorption of phosphorus from the solution by other 
ions especially iron and aluminium brought into solution*
thus Ooolce <3951) found that dissolution of iron and/aluminium oxides during extraction causes readsorption* 
Generally^ the effect of so il buffering action i s  obviated 
by increasing the extractant concentration or increasing 
extractant to so il ratio* Again, readsorption i s  mini
mised either by addition o f compounds complex!ng the ions 
responsible for readsorption or by using short extracting 
periods* Pratt and Garber <3964) have dismissed the in
effectiveness of the Bray and Olsen reagents for clayey 
so ils  attributing i t  to secondary reactions after dis
solution or from the exhaustion of the reagent by minerals
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other than phosphates* Fractionation  o f the so ils  
a f te r  ex trac tion  with the respective reagents In clayey 
and sandy so ils  gave r© salts to  show th a t c£Lay content 
decreases the effectiveness o f Olsen* s reagent to ex trac t 
phosphorus from so ils  by exhaustion o f the reagent and 
secondary p recip ita tion*  Vo Ho Hsu (1964) studying 
fixa tion  in  a d d  s o ils  recognises two reactions operating 
a t d if fe re n t rates* Of these the one thich proceeds 
more rap id ly  i s  believed to  be due to  surface adsorption 
of phosphate on amorphous aluminium hydroxide and iro n  
oxides already present in  the soil* The o th er, a much 
slower reac tio a t i s  due to  surface adsorption on sim ilar 
hydroxides and oxides formed during the experiment.
There a re  p o s s ib i l i t ie s  fo r such new hydroxides and oxides 
to be formed especially  on ex traction  with alkaline  re 
agents so th a t a raadsorption o f ex tracted  phosphate on 
these netfLy formed oxides and hydroxide cannot be ru led  
o u t.

In  the present study only two methods were 
s ig n ific a n tly  correlated  with the actual phosphorus uptake 
in  Heubauer experiment* From l in e a r  co rre la tion  co
e f f ic ie n ts  alone the superio rity  of one over the o ther 
cannot fee conclusively estab lished . Besides« fo r the 
aforementioned reasons» a  number o f s o il  fac to rs a ffe c t^  
the extent o f ex trac tion  and readsorption of phosphorus*
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For t i l l s  reason a  p a r t i a l  c o rre la tio n  a n a ly s is  was 
conducted to  m a i l  fir th e  o f f s e t  o f  these  Independent 
v a r ia b le s  In  th e  l in e a r  c o rre la tlo tt  c o e f f ic ie n t  a lready  
o b ta in ed  fo r  the  two methods on one hand and th e  fattfeauer 
teehn lsp#  on th e  o ther*  I t  was a lso  expected th a t  t h i s  
would rev ea l th e  more s u ita b le  method fo r  s o i l s  w ith 
w idely d if fe r in g  chemical c h a ra c te r is t ic s*  fh e  p a r t i a l  
c o r re la t io n  c o e f f ic ie n ts  and th e  l in e a r  c o rre la tio n  co~ 
e f f i d e n t s  a re  given belowi

l in e a r  P a r t ia lMethod c o rre la t io n  c o rre la tio nc o e f f ic ie n t  c o e f f ic ie n t
Olsen 0*75 0 .70
Saunder 0*66 0*78

<>I t  couls fee seen th a t  th e re  i s  g re a te r  degree o f  
c loseness between th e  l i n e a r  c o rre la tio n  c o e f f ic ie n t  and 
p a r t i a l  c o rre la tio n  c o e f f ic ie n t  fo r  th e  Olsen*s method.
In  the  case o f  Saunder* s  reag en t th e re  l a  considerab le  
in c re a se  in  th e  p a r t i a l  c o rre la t io n  c o e f f ic ie n t  in d ic a tin g  
th a t  s o i l  fa c to rs  adversely  o r  e r r a t i c a l ly  a f f e c t  th e  
e x tra c tio n  o f  phosphorus. Fro® t h i s  i t  can fee s a fe ly  
concluded th a t  th e  s o i l  chemical c h a ra c te r is t ic s  do n o t yn^cL 
in f lu e n c e  the  e x tra c tio n  o f  phosphorus fey Olsen as i t
does fo r  Saunder*s* th u s  th e  O lsen 's  method i s  found toofee more to le r a n t  o f  s o i l  fa c to rs  and can fee w idely adapted
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h study o f th e  regression  co e ffic ie n ts  shows 
th a t the  amount o f  av a ilab le  phosphorus ex tracted  toy 
Olsen*s method i s  p o s itiv e ly  Influenced toy pH* conduc
t iv i ty  and water so luble Iron In  the decreasing order*
Hie lower the  pH* the g rea te r i s  the  m haustlen  o f the  
a lk a lin e  bicarbonate so lu tion  and hence le s s e r  the  
ex traction* Ib is  i s  emphasised again by the  fa c t  th a t 
exchangeable hydrogen and exchangeable aluminium negatively  
in fluence the  amounts o f av a ilab le  phosphorus extracted* 
Organic carbon and water so lub le aluminium also  negatively  
a ffe c t  the ex trac tio n . These re s h l ts  show th a t  they 
probably p lay  a s ig n if ic a n t ro le  in  exhausting the reagent 
by secondary reac tions with the  a lk a li*  these  secondary 
reac tio n s provide conditions fo r readsorp tion  o f the  
ex trac ted  phosphorus (Po Ho Hsu* l@64>*

From the reg ression  co e ffic ie n ts  o f  equation re 
la t in g  the phosphorus ex trac ted  by launder* s reagent with 
s o il  c h a ra c te r is t ic s^  i t  can be seen th a t  the  amount 
ex trac ted  i s  a ffec ted  in  a  p o s itiv e  manner fey pH* condu
c t iv i ty  and water so lub le iron* Water so luble aluminium 
and organic carbon negatively  in fluence  the extraction*
The reasonings given fo r Olsen* s method with regard  to  
th is  aspect a lso  holds good £br the launder* s method*

Though* in  th e  m ultip le  reg ression  analysis tooth
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the altea2.l.s0 extractant® follow the same trend* Olson 
ex trac tan t i s  le s s  affec ted  by s o il  chemical fac to rs  
m  revealed by the p a r t ia l  co rre la tion  coeffic ien ts  and 
so can he safely  recommended fo r s o ils  o f widely varying 
c&emieal eh arae te rla ti cs*

Keres2t«ny god p erjamosi C196D determined the  
avail able phosphorus by Ega@r~Id.eii® method on 44 s o ils  
a f te r  Incubation with known « o a n ts  o f phosphorus fo r 
tfere© weeks* 4 m ultiple regression analysis was worked 
ou t on the d ifference in  the  available® in  the trea ted  and 
un treated  soils*  I t  was found tha t the amounts o f phos~ 
phorus not fixed by so il  i s  s ig n ific a n tly  and p o sitiv e ly  
oo rr^ .a ted  with pH and log  o f organic matter* This study 
was however^ carried  out with a d d  ex trac tan ts  m  temperate 
calcareous soils*  fhe p resen t inv estiga tio n  using a lkaline  
ex trac tan ts  with a d d  s o ils  revealed the same trend*

Besponse curves were f i t t e d  fo r the y ie ld  o f grain 
and to ta l dryjmatter production in  n ice p lan ts  in  four so ils  
with graded doses o f phosphate (0*00* 40 and 60 lbs* /acre) • 
fhe  quadratic model y * ax® * bx + e was found to be the 
best f i t .  The model was f i t t e d  to th e  y ie ld  o f g rains and 
to ta l  dry matter* The aquations and th e  calculated  optimum 
phosphorus fo r maximum y ie ld  i s  given in  the Table %•
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S o il

1. Hunfiar k a ri
2. Thakasshi s o i l
3* Vellarkonam s o il  
4* Pulskudukka

B m ai& H t 
' Mundar k a rl 
x  Thakazhi s o i l  
3 Vellarkonam 
t> Pulakudukka

C alcu la ted  v a lue  o f  phosphorus

44 
26.2
45 
@9.8

35.8
30.3
40 .1
65 .1

Equations

y=s -0 .  43X2* !. 236x+13. 79 
y= -0 .54x340.4l6x4-28.3 
y« -d . IBx8^ .  2B2X+21.13 
3T» 0.06x240.837x+21.94

y» -0 .8 75x8+0•932x+33•6 
y® - 1.  25x240.09x+52.3l 
y« -0 .39x2+0.793X+41. 73 
y a  -043^40.70lxf21 .94

fh e  response curves a re  given in  f ig u re s  5 to  12.

Phosphate a p p lic a tio n  u su a lly  enhances the  y ie ld  o f  
g ra in s . But the  magnitude o f  response i s  g en era lly  much 
lo v e r  than th a t  fo r  o th e r  n u tr ie n ts .  -Besides^ th e  complex 
s o i l  chemical c h a ra c te r is t ic s  a lso  a f f e c t  th e  uptake o f  
phosphorus and y ie ld .  This has a lready  been d iscu ssed .
5o any g e n e ra lisa tio n  about phosphate response could be 
made only on the  b a s is  o f  a very la rg e  number o f  experiments* 
be they* f i e l d  experim ents o r  green-house experim ents.
Se th i jaH, (2952)* Benign© and Talamison (3©39)y Bal (2950)
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Beadier (1062), Chang and fsong < 3063>^earpens<& al 
(30S6) rep o rt  ̂ l i t t l e  o r  no response to  phosphatic f e r t i -

A

U s e rs  under d if fe rin g  s o il  conditions* t&th the above 
hade ground^ examining the equations obtained give the  
following conclusions*

1* Very low quadratic  co e ff ic ie n t in  the  equations^ 
in  gener&iysuggests th a t the optimum dose i s  read ied  even 
a t  a r e la t iv e ly  low lev e l o f  phosphorus* In d ire c tly  th i s  
suggests th a t  the s o ils  a re  rich  in  av a ilab le  phosphorus* 
Bow response could be a t tr ib u te d  to  title regeneration  and 
m obilisation  o f  phosphorus during the growth period  o f  the  
r ic e  crop (Basah and Ehattacharya* 1962)*

2* From the eq u a tio n s  the  optimum doses fo r maximum 
y ie ld  o f  both g rain  and to ta l  dry m atter, fo r four d if fe re n t 
s o i ls  was found to range between 26-99 lbs* p er acre*

fh e  co rre la tion s  between percentage y ie ld  response 
with av a ilab le  phosphorus determined a f te r  drying s o il  o r 
a f te r  Incubation was no t attempted as only 4 p a irs  o f  values 
were available* More number o f  p o t cu ltu re  experiments 
have to  be conducted before any general conclusions can 
be drawn*



SUMMARY
AND

CONCLUSIONS



56

S U M M A R Y  A N D  C O N C L U S I O N

The phosphorus ex tracted  by four d if fe re n t chemical 
ex trac tan ts  from 34 samples o f paddy s o ils  was stud ied  in  
re la tio n  to  the  phosphorus uptake by p la n ts  as well ®a 
eigh t o f  the im portant chemical ch& racterlstlcs o f the 
so ils  th a t subtly  control the f ix a tio n  and a v a ila b il i ty  
o f phosphorus in  them* The so il  chemical c h a ra c te r is tic s  
were also  stud ied  in  re la t io n  to the uptake o f phosphorus 
by plants*  Since r ic e  soil® are generally  waterlogged 
during the cropping p erio d , i t s  e ffe c t on read ily  ex trac t 
ta b le  phosphorus was also  studied  in  experiments under 
sim ulated conditions in  the laboratory* Besides, on four 
typ ical s o ils  graded doses o f phosphorus was applied , r ic e  
p la n ts  grown and the y ie ld  response studied* The s a l ie n t  
fea tu res  o f  the re s u l ts  and the conclusions made are  
d e ta iled  below*

1* The av a ilab le  phosphorus ex trac ted  by the four 
d if fe re n t reagents on samples preconditioned in  the usual 
manner, v is* , a f te r  a i r  drying in  the laborato ry  gave no 
s ig n if ic a n t co rre la tio n  with the actual phosphorus taken 
up p la n ts  in  Neubaner experiments* Hhwever Olsen and 
Bray No* 1 showed a trend  towards sirgntft-cm t correlation*
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2* Vhrn the s o i l s  were incubated a t water 
holding capacity  fo r IS days in  as experiment to 
sim ulate the  reducing conditions, considerable increase  
in  read ily  ax trac tab le  phosphorus was no ticed . This 
Increase was marked in  the  case o f Olsen and Saunder* a 
reagen ts.

5 . The read ily  extr&cfcabte phosphorus determined 
a f te r  incubation with respec t to Olsen and Saunder* s 
reagen ts, s ig n if ic a n tly  co rre la ted  with the p la n t uptake 
in  Neufeauer ea^erlm ents.

4 . To t i l  phosphorus was found to  he co rre la ted  
with the availab le  determined by Olsen* s and Saunder* a 
a f te r  incubation .

6 . A number o f  s o il  c h a ra c te r is t ic s  l ik e  pH, 
conduct!vity, Organic carbon, exchangeable Iro n , aluminium 
and hydrogen, water soluble Iron  and aluminium were stud ied . 
The re s u lts  show th a t the re  i s  considerable v a ria tio n  in  
these p ro p ertie s  in  th e  34 samples o f so il£

6.  The e ffe c t o f  these s o il  ch a ra c te r is tic *  on 
the e ffic ien cy  o f ex trac tio n  by the two highly  co rre la ted  
methods v i s . ,  Olsen and Saunder was stud ied  by p a r t ia l  
co rre la tio n  and m ultip le  reg ression • The e ffic ien cy  o f 
ex trac tion  o f ava ilab le  phosphorus by Olsen’ s method, was
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found to  be le a s  a ffe c te d  by the  s o i l  c h a ra c te r is t ic s ,  
th e  s o i l  c h a ra c te r is t ic s  th a t  Improve t h i s  e ff ic ie n c y  
in  both th e  methods a re  h igh pH, high exchangeable iro n  
low o rgan ic  carbon, and low so lu b le  and exchangeable 
aluminium.

7. Hie e f fe c t  o f  s o i l  c h a ra c te r is t ic s  on the  
uptafee o f phosphorus by p la n ts  as s tu d ied  by m u ltip le  
re g re ss io n  a n a ly s is , rev ea led , th a t  phosphorus up talc© 
i s  favourably in flu en ced  by h ig h e r pH v a lu e s , m oderate 
amounts o f  exchangeable and w ater so lub le  i ro n ,  and high 
co n d uc tiv ity  o f  th e  s o i l  so lu tio n . High amounts o f  w ater 
so lub le  and exchangeable aluminium considerably  decrease 
the  phosphorus uptake.

8 . A pplication  o f  phosphorus gave v aried  response 
to g ra in  y ie ld  and to ta l  dry m a tte r p roduction  In  r i c e  
p la n ts  in  fou r p o t c u ltu re  experim ents conducted with 
ty p ic a l s o i l s  o f  Kuttanad*

9 . She response was b es t f i t t e d  on a q u ad ra tic  
model and th e  optimum doses v a ried  between 93 pounds to  
3P0 pounds o f  phosphoric a d d .

The p re sen t study  rev ea ls  th a t  th e re  I s  a  need 
to  take up fu r th e r  s tu d ie s ,  on the  p recond ition ing  to  
be given to  s o i l s  p r io r  to  te s tin g  them in  th e  lab o ra to ry
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fo r  availab le  phosphorus* Olsen’ s reagent appears to  
he a b e t te r  one fo r the a d d  r ic e  s o i ls  o f Kerala*
Studies based on the influence o f so il  chemical charac
t e r i s t i c s  on the amounts ex tracted  by Olsen* s reagent 
shows th a t  i t  i s  the o rly  reagent* with p o te n t ia l i t ie s  
fo r being adopted as a un iversal reagent fo r determining 
ava ilab le  phosphorus. All the experiments d ire c tly  and 
in d ire c tly  show th a t iron  phosphate i s  the predominant 
form o f phosphate in  the s o ils  stud ied  and i t  i s  th is  
fora th a t  i s  p la n t a v a ilab le . I t  i s  no tew orthy  th a t 
the  optimum dose fo r Kuttsnad s o ils  vary between 25 to  
100 pounds* This only reveals  the need fo r fu rth e r 
work on the fac to rs  co n tro llin g  th© a v a ila b i l i ty  and 
fix a tio n  o f phosphorus in  these so ils*

Ho attempt has been made in  the  p resen t in v e s t i
gation  to  work out a ra tin g  chart fo r so il  te s t  data on 
ava ilab le  phosphorus* since th is  i s  an aspect *hich 
requ ires the re s u lts  o f a very la rg e  number o f po t cu ltu re  
c o rre la tion  experiments and f ie ld  experiments*
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A f P l W P l J t  I  

Soil Wo* 31 t ie ld  of grain

Source

fo ta l 232.64 39 F3, 16 **

Stl® degreesOf ofsquares freedom
232.64 19
275.41 3

16Error

** F ratio highly significant

f 2 %  %  f l
Sj » o  lbs* per acre phosphor®a
f  2 * »  *
T g  at 4 0  11

*P* #



o

s o u  m t  m f ie ld  o f grain

-X

S o u r c e
B mofsquares

f o t s l
t r e a t m e n t
Error

6 *  D  •  2 m 2 5

*2 * 4 * 3 * 1

n m *  14

279.09

45.04

D e g r e s so f
f r e e d o m

F

3 9
3

16
F g t  1 6

*♦33.01

fc

*4

Soli So* 33 f ie ld  of grain

Source

f o t a l
t r e a t m e n t
Error

Sumof
s q u a r e s

32.31
21.14

11.17

Degreesoffreedom
39

3
16

H *  1 6m
30.1

C .  D  1 . 1 1  

*3 *3 *4 *1



Soil No? 34 Yield of grain
A P ^lY glg^p£jrA riK aosj9L .ta\?lg .

Source Sumofsquares
DegreesofFreedom

Total
Treatment
Error

133.67
100.54
33.33

39
3
6

F3, 16 
40.84

C.D a t 5 percent leve l = 1.333 
*4 *2 %  %

Soil Nos 31 Total dry matter
analysis , of  3ca?JLaasg.J,a)&,ft

Soiree Sumofsquares
Degreesoffreedom F

Total 693.43 39
Treatment 590.39 3 F3 , 16
Error 2*64 16 3.31

C.D = s. 37/
Not s ig n ifican t.



Soil Rot 32 Total dry m atter
Analysis. g.f..

Source Smofsquares
Degreeso ffreedom

Total 823.95 39
Treatment 671*82 3
I r ro r  152*13 16

3* 16
3*21

C.D » 2.3
t 2 t 3 t 4 i x

Soil Ro? 33 Total dry m atter
Aniatoi.a^I^yjay^a^Jiaiagn

Source Sun©fsquare®
Total 139.87
Treatment 124.98
Error 14.89

C. B » 0.4089

Degreesoffreedom
39

16

FS, 16 
3.81

*3 *4 *2 *1



Soil not 34 total dry matter

AaaagalAAfjgMKlance... tab le

Sub DegreesSource of o fsquares freedo*
to ta l  3920*4 39 Fs# 16
treatm ent 3904.17 8 8.2
Error 14.26 16

0 , 9 » 1.266

* 4  * 3  %  * 1


