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INTRODUCTION

Nitrogen, the nutrient most often lim it in g  crop y ie ld s  continues 

to be the magic element of our a g ricu ltu ra l abundance. More than 

90 per cent of nitrogen in  s o i l  e x is t  m  the organ ic form which is

not re a d ily  a v a ila b le  for p lant use. About 5 to 10 per cent of the

organ ic  nitrogen is  m inera lised  annually and i s  absorbed  by p lants 

in  the form of n itrate  and ammonium ions.

Inform ation on the fe r t i l it y  status of the s o i ls  of Kerala  with 

respect to the total and a va ila b le  nutrients is  a va ilab le . A knowledge 

of the va riou s  fractions of total nutrients present in s o i l  and the

cond itions under which these become a va ilab le  to p lants i s  a p re ­

req u is ite  in  a sse ss in g  the a v a ila b il it y  of nutrients to c rop s. A study 

on the d istr ib u t io n  pattern of d ifferent fractions of s o i l  nitrogen

h e lp s  in trac ing  the contribution of organ ic nitrogen fractions to the 

m inera lised  nitrogen. An idea  about the va riou s fractions of nitrogen 

e sp e c ia lly  organ ic nitrogen the h ighest contributor of the total 

nitrogen is  meagre. Such stud ie s are  a lso  im portant from the view

point of im m ob ilisation  and transform ation of app lied  inorganic nitrogen.

It  i s  w ell known that the le ve l and rate of m inera lisation

of nitrogen influence the quantity of nitrogen im mediately a va ilab le

fo r the p lant grow th. A lthough th is  i s  a continuous p rocess, convent­

ional estim ates of s o i l  a v a ila b le  nitrogen take into account the status 

of inorgan ic nitrogen -  exchangeable NH^ and or NO^-N and nitrogen
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libe rated  from o x id a t io n / h y d ro ly s is  of organ ic nitrogen under laboratory 

cond itions of incubation/digestion Recent stud ie s have centred around 

id en tify in g  p a rt icu la r fractions and organ ic  nitrogen, which are 

p re fe ren tia lly  contributing to the nitrogen nutrition of crop s The 

preference of certain form s of nutrients by the crop  specie s is  

e stab lish e d . I f  the e x is t in g  s o i l  testing methods are made to tap 

in the same proportiona l amounts of nutrient from the d ifferent form s 

as the plant, th e ir  su ita b ility  fo r a sse ss in g  the fe r t i l it y  status of 

s o i l  can be im proved Keeping these points in view , th is  

investiga tion  on fractionation of nitrogen in  va riou s s o i l  types of 

Kera la  was undertaken w ith the fc owing ob jectives

1. To study the d istr ib u t io n  of va riou s organic and inorgan ic fra c t­

ions of so il nitrogen in d ifferent so il type s of Kerala.

2. To a sse ss  the re la t ive  contribution of each fraction to the a va ilab le  

nitrogen pool of the s o i l  as a sse ssed  by chem ical methods and 

plant uptake.



o j  /Litetdiute.
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REVIEW  OF L ITERATURE

Of the v a r io u s  e sse n tia l elements, n itrogen  p ro b a b ly  has been 

subjected  to the most study  and s t i l l  re ce ive s much attention. The 

amount of t h is  element in  a v a ila b le  form s in  the s o i l  i s  sm a ll, w h ile  

the quantity w ithd raw n  annually  by c ro p s  i s  com parative ly  large. 

The quantity of n itrogen in  the su rface  s o i l s  ranges from  0 02 to

2 .5  per cent and i s  c lo se ly  re lated  to the amount of s o i l  organ ic 

matter, of w h ich  n itrogen makes up ap p rox im ate ly  5 per cent

1. Forms of s o i l  nitrogen

The chem ical nature of s o i l  o rgan ic  n itrogen i s  not fu lly  undei—

stood, but the a v a ila b le  ev idence  based on h y d r o ly s i s  w ith strong

ac id  and subsequent fractionation  of the h yd ro ly za te  ind ica te s the 

p resence of co n s id e ra b le  n itrogen  m  a form  that i s  converted  ''to 

ammonium du rin g  h y d r o ly s is ,  a v a r ie ty  of amino a c id s,  and a re s ista n t 

fra c t io n  that i s  not h y d ro ly se d  (Stevenson, 1957).

P lants a b so rb  n itrogen in  the form  o f ino rgan ic  ion ic  form s 

as ammonia and n itra te, a lso  in  sm all quantitie s a s urea. But more 

than 90 per cent of n itrogen i s  in  the o rgan ic  form . The ino rgan ic  

form  of n itrogen ra re ly  exceeds 2 per cent in  the cu lt iva ted  s o i l s  

(B rem ner, 1967) A lthough n itrogen in the s o i l  may come from

d is s im i la r  sou rce s -  p lant re s id u e s, m ic ro b ia l c e lls ,  o r ino rgan ic  

f e r t i l iz e r s  -  a fte r the p roce ss  of hum ification  has taken p lace, much
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of the n itrogen i s  incorporated  into com plexes of h igh  molecular

w eight and com parative  re s is ta n t  to m ic ro b ia l degradation  (Broadbent, 

1968).

1.1 In o rgan ic  n itrogen

a) Ammonia and N itra te  nitrogen

G enera lly  ino rgan ic  form s of n itrogen  a re  com pa ra tive ly  le s s

in  the s o i l s  com pared to o rgan ic  form s C ropp in g  sy stem s, cu lt iva tion  

p rac t ice s  and vegetation have th e ir  own effect on the ino rgan ic  form s 

of n itrogen. G ra ss lan d  and fo re st  s o i l s  d iffe red  much in the exchange­

ab le  ammonium nitrogen content (Jorgensen, 1967) M ic ro b io lo g ic a l 

a c t iv it y  i s  e q u a lly  re sp o n s ib le  fo r the amount of ammonia and n itrate  

content in  s o i l s .  Chem oautotrophs were re sp o n s ib le  fo r the bu lk  of 

n it r if ic a t io n  m  cu lt iva ted  s o i l s  (Cam pbell and Lees, 1967). A c id it y  

in  s o i l  re su lted  in  low popu lation  of n i t n f e r s  w ith  more ammonium

content in the s o i l s  (B ra r  and G iddens, 1968).

Swoden et̂  a K  (1977) found that s o i l s  from  warm er clim ates

y ie ld e d  re la t iv e ly  le s s  ammonia than d id  those from co lde r regions 

The  ammoniacal and n itrate  form s of n itrogen were found to be increased 

w ith increa se  in a lt itude  and organ ic  carbon (S ingh  and Datta, 1988) .

Many of the s o i l s  of Ke ra la  have  pH va lues low er than the 

reported  optimum fo r  n it r if ic a t io n  and often low er than the c r it ic a l 

lim it .  There  was s ig n if ic a n t  negative  co rre la tion  between pH and NH^-N 

and p o s it iv e  co rre la tion  w ith NO^-N (Z a c h a n a s,  1989)
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b) F ix e d  ammonia nitrogen

S o il  p ro p e rt ie s ,  e sp e c ia lly  c la y  and o rgan ic  matter are

re sp o n s ib le  fo r ammonium f ix a t io n  But Burge and B roadbent (1961)

have  reported  a linear re la t io n sh ip  between o rgan ic  carbon and 

ammonium f ix a t io n . K n shn a m o o rth y  (1966) has stud ied  la to so ls  of

Tam il Nadu and concluded that ammonium f ix a t io n  was more m 

Koda ikana l s o i l s ,  w h ich  w ere  low  m  pH  and h igh  m  o rgan ic  carbon.

F ixe d  ammonium was ve ry  much re s is ta n t  to re lease  as it  was 

s t a b il is e d  in  the arom atic structu re  (B roadbent and Thenabadu, 1967) 

and h igh  m olecu lar w eight fra c t io n s  f ix e d  more ammonium (B roadbent, 

1968).

P ra sa d  et  ̂ aJL (1970) have found that about 15 to 20 per cent 

of total n itrogen a s f ix e d  ammonium.

The ammonia f ix in g  capac ity  of a l lu v ia l  s o i l s  in  Assam  was 

co rre la ted  w ith  the contents of c la y  and a c t iv e  iron  o x id e . In  the 

absence of s o i l,  fjxation of ammonia by iron  o x id e s  increased  w ith 

in c rea sin g  a d d it io n s  of f r e sh ly  p re c ip ita ted  h yd ro u s  o x id e s  of iron  

(Saha and M u k h o p a d h y a y , 1981).

The contents of FAN show ed la rge  v a r ia t io n s  among the s o i l  

s e r ie s ,  but re la t iv e ly  sm a lle r d iffe rence s between h o rizo n s of the 

same p ro f ile  (Sah and P a s r ic h a , 1984) They a lso  found that bu lk  

of FAN is  a ssoc ia ted  w ith f in e r te x tu ra l fra c t io n s  of the s o i l  But
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they found a s ign if ican t negative corre la tion  between FAN and organic 

carbon and a lso  w ith the coarser textura l fractions of the so il.

1.2 Organic nitrogen

a) Total h yd ro ly sa b le  nitrogen

H yd ro ly sab le  nitrogen contains d ifferent form s lik e  ammoniacal, 

amino acid , hexosam ine and other form s. H yd ro ly sa b le  nitrogen 

decreased g radua lly  with the p rog re ss  of hum ification (Kumada,

1956). Under the conditions of in tensive  farm ing the h yd ro ly sa b le  

nitrogen may increase, w ith 50 to 60 per cent of nitrogen in the 

h y d ro ly sa b le  nitrogen as amino ac id  (R u sse ll, 1966).

Sometimes lign in , a major constituent of organic matter 

im m obilised  the nitrogen and reduced the h y d ro ly sa b le  nitrogen to 

a considerab le  extent (B rad fie ld , 1968) . Broadbent (1968) has 

ind icated  that h y d ro ly sa b le  nitrogen reduced as it entered into greater 

re sistan t molecules of humus pa rt ic le s.

Aomine (1972) has shown that the amount of h y d ro ly sa b le  

nitrogen re lated to e a s ily  decomposable one w hich was c lo se ly  

dependent up on vegetation, climate, nature of so il and management 

Is in m a h  and Keeney (1973) concluded that the h y d ro ly sa b le  nitrogen 

content reduced as the time passed.

Singh ^ t  a l . (1981) found that of the total nitrogen, 29 to

79 per cent was acid  h y d ro ly sa b le  Moyano and G allardo  (1988)
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repo rted  that the  h y d ro ly sa b le  n itrogen contributed  about 80 per 

cent of total n itrogen, ammonia and amino ac id  reached 20 per cent 

o f h y d ro ly s a b le  n itrogen.

( l)  Amino a c id  n itrogen

C on sid e rab le  amount of n itrogen from  h y d ro ly sa b le  n itrogen 

i s  in amino a c id  form . Gupta (1962) has ind icated  that the amino 

a c id  estim ated by h y d r o ly s i s  p rocedure was on ly  minimum as it  was 

d e stroyed  du rin g  h y d r o ly s is .  However, S ingh  and B h a n d a n  (1963) 

obta ined  a h ig h e r  value as the duration of h y d r o ly s i s  was increased  

to 72 hours.

S o i l  ch a ra c te rs  and cond it ions were found to influence  amino 

a c id  fraction  of the h y d ro ly sa b le  n itrogen H a ider et_ al_. (1965) 

confirm ed the fixa t io n  of amino a c id s  in  the la t t ice s  of c lay  

m ine ra ls. A lpha -am m o n itrogen was 21 per cent of h y d ro ly sa b le  

n itrogen  as per Quinn and Solomon (1966)

O rgan ic  matter content and it s  nature a re  the  other facto rs 

w h ich  affect the amino a c id  d is t r ib u t io n  in  s o i l s .  Maximum number 

of amino a c id s  was noted m the s o i l s  w h ich  are  h igh  m  organ ic  

matter and n itrogen  (M a liv a l and Khangarot, 1966 and K rishnam oorthy  

and D u ra ira j, 1968)

Broadbent (1968) has shown that recen tly  im m ob ilised  n itrogen 

would have more of amino ac id  than ammoniacal n itrogen. Is in m a h
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and Keeney (1973) concluded that most of the m ine ra lised  nitrogen 

came from amino ac id  n itrogen.

Ramamoorthy and Velayutham  (1976) found that about 18 to 

30 per cent of the total n itrogen in most su rface  s o i l s  occurred  as 

bound amino a c id s.  S o il s  from  warmer c lim ates y ie ld e d  re la t iv e ly  

more amino a c id s  than those  from co lde r reg ion s (Sowden et̂  a K , 

1977). But they found that clim ate d o e sn 't  influence the amino ac id  

com position  of s o i l s

The contents of sod ium  and su lpha te  ions in  ir r ig a t io n  water

were s ig n if ic a n t ly  co rre la ted  w ith s o i l  AaN fract ion  (Aggarw a l ert 

a l. ,  1977).

M ohapatra  and Khan (1982) reported  that AaN ranged from

51 8 per cent m  a l lu v ia l  s o i l s  to 57 per cent in ac id  su lpha te  s o i ls .  

But acco rd in g  to e a r lie r  re p o rts  (Kojim a, 1947; Brem ner, 1949; 

Stevenson, 1954; Sowden, 1956; Cheng and Kurtz, 1963, Keeney and 

Brem ner, 1964) bound amino ac id  f ra c t io n s  account fo r  on ly  20 to

40 per cent of the total n itrogen.

M ohapatra  and Khan (1983) found that AaN made su b stan tia l

con tribu tion  to the poten tia lly  m ine ra lisab le  n itrogen in waterlogged 

r ic e  s o i l s .

( n )  H y d ro ly se d  ammonia n itrogen

Ramamoorthy and Velayutham  (1976) ind icated  that 

h y d ro ly sa b le  ammonium accounted fo r  18 to 30 per cent of tota l organ ic
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nitrogen. H yd ro ly sa b le  ammonium was h ighest in  a llu v ia l s o i ls  and 

low est in  the ac id  su lphate  s o i ls .  H yd ro ly sa b le  ammonium was the 

second dominant fraction  of s o i l  nitrogen in a llu v ia l and la te n te  s o i ls  

and th ird  dominant fraction  in acid  su lpha te  s o i l s  (Mohapatra and 

Khan, 1982). Mohapatra and Khan (1983) ind icated  that the m ine ra lis- 

ab le  nitrogen is  s ig n if ica n t ly  correlated  to h y d ro ly sa b le  ammonium.

( m )  Hexosamine nitrogen

Khan (1969) found that increased app lication  of manures and 

fe r t i l iz e r s  have con side rab ly  enhanced the organ ic carbon in the form 

of hexose and hexosamine (8 7 to 11.2 per cent). The contents of 

sodium  and su lphate  ions in  ir r iga t io n  water were s ign if ica n tly  

corre lated  w ith so il HaN fractions (Aggarwal and D h ir,  1977) . The

HaN accounted for A .8 to 9.2 per cent of total nitrogen in cu ltivated
I

s o i l  p ro file s  in Tanzania (Singh et̂  al_., 1981).

( iv) Unidentified  fractions of h y d ro ly sa b le  nitrogen

Cu ltivation  led to a decrease in the content of UHyN (Keeney
I

and Bremner, 1964). Singh al .̂ (1981) reported that un identified 

nitrogen in the surface horizons were in  the range 0.3 to 41.5 per
i

cent of total s o i l  nitrogen m  cu ltiva ted  s o i l  p ro f ile s  in Tanzania. 

The content of i un identified  nitrogen, though quantitative ly  important
i

was not d ire c t ly  re lated to im mediately a v a ila b le  nitrogen (Perumal 

et a l ., 1986).
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The nature and o rig in  of NHyN are not well understood Cu lti­

vation leads to a marked decrease m the content of NHyN (Keeney 

and Bremner, 1964; Meints and Peterson, 1977). Bremner (1965) has 

shown that unhyd ro lysab le  nitrogen may be mainly from humic nitrogen, 

c lay bound nitrogen and heterocyclic  nitrogen.

F la ig  (1966) has reported that oxidation and condensation 

increased the proportion of unhyrdo lysab le  nitrogen. Sowden (1977)

reported that about 13.5 per cent of total nitrogen as NHyN in
(

representative Canadian s o ils .  The content of NHyN, though quantitat­

iv e ly  important was not d irect ly  related to the ava ilab le  nitrogen

(Perumal et a l. ,  1986).
I
i

2. Partic le  s ize  d istribu tion  and "  Irogen fractions

The most important fraction which is  influenced by partic le

s ize  d istribu tion  ' i s  FAN. Bu lk  of FAN is  associated with finer
I

textural fractions of the so il (Sah and P a sn ch a , 1984). They obtained 

a posit ive  correlation between clay and FAN, also between s i l t  and 

FAN and a negative one with the coarse fraction.

3. Forms of nitrogen with y ie ld  and uptake

Relationsh ip  of so il nitrogen fractions with crop response
'l
I

reveal that ammo acid fraction to be important for crops lik e  maize
i

(Cornforth, 1968), wheat (Aggarwal, 1971) and Pearl m illet (Singh,

b) Nonhydro lysab le  nitrogen



1972). A v a i la b i l i t y  of n a tive  FAN to c ro p s  was re p o rte d  by se v e ra l  

s c ie n t is t s  (B la c k  and W aring, 1972; Kow alenko and Cam eron, 1978;

Mengel and Seh ere r, 1981, K e e rth is in gh e  et a l . ,  1984).

I
I

The in fluence o f d iffe re n t  form s of n itrogen  on y ie ld  and  

nitrogen  uptake  iin r ice , a s rev e a le d  by s im p le  c o rre la t io n  coe ffic ien t  

in d ic a te s  tha t AaN, HyAN and FAN are  im portant fra c t io n s  o f n itrogen  

su p p ly  w ith  r  v a lu e s of 0 .7 0 **, 0 .71 ** and 0 .7 6 ** re sp e c t iv e ly  fo r  

y ie ld  and 0 .8 6 ** , 0 .8 9 **  and 0 .8 1 **  fo r  n itrogen  uptake (Perum al and 

Velayutham , 1977). A v a i la b i l i t y  o f re s id u a l FAN to the crop  i s  stated
L

by  Saha and M u kn o padyay  (1986).

S w a ra jy a la k sh m i (1987) concluded tha t the AaN, HaN and UHyN  

a re  the p r in c ip a l fra c t io n s  o f o rgan ic  n itrogen  co n tr ib u tin g  to the  

a v a i la b le  p o o l. N on-exchangeab le  NH^-N was a s ig n if ic a n t  con tribu tor
I

to the p lan t N su p p ly  to w heat m  V ir g in ia  (Baethgen  and A lle y ,  

1987). M ohap atra  (1988) sta ted  the n egative  re la t io n  of NHyN to g ra inI
y ie ld  and n itrogen  uptake  m  r ic e .

4. Nitrogen forms in relation to so il test methods

Greenhouse and la b o ra to ry  s tu d ie s  were conducted on s o i l s

II
c o lle c te d  from  37 W isconsin  tobacco f ie ld s  to eva lu ate  th e ir  c ap ac ity  

to  su p p ly  n itrogen  fo r  two su c c e ss iv e  tobacco c ro p s .  C o rre la tio n

I'
a n a ly se s  were made between the n itrogen  content of each crop  and  

the  n itrogen  determ ined by the v a r io u s  s o i l  te sts  on the sam p les

11
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taken before the f ir s t  crop. H igh ly  s ign if ica n t corre la tion  coefficients 

of 0.97 and 0.90 were obtained for s o i l  N03~N and A sp e rg il le s  n iger 

te st, re sp e c t ive ly  (Peterson et̂  a K , 1960)
I
,l

Singh and T r ip a th i (1970) reported that nitrogen extracted

by a lka lin e  permanganate method was found to be best correlated 

w ith the nitrogen content of the plant. The a lka lin e  KMno^-N was

found to be h ig h ly  corre lated  w ith ammo sugar nitrogen, HyAN and

AaN (S r iva sta va , 1975)

I
A l l  form s of nitrogen were s ig n if ica n t ly  correlated  w ith organic 

carbon and va ria t io n s  in these constitutents in re lation  to environ ­

mental factors | follow ed a s im ila r  trend (Pa lan iappan, 1975). Despite 

noticeable d ifference in carbon and nitrogen content of s o i l,  the C:N 

ra t io s remained p ra c t ica lly  unaffected s ig n ify in g  that both carbon

and nitrogen were sim ultaneously and s im ila r ly  affected. He a lso  found 

a h igh  degree of re la t ion sh ip  w ith h y d ro ly sa b le  nitrogen and organic 

carbon (0 .9 1 9 **) .  In  linea r corre la tion  a lka lin e  KMnO^ extracted

a va ilab le  nitrogen was found to be h ig h ly  correlated  w ith amino sugar
i

N, HyAN and AaN (S r iva sta va , 1975).

T h a k ir "  et̂  a K  (1976) found that the percentage of organic
I

carbon content can be used as an index of a va ilab le  nitrogen m  so il

fo r making fe r t i l iz e r  recommendations. The re la t ive  contributor of

d ifferent fractions of nitrogen to the a va ila b le  n if ogen was 75 per
I

cent as estim ated by organ ic  carbon method and 64 per cent as

estim ated by a lka lin e  KMnO^ (Perum al and Velayutham, 1977).
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Balasundaram  (1978) based on h is  stud ie s on the red s o i ls
II

(T y p ic  Ustorthent) of Bhavan isagar, Tam il Nadu, reported a p o s it ive

and s ign if ican t re la t ion sh ip  w ith exchangeable NH.-N  and a lka line
'I

KMnO^-N. A s ign if ican t negative corre lation  between FAN and organic 

carbon was ob se rved  in  a l l  the p ro file s  stud ied  in Punjab by Sah 

and P a sr ic h a  (1984). Sharma et_ ai_. (1984) found out a p o s it ive  and 

s ign if ica n t co rre la tion  coefficient of 0 .468*, on re lating the 

h yd ro ly sa b le  NH^ fraction  to organ ic ca rb on  of Ustoebrept. Perumal 

and Velayutham!1 (1986) showed that th is  method of determ ination of 

a v a ila b le  nitrogen could be im proved by m odifying in  such a way 

that it  w ill extract to le s s  extent from UHyN and NHyN form s and 

to a greater extent from AaN and HyAN fractions.



A tiite .tL tf.l5 tfn d  A/tetkoJ.5
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i
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MATERIALS AND METHODS

To study the d is tr ib u t io n  of va riou s  organ ic and inorganic 

fractions of sc i l  |mtrogen in d ifferent so il types of Keraia, 100 surface 

s o i l  sam ples belonging to f iv e  types were selected from va riou s 

d is t r ic t s  of the state. The f iv e  s o i l  type s were la te n te , brown 

hydrom orph ic , coastal a lluv ium , Kuttanad a lluv ium  and fore st s o i l.  

The de ta ils  of s o i l s  collected are given in Tab le  1.

Surface s o i ls  of 0-15 cm depth were collected during summer.

The sam ples were a ir  d ried  m shade, gently powdered, passed

through a 2 mm s ie ve  and sto red  in p ro p e r ly  labe lled  bags.
i

The im portant features of the s o i ls  collected, are given

be low .

1. Laterite

La te n te s  of Kerala  are  typ ica l k a o lim tic  weathering products

of g n e iss ic  and g ra n it ic  ro ck s, developed under humid trop ica l cond it­

ion s. The surface  so il,  w hich  i s  re d d ish  brown to ye llow ish  red,

i s  mostly g ra ve lly  loam to g ra ve lly  clay loam in texture. The p lin th ite

i s  characte rised  by a compact ve s icu la r  mass below the B horizon,

composed e sse n tia lly  of a m ixture of h yd ra ted  ox id e s of iron and

aluminium. Late rite s are  in general poor in  a v a ila b le  nitrogen,
I

phosphorus and potassium  and are low in bases. They are generally

o x id ic  and low in  organ ic matter content. These s o i l s  respond w ell
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Tab le  1(a) Location of the s o i l  sam ples 
L o lo n te  s o i l

Sam ple No P lace  of co llection  D is t r ic t

L 1
O llu r T h r is s u r

S

L2
Pudukkad 1 3

L Kodakara > 3

L4
Kadukutty > J

L5
Unnikulam K ozh ikode

L6
Naduvannur 3 t

L7
K akko d i 3 1

S ,
Nadakavu Malappuram

9 .
Kuttipuram 3 3

L 10
Valanchery 3 J

L 11
Vattamkulam 1 J

L 12
Kottakal 5 >

L 13
Pulam enthol 1 1

L U
Kooriyadu 3 3

L 15
Panam pra 3 J

L 16
Chelam pra J J

L 17
Cheruvannur K ozh ikode

L 18 U lle r i r >

L 19
O kka l Ernakulam

L20
Patiparam bu Malappuram
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Table 1(b ). Location of the 
Forest so il

s o i l  sam ples

S I.N o . Sample No. Place of collection D is t r ic t

1 F 1
S ile n tva lle y Palakkad

2 F2
A rip p a Thiruvananthapuram

3 F3
Kulamavu Id u k k i

4 F4
Muthanga Wayanad

5 F5
Nilam bur Maiappuram

6 F6 Konni Pathanamthitta

7 F7 Ranni Pathanamthitta

8 P8
Ira v iku lam Id u k k i

9 Fo Peerumedu Id u k k i

10 F 10
Peechi T h r is s u r

11 F 11
Malayattoor Ernakulam

12 F 12
K aru la i Maiappuram

13 F 13
Aga li Pa lakkad

14 F 14
Cheruvannur Kozh ikode

15 F 15
Sho laya r T h r is s u r

16 F 16
Mavoor Kozh ikode

17 F 17 i Thattekkad Ernakulam

18
F 18

Punalur Kollam

19 F 19
Kumarakom Kottayam

20 F20
Rajag ir i Kasaragod

i
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Table  1(c). Location of the s o i l  
Brown hydrom orph ic

sam ples
so il

l.No. Sample No. Place of collection D is t r ic t

1 B 1 Nenmamkkara T h r is s u r

2 B2 Karoor J J

3
B3

Kolazh i 1 1

4
B4 ,

Ne lluva i > 9

5
B5 '

Chovvannur 9 »

6 B6
Choondal 9 j

7 B7 Pattikad 1 9

8 B8
Vadakenchery Palakad

9
B9

Ch illenche ry 9 7
10 B 10 Kollenkode 9 9

11 B 11 Vadavannur 9 9

12 B 12 Puth iyanagar 9 J

13 B 13 Nanmanda Kozh ikode

14 B 14 Kollumpuram 9 9

15 B 15 Edavakod Malappuram

16 B 16 V e llam kka ra T h r is s u r

17 B 17 Mulakulam Kottayam

18
B 18 Piravam Ernakulam

19 B 19 Koothattukulam 9 9

20
B20 A tho li Kozh ikode
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Tab le  1 (d ). Location of the s o i l  sam ples 
Coasta l a lluv ium

Sam ple No. P lace  of co llection  D is t r ic t

C 1 G uruvayoor T h r is s u r

s Chattukulam J ?

s Karuvatta A lappuzha

^4
H aripad > J

C5 Chepad > )

C6
Chengo li J 1

C7
Pa th iyo o r > >

C8
Kayam kulam J 1

C9
K n shn a pu ra m J J

C 10
O ch ira J >

C 11
Ku lasekharapuram 1 )

C 12
K a runagap p illy Kollam

C 13
N a tt ik j T h r is s u r

C 14 Ezhumuna A lappuzha

°15
M ara iku lam I J

C 16 C hertha la 1 J

'1 7
A thyad J )

C 18 Charamangalam 9 t

C 19 Mannar 1 »

C20
Pat tana kad T h r is s u r
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Table  1(e). Location of the s o i l  sam ples 
Kuttanad a lluv ium

Sample No. P lace of collection D is t r ic t

K 1
Ramankari A lappuzha

K2 Nedumudi 1 1
Thakazh i 9 J

Veliyanadu ) 9

K5
Ka inakari 1 9

Vezhapuram 9 J

K7 Moncombu J >

Pulmkunnu J 9

Tha lavady 9 I

K 10
Neelamperur 1 T

K ,1 Thottappa lly 9 9

K 12 Ambalapuzha \ 9 1

K 13 Vaikom Kottayam

K 14 Vechoo, * J 9

K 15 Thannirmukkam Alappuzha

K 16 Udayanapuram 9 9

K 17 Changanachery Kottayam

K 18 Kavalam Alappuzha

K 19 Kumarakom Kottayam

K20 Thottakam Alappuzha

i
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to management p rac t ice s. They cove r about 65 per cent of the total 

area of the State and are  the most e x te n s ive  of the s o i l  g roups found 

in  Kera la.

2. Coasta l a lluv ium

These  s o i l s  a re  seen in  the coa sta l tra c ts  a long w ith west 

as a narrow  belt w ith  an average  w id th  of about 10 km and have

been deve loped  from recent m arine d e p o s its  The texture  i s  dominated 

by sand frac t io n . The 'A '  h orizon  i s  u su a lly  th in  and the surface

textu res o b se rve d  are  loamy and sandy  loam. The water table  is  

h ig h  in  lo w - ly in g  areas These  s o i l s  are  a c id ic  and of low fe r t i l it y  

le v e l.  The low  content of o rgan ic  matter and c lay  has re su lted  in

low  cation exchange capac ity  of the s o i l

3. Brown hydrom orph ic

These  s o i l s  are  m ostly confined to v a lle y  bottoms of undulating 

topography  in the m idland and in lo w - ly in g  areas of coasta l s t r ip .  

They have been formed as a re su lt  of tran sp o rtio n  and sedim entation

of m ateria l from  adjacent h i l l  s lo p e s  and a lso  th rough  deposition

by r iv e r s .  They e x h ib it  w ide  va r ia t io n  in p h y s ic o -ch e m ica l p ro p e rt ie s  

and m orpho log ica l features The developm ent of s o i l  p ro f ile s  has 

occurred  under im peded dra inage  con d it io n s. They a re  m oderately 

su p p lie d  w ith o rgan ic  matter, n itrogen  and potassium  and are  defic ien t 

in lim e and phosphate
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4. Kuttanad a lluvium

The Kuttanad region covering about 875 sq  km i s  an un ique  

ag ricu ltu ra l area m  the w orld . A good portion of th is  area lie s  1-2 m
I

below the sea I le ve l and i s  submerged fo r major part of the year. 

The area i s  su scep tib le  to seasonal in g re ss  of sa lin e  water as a 

re su lt of t id a l inflow  from the sea. S o ils  of Kuttanad form  the typ ic a l 

waterlogged s o i ls  and are  en tire ly  d ifferent from normal well drained 

s o i l s  m  th e ir  m orpho log ica l, chem ical and p h y s ic a l c h a ra c te r is t ic s . 

They can be grouped into three categories v iz . ,  k a ya l, karappadam 

and k a r i s o i l s .

( l)  Kayal s o i l s '

The kaya l s o i ls  are  found in  the reclaim ed lake  beds in 

Kottayam and A lappuzha d is t r ic t s .  These s o i ls  are s l ig h t ly  ac id ic , 

medium in o rgan ic  matter and poor in  total and a va ilab le  nutrients; 

but are f a i r ly  r ich  m  calcium . They are se r io u s ly  affected by sa lin it y

( n )  Karappadam s o i ls

The karappadam  s o i l s  occur along the inland waterways and 

r iv e r s ,  and are d istr ib u te d  over a large  part of upper Kuttanad. 

These s o i ls  are  characte rised  i v  h igh  a c id ity ,  h igh  sa lt  content 

and fa ir  amount of decaying organ ic  matter. They are  genera lly  poor 

m  a v a ila b le  nutrients, p a rt ic u la r ly  phosphorus.

i



22

The k a r i s o i ls  resemble peat so ils .  They occur m patches 

in the d is tr ic t s  of Alappuzha, Kottayam and Ernakulam. These are 

black, poorly  drained, heavy textured s o i ls  d istributed  m flat areas

ly in g  1 or 2 m below the sea level The p ro file s e xh ib it s  typ ica l

aquic characte rist ics. Decomposed organic matter is  often observed 

in the lower la ye rs. These so ils  are h ig h ly  ac id ic  and accumulation

of sa lts  to tox ic  leve l often affects the crop growth and y ie ld  in 

th is  region.

5. Forest loam ^

As the name ind icates, these so i ls  are the products of 

weathering of c ry sta llin e  rocks under forest cover. They have 

immature p ro file s with shallow  so ils .  In  areas with le sse r canopy 

cover, s ign s of laterisation  have been observed in the p ro file s.

These so i ls  ire  generally ac id ic  with the pH ranging from 5.5 to 

6.3. They are rich  in nitrogen but poor in bases because of heavy 

leaching.

The fo llow ing an a ly s is  were undertaken using these selected

so ils

1) pH

2) E lectr ica l conductivity

3) Partic le  s ize  a n a ly s is

4) Organic carbon

( m )  Kari s o ils
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5) Cation exchange capacity

6) Tota l n itrogen

7) A v a ila b le  n itrogen  (

8) P lant a v a ila b le  n itrogen

9) Fractionation  of n itrogen

10) Tota l p h o sp h o ru s  and total potassium
I

11) Exchangeab le  Ca and Mg

1. pH
i

The pH of 1 :2.5  s o i l  water su spen sion  was measured u sing

a pH meter.

2. E le c tr ic a l conductiv ity

E le c tr ic a l cond uctiv ity  of the s o i l  so lu tion  (1 :2  5) was dete r­

mined u sing  a d ig ita l Ico nductiv ity  b rid ge
i

3. P artic le  s ize  a n a ly s is

P a rt ic le  s iz e  d is t r ib u t io n  was determ ined b y  the hydrom eter

method as dec c r ib e d  by  P ip e r  (1942). Here, the d en s ity  of the

su spen sion  at a g iven  depth as a function of time was calcu lated.

Fo rty  gram of a ir  d r ie d  s o i l  was th o rou gh ly  d isp e r se d  in 10 ml of

1.5 per cent sodium  hexam etaphosphate  so lu tion  by  s t i r r in g  in a

m echanical sh a k e r  foi^ 30 min. The d isp e r s io n  m ixture  was tran sfe rred
l

to a 1000 ml stoppe red  c y lin d e r  and hydrom ete r re ad in g s  were taken
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after 4 min and 2 h. The f i r s t  read ing  accounted fo r s i l t  and c lay
i

and second fo r c lay  alone.

4. Organic carbon

O rgan ic  carbon was determ ined by the method of W alkley and 

B la ck  (1934) m  w hich  the s o i l  was d igested  w ith standard  potassium  

d ichrom ate  and su lp h u r ic  ac id  and the e xce ss  ch rom ic  a c id  was back 

t itra te d  aga in st standard  fe rro u s  su lpha te  u sing  fe rro in  as ind ica to r

5. Cation exchange capacity

In  a w eighed sam ple  of s o i l ,  cations were d isp la ce d  by 

ammonium by le ach in g  the s o i l  w ith neutral normal ammonium acetate 

so lu tion . The  e xce ss  of ammonium acetate was rem oved by w ash ing 

w ith  a lc oh o l. The s o i l  was then d is t i l le d  w ith magnesium ox ide , 

the ammonia lib e ra te d  being ab so rbed  in a known e xce ss of standard  

ac id . The e xce ss  ac id  was titra ted  w ith  standard  a lk a l i  and the 

cation exchange capacity  was calcu lated.

6. Total nitrogen

Total n itrogen  iwas determ ine by m ic ro k je ld h a l method (Jackson, 

1958). In  t h is  method, a ll  form s of n itrogen were converted  into 

su lpha te  of ammonia by d ige st ion  w ith s u lp h u r ic  ac id  and ca ta ly st  

m ixture . A w ater e xtract of the su lp ha te  of ammonia was d is t i l le d  

w ith  e xce ss a lk a l i  ana d is t i l la t e  was co llected  in a 2 per cent so lu t­

ion of b o r ic  a c id .
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7. A va ilab le  nitrogen

A v a ila b le  nitrogen was determined by a lka lin e  permanganate 

method suggested by Subb iah  and A s ija  (1956). Here, the amount

of s o i l  nitrogen released by a lka line  permanganate solution (100 ml

0.32 per cent potassium  permanganate and 100 ml of 2.5 per cent 

sodium  h yd ro x id e ) from 20 g s o i l  was estimated by d is t illa t io n  

procedure Care was taken to see that a f ixed  volume of d is t illa te

v was collected in standard  acid  each time The excess ac id  was then 

back titrated  against standard  a lk a li  using m ethylred ind icato r.

8. Determination of plant ava ilab le  nitrogen

For the determ ination of plant a va ilab le  nitrogen, a laboratory 

experim ent by m odified Neubauer seed ling method was done. In th is  

technique 100 r ice  seed lings were made to feed e xhau stive ly  on 100 g 

of s o i l  m ixed w ith 50 g of sand for 17 day s in d ish e s  of 11 cm 

diameter and 7 cm d ep th . Nitrogen uptake was calculated from the 

d ry  weight and total nitrogen percentage.

9. Fractionation of so il nitrogen

Tho rrncLionution of i o l 1  nitrogen was ca rr ied  out by an adopted 

ve rs ion  of the flow  sheets g iven  by Cheng and Kurtz (1963) and Keeney 

and Bremner (1904) The in d iv id u a l fractions were estimated as

d o sm b o rt  hy Rrnmnni ( | % r>)
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a) Exchangeab le  NH* -  n itrogen (NH^-N) The so i l  sam p le s (0 5 mm 

s ie v e d ) were extracted  w ith 2N KC1 in  a 1 10 s o i l  to KC1 ra t io  

by  sh a k in g  fo r 1 h and f ilte re d  off u sing  Whatman No 1 f i lt e r  

paper. Leachate was co llected  and an a liq uo t of t h is  was d is t i l le d  

w ith  magnesium ox ide  in  Brem ner apparatu s a s d e sc r ib e d  by Bremner 

(1965).

b) N itra te  n itrogen (NO^-N ). Fu rthe r d is t i l la t io n  of the above w ith 

D e v a rd a 's  a llo y  in  the Brem ner se t (Brem ner, 1965).

c) Total h y d ro ly z a b le  n itrogen (THyN) The s o i l  re s id u e  le ft after

leach ing  w ith  2N KC1 was tra n sfe rred  to 500 ml con ica l f la sk  and

6N HC1 was added ( s o i l  : HC1 ra t io  1 : 4 ).  The su spen sion  was

d igested  fo r  12 h in a water bath at 100°C under re f lu x . The

h y d ro ly sa te  m ixture  was f ilte re d  th rough  Whatman No.50 f i lt e r

paper. The re s id ue  was w ashed w ith  3 o r 4 w ash in gs of d is t i l le d

water to make the volume ap| ox im ate ly  150 ml. The  pH of the

e xtra c t was ad justed  to 5 .0  by d ro p w ise  add it ion  and constant

s t i r r in g  w ith  5N NaOH and f in a lly  the pH was adjusted  to 6.5
\

± 0.1 w ith 0.5N  NaOH u sing  Beckman pH meter. The neutra lised  

extract was tra n sfe rre d  to a 250 ml vo lum etric  f la s k  and made 

to volume w ith  d is t i l le d  water The s o i l  re s id u e  le ft on the f i lt e r  

paper was p re se rve d  fo r estim ation  of f ixed  ammonium in s o i l.

Ten ml of the above  neu tra lised  e x tra c t was d ige sted  w ith 1 g 

of -  CaSO^ -  Se ca ta ly st  m ixture  and 2 ml of concentrated
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H SO in  a 100 ml K je ld ah l d ige stion  f la s k  continuously  for one 
2 4 t

hour. The  d igested  m ateria l was cooled and d is t i l le d  in the 

Brem ner appara tu s under a lk u 'in e  cond it ions u s in g  20 ml of 10k[ 

NaOH. The d is t i l la t e  was ab so rbed  in  100 ml of 2 per cent b o r ic  

ac id  and t itra ted  w ith 0 005N H^SO^.

d) H y d ro ly z a b le  ammoniacal n itrogen (H yA N ): An a liq uo t (25 ml) of

neutra lised  h y d ro ly sa te  was d is t i l le d  w ith  about 0.15 g of MgO

as mentioned in  Pa rt (a) above

e) Hexosam ine and h y d d ro ly z a b le  ammoniacal n itrogen: Twenty f iv e

ml of the n eutra lised  h y d ro ly za te  was taken m  Brem ner d is t i l la t io n  

f la s k .  Twenty f iv e  ml of phosphate  borate buffer (pH  11.2) was

added. The d is t i l la t io n  was then c a r r ie d  out w ith MgO as d e sc rib ed  

in Pa rt (a) above.

f) Hexosam ine n itrogen (HaN): It  was found out by tak ing  the diffe i—  

ence of the  va lues obta ined in (e) and (d ) mentioned above.

g) Am ino a c id  n itrogen  (A aN ): F iv e  ml of h y d ro ly za te  was taken in

a 50 ml con ica l f la s k .  One ml of 0.5N^ NaOH was added  and the 

content of the f la s k  was heated m  water bath (100°C) until the 

volume of the same get reduced to 3 ml. A fte r coo ling, 500 mg

of c it r ic  ac id  and 100 mg of n in h y d rm  were added to the f la sk  

and kept im m ersed in  a water bath (100°C). A fte r 1 mm, the 

f la s k  was sw ir le d  fo r a few seconds, w ithout rem oving it  from 

the water bath and then a llow ed  to rem ain in the water bath for
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ad d it io n a l 9 mm The f la s k  alor g w ith  the content was then cooled 

and the content was tra n sfe rred  to Bremner d is t i l la t io n  f la s k  by

g iv in g  w ash ings w ith d is t i l le d  water. Ten ml of phosphate  borate 

buffer (pH 11.2) and 1 ml of 5N NaOH were added and d is t i l la t io n  

was c a r r ie d  out a s  d e sc r ib e d  in  Pa rt (a)

h) U n identified  h y d ro ly z a b le  form s of n itrogen  (U H yN ): T h is  was

got by su b stra c t in g  the sum of HyAn, HaN and AaN from  THyN

l)  N o n -h yd ro ly za b le  form s of un iden tified  n itrogen  (N H yN ): T h is  was

a lso  found out by d iffe rence, by su b stra c t in g  the THyN and 

ino rgan ic  n itrogen from total n itrogen.

j) F ix e d  ammoniacal n itrogen (FA N ): The re s id ue  le ft a fter ac id

h y d r o ly s i s  in Pa rt (c) was tra n sfe rre d  to a 500 ml po lythene

f la s k .  One hundred  ml of a m ixture  of 5N HF and 1N HC1 was

added ( s o i l  . m ixture  ra t io  1 : 5) m ixed w ell and a llow ed  to

rem ain covered  fo r 24 h at room tem perature The su spension  was 

f ilte re d  through  Whatman f i lt e r  paper No .42 in  p o lye thy lene  f la s k .  

The entire  leachate was tra n sfe rre d  to Brem ner d is t i l la t io n  f la sk  

and d is t i l le d  w ith 125 ml 10N NaOH as m  Part (a ).

10. Total phosphorus and potassium

H y d ro c h lo r ic  ac id  e x tra c t of the s o i l  was used fo r estim ating 

t h is  (Jackson , 1958) . Tota l p h o sp h o ru s  was determ ined by  the vanado- 

m olybdo p h o sp h o r ic  ye llow  co lour method and total potassium  was
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determined u sing  a flame photometer. Both these were ca rried  out 

u sing  one com posite sam ple belonging to each type.

11. Exchangeable calcium and magnesium

The ammonium acetate leachate obtained at the time of deter- 
*

mmation of JEC  was made use for the determ ination of exchangeable 

cations (P ip e r, 1942). Exchangeable Ca and Mg were determined by 

the versenate titra tion  method (Hesse, 1972).

12. S ta tist ica l an a ly s is

The data were examined s ta t is t ic a lly  making use of the 

p r in c ip le s  of corre la tion  and regre ss ion  as described  by Panse and 

Sukhatme (1967).



?Qz5ult5 a n d  'Ldideullion



30

R ESU LT S  ^(\iD D ISCUSSIO N

The present study  was undertaken to find  out the va r io u s  

fra c t io n s  of n itrogen  in the  im portant s o i l  typ e s of Kera la, and to 

a s se s s  the re la t iv e  contribu tion  of each fraction  to the a v a ila b le  

n itrogen  pool of the  s o i l  Fractionation  of n itrogen was done in f iv e

im portant s o i l  typ e s  v iz . ,  la te rite , fo re st, brown h yd rom orp h ic , 

coasta l a lluv ium  and Kuttanad a lluv ium

1. Laterite  s o i l

1.1. General c h a ra c te r is t ic s  (Tab le  2)

The s o i l s  belonging to th is  type  were on ly  s l ig h t ly  a c id ic  

and the pH va lue s were m ostly  in the range of 5 .4  to 7.00 P a rt ic le  

s iz e  d is t r ib u t io n  stu d ie s  show ed the predom inance of sand 50 to 81

per cent) fo llow ed  by c la y  ( id to 34 per cent) and s i l t  (8 to 19

g/per cent) Cation exchange capac ity  was ra the r h igh  and ranged

+ -1 v 
between 8 .8  and 29.3 cm ol(p  ) kg . J rg a n ic  carbon content was

ap p re c iab le  in  some sam ples w h ile  it  was ra the r low  in  a few. The

va lues ranged from  0 50 to 2 65 per cent w ith a mean of 1.12 per

cent. The mean va lues fo r total p h o sph o ru s and potassium  were 48.8

ppm and 5200 ppm re sp e c t iv e ly .

+ -1The content of exchangeable  calcium  was 4.65 cm o l(p  ) kg 

and that of magnesium was 1.074 cm o l(p+ ) kg \



T ab le  2. Genera l c h a ra c te r is t ic s  of the s o i l s

S o il  tvpe
M echan ica l T e x tu ra l Exchangeab le

EC -1
dSm

C E+ -1 
cmol(p ) kg

an a ly s is c la s s Total Ca
-1 M 9 + ■ cm o l(p  ) kg

^  o< 

C -/vpH Sand
(1)

S i l t
(%)

C lay
{%)

N P2°5 K2°
cm o l(p  ) kg

L a te n te 6.10 0.18 18.89 67.06 12.40 20.89 Sandy  c la y  
loam

0.17 48.80 5200 4 .65 1.074 2 ' I Z

Fo est 5 50 0 17 27.83 67.01 8.15 24.34 Tt 0.27 87.50 6200 8.95 3.580 I ' l Z

Brown
hyd ro m o rp h ic

5.60 0 07 20.25 64.91 13.70 21 .84 tl 0 .30 32.30 3200 1.79 2.240 CM1

CoOtfW®.
a lluv ium

6.60 0.15 8.48 80.60 4 20 12.30 Loam y sand  0.18 10.20 2400 2.84 0 900 0\3-$

Kuttanad
a lluv ium

4 .70 2.65 19.38 61.39 16.45 22.29 Sand y  c la y  
loam

0.16 20.80 3800 4 .30 3.400 1 ‘S i
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The tota l n itrogen content of the la te rite  s o i l s  se lected fo r

the present study  v a r ie d  from  0.105 to 0 294 per cent w ith a mean 

va lue  of 0 .174  per cent (1740 ppm ). Fractionation  of s o i l  nitrogen 

into ino rgan ic  and o rgan ic  components has shown that the content 

of these fra c t io n s  v a ry  w id e ly  and p resent mean va lu e s of 473 and 

1264 ppm re sp e c t iv e ly  fo r the ino rgan ic  and organ ic  fra c t io n s  The 

data on v a r io u s  fra c t io n s  of n itrogen in la te r ite  s o i l s  are  g iven  in

Tab le s 3a and 3b The ino rgan ic  n itrogen fra c t io n s  (in c lud in g

amm oniacal, n itra te  and f ix e d  ammonium) account fo r 27 per cent 

o f the total n itrogen  and the rem aining 73 per cent i s  constituted 

by v a r io u s  o rgan ic  n itrogenous com pounds.

From  the data presented  in T ab le s  3a and 3b, it  may be seen 

that among the va r io u s  fra c t io n s the maximum content i s  recorded

fo r  AaN fo llow ed  by FAN, NHyN, HaN, UHyN, NH^-N, NO^-N and HyAN

in  the descend ing o rd e r. Am ino ac id  n itrogen  i s  reported  to be ve ry  

im portant fraction  con tribu ting  to <.he re lease  of n itrogen as m ineral 

n itrogen (S r iv a s ta v a ,  1975). Stew art et_ a l. (1963) found that change 

in  AaN was c lo se ly  re lated  no in v e rse  changes in in o rgan ic  n itrogen 

of the s o i l

Percentage contribu tion  of v a r io u s  n itrogen fra c t io n s  to total
r

n itrogen i s  g iven  in  F ig  1 Of the total n itrogen 27.59 per cent

was AaN, 20 69 per cent FAN, 16 67 per cent NHyN, 14 94 per cent

1.2. Total and a v a ila b le  n itrogen  and fractionation  of n itrogen



Fig. 1. Nitrogen fractions in  la te rite  s o i l  (exp re ssed  as percentage 
to total N)
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Table  3a. Total N, a lka lin e  KMnO^-N 
la te n te  s o i l,  ppm

and inorganic fractions of N in

Sample No. Total N A lka line
KMnO.-N 4

NH. -N- 4 n o 3- n FAN

L 1 1750 121 46(2 9) 54(3.1) 380(21.7)

L2
1050 127 40(3.8) 29(2.8) 270(25 7)

L3 1680 181 37(2 2) 38(2.3) 390(23.2)

L 4 1400 174 67(4.8) 54(3.9) 250(17.9)

L5 2300 300 62(2.7) 9(0 4) 270(11 7)

L6 1750 128 96(5.5) 71(4.1) 320(18.3)

L 7 1330 194 50(3.8) 31(2 3) 310(23.3)

L8 2170 ^ 154 86(4.0) 67(3.1) 500(23.0)

L 9 1400 228 84(6.0) 46(3 .3 ) 260(18.6)

l io
2940 241 115(3.9) 86(2.9) 710(24.2)

L 11 1120 121 94(8.4) 54,4.8) 230(20.5)

L 12 2030 301 36(1.8) 30(1.5) 280(13 8)

L 13 1680 140 88(5.2) 70(4.2) 380(22.6)

l h
1540 327 106(6 9) 57(3.7) 210(13.6)

L 15 1960 294 79(4 0) 53(2.7) 500(25.5)

L 16 1610 77 40(2.5) - 320(19.9)

L 17 1540 221 25(1 6) 64(4.2)„ 390(25.3)

L 18 1680 127 34(2.0) 32(1 9) 460(27.4)

L 19 1540 n 39(2.5) 25(1.6) 240(15.6)

L20 2380 307 107(4.5) 49(2.1) 540(19.8)

Mean 1740 192 67 46 360

Values in  parantheses are percentage to total nitrogen
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Table 3b Organic fractions of nitrogen in latente soil, ppm

Sam ple No. Aan HaN HyAN UHyN THyN NHyN

h
270(15.4 ) 330(18.9) - 400(22.9) 1000(57 2) 270(15.4 )

4
470 (44.8 ) 180(17.1) 50(4 .8 ) 10(1.0) 710(67.6) 1(0.1)

L3 430(25 6) 200(11 9) - 420(25.0) 1050(62 5) 165(9 8)

L4
550(39.3 ) 130(9.3) 50(3 .6 ) 220(15.7) 950(67.9 ) 79 (5 .6 )

L5 420(18 3) 300(13.0 ; 50(2 .2 ) 650(28.3) 1420(61.7) 539(23 4)

L 6
510(29.1 ) 170(9.7) 60(3 .4 ) 510(29.1) 1250(71.4) 13(0.7)

L 7 390(29 3) 330(24.8 ) 50(3 .8 ) 20(1 .5 ) 790(59 4) 149(11 2)

4 460(21 .2) 270(12.4 ) 60(2 .8 ) 590(7.4) 1380(63.6) 137(26.1)

L 9 460(32 9) 210(15 0) - 310(22.1 ) 980(70.0 ) 30(2 1)

h o 490(16 7) 300(10.2 } 30(1 .0 ) 300(10.2) 1120(38.1) 909 (30 .9 )

h i 390(34 8) 170(15.2) 80(7.1) 90(8 .0 ) 730 (65 .2 ) 42 (3 .8 )

L 12 840(41.4 ) 380(18.7 ) 50(2 .5 ) 310(15.3 ) 1580(77.8) 164(8.1)

L 13 470(28.0 ) 300(17.9 ) - 350(20.8) 1120(66.7) 22(1 3)

L U 630(40.9) 200(12.6 ) 80(5.2) 220(14.3) 1130(73.4) 200(13.0 )

L 15 700(35 7) 220(11 2) 80 (5 .1 ) 80 (4 .1 ) 1080(55.1) 248(12 7)

L 16
560(34.8 ) 210(13.0 ) 80(5.0) 50 (3 .1 ) 900(55.9 ) 350(21.7 )

L 17 300 (19.5 ) 230(14.9) - 220(14 3) 750(48 7) 311(20.2 )

L 18 530(31.6 ) 280(16.7 ) - 220(13.1) 1030(61 3) 124(7.4)

L 19 290(18 8) 350(22.8 ) - 480(31.2 ) 1120(72.7) 116(7.5)

L20 470 (19.8 ) 500(21.0 ) - 530(22.3) 1500(63.0) 184(7.7)

Mean 480 260 34 200 1002 290

Va lues m  parantheses are percentage to total nitrogen
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HyAN, 11 67 per cent UHyN, 3.85 per cent NH^-N, 2.64 per cent 

NO^-N and 1.95 per cent HyAN

In  the organ ic fractions, the h y d ro ly sa b le  nitrogen constituted 

79 27 per cent which under favourab le  s o i l  conditions can undergo 

m inera lisation  and become ava ilab le  to the plants. Total h yd ro ly sa b le  

nitrogen contributed 58 per cent of total nitrogen. Total h yd ro ly sa b le

nitrogen upto 61.0 per cent of total nitrogen was reported  by Perumal

(1975) in  the Adanur Se r ie s  and Varghese (1988) in  the Somayannur 

Se r ie s  of Tam il Nadu.

Among the d ifferent fractions of nitrogen AaN form s the major 

part w ith a per cent contribution of 27.6  per cent T h is  i s  in 

confirm ity w ith the find in g s of Aggarw al et a L  (1977), Sw arajya- 

lak shm i (1987) and Varghese (1988).

The native  fixed  ammonium content of the la te n te  s o i l  comes 

to 20.69 per cent of total nitrogen. Most of the s o i l  sam ples of the 

la te n te  type were collected from non-cropped area. In the fallow

so il  the re lease  of non-exchangeable NH* was v ir tu a l ly  n il (Mengel 

et a l ., 1990). So the h ighest f ixed  ammonium content may be due

to the inc lu sion  of fa llow  so il sam ples m  the s tu d y .

Mengel and Seherer (1981) have shown that NH* re lease  followed 

root growth, and Seherer (1984) demonstrated that a substantia l re lease 

of non-exchangeable NH* was obtained only if  the s o i l  was cropped
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2 1. General c h a ra c te r is t ic s  (Tab le  2)

The pH of these s o i l s  ranged from  5 2 to 7 .2 . A s in  the case

of la te r ite  s o i l ,  here  a lso  sand fract ion  show ed the predom inance

(52 to 78 per cent) fo llow ed  by c la y  (17 to 40 per cent) and s i l t

(2 to 20 per cent). CEC was ra the r h igh  and ranged between 8.38 

+ -1to 37.4  cm o l(p  ) kg . Among the f iv e  typ e s, o rgan ic  carbon  content 

was maximum fo r  t h is  type  (0.64 to 5 04 per cent) The mean va lues 

of total p h o sp h o ru s  and potassium  were 87.50 ppm and 6200 ppm. 

The  content of exchangeable  calcium  was 8.95 cm o l(p+ ) kg  ̂ and that 

of magnesium was 3.58 cm o l(p+ ) kg

2.2 Total and a v a ila b le  n itrogen  and fractionation  of n itrogen

The data on v a r io u s  fra c t io n s  of n itrogen  in fo re st  s o i l s  are 

g iven  in T a b le s  4a and 4b.

The mean va lue  of to ta l n itrogen content of the fo re st s o i l  

was 0.304 per cent (3040 p p m ), w hich  was qu ite  h ig h  com pared to

the n itrogen sta tu s of the  other s o i l  typ e s  se lected  fo r  the study

(0.105 to 0.490 per cent). Out of th is ,  the ino rgan ic  n itrogen content

was 475 ppm i. e . ,  on ly  16 per cent of the total n itrogen. E igh ty

four per cent of the total n itrogen thus re s id e s  in  the organ ic  

fraction .

Among the o rgan ic  fra c t io n s, the THyN  recorded  a mean value 

of 1302 ppm (620 to 1950) i . e . ,  51 per cent of the total organ ic

2. Forest soil
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Table 4a. Total N, a lka lin e  KMnO^-N and inorgan ic fractions of 
nitrogen m fo re st so il,  ppm

Sample
No.

Total N A lka lin e
KMnO.-N 4

NH ,-N  4 n o 3- n FAN

F 1 4900 699 369(7 5) 94(1.9) 530(10 8)

F 2 3010 194 96(3.2) 57(1.9) 200(6.7)

F3 3990 261 94 (2 .3 )) 58(1.5) 150(3.8)

F4 3380 154 67(2.0) 47(1.4) 400(11.8)

F5 1820 148 72(3 9) 49(2.7) 60(3.3)

P6 2520 274 83(3.2) 53(2.1) 300(11.9)

F7 3710 267 152(4 0) 66(1.8) 760(20.5)

F8 3290 294 136(4.1) 69(2.1) 190(5.8)

F9 3100 208 90(2.9) 54(1.7) 320(1.3)

F 10 3290 241 62(1 8) 42(1 3) 190(5 8)

F 1 1
2800 307 58(2.1) 49(1.8) 560(20.0)

P 12 2730 241 66(2.4) 54(2.0) 550(20.2)

F 13 3640 208 103(2 8) 62(1.7) 420(11.5)

F 14 1050 88 75(7.1) 51(4.9) 270(25.7)

F 15 2450 247 67(2.7) 43(1.8) 290(11.8)

F 16 3010 427 80(2.7) 59(2 .0 ) 290(9 6)

P17 2240 154 88(3.9) 62(2.6; 230(10.3)

F 18
2030 234 93(4.6) 49(3.1) 90(4.4)

F 19 3920 208 61(1 5) 31(1.3) 350(8.9)

F
20 1820 254 119(6.5) 53(1.7) 310(17.0)

Mean 3040 255 102 53 320

Values in paranthe^es are  percentage to total nitrogen
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Table 4b. Organic fractions of nitrogen in forest soil, ppm

Sam ple
No. AaN HaN HyAN UHyN THyN NHyN

F 1 280 (5 .7 ) 490(1 6) 100(2.0) 640(13.1 ) 1510(30.8) 3397(69.3)

P2 350(11.6 ) 380(12 0) 50(1 .7 ) 920(30.6) 1700(56.5) 957(31.8)

F3
530 (13 .3 ) 480(12.0 ) - 120(30 1) 1130(28.3) 2558(64.1)

F4 390(11.5 ) 380(11.2) 50(15 0) 180(53.3) 1000(29.6) 1866(55.2)

F5 630 (34 .6 ) 230(12.6) 50(27.5) 40 (2 .2 ) 950(52.2 ) 689(37.9 )

F 6
700(27 8) 330(13 1) - 190(7 5) 1220(48.4) 934(37.1)

F7 1120(30 2) 700(18.9 ) 50 (1 .4 ) 80 (2 .2 ) 1950(52.6) 782(21.1)

F 8 300 (9.1) 500(15.2) 80(2 4) 720(21 9) 1600(48.6) 1295(39.4)

F9 630(45.0 ) 280(9 3) 150(4.8) 890(28.7 } 1950(62.9) 686(22 1)

F 10 370(11.3 ) 280 (8.5) 30(0 9) 170(5 2) 850(25.8 ) 2146(65.2)

F 11 700(25.00) 290(8 8) 300(10.7) 10(0 4) 1300(46.4) 833(29.8 )

F 12 630 (23 .1 ) 540(19.8) 40(1 5) 60(2.2) 1270(46.5) 790(28.9 )

F 13 540(14.8 ) 250(6 9) 80(2 2) 1110(30 5) 1980(54 4) 1075(29.5)

F 14 350 (33 .3 } 150(14.3) 100(9 5) 20 (1 .9 ) 620(59.0 ) 34(3 2)

F 15 710(29.0 ) 250(10 2) 80(3.3) 50 (2 .0 ) 1090(44 5) 960(39.2 )

F 16 940(31.2 ) 420(14.0 ) 130(4.3) 10(0 3) 1500(49.8) 1081(35.9)

F 17 540(24.1 ) 300(13.4 ) 30 (1 .3 ) 80 (2 .7 ) 950(42.4 ) 913(40.8 )

F 18 490(24.1 ) 400(19.7 ) - 440(21.7 ) 1330(65.5) 455(22.4)

F 19 240 (6 .1 ) 550(14.0) 80(2 0) 510(13.0 ) 1380(35 2) 3129(79.8)

P20 410 (22.5 ) 230(12 6) 50 (2 .8 ) 60(3.3) 750(41.2 ) 610(33 5)

Mean 540 370 70 315 1302 1260

Values m  parantheses are percentage to total nitrogen
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fra c t io n s. Com pared to the la te n te  s o i l ,  the h y d ro ly sa b le  n itrogen 

fra c t io n s  recorded  on ly  a le s se r  va lue. U n like  in the case of la te n te  

s o i l ,  here the major fraction  of n itrogen was m the n o n h yd ro ly sa b le  

form . The h y d r o ly s i s  of s o i l  was c a rr ie d  out w ith 6N HC1 fo r a 

pe r io d  of 12 hou rs A s suggested  by Stevenson (1957), th is  time 

m ight not be enough fo r l ib e ra l.n g  the h y d ro ly sa b le  n itrogen f ra c t­

ion s v iz  , AaN, HaN etc. in  the fo re st s o i l .  He has suggested  that 

optimum a n a ly t ic a l cond it ions must be e sta b lish e d  fo r each type of 

s o i l  when in ve st ig a t in g  the a m in o p o ly sa cch a n d e s  in  s o i l s  and a lso  

found that the time of maximum lib e ra t io n  of hexosam ine w ith 6N 

HC1 va r ie d  w ith the s o i l  type . On exam ining the re la t io n sh ip  between 

total n itrogen and a v a ila b le  n itrogen of fo re st  s o i l,  it  was seen that 

on ly  8 per cent of the total n itrogen was in  the a v a ila b le  form.

Percentage contribu tion  of v a r io u s  n itrogen tra c t ion s to total 

n itrogen i s  g ive n  in F ig . 2. The total n itrogen  content i s  v e ry  h igh  

and comes to 0.304 per cent. The h ig h e r  lit te r  p roduction  and 

deposition  w hich  has contribu ted  to the h igrie st content of o rgan ic  

matter m  the fo re st s o i l  i s  re sp o n s ib le  fo r the h igh  content of total 

N. Of t h is  41 45 per cent i s  accounted by  NHyN, 17.86 per cent 

AaN, 12.24 per cent HaN, 10,36  per cent UHyN, 10.63 per cent FAN, 

3.36  pen cent NH^-N, 2.37 per cent flyAN and 1.74 per cent NO^-N.



17.86%
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3.1. General ch a ra c te r ist ic s  (Table 2)

So ils belonging to th is  type a lso  were ac id ic  m  reaction. pH 

ranged from 4.9  to 6.8. P a rt ic le  s ize  d istr ib u t io n  showed predominance 

of sand fraction  (52 to 78 per cent), followed by clay  (13 to 32 

per cent) and s i l t  (7 to 27 per cent) Cation exchange capacity  ranged 

between 10 4 to 32.9 cm o l(p+ ) kg \  O rganic carbon content ranged 

between 0.39 to 1.91 per cent The average amount of total 

phosphorus and potassium  were 32 30 ppm and 3200 ppm. The content
 'j

of exchangeable calcium was 1 79 cm ol(p ) kg and that of magnesium 

was 2.24 cm o l(p+ ) kg ^

3 .2. Total and a va ilab le  nitrogen and fractionation of nitrogen

The data on va riou s fractions of nitrogen in brown hydrom orph ic  

s o i l s  are given  in Tab les 5a and 5b.

The total nitrogen content of th is  type of so il was 0.180 per 

cent (range 0.112 to 0.287 per cent). Out of th is  the inorganic 

nitrogen fractions comes to 399 ppm i.e . ,  22 per cent of total n itrogen 

and the rem aining 78 per cent was organ ic nitrogen. In  c la ss ify in g  

the organic nitrogen fractions to the h yd ro ly za b le  and n on -hyd ro lyzab le  

fractions, the THyN fractions recorded a mean value of 1208 ppm

i.e . ,  79 per cent of the organ ic fractions Here, the THyN is  found 

to be equal to the THyN of la te rite  so il

3. Brown hydromorphic soil
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Table 5a. Total N, a lka line  
nitrogen in brown

KMn0^-N and inorganic fractions 
hydrom orphic so il,  ppm

of

Sample No. Total N A lka line
KMnO. -N 4

NH.-N4 n o 3- n FAN

B 1 1680 150 20(1.2) 30(1.8) 290(17.3)

B2 1190 13 60(5.0) 96(8.1) 190(16.0)

B3 1610 IzoO 22(1.4) 11(0.7) 290(18.0)

B4 1540 147 74(4.8) 54(3.5) 270(17.5)

B5 1610 187 69(4.3) 22(1.4) 180(11.2)

B6 1540 49 27(1 8) 27(1.8) 410(26.6)

B7 1820 315 45(2.5) 17(0.9) 270(14 8)

B8 1380 945 86(6.2) 58(4.2) 290(21.0)

B9 1540 134 60(3.9) 61(4 0) 240(15.6)

B 10 1890 101 74(3 9) 24(1 .3) 250(13.2)

B 11 1120 14 54(4.8) 3^(3.0) 300(26.8)

B 12 1260 150 37(2.9) 20(1.6) 310(24.6)

B 13 1610 1197 33(2.1) 20(1.2) 130(8.1)

b i 4 2590 1229 64(2.5) - 520(20 1)

B 15 2870 260 46(1.6) - 310(10.8)

B 16 1680 186 53(3.2) 21(1 3) 250(14.9)

B 17 2380 32 48(2 0) 230(9 7) 570(24.0)

B 18 2520 241 70(2.8) 50(2.0) 210(8.3)

B 19 2580 u7 59(2.3) 18(0.7) 540(20.9)

B20 1540 120 64(4 2) 23(1 5) 450(29.2)

Mean 1800 345 56 33 310

Values m panantheses are percentage to total nitrogen
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Table 5b. Organic fractions of nitrogen in brown hydromorphic soil, ppm

Sam ple No. Aan HaN Hy AN UHyN THyN NHyN

B 1
380(22.6 ) 150(8.9) 50 (3 .0 ) 200(11.9) 780(46 4) 560(33.3 )

B2
590(49 6) 50(4 2) 150(12 6) 10(0.8) 800(67 2) 44(3 .7 )

B3 460(28.6 ) 170(10.6) 110(6 8) 210(13 0) 950(59.0 ) 337(20.9)

B4 390(25 3) 280(18.18) - 390(25.3) 1060(68.8) 82 (5 .3 )

B5 420(26.1 ) 200(12 4) 8u(5 0) 150(9.3) 850 (52.8 ) 489(30.4 )

B 6
350(22.7 ) 260(16 9) 90(5 9) 550(35 7) 1250(81.2) 226(1 5)

B7
510(28.0 ) 280(15.4 ) - 310(17 0) 1100(60.4) 388(21.3 )

B8 130(9.4) 200(14.5 ) - 420(30.4 ) 750 (54.3 ) 196(14.2)

B9
810(52 6) 250(16.2 ) 180(11.7) 160(10.4) 1400(90.9) 79 (5 .1 )

B 10 420(22 2) 300 (6.9) 130(6.9) 540(28 6) 1390(73 5) 152(8.0)

B 11
210(18 8) 230(20.5 ) - 60(5.4) 500(44.6 ) 232(20.7 )

B 12 390(31.0) 230(18.3 ) 50(4 0) 190(15.1) 860(68.3 ) 33 (2 .6 )

B 13 210(13.0 ) 100( 6 .2) 100(6.2) 540(33.5) J5 0 (5 9 .0) 477(29.6 )

B 14 230 (8.9) 330(12.7 ) - 840(32.4) 1400(54.1) 606(23.4 )

B 15 560 (19 .5 ) 380(17 4) 70(2 .4 ) 660(23.0) 1670(58.2) 354(12.3)

B 16 500(29.8) 150(8 9) 50(3 0) 370(22.0) 1070(63.7) 392(23 3)

B 17 470(19.8 ) 430 (18 .1 ) - 800(33.6) 1700(71.4) 390(16 4)

B 18 280(11.1 ) 200(7 9) 120(4.8) 590(23.4) 1190(47.2) 940(37 3)

B 19 280(10 9) 420(16 3) 30(1 2) 200(7 6) 930(36.1) 933(36.2)

CD
to O 180(11.7) 239(14 9) 50 (3 .3 ) 290(18.8) 750(48.7 ) 253(16.4)

Mean 390 250 L j 380 1208 330

Values in parantheses are percentage to total nitrogen
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(13 to 1260 ppm ). The contribution from the NH^-N and NO^-N comes 

to only 89 ppm. So contribution from the organic fractions to the 

a va ila b le  N -pool i s  e stab lished  here. U n like  in the case of la te rite  

and forest s o i l  types, 19 per cent of the total nitrogen i s  in the 

a v a ila b le  form . A s  in the case of la te rite  s o i l  here a lso  the maximum 

content i s  reported  fo r the AaN. Being the im portant fraction 

contributing to the re lease of m ineral nitrogen (S r iv a sta va , 1975) 

the potential of the s o i l  type  to release nitrogen is  e stab lished .

Percentage contribution of va riou s nitrogen fractions to total 

nitrogen is  g iven  in F ig . 3. The mean content of total nitrogen is  

found to be 0.180 p e rcen t of th is  21.6 per cent accounted for AaN,

21.2 per cent UHyN, 18.2 per cent NHyN, 17.2 per cent FAN, 13.76 

per cent HaN, 3.16 per cent HyAN, 3 11 per cent NH^-N and 1.67

per cent NO^-N. The reported  maximum content AaN confirmed the 

re su lts  reported  by Aggarw al £ t a K  (1977), Sw ara jya lakshm i (1987)

and Varghese (1988).

A. Coastal alluvium

4.1. General c h a ra c te r ist ic s  (Tab le  2)

Most of the s o i ls  of t h is  type were near neuttyal in reaction, 

pH ranging from 5.8  to 7.4. In  texture they were loamy sand and 

sand was the major fraction  (75 to 93 per cent) followed by clay

(3 to 24 per cent) and s i l t  (2 8 per ce n t). O rganic carbon content

The a va ila b le  nitrogen recorded an average value o f* 345 ppm



F i g . 3. N itro ge n  f ra c t io n s  in  b row n  h y d r o m o rp h ic  s o i l  
p e rcen tage  to to ta l N)

p re s s e d  a s
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was ve ry  low (0.14 to 0.80 per cent). The average amount of total 

phosphorus and potassium  were 10.20 ppm and 2400 ppm. The content

of exchangeable calcium was 2.64 cm ol(p+ ) kg  ̂and that of magnesium

+ -1 
was 0.90 cm ol(p  ) kg .

4 .2. Total and a va ilab le  nitrogen and fractionation of nitrogen

The total nitrogen content of the coastal a lluv ium  comes to 

an average value of 0.161 per cent (range 0.840 to 0.329 per cent). 

The data on va riou s  fractions of nitrogen i s  given in  Tab le s 6a and 

6b. Out of t h is  the inorgan ic nitrogen contribution is  278 ppm i.e .,

17 per cent of total nitrogen and the organ ic nitrogen constitutes 

the rem aining 83 per cent. Among the organ ic nitrogen fractions, the 

THyN recorded an average value of 850 ppm i.e . ,  73 per cent of

the organic nitrogen fraction. For the la te rite  and brown hydrom orph ic  

CkHtSo; THyN contributed alm ost the same percentage that of organic

nitrogen.

The a va ila b le  nitrogen recorded an average value of 66 ppm

(14 to 154 ppm ). The inorgan ic fractions v iz . ,  NH^-N and NO^-N 

together comes to a mean value of 78 ppm So un like  m  other so il

types, coastal a lluv ium , the entire a va ila b le  nitrogen might have

come from these two inorgan ic fractions. The a va ilab le  nitrogen comes 

to only 4 per cent of the total n itrogen. Among the d ifferent s o i l  

type s stud ied  the coastal a lluv ium  recorded the least a va ila b le  nitrogen 

content.
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Table 6a. Total N, a lka lin e  KMnO^-N and inorgan ic fractions of 
nitrogen in coastal a llu v ia l so il,  ppm

Sample No. Total N A lka line
KMnO.-N4

NH.-N4 n o 3- n FAN

C 1
1220 21 30(2.5) - 160(13.1)

C2
1760 54 27(1 5) - 220(12 5)

C3
2310 154 27(1.2) - 270(11.7)

C4 1540 88 50(3.6) 40(2.6) 170(11.0)

C5 2380 88 22(0 9) 30(1.3) 260(10.9)

C6 2100 21 109(5.2) 54(2 6) 180(8.6)

C7 840 54 83(9.9) 48(5 .7 ) 90(10.7)

C8
900 88 45(5.0) - 280(31.1)

C9 1610 54 66(4.1) 43(2 .7 ) 1 150(9.3)

C 10
1470 88 88(6.0) 64(4.4) 190(12.9)

C 11 2100 21 51(2.4) 8 (0 .4 ) 370(17.6)

C 12 1330 32 44(3.3) 58(4 .4 ) 330(24.8)

C 13 1260 21 152(12.1) 56(4 .4 ) 110(8.7)

C 14 1050 154 63(6.0) 39(3.7) 120(11.4)

C 15 1400 88 51(3.6) 41(2.9) 110(7,9)

C 16
2380 54 35(1.5) 5 (0 .2 ) 170(7.1)

C 17 3290 88 18(0.6) 22(0 7) 150(4.6)

C 18 1550 14 26(1.7) - 220(14.2)

C 19 1400 21 5(0 .4 ) - 200(14.3)

C20 1890 121 36(1.9) 56(3.0) 180(9.5)

Mean 1610 66 50 28 200

Values in  parantheses are  percentages to total nitrogen
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Tab le  6b. O rgan ic fract ion s of n itrogen m  coastal a l lu v ia l s o il ,  ppm

Sam ple AaN 
No.

HaN HyAN UHyN THyN NHyN

C 1
320(26 2) 20(1 .6 ) 80(6 .6 ) 280(23.0) 700(57.4) 320(27.1)

C2 150(8.5) 100(5.7) 50(2.8) 480(27.3) 780(44.3) 733(41.7)

C3
670 (29 .0 ) 70(3 .0 ) 23(1.0) 1010(43.7) 1773(76.8) 33 (1 .4 )

C4 380(24.7 ) 130(8.4) 200(13.0) 20(1 .3 ) 730(47.4) 544(35.3)

C5
320 (13.5 ) 200(8.4) - 600(25.2) 1120(47.1) 975(41.0 )

S ,
280(13.3 ) 120(5.7) 90(4.3) 70(3 .3 ) 560(26.7 ) 1207(57.5)

C7 230(27.4 ) 100(11.9) 80(9 .5 ) 190(22.6) 600(28.6 ) 19(2.3)

C8
210(23.3) 180(20.0) 50(5.6) 60 (6 .7 ) 500(55.6) 75 (8 .3 )

C9
270 (16 .8 ) 50(3.1) 130(8.1) 230(14.3) 680(42.2) 671(41.7)

C 10
300 (20 .4 ) 150(16 2) - 280(19.1) 730(49.7 ) 398(27.1)

C 11
510(24.3 ) 180(8.6) - 400(19.1) 1090(51 9) 581(27.7 )

C 12 380(28.6) 170(12.8) 130(9.8) 50 (3 .8 ) 730(54.9) 168(12.6)

C 13 340(27.0 ) ( 30 (2 .4 ) 50(11.9) 190(15.1) 610(48.4 ) 232(18.4)

C 14 350(33.3 ) 80 (7 .6 ) 200(19.1) 70(6 .7 ) 700(66.7 ) 128(12.2)

C 15 230(16.4 ) 70 (5 .0 ) 80(5.7) 70(33.6) 450(32.1) 348(24.9)

C 16
510(21.4 ) 70 (2 .9 ) 130(5.5) 500(21.0) 1210(50.8) 960(40.3)

C 17 600(18.2) 100(3.0) 100(3 0) 150(4.6) 950(28.9) 590(17.9 )

C 18
420(27.1 ) 150(9.7) 80(5 .2 ) 430(27.7 ) 1080(69.7) 124(8.0)

C 19 290(20.7 ) 50(3 .6 ) 100(7.1) 80 (6 .4 ) 530(37.9 ) 665(47.5)

C20 420 (22 .2 ) 70 (3 .7 ) 130(6.9) 860(45.5 ) 1480(78.3) 138(7.3)

Mean 260 110 100 450 850 322

Va lues in pa rantheses are percentage to total nitrogen



47

Percentage contribution  of v a r io u s  frac t io n s  to total n itrogen

is  g iven  in F ig  4 Among the d iffe rent s o i l  typ e s se lected  for the 

stu d y , the coasta l a lluv ium  reported  the le a st content of total n itrogen 

The mean total n itrogen content of th is  s o i l  typ e  comes to 0 1813 

per cent. Of t h is  27 65 per cent i s  NHyN, 22.26 per cent AaN, 19.96 

per cent UHyN, 12 4 per cent FAN, 6.51 per cent HaN, 6,26 per 

cent HyAN, 3.1 per cent NH^-N andd 1.74 per cent NO^-N.

5. Kuttanad a lluv ium

5 1. General c h a ra c te r is t ic s  (Tab le  2)

These s o i l s  were h ig h ly  a c id ic  in  nature and average  pH 

va lue  was 4 .7 . P a rt ic le  s iz e  d is t r ib u t io n  showed predom inance of 

sand (32 to 75 per cent) fo llow ed  by c la y  (7 to 40 per cent) and 

s i l t  (8 to 26 per cent)e CEC  ranged from 10.4 to 36.95 cm o l(p + ) kg \  

O rgan ic  carbon  content was a p p re c ia b le  in most of sam p le s and ranged 

from  0.19 to 4.63 per cent. The average  amounts of total p h o sph o ru s 

and potassium  were 20.8 ppm and 3800 ppm. The content of exchange­

ab le  calcium  was 4.30 cmoL(p+ ) kg  ̂ and that of magnesium was 3.40 

cm o l(p+ ) kg .

5 .2 . Total and a v a ila b le  n itrogen  and fractionation  of n itrogen

The data on v a r io u s  frac t io n s of n itrogen i s  g iven  in Tab les 

7a and 7b.

The total n itrogen content of the Kuttanad a lluv ium  is  0.2705 

per cent. The ino rgan ic  n itrogen  fra c t io n s  contributed  609 ppm 1 e ,
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Table 7a Total N, A lka line  KMnO^-N and inorgan ic fractions of 
nitrogen in  Kuttanad a llu v ia l so il,  ppm

Sample No. Total N A lka line
KMnO -N 4

N H . -N 4 n o 3- n FAN

K 1
2940 389 114(3.7) 202(6.9) 540(18.4)

K2 2940 197 74(2 4) 59(2.0) 280(9.5)

K3 3010 325 95(3.2) 71(2.4) 390(13 c,

K4 3640 261 92(2.5) 203(5.6) 550(15.1)

K5
2310 197 91(3.9) 117(5.1) 420(18.2)

K6 3220 197 154(4.7) 95(3.0) 390(12.1)

K7 2660 166 146(5 5) 438(16.5) 410(15 4)

K8 1960 32 56(2.9) 38(19.4) 190(19.7)

K9 2240 261 132(5.8) 170(7 6) 280(12.5)

k io
3180 38 128(4 0) 20(0.7) 390(12.3)

K 11 1400 325 54(3 6) 31(2.2) 290(20.7)

K 12 1820 77 214(11.5) 147(8.1) 360(19 8)

K 13 2940 197 64(2.0) 65(2.2) 300(10.2)

k h
2590 70 124(4.8) 61(2.2) 340(13.1)

K 15 2380 38 58(2.4) 28(2.6) 640(26.9)

K 16 2100 134 49(2.3) 62(1.3) 500(23 8)

K 13 3360 197 72(2.1) 170(1.9) 200(6.0)

K 18 2450 197 114(4.7) 70(6.9) 690(28.2)

K 19 2590 261 138(5.3) 50(2.7) 730(28.2)

K20 3430 203 53(1 5) 108(1 5) 190(5.5)

Mean 2705 188 101 108 400

Values m  paranLheses are percentages to total nitrogen
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T ab le  7b. O rgan ic  fra c t io n  of n itrogen  in  Kuttanad a l lu v ia l  s o i l ,  ppm

Sam ple
No

AdN HaN HyAN UHyN IHyN NHyN

K 1
320 (10 .9 } 270(9  2) 80 (2 .7 ) 730 (24 .8 ) 1400(47.6) 684 (23 .3 )

K2
320(10  9) 580 (2 .4 ) 230(7 8) 8 0 (2 .7 ) 1210(41.2) 1820(61.9)

K3
560 (19 .6 ) 240 (8 .0 ) 9 0 (3 .0 ) 100(3.3) 990 (32 .9 ) 1464(48.6)

K4
8 10 (22 .3 ) 270 (7 .4 ) 130(3.6) 290 (8 .0 ) 1500(41.2) 1295(35.4)

K5 580 (25 .1 ) 300(13 0) 30 (1 .3 ) 2 0 (0 .9 ) 930 (40 .3 ) 752(32 6)

K6
230 (7 .1 ) 380 (11 .8 ) - 20(0  6) 630 (19 .6 ) 1321(41.0)

K7 270 (10 .2 ) 400(15 0) 130(4.9) 410 (15 .4 ) 1210(45.5) 456 (17 .1 )

K8
350 (17 .9 ) 150(7 7) 130(6.6) 170(8.7) 800 (40 .8 ) 876 (44 .7 )

K9
420 (18 .9 ) 430 (19 .2 ) - 230(10  3) 1080(48.2) 578 (25 .8 }

K 10
620 (19 .5 ) 310 (9 .8 ) 90 (2 .8 ) 160(5.0) 1180(37.1) 1461(45.9)

K 11 590(42  1) 50 (3 .8 ) 100(7.1) 170(12.1) 910 (65 .0 ) 146(10 4)

K 12 390 (21 .4 ) 220 (12 .1 ) 80 (4 .4 ) 360 (19 .8 ) 1050(57.7) 490 (26 .9 )

K 13 310 (10 .5 ) 380 (12 .9 ) - 90 (3 .1  ) 780 (26 .5 ) 1731(58.9)

K u 600 (23 .2 ) 250 (9 .7 ) 200(7 7) 220(8 5) 1270(49.0) 798(30  8)

K 15
350 (14 .7 ) 140(2.1) 100(4.2) 300 (12 .6 ) 890(37 4) 921 (38 .7 )

K 16 430 (20 .5 ) 310 (14 .8 ) 70 (3 .3 ) 140(6.7) 950 (45 .2 ) 573 (27 .3 )

K 17 120(33.6 ) 400(11 9) - 810(24  1) 1330(39.6) 1691(50 3)

K 18
360 (15 .0 ) 380 (15 .5 ) - 360 (14 .7 ) 1100(44.9) 376 (15 .4 )

K 19 330 (12 .7 ) 330 (12 .7 ) - 490 (18 .9 ) 1150(44.4) 501(19 3)

K20 230 (6 .7 ) 3 8 0 (5 .3 ) 130(3 8) 60 (1 .8 ) 800 (23 .3 ) 2537(74.0 )

Mean 410 310 80 290 1050 1002

Values in parentheses are percentage to total nitrogen
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F ig *4 . Nitrogen fractions in coastal a llu v ia l so il (e xp re ssed  as 
percentage to total N)
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23 pen cent of total n itrogen and the rem ain ing 77 per cent is  organ ic 

n itrogen. Among the o rgan ic  n itrogen fra c t io n s, THyN comes to 51 

per cent of the o rgan ic  N. Fo r the fo re st  s o i l  and Kuttanad a lluv ium  

s o i l  typ e s, the same trend i s  ob se rved  in the contribution  of THyN 

to total o rgan ic  N. The  n o n -h y d ro ly z a b le  fraction  i s  the h igh e st  fo r 

both the s o i l  typ e s

Mean a v a ila b le  N content i s  188 ppm (32 to 389 ppm) i.e  ,

7 per cent of the total N content of the s o i l .  In  the case  of fo re st 

s o i l  too, the contribution  rate  i s  s im ila r  to that of the Kuttanad 

a llu v iu m .

The data revea led  that among the frac t io n s  s tu d y in g  the NHyN 

contributed  the  maximum content fo llow ed  by AaN. In  the case of 

fo re st s o i l  and coasta l a lluv ium  too, the same trend is  obta ined.

Percentage contribu tion  of v a r io u s  fra c t io n s  to n itrogen is

g iven  in F ig . 5. The mean total n itrogen i s  found to be 0.2705 per

cent. Of th is ,  37.04 per cent i s  NHyN, 15.16 per cent AaN, 14.94 

per cent FAN, 11,42 per cent HaN, 10 76 per cent UHyN, 3.99 per 

cent NO^-N, 3 .7  per cent NH^-N and 2 96 per cent HyAN

Among the f iv e  s o i l  typ e s taken fo r the stu d y , the fo re st 

s o i l  and Kuttanad a lluv ium  reco ued the maximum content of NHyN 

fra c t io n s of 41 45 per cent and 37 04 per cent of total n itrogen, 

re sp e c t iv e ly .  T h is  may be due to the h y d r o ly s i s  p rocedure  used 

fo r the stu d y . In  the present study, the s o i l s  were h y d ro ly se d  with



37 .04%

F i g . 5 N it ro g e n  f ra c t io n s  in  KuLtanad a l l u v ia l  s o i l  (e x p re s se d  
p e rcen tage  to to ta l N)

a s
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6N HC1 for 12 hours. T h is  may not be enough for the liberation  of 

h y d ro ly za b le  nitrogen fractions. Stevenson (1957) a lso  reported of 

the estab lishm ent of optimum ana lytica l conditions and organic fra c t­

ions fo r each type  of s o i l

6. Influence of s o i l  p rop e rt ie s  on fract ion s o f nitrogen

6.1. pH

The data on pH of va riou s s o i ls  i s  given  in Tab le  8. Sim ple

linear regre ssion  a n a ly s is  showed that pH is  s ig n if ic a n t ly  but 

negative ly  correlated  to total nitrogen in  brown hydrom orph ic  so il 

(r  = But va riou s fractions of nitrogen do not show any

s ign if ica n t re la t ion sh ip  to pH in any of the s o i l  type

6 2 Cation exchange capacity

The data on CEC is  given in Table 9. Among the f iv e  so il

type s stud ied  the maximum cation exchange capacity i s  reported for

+ -1fore st s o i l  (27.83 cm ol(p ) kg ) and the least for coastal a lluvium

(8.48 cm ol(p+ ) kg 1). A h igh  cation exchange capacity  due to h igh 

organ ic matter content is  reported by se ve ra l w orkers (Larson  and

C lapp, 1984; Gangopadyay et̂  al  ̂ , 1990). The low content of clay

and organic matter may be re spo n sib le  fo r the low cation exchange

capacity  in coastal a llu v iu m .

6 2.1. Laterite  s o i l

S im ple  regre ssion  a n a ly s is  showed that cation exchange capacity



T a b le  8 . pH o f  s o i l s

Sam ple  No. pH Sam ple No pH Sa m p le  No. pH Sam p le  No. pH Sam p le  No. pH

L i
6.70

F 1 5 .3 0 B 1 5 .3 0 C 1 7.00
K 1

4 .1 0

L2 6.50
F2

5 30
B2

5 .4 0 B2
6.70

*2
3 .9 5

L 3 6 90
F3 5 20

B 3
6 00 s 5.15

*3
4 .1 0

L4 6.80
F4 5 40

B 4
5 .1 0 C4

7.20
*4 4 .1 0

L 5 6 20
F5

5 .5 0
B 5

5 65 C5
6.10

K5
4 40

L 6 6.35
F6 5 .6 5 B 6

5 30 B 6
6 20 K6

4 .0 0

L 7 7 00
F7 5 .4 5

B 7
5 .8 0 C7

6.70
K7

4 60

L 8 6 60
F8

5 .2 0
B8

5 .55 6.50
K8

3 .40

L 9 5.60
F9

7 20
B 9

5 .1 5 S 6 10
K9

4 .3 0

L 10 5.90
F 10 5 80

B 1 0
5 .8 5 C 10 6.30

K 1 0
5 .30

L 11 6.75
F n

5 .3 0
B 11

6 20 C 11
6.90 K n

5 .90

L 12 6.25
F 1 2

5 .7 5
B 12

6 .8 0
C 1 2

7.00 K 12 3 10

L 13 6.10
F 13

6 .3 0
B 13

5 .1 0 C 13
7.40

K 13
7 00

L u 5 90
F 14 5 .4 0 B 14

5 .5 0 C 14
6.50 K 14 6 50

L 15 5.95
F 15

5 .8 5
B 15

5 .2 0 C 15
6.60 K 15

6 .2 0

L 16 6.00
F 16

5 .8 0
B 16

5 .3 0
C 16

7.00
K 16

5. 10

L 17 6.20
F 17 5 .8 0 B 17

5 20
C 17

6.75
K 17

5 .45

L 18 6.40
F 18 5 50

B 18
4 .9 0 C 18

6.65
K 18

4 .2 0

L 19 5.40
F 19 5 .5 5

1 U
B 19

5 .1 5
C 19

5.80 K 19
3 .50

L 20 6.00
F 2 0

5 .4 0
B20

5 .0 5 n
to o

7 .20
K20

2 .5 5

Mean 6.10 5 .5 0 5 .5 0 6.6 4 .7 0



Table 9. Cation exchange capacity of soils [cmol (p+) kg”1]

Sam ple No. CEC Sam ple  No. C EC Sam ple  No. CEC Sam ple No. C EC Sam p le  No. CEC

L 1 10.27
F 1 37 .40 B 1 18.50 C 1 5 .45 S

28.19

L 2 9.60 F 2 2 5 .70 B2 10.40
C2

10.85
S

20.46

L3 19.63
F3 15.13 B3 20.25

C3
8 .83

K 3
22 .18

L 4 8.83
F4 2 8 .40 B4

16.03
C4 5 .5 0 K 4 32 .18

L 5 10.15
F 5 8 .3 8 B 5

10.88
C5

7.25
S

25.18

L 6 20.47
F6 25 .03 B6

32 90
C6 5 .0 0

S
20 80

L7 10.48
F 7 54 .10 B7

14.90
C7

4 .55
S

20.68

L8 27.91
F 8 35 .15 B 8

20.18
C8 8 .6 0 S

10.40

L 9 10.28
F9 22 .10 B 9

19.08 C9 5.71
S

20.95

L 10 ' 29.30 F 10 31 .10 B 10
20.15 C 10 5 .6 8 S o

20.33

L 11 8.98
F 11 26 .83 B 11

22.10
C 11 6 .80

K 11
20.99

L 12 10.28 F 12 33 .13 B 12 20.28
C 12

17.38 K 12 23 .75

L 13 20.15
F 13 23 .00 B 13

10.75 C 13 6 .35 K 13
27.95

L u 8.95
F 14 10.85 B 14

26.18 C 14 7 .70 K 14
29 .20

L 15 27.91
F 15 27 .50

B 15
20.27 C 15 4 .8 0 K 15

32 .20

L 16 20.19
F 16 36 .05 B 16

16.03
C 16

9 .5 0
K 16

31 99

L 17 22.27
F 17 17.15 B 17

27.15
C 17

5 .0 0 K 17
18.50

L 18 25.18
F ie 15.01 B 18

12.98
C 18

8 .6 0 K 18
36 .95

L 19 10.15
F 19 24 .1 0 B 19

27.29
C 19

4 .7 8 K 19
31 .38

L 20 22.15
F 20 22 .10 B20

20.18
C20

9 .05 K20
19.38

Mean 18.89 27 .83 20.25 8 .4 8 19.48
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s ig n if ica n t ly  influences the content of FAN and the same is  g ra p h ica lly

presented in F ig . 6 (r  = 0 .8 7 ** ) .  M u ltip le  regre ssion  model was a lso

worked out between the cation exchange capacity and the va riou s

fractions of nitrogen The correspond ing regre ss ion  equation is  CEC

= -1 .0 3 3  -  315.68 NH.-N  -  437.26 N 0 --N  + 696.48 FAN + 30.24 AaN4 3

-  253.17 HaN + 322.31 HyAN -  79.78 NHyN -  181.60 UHyN (R2 = 0 .8 7 ** ).

Among the va riou s nitrogen fractions FAN alone showed

2
s ign if ican t corre la tion  w ith CEC P a rt ia l r  showed that the only

s ign ifican t fraction  i s  FAN. From the equation it  is  c lear that, 87

per cent va ria tion  in nitrogen fractions can be exp la ined  by the 

va ria t ion  of the CEC fo r the so il F ixa tion  of ammonium in s o i ls

is  mostly influenced by the type of the predom inating c lay  m ineral. 

I l l i t e  and re lated 2:1 m inera ls w hich have an in te r laye r spacing of 

1.33 A °  are known to trap  arm jmum ions in  between the la tt ic s  and 

it s  a v a ila b il it y  and re fixa tion  is  fac ilita ted  by alternate wetting 

and d ry in g  of s o i ls .  Among the d ifferent s o i l  types stud ied  brown 

hydrom orph ic  s o i ls  record the lowest va lues for f ixe d  ammonium. 

These s o i l s  w hich are cu ltivated  to rice, are subjected to alternate 

wetting and d ry in g  cond itions which lead to the release of f ixed  

ammonium ions, which may be a reason for the low content of fixed

ammonium present in  these so i ls .

6.2 2. Forest so il

The cation exchange capacity  va lues were h ighest for th is  

type  of s o i ls .  The fractions which are  s ig n if ica n tly  and p o s it ive ly
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correlated with cation exchange capacity are FAN (0 .67 ** F ig, 7), 

HaN (0 .69**) and total h yd ro ly sa b le  nitrogen (0 .53 **) F ixation of

nitrogen by high organic matter so ils  has been reported by many

w orkers (Burge and Broadbent, 1961, K rishnam oorthy, 1966). The

h yd ro x y l group present in the organic matter may be the site  of 

the reaction with the added ammonia.

M ultip le  regression  ana lys is  showed that, cation exchange

capacity is  s ign ifican tly  influenced by the various fractions in the

2 2
case of forest so il (R = 0 72*",f) . Partia l r showed that the only

sign ificant fraction affecting cation exchange capacity is  HaN Multip le

re g re ss io n  equation  i s ,  C E C  = 8 06 + 307.76 NH^-N -  2560.99 NO^-N

+ 117.18 FAN + 119 56 AaN + 502 59 HaN* + 69 58 HyAN -  16.08 NHyN

+ 48.51 UHyN (R2 = 0.72’,‘rt) .

6.2.3. Brown hydrom orph ic so il

For th is  type of so il also, there is  sign ificunt positive

correlation between cation exchange capacity and FAN (0 83 **) and

it i s  g raph ica lly  presented in F ig. 8. Another fraction which showed

sign ificant po sit ive  correlation with cation exchange capacity is  HaN

(0 .6 6 **) .  M ultip le  regression  ana lys is  showed that the cation

exchange capacity is  s ign ifican tly  influenced by the various fractions
2

of nitrogen (R = 0.80). The corresponding regression  equation is,

CEC = 12.33 -  1026.80 NH^-N + 417.77 NC^-N h 277.60 FAN* -  123.63

AaN + 321.03 HaN + 237.93 HyAN -  44 35 NHyN -h  6.34 UHyN (R2 = 

0 .80 *” )•
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P a rt ia l r showed that, the only fraction  w hich is  s ign if ican t

i s  FAN

6 2.4. Coastal alluvium

Sim ple  linea r regre ssion  showed that, cation exchange capacity 

is  s ig n if ica n tly  correlated  to FAN (r  = 0.57v* )  The re la t ion sh ip

between the cation exchange capacity  and fixed  NH^-N is  g ra p h ica lly

presented m  F ig. 9. The m ultip le  regre ssion  equation between the 

cation exchange capacity and nitrogen fractions is  given below.

CEC = 0.445 -  188 76 NH.-N  + 538 75 NCL-N + 315.87 FAN* -  53.634 3

AaN -  46.10 HaN + 202.35 HyAN + 2 49 NHyN + 12.86 UHyN 

(R2 = 0.48)

In  the coastal alluvium^ none of the fractions -ape found" to 

be s ig n if ic a n t ly  affecttt^ the cation exchange capacity  But 48 per 

cent va ria tion  in cation exchange capacity  of these type  of s o i ls

can be exp la ined  by nitrogen fractions

6,2.5. Kuttanad a lluv ium

Sim ple  linear regre ssion  a n a ly s is  showed that cation exchange

capacity  is  s ig n if ica n t ly  correlated  with FAN (r  = G -SS’’"-') . The

g ra p h ica l representation of the same i s  given  in F ig . 10. M u ltip le

regre ssion  a n a ly s is  showed that cation exchange capacity  i s  s ig n if i-

2
cantly influenced by the va riou s fractions of nitrogen (R = 0 74) .

2
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Part ia l r 2 showed that, the only sign ificant fraction affecting cation 

exchange capacity m the case of Kuttanad alluvium  is  FAN. The 

regression  equation is

ft
CEC = 8.89 -  216.21 NH^-N -  45.22 N03~N + 331.89 FAN + 66.65 

AaN + 111.02 HaN -  37.62 HyAN -  6.99 NHyN -  3.19 UHyN

(R2 -  0 .7 4 **).

In  a ll the five  so il types a sign ificant po sit ive  correlation 

between cation exchange capacity and FAN is  reported. Retention of 

NH* in the clay and organic matter fraction may be re sponsib le  for 

th is  re la tion sh ip .

7. Relationship between particle size distribution and nitrogen fractions

The data on sand, s i lt  and clay per cent of various so i ls  

are given in Table 10. The mean content of sand percentage in the

selected so il types were 67.06 (50.01 to 81.01), 67.01 (52.01 to

78.01), 64.91 (52.01 to 78.01), 87.60 (68.99 to 9 2 9 8 )  and 61.39

(31.99 to 74.99) in the la tente , forest, brown hydrom orphic, coastal 

alluvium  and Kuttanad alluvium  re spective ly .

In la ten te  so il 72 per cent variation  in the sand content 

can be explained by the nitrogen fractions. The HyAN sign ificantly  

influenced the sand. Importance of th is  HyAN in la ten te  so il was 

reported by Mohapatra and Khan (1982).
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Tab le  10a. Percentage of sand

Sample
No.

Latente Sam p le
No.

Forest
s o i l

Sample
No.

Brown Sam ple 
h yd rom orp h ic  No.

Coasta l
a lluv ium

Sam ple
No

Kuttanad
a lluv ium

L 1 72.09 F 1 52.01 B 1 62 99 C ! 92.99 K !
58.99

L2 70.99 F 2 71.01 B2 72 99 S 87.99 67.99

4 62.99 *3 72.01 B3 67.99 S 89.99 K3
50.99

L4 70.99 F 4 68.01 B4 61.99 C4 92.99
N

71.99

L5 72.99 F 5 78.01 B5 72.99 C5 81.99 71.99

L6 61.99 F 6 71.01
B6 52.98 c 6 92 99 K6

58.99

L7 68.99 F7 53.01 B7 61.99 S 92.98 K7
50 99

L8 71.99 F 8 54.01 B8 67 99 c 8 89.98 K8
68.99

L9 61.99 F 9 71 .01
B9 62.99 S 92.99 S

62.99

L 1 0
50.99 F 10 68.01

B 1 0
57.99 C 10

92.99 K 10
71.99

L 11 81.99
F 1 1

71 .01
B 11 69.99

C 1 1
89.99

K 1 1
68.99

L 1 2  n 72.99 F 12 54.01 B 12 67 99 C 12
68.99

K 1 2
71.99

L 13 61.98 F 13 71 .01
B 13 72.99 C 13 82.99 K 13 62.99

l h
60.99 F 14 72.01 B 14 67.99 C 14 92 99 K 14

31.80

58.99 68.01 67.99 92.98 K 52.98
15 15 15 15 15

L 16 70.99 P 16 61.01
B 16

61 .99 C 16
79.99 K 16

51.98

L 17 70.99 F 17 72.01
B 17 67.99 C 17 92.98 K 17

71.89

L 18 68.99 F 18 71 .01 °18 78.99 C 18 81.99 K 18
52.99

L 19 72.99 F 19 71 .01 B19 61 99 C 19
92.99 K 19

74.99

L 20 61.99
F 2 0

71 .01
B20 71 99 C20

74.99 K20
50.99

Mean 67.06 67.01 67.14 87.60 61.39
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Table 10b. Percentage of s i l t

Sample
No.

La te n te Sample
No.

Forest
so i l

Sample
No.

Brown
hydrom orph ic

Sample
No.

Coasta l
a lluv ium

Sample
No.

Kuttanad
alluv ium

L 1 8.00 F 1 8.0 B 1 12 00 C 1 3.00 K 1
18.00

4 17 00 F2 12.00 B2 9.00 C2
4 00 K2

17.00

*■3
9.00

F3 4.99 B3 14 00 C3
2.00 K3

22.01

L4 17.00 F4 12.00 B4 8 00 C4 3 00 K4
12.00

L5 8.00 F5 3.99 B5 17.00 C5
4.00

*5
20.01

L6 10.00 F6 3.99 B6 27.00 C6
3.00 K6

22.99

L7
9.00

F7 12 00 B7
7 00 S 2,00 K7

26.00

L8 12.00 F8 12.00 B8 14.00 C8
2 00 K8

17.01

L9 ' 19.00 F9 4.00 B9 12.00 C9
3 00 K9

12.00

L 10
17 00

F 10
2 00 B 10

14 00 So 5 00 K 10
17.00

L 11
9 00 SS 3.00 B 11

15 00 C 11
3.00 Kn 20 99

L 12
9.00 P 12 14 99 B 12 14 00 C 12

8 00 K 12
22.00

L 13
12 00 F13 8 00 B 13 8.00 C 13

3.00 K 13
19 00

L 14 18.00 F 14 20.00 B 14 22.00 C 14
4.00 K 14

15.00

L 15 15.00 F 15 12.00 B 15 15.00 C 15
2.00 K 15

12.00

L 16 12.00 F 16 12.00 B 16 8.00 C 16
2.00 K 16

8.00

L 17 12.00 F 17 ’ 4.00 B 17 12.00 C 17 2.00 K 17
17.00

L 10 15 00 F 18 4 00 B 18 9.00 C 18
3.00 K 18

10.00

L 19
8.00 F 19 8.00 B 19 22.00 C 19

2.00 K 19
9.00

L20
12.00 P20 12.00 B20 15.00 C20

4.00 K20
12.01

Mean 12.4 8 15 13.7 3.2 16 45
cn
co



Tab le  10c. Percentage of c lay

Sample
No.

Laterite Sample
No.

Forest
s o i l

Sam ple
No.

Brown 
hy d rom orph ic

Sample
No.

Coastal
a lluv ium

Sample
No.

Kuttanad
alluv ium

L 1

^2

19.99 F 1

F2

39.99 B 1 25.99 C 1
4.99 K 1

23 99

12 99 16.99 B2
18.99 C2

8.99 K2
15.99

L 3 28.99 F3 23 00 B3 18.99
<=3

8.99 K3
27 98

*"4 12.99 F4 19.99 B4 30.99 C4
4.99 K4

16.99

L5 19.99 F5 18.00 B5
10.99 C5

14.99 K5
8.98

L6 28 99 F6 25.00 B6
29.99 C6

4.99 K6
19.00

L7 22.99 F7 34.99 B7 31 .99 C7
5.02 K7

23.99

L8 16.99 P8
33.99 B8

18.99 <8
8.99 K8

14 98

19.99 F9 24.99 B9
25.99 C9

4.99 K9
25.99

L 10 32.99 F 10
29.99 B 10

23.99 C 10
2.99 K 10

11 99

L 11
9.99 F 11 25 99 B 11

25.99 C 11
7 99 K 11

11.00

L 12 18 99 F 12
21 .00 B 12

18.99 C 12
23.99 K 12

6.99

L 13
26.02

F 13
20.99 B 13

19.99 C 13
14.99 K 13

18.99

L 14 11.99 F n
17.99 B 14

20.99 C 14
3.99 K 14

38.99

L 15
33.99 F 15 19 99 B 15

17.99 C15
5.99 K 15

35.99

L 16
17.99 P 16 26.99 B 16

30.99 C 16
18.99 K 16

40 02

L 17 17.99 F 17 23.99 B 17
20.99 C 17

5.99 K 17
11.01

L 18 16.99 F 18 24.99
B 18

12.99 C 18
15.99 K 18

37.99

L 19 19.99 F 19 20.99 B 19
16.99 C 19

5.99 K 19
16.99

L 20
Mean

26.99

20.89
P20 16.99

24.34
B20

13.99 

21 .84
C20

21.99 

9.20
K 2 0

37 98 

22.29



61

The mean content of s i l t  percentage in  the selected so il type s 

were 12.4 (8 to 19), 8.15 (2 to 12), 13.7 (7 to 27), 3.2 (2 to 8)

and 16 45 (9 to 26) in the la te n te , fo re st, brown hydrom orph ic,

coastal a lluvium  and Kuttanad a lluv ium  re spe c t ive ly .

The mean content of clay percentage in the selected so il 

types were 20.89 (9 99 to 33.99), 24.34 (16.99 to 39.99), 21.84

(12.99 to 31.99), 8 85 (2 99 to 23.99) and 22.29 (6.99 to 38 99)

re spective ly

In the la te n te  so il,  a s ign if ica n t re la t ion sh ip  between FAN 

and c lay  content was obtained from sim p le  re gre ssion  equation (r

= 0 .60 '*") The g ra ph ica l representation of the same is  given m

F ig . 11. Coarse  clay was found to be quantitative ly  the most im portant 

fraction m f ix in g  added NH* as well as being the fraction  containing 

the la rge st portion of native fixe^ NH*.

8. Relationship between total nitrogen and nitrogen fractions

8.1 Laterite  s o i l

Sim plr linear regre ss ion  a n a ly s is  showed that FAN (r  = 

0 .7 6 * * ) ,  HaN ( r  = 0 53* ), NHyN (r  = 0 7 4 ^ )  and THyN (r  = 0.71*-“) 

are  s ig n if ica n t ly  correlated  to total nitrogen The g ra ph ica l represent­

ations of these are given in F ig . 12, 13, 14 and 15. M u ltip le  re g re ss­

ion a n a ly s is  showed that va riou s fractions s ign ifican tly  influence total 

nitrogen content in  s o i l.  Regression  equation is ,
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Total N = 0.0108 + 1 2329 NH^-N -  1 118 N03~N + 1 1388 FAN +
## Art

0.0347 AaN + 0 0073 HaN + 0.0098 HyAN + 1.0724
s, *  t̂s!c O

NHyN + 1 1232 UHyN (R = 0 9 9 * * ) .

From the equation it  is  understood that 99 per cent va riation  

in total nitrogen can be exp la ined  by the nitrogen fractions. Being 

the s ign if ica n t contributing fractions, a unit increase in FAN, AaN, 

HaN, NHyN and UHyN c e ta n s  pa ribu s w ill increase the total nitrogen 

by 1.139, 0.035, 0.007, 1.072 and 1.123 units re sp e c t ive ly .

8.2. Forest so il

S im ple  linear regre ss ion  a n a ly s is  showed that m forest so il 

NH4-N  (0 .5 1 * * ) ,  N03-N  (0 .5 5 * * ) ,  HaN (0 6 6 * ")  and NHyN (0 .82 **)

are  s ig n if ica n t ly  correlated to total nitrogen. The g ra ph ica l represent­

ations of these are given in F ig  N o s.16, 17, 18 and 19.

The m ultip le  regre ss ion  model between the total nitrogen and

nitrogen fractions is  given below

Total N = -0.0394 -  0.055 NH -N  + 25 51 NCL-N + 1.555 FAN -  0.5274 3

AaN -  0.0064 HaN -  1.308 HyAN + 0.903 NHyN + 0.185

UHyN (R2 = 0 .8 7 **)  .

In  the fo re st so il,  87 per cent variation  m total nitrogen

can be exp la ined  by nitrogen fr<__!:ions. Being the s ign if ican t contribut­

ing fraction, a unit increase in NHyN  w ill increase the total nitrogen

by 0.903 un its.
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S3

8 . 3 .  B ro w n  h y d r o m o r p h i c

S im p le  lin ea r regre ssion  a n a ly s is  showed that FAN (0.43*) ,

N03-N  ( -0 .5 2 * * ) ,  HaN (0 .6 4 ** ),  THyN (0 .73 **) and NHyN (0 .56**)

are  s ig n if ic a n t ly  corre la ted  to total n itrogen. The g ra p h ic a l represent­

ation s of these  are  g iven  in F ig . N o s.20, 21, 22, 23 and 24.

The m u lt ip le  reg re ssion  model between the to ta l n itrogen and 

nitrogen  frac tio n s  i s  g iven  below :

Total N = 0.0011 + 0.255 NH^-N -  1.806 N0.J-N + 0.259 FAN + 1.318

#
AaN + 1.777 HaN + 0.635 HyAN + 1.139 NHyN + 0.996

>Jc* o
UHyN (R = 0 8 9 * -) .

Being the s ign ific a n t  con tribu ting  frac tion s, a unit increase

m  AaN, NHyN and UHyN c e ta r is  par ibu s w il l  increase the total nitrogen  

by 1.318, 1.139 and 0.996 un its re sp e c t iv e ly .

8 4. C oasta l a lluv ium

Sim p le  lin ea r re g re ssion  a n a ly s is  showed that AaN (0 .6 6 ** ),  

NHyN (0 53*) and THyN (0 .55 **) are s ig n if ic a n t ly  corre la ted  to tota l

nitrogen. The g ra p h ic a l representations of these are  g iven  lr. F ig .

N o s.25, 26 and 27.

The m u lt ip le  reg re ssion  model between the to ta l nitrogen and 

nitrogen  frac tion s i s  g iven  below :

Tota l N = 0.1009 -  3.302 NH -N  + 1.98 NCL-N -  4.03 FAN + 3.35

AaN + 2.80 HaN -  2.53 HyAN + 0.59 NHyN + 0.403 UHyN 

(R 2 = 0.77 " ' ) .
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Being the sign ificant contributing fraction, a unit increase

on AaN ce ta n s  paribus w ill increase the total nitrogen by 3.35 times

re sp e c t ive ly .

8.5. Kuttanad alluvium

Sim ple linear regression  ana lys is  showed that HaN (0 .52**)

and THyN (0.48* ) are s ign ifican tly  correlated to total nitrogen. The

graph ica l representations of these are given in F ig. Nos. 28 and 29

The m ultiple regression model between the total nitrogen and 

nitrogen fractions is  given below

Total N = 0.0039 + 1.362 NH^-N + 1 335 N03~N + 0.798 FAN +
V>t It

1.293 AaN -  10.573 HaN -  0.252 HyAN + 1.003 NHyN
n

+ 1.117 UHyN (R = 0 .y9 **) .

Being the sign ificant contributing fractions, unit increase 

in NH^-N, NO^-N, FAN, AaN, HaN, NHyN and UHyN ce ta n s paribus 

w ill increase the total nitrogen by 1.362, 1.335, 0.798, 1.293, 0.573,

1.033 and 1.117 units re spective ly .

9. Relationship between organic carbon and nitrogen fractions

The organic carbon contents of the selected so il types is  

given in Table 11.



Table 11. Organic carbon of soils (per cent)

Sa m p le  No. 0  C . Sam p le  No. O .C .  S a m p le  No. O .C  Sam p le  No O .C . S a m p le  No. 0  C.

L 1
0 .70

F 1 5 .0 4 B 1

L 2 0.51
F 2

2 .3 6
B 2

L3 0.62
F 3

1.97
B 3

L 4 0 39
F4 1 .63

B 4

L 5
1 17

F 5
1 .38

B 5

L 6 1 30
F 6 2 39

B 6

L 7 0 86
F 7 4 .0 3

B 7

L 8 1 15
F8 3.01

B 8

L 9
1 47

F 9
1.32

B9

L 10 '  19
F 10 1 .50

B 10

L 11 0 56
F 11 2 .7 0

B 11

L 12 2.06
F 12 2 .0 5

B 12

L 13 0 97
F 13 1 .21

B 13

l u
1 47 F 14 0 .6 4

B 14

L 15 1 91
F 15 2 05

B 15

L 16 1 09
F 16 2 .0 0

B 16

L 17 0 .86
P 17 1 49

B 17

L 1S
0 92

P 18
1 .49

B 18

L 19 0 .5 0
F 19

2 .0 5
B 19

L 20 2.65 o(N
LL 2 .0 0

B 20
Mean 1.12 2 12

0 72
C 1

0 .2 4
K 1

1 52

0 .4 6
C2 0 .33

* 2
1 52

0 .7 5

0 .7 2
C 3

C4

0 .36

0 .1 8
* 3  •

K 4

1 .17

2 .6 5

0 67
C5

0 26
" 3

2 .1 2

0 71
C 6

0 .2 8
* 6

1 .46

0 .5 4
C7

0 .14
* 7

1 .85

0 .3 9
C8 0 27

^ 8
0 44

1 09
C9

0 35
* 9

1 .69

1.30
C 10 0 .4 0 K10 2 84

0 .5 3
C 11 0 30 K 1 1 0 .1 9

0 .5 6
C 12 0 36

K 12
1 .83

1.08
C 13 0 .3 3

K 13
1 .04

1 .32
C 14

0 .7 7
K U

0 32

1 .85
C 15

0 .2 6 K 15
0 .5 3

1 .16
C 16

0 .1 8 K16 0 39

0 44
C 17

0 .2 9
* , 7

1 . t>5

1 .16
C 18

0 .8 0
K 18

1 .74

1 .91
C 19

0 33
K !9

1 .62

0 .7 7
C20

0 .4 5 to O

4 . 6 3

0 .91 0 34 1 .56

CTi
on
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9.1. La te n te  s o i l

The mean content of organ ic carbon in th is  type i s  1.12 per 

cent (range, 0.50 to 2.65 per cent). S im ple  linear re gre ss ion  an a ly s is  

showed that THyN ( 0 6 8 " * ) ,  AaN (0 .5 6 **)  and HaN (0 .53 **)  are 

s ig n if ica n tly  corre lated  to organ ic carbon. The graph ica l' representation 

of the re la t io n sh ip  of organ ic carbon w ith THyN, AaN and HaN is  

presented in F ig . N o s.30, 31 and 3 2  re sp e c t ive ly . M u lt ip le  regre ssion  

a n a ly s is  showed that va riou s fractions s ig n if ica n tly  influenced organic 

carbon content in  s o i l.  P a rt ia l r '1 showed that AaN and HaN 

s ig n if ica n tly  influenced the organic carbon content. The regression  

equation is

O .C. = -1 .340  + 76.89 NH -N  -  41.11 N03~N + 6.07 FAN + 23.40 AaN*

*  2
+ 30.71 HaN + 7 73 HyAN -  2.22 NHyN -  1.83 UHyN (R =

0 .7 5 ** ) .

From the above m ultip le  regre ss ion  model it  i s  understood

that 75 per cent va riation  in organic carbon content can be explained 

by the nitrogen fractions Being the s ign if ican t contributing fractions, 

a unit increase  m AaN and HaN c e ta n s  pa ribu s w ill increase the

organ ic carbon by 23.4 and 30.7 units re spe c t ive ly .

9 .2. Forest so il

Among the f iv e  selected s o i l  type s, the maximum organic

carbon is  'eported  for fo re st so il.  The mean content of organic

carbon is  2.12 per cent (0.64 to 5.04 per cent). Sim ple  linear 

re gre ss ion  a n a ly s is  showed that in fo re st so il,  NH^-N (0 .7 8 **) ,  NC>3-N
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(0 .6 5 * * ) ,  FAN (0 ,5 7 * * ) ,  HaN (0 6 5 * * )  and NHyN (0 .44 *) are s ig n if i­

cantly correlated  to organic carbon and these are g ra p h ica lly  presented 

in  F ig . Nos. 33, 34, 3^ 36 and 37 re sp e c t ive ly . The m ultip le  re g re ss­

ion model between the organ ic carbon and nitrogen fractions is  given 

below.

O.C = 0.328 + 103.80 N H .-N **  -  229.35 N0„-N -  2.87 FAN + 6.404 3

AaN + 41.88 HaN* + 32.47 HyAN -  0.514 NHyN -  0.723 UHyN 

(R2 = 0 .8 7 * * ) .

From the equation it  i s  revealed that a unit increase  m  the 

content of NH^~N and HaN ca ta ris  p a ribu s w ill increase the organic

carbon content by 103.80 units and 41.88 units re sp e c t ive ly .

9.3. Brown h ydrom orph ic  s o i l

The mean content of organic carbon fo r t h is  type  is  0.91

per cent (range, 0.39 to 1.85 per cent). S im ple  linea r regression

a n a ly s is  showed that only HaN is  s ig n if ica n tly  correlated  to organ ic

carbon content (0 .4 3 ‘) and th is  is  g ra p h ic a lly  presented in F ig. 38.

M u ltip le  regre ssion  a n a ly s is  showed that va riou s fractions of nitrogen

2
s ign if ica n tly  correlated  to organic carbon content (R = 0 .7 0 * * ) .  Partia l

2
r showed that only NHyN is  s ign ifican t. Regression  equation is

O.C = -0.1054 + 48.65 NH^-N -  67 29 N03~N -  2.36 FAN + 4.32 AaN

+ 16.30 HaN + 31.68 HyAN + 7.64 NHyN* + 0.743 UHyN (R 2

= 0 .7 0 *) .
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Since NHyN is  the s ign ifican t fraction, it  can be exp la ined  

that keeping a ll other fractions constant a unit increase  in NHyN 

w ill increase  the organic carbon by 7.64 times.

9 .4. Coastal a lluv ium

Among the selected so il type s, the minimum organic carbon 

i s  reported fo r t h is  type. The mean content of organ ic carbon is  

0.34 per cent (0.14 to 0.80 per cent). In  th is  type, sim p le  regression  

a n a ly s is  and m ultip le  re gre ss ion  a n a ly s is  showed that none of the 

va riou s  fractions of nitrogen s ign if ica n tly  influence organ ic carbon. 

M u ltip le  re g re ss ion  equation is

O.C. = 0.382 -  8.02 NH.-N  + 5.66 NCL-N -  6.74 FAN + 1.30 AaN +
4 3

8.17 HaN + 3 20 HyAN -  1. U  NHyN -  10.679 UHyN (R2 = 0.18).

9.5. Kuttanad a lluv ium

The mean content of organic carbon is  1.56 per cent (0.19

to 4.63 per cent). S im p le  linear regre ssion  a n a ly s is  showed that 

only NHyN i s  s ig n if ica n tly  correlated  to organic carbon (r = 0 .48*) 

and th is  i s  g ra p h ic a lly  presented in  F ig  39 . M u ltip le  regression

a n a ly s is  showed that va riou s fractions of nitrogen d oe sn 't  

s ig n if ic a n tly  influence the organ ic carbon of so il.

O .C. = 0.958 -  194 82 NH^-N t 40 11 N O ^ N  + 7.01 FAN + 3 30 AaN

-  6.98 HaN -  28.71 HyAN -  28.47 NHyN* + 14.47 UHyN (R2
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On stu d y in g  the re la t io n sh ip  of va r io u s  n itrogen frac t io n s

to o rgan ic  carbon in the se lected  s o i l  typ e s of Ke ra la  it  i s  revea led  

that, 75 per cent va ria t io n  of o rgan ic  carbon in la te rite  s o i l,  87 

per cent va r ia t io n  of o rgan ic  carbon in fo re st s o i l  and 70 per cent 

va r ia t io n  of o rgan ic  carbon  in brown h yd ro m o rp h ic  s o i l s  can be

exp la ined  by the nitrogen fra c t io n s of the s o i l s .  But in the case 

of coasta l a lluv ium  and Kuttanad a lluv ium  a s ig n if ic a n t  re la t io n sh ip  

between the n itrogen fra c t io n s  and o rgan ic  carbon cou ld  not be

e sta b lish e d  The re la t iv e  im portance of d iffe ren t fra c t io n s  of nitrogen 

to o rgan ic  carbon  i s  reported  as 75 per cent (Perum al and

Velayudham , 1977) .

10. Re lationsh ip  between a lka lin e  KMnO^-N and nitrogen fractions

The data on a lk a lin e  KMnO^ n itrogen of the se lected s o i l

typ e s i s  g iven  in  Tab le  12.

10.1. La te rite

The mean content of a lk a lin e  KMnO^-N fo r t h is  type  is  0.0192 

per cent (0.0121 to 0.0327 per cent). S im p le  lin e a r re g re ss io n  a n a ly s is  

showed that on ly  THyN (0 49 ) i s  s ig n if ic a n t ly  co rre la ted  w ith 

a lk a lin e  KMnO^-N The g ra p h ic a l rep resentation  of t h is  i s  g iven  in

F ig . AO- S r iv a s ta v a  (1975) a lso  e s ta b lish e d  a h ig h ly  s ig n if ica n t

co rre la tion  between THyN and a lk a lin e  KMnO -N



Table  12. A lk a l in e  KMnO^ n itrogen  of s o i l s  (per cent)

Sam ple No. A lk a lin e
KMnO.-N4

Sam ple No. A lk a l in e
K M nO ,-N  4

Sam p le  No A lk a lin e
KM nO ,-N  4

Sam ple No A lka lin e
KMnO, -N 4

Sam p le  No. A lk a l in e
KMnO, -N  4

L 1
0.0121

F 1 0.0699 B 1 0.0150 C 1 0 0021 K i 0.0389

L2 0.0127
F2 0 0194

*2 0 0013 C2
0.0054 K2 0 .0197

4 0.0181
F3 0.0261 B3 0 1260 C3 0 0154 *3 0.0325

L4 0.0174
F4 0 0154

B4
0 0147 C4 0 0088 0.0261

L5 0 0300
F5 0 0148

B5
0 0187

C5 0 0088 0.0197

L6
0.0128

F 6 0.0274
B6 0 0049 C6 0 0021 0 0197

L7
0 0194

F 7 0.0267 B7 0 0315
C7 0 0054 K ? 0 .0166

L8 0 0154
F8 0 0294

B8
0 0945 C8 0.0088 * 8

0 0032

L9 0.0228 F9 0.0208 B9
0 0134

C9 0.0054
* 9

0.0261

l io
0.0241

F 10 0.0241
B 10 0 0101 C 10 0.0088 K 10

0.0038

L 11 0.0121
F 11 0 0307

B 11
0 0014

C 11
0 0021

K 11
0 .0325

L 12
0.0301 F 12 0 0241 B 12 0 0150 C 12 0 0032 K 12

0.0077

L 13
0 .0140

P 13 0 0208 B 13 0 1197
C 13

0.0021 *1 3
0 0197

L 14 0.0327 F 14 0 .0088 B 14 0.1229 C 14
0.0154 K 14

0 .0070

15 0.0294
F 15 0 0247

B 15 0 0260 C 15 0.0088 K 15
0.0038

L 16
0 0077

F 16 0 0427
B 16 0 0186 C 16

0 0054
K 16

0.0134

L 17
0.0221

F 17 0.0154 B 17 0 0032
C 17 0.0088 *1 7

0 0197

L 18
0.0127

F 18 0.0234 B 18
0 0241

C 18
0 0014

K 18
0.0197

L 10 0.0077
F 19 0 0208

B 19 0 0167 C 19
0.0021

K 19
0 0261

L20 0.0307 F
20

0 0254
B20

0.0120
C20

0 0121 K20
0.0203

Mean 0.0192 0.0255 0 0345 0.0066 0 .0188  
------------- e r
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The m u lt ip le  re g re ss io n  model i s  g iven  below

A lk a l in e  KMnO -N  = 0.004 + 0 22 NH -N  4 0.75 NO .-N  -  0 28 FAN
> • 4  4 o

+ 0.34  AaN + 0 .30  HaN -  0 54 HyAN + 0 18 NHyN

-  0.03 UHyN (R2 = 0 54)

2
P a r t ia l r show ed that AaN, a contnbutent of THyN s ig n i f i ­

can tly  and p o s it iv e ly  influence  the a lk a lin e  KMnO^-N.

R e la t io n sh ip  of s o i l  n itrogen fra c t io n s  w ith  crop  response  

re vea led  that AaN i s  im portant fo r c rop s l ik e  maize (C o rn fo rth , 1965), 

wheat (A gga rw a l, 1971), p ea rl m ille t (S in gh , 1972). Perum al and

Velayutham  (1977) stated  the im portance of amino a c id  n itrogen in

the nu trition  of r ic e .

So, the s ig n if ic a n t  re la t io n sh ip  e sta b lish e d  between the AaN

and a lk a lin e  KMnO -N  show s that the a lk a lin e  KMnO^-N m  the la te rite

s o i l s  of Ke ra la  can be con side red  as a re lia b le  method of a v a ila b le  

n itrogen estim ation. Sw a ra jya la k sh m i (1987) e s ta b lish e d  the  con tribu tion  

of AaN in  the a v a ila b le  pool of n itrogen.

10.2. Fo re st s o i l

The mean content of a lk a lin e  KMnO^-N to r th is  type  is  0.0255

per ent (0 .0088  to 0 0699 per cent)

S im p le  lin e a r  re g re ss io n  a n a ly s is  show ed ihat NH^-N (0 .8 1 * * ) ,  

NO^-N (0.66 * )  and NHyN (0 .5 2 ,tM) a re  s ig n if ic a n t ly  and p o s it iv e ly

co rre la te d  w ith a lk a lin e  KM nO ^-N  and these are  g ra p h ic a lly  presented
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in  F ig . Nos. 41 to 43. M u ltip le  regre ss ion  a n a ly s is  showed that

va riou s  fract ion s of nitrogen s ign if ica n tly  influence the a lka line

2 2 KMnO^-N (R = 0 .84 ). P a rt ia l r  value showed that, among the

va riou s fractions NH^-N and HyAN is  s ign ifican t Regression  equation

is ,

A lka lin e  KMnO.-N  = 0.003 + 1.53 NH. -N *~  -  2.50 N 0 --N  -  0.23 FAN4 4 3

+ 21.0 AaN + 0.20 HaN + 0 63 HyAN + 0.04 NHyN 

-  0.005 UHyN (R 2 = 0 .8 4 ** ) .

The equation revealed  that 84 per cent va ria tion  in a lka line  

KMnO^-N can be exp la ined  by nitrogen fractions. A  unit increase 

in  NH^-N and HyAN ce ta n a  pa ribu s w ill increase the a lka line  KMnO^-N 

by 1.53 and 0.63 units re sp e c t ive ly .

In  fo re st s o i l s  the dominant end product of m ineralization

15 NH4-N  which agrees w ith the data reported by se ve ra l w orkers 

(Nom m ik, 1976; Geist, 1977; Federer, 1983).

10.3. Brown h ydrom orph ic  s o i l

The mean content of a lka lin e  KMnO^-N for t h is  type is  0.0345 

per cent (0 0013 tO 0.1229 per cent).

S im p *, linea r regre ssion  and m ultip le  re g re ss ion  a n a ly s is  

showed that va riou s fractions of nitrogen does not s ig n if ica n tly  

influence the a lka lin e  KMnO^-N. M u lt ip le  regre ssion  equation is



0 
04 

0 
08 

0 
}j 

0 
lb 

0 
20 

0 
24 

0 
20 

0 
32

N
H

yn
, 

per 
rc

n
L

f 
kj 

43 
H

^lciiioriblup 
L 

L
tw

L
ui 

NHyN 
und 

aLkaline 
KM

nO



0 
001 

0 
002 

0 
0

0
J 

() 
004 

0 00b 
0 

00b 
0 

007

Nl) 
n 

pf 
t 

re
n

t

A lk a l in e  KM nO ^-N  per cent 

o  o  0  0  o  o
°  o  8  §  R  ato u j Ln CTi

\
\

<

C

o cr
c

cr (j?
VO 4!

£
+■

cn

<_n
CT
O
cn
X

Fly 
42 

R
e

la
tio

n
sh

ip
 

betw
een 

NO., 
N 

and 
dlk 

lline 
K

M
n

O
^

- 
in 

fo
re

st 
so

il 
f



73

A lk a lin e  KMnO^-N = 0.052 + 4.83 NH^-N + 0.158 NC>3-N -  0.825 FAN

-  0.217 AaN - 1.355 HaN -  2.90 HyAN + 0.135

NHyN + 0.956 UHyN (R2 = 0.44).

10.4. Coasta l a lluv ium

The mean content of a lka lin e  KMnO^-N fo r t h is  type is  per 

cent (0.0021 to 0.0066 per cent).

S im p le  regre ssion  and m ultip le  regre ss ion  a n a ly s is  showed

that va riou s fractions of nitrogen does not s ig n if ica n t ly  influence

the a lka lin e  KMnO^-N in s o i l . M u lt ip le  regre ss ion  equation is

A lk a lin e  KMnO^-N = 0 0016 + 0.324 NH^-N + 0.275 N03~N -  0.216 FAN

-  0.022 AaN + 0.473 HaN + 0.397 HyAN + 0.008

NHyN + 0 073 UHyN (R2 -  0 49).

10.5. Kuttanad a lluv ium

The mean content of a lka line  KMnO^-N for th is  type is  0.0188 

per cent (0.0032 to 0.0389 per cent).

S im ple  regre ssion  and m ultip le  regre ss ion  a n a ly s is  showed

that va riou s fractions of nitrogen d<nel not influence the a lka line

KMnO^-N m  s o i l .

A lk a lin e  KMn0^-N  = 0.009 -  0.935 NH^-N + 0.295 NC>3~N -  0.047 FAN 

+ 0.263 AaN 0.187 HaN -  0.441 HyAN + 0.002

NHyN + 0.173 UHyN (R2 = 0.28).
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In  the  th re e  s o i l  ty p e s  v iz . ,  brow n h y d ro m o rp h ic , co asta l 

a llu v iu m  and Kuttanad a llu v iu m  a s ig n if ic a n t  re la t io n sh ip  between 

the  a lk a lin e  KMnO^-N and n itrogen  frac tio n  cou ld  not be e s ta b lis h e d .  

So fo r  the se  ty p e s  of s o i l ,  a better a n a ly t ic a l method o f a v a i la b le

n itrogen  than tha t o f a lk a lin e  KMnO^-N has to be taken up.

11. Relationship between nitrogen uptake and nitrogen fractions

The data  on n itrogen  uptake by  r ic e  se e d lin g s  m  the se lected  

s o i l  ty p e s  i s  g iv e n  in  T ab le  13. Among the f iv e  ty p e s  of s o i l  stu d ied  

none of the s o i l  typ e  e s ta b lis h e d  a s ig n if ic a n t  re la t io n sh ip  between 

nitrogen  uptake  and the n itrogen  fra c t io n s .  These  f in d in g s  are  in 

con trast  to the p re v io u s  re p o r ts  (A gga rw a l, 1971; S in g h , 1972, B la c k

and W aring, 1972; K e e rth is in gh e  £ t  , 1984; Baethgan  and A lle y ,

1987), But a n ega tive  re la t io n  of NHyN to n itrogen  uptake  in r ice  

i s  rep orted  by M ohap atra  (1988).

Eventhough  not s ig n m c a n t ,  62, 32, 24, 52 and 38 per cent 

v a r ia t io n s  m  the n itrogen  uptake  can be e x p la in e d  by  the n itrogen

fra c t io n s  o f the  la te r ite ,  fo re s t, brow n h y d ro m o rp h ic , co asta l 

a llu v iu m  and Kuttanad a llu v iu m  s o i l s  re sp e c t iv e ly

The n itrogen  uptake in  the p resent stu d y  w as ca lcu la te d  from  

the data  ob ta ined  from the Neubauer experim ent. The n o n a d a p ta b ility  

o f the Neubauer technique fo r  n itrogen  uptake s tu d ie s  was reported  

due to the h ig h e s t  n itrogen  content in  the p add y  se e d s. I t  i s



Table 13. Nitrogen uptake, per eefit

Sam ple  No U p ta ke Sa m p le  No. U p ta ke S a m p le  No. U p ta ke Sam ple  No. U p ta ke S a m p le  No. U p ta ke

h 0 .0 2 8 F 1 0 065 B 1 0 .0 4 2 C 1 0 .0 4 9
K i

0 047

L 2
0 040

F 2 0 .082
B 2

0 049
C2

0 .0 4 8
K2

0 034

L3 0 066
F 3

0 .043
B 3

0.041
C3

0 .0 3 8 S 0 051

L4 0 .056
F 4

0 029
B 4

0 042 C4 0 .0 3 9 0 051

L 5
0 .0 2 3

F 5 0 .025
B 5

0 .0 4 5
C5

0 .0 5 5
* 5

0 052

L 6 0 .0 4 6
F 6

0 .0 3 9
B 6

0.041
C6

0 035
* 6

0 060

L 7 0 .0 3 0
F 7 0 .076 B 7

0 .0 2 5
C7

0 .0 3 3
* 7

0 059

L 8
0 056

F 8
0 024

B8
0 .0 2 6

C8
0 .0 4 6

* 8
0 056

L 9 0 057
F 9

0 .046
B 9

0 .0 2 3
C9

0 .0 3 4
* 9

0 033

l io
0 ,04~

F 10
0 .042

B 10
0 .0 2 7 So 0 .0 4 5

*1 0
0 045

L 11 0 040
F 11

0 .0 6 8
B 11

0 059
C 11

0 .0 3 4
* 1 ,

0 042

L 12
0 .0 4 8 F12 0 032

B 12
0 .0 3 4

C 12
0 .0 4 6

*1 2
0 031

L 13
0 041

F 13
0 .049

B 13
0 055

C 13
0 027

*1 3
0 034

L 14
0 .0 4 2

F 14
0 .047

B 14
0 039 C 14

0 031
* H

0 054

L 15
0 .0 3 8

F 15
0 .027

B 15
0 .041

C 15
0 .0 4 6

*1 5
0 054

L 16
0 050

F 16
0 045

B 16
0 054

C 16
0 .0 2 9

*1 6
0 .0 5 3

L 17
0 .0 5 4 F17

0 045
B 17

0 .0 5 0
C 17

0 .0 5 9 K 17
0 029

L 18
0 .0 5 0

F 18
0 .044

B 18
0 .0 4 8

C 18
0 050

K 18
0 053

L 19
0 .0 4 7

F 19
0 056

B 19
0 .0 4 8

C 19
0 .0 3 8 K 19

0 038

L 20
0 .0 2 5

F 20
0 .0 7 4

B 20
0.031 So 0 036

K 20
0 014

Mean 0 .0 4 4 0 .0 4 8 0.041 0  041 0 045



Table 14. C/N Ratio of so ils

Sam ple  No. C /N  R atio

L 1 4 . 0

4 4 . 8 6

*"3 3 . 6 9

L4 2 . 7 9

L5 5 . 0 9

L6 7 . 4 3

L7 6 . 4 7

L8 5 . 3 0

L9 10 5 0

L 10 4 . 0 5

L 11 5 . 0 0

L 12 1 0 . 1 5

L 13 5 . 7 7

L 14 9 . 5 5

h a 9 . 7 5

L 16 6 . 7 7

h 7 5 . 5 8

L 18 5 . 4 8

L 19 3 . 2 5

r~
to o 1 1 . 1 3

Mean 6  3 3

Sam p le  No. C /N  R a t io

F 1 1 0 . 2 9

F 2
7 . 8 4

F3
4 . 9 4

F4 4 . 8 2

F5
7  5 8

F 6 9 . 4 8

F7 10 8 6

F8 9 . 1 5

F 9 9 . 4 3

F
10

4  5 6

11
9 . 6 4

F 12
7 . 5 1

F 13
3 . 3 2

F 14 6 . 1 0

F 15
8 . 3 7

F 16
6 . 6 5

P 17
6 . 6 5

F 18
7 . 3 4

F 19
5 . 2 3

F2 0
1 0 . 9 9

7 . 5 4

Sam p le  No C /N  Ratio

B 1 4 . 2 9

B2 3 . 8 7

B3
4 6 6

b 4 4  6 8

* 5
4 16

B6
4 61

B7
2 9 7

b b
o 5 7

B9 7 . 0 8

B 10 6 . 8 8

B11 4 . 7 3

B 12
4  44

B 13
5 . 9 7

B 14
5  10

B 15
6  45

B 16
6 . 9 1

B 17
1 8 5

B 18
4 . 6 0

B 19 7 4 0

B2 0
5 0 0  

5 . 0 6

Sam p le  No. C /N  R a tio

C 1 1 . 9 7

1 . 8 8

C3
1 5 6

1 . 1 7

C5
1 . 0 9

C6
1 . 3 3

=7
1 6 7

s 3 0 0

2 . 1 7

C 10
2 . 7 2

C 11
1 4 3

C 12
2 71

C 13
2 6 2

C 14
7 . 3 3

C 15
1 . 8 6

C 16
0 . 7 7

C 17
0 . 8 8

C 18
5 .  16

C 19
2 3 6

C20
2 . 3 8

2 . 3 0

Sam p le  No C /N  R a t io

h
5 . 1 7

K2
5 17

3 8 9

\ 7 . 2 8

K5
9 . 1 8

K6
4 53

K7 6 . 9 6

k8 2 . 2 5

k 9 7 . 5 4

K 10
8 93

K 11
1 3 6

K 12
1 0 . 0 5

K 13
3 . 5 4

K 14
1 .2 4

K 15
2 23

K 16
1 . 8 6

« 1 7 4 . 9 1

K 18
7 . 1 0

K 19
6 . 2 6

K20 1 3 . 5 0

5 . 6 5
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presumed that th is  nitrogen is  su ffic ient lo r  seed ling  growth and 

absorp tion  of N from the s o i l  m ight have taken place only to a very  

lim ited  extent

12. C :N  ra t io

The C N ratio  of the selected so il types is  presented in

Table  14. The mean value of C:N  ratio  m  the selected so il types

were 6.33 (2.79 to 11 13), 7 54 (3 32 to 10 99), 5 06 (1.85 to 7 4 ) ,

2.30 (0.77 to 7 33) and 5 65 (1 24 to 13 50) m  the la te rite , Forest,

brown hydrom orph ic , coastal alluvium  and Kuttanad a lluv ium  respect­

iv e ly .  The fore st s o i l  reported the h ighe st C/N ra t io  and the least 

by coastal a lluv ium . T h is  may be due to the va ria tion  in organic 

matter content The C/N ra t io  of the s o i l  i s  mainly decided  by the 

organic matter content of s o i l,  rather than the content of total nitrogen 

(Usha and Jose, 1983)
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SUMMARY

Surface  sam ples belonging to f iv e  s o i l  types v iz . ,  la ten te , 

fo rest, brown hydrom orph ic , coastal a lluv ium  and Kuttanad a lluvium , 

selected from va riou s p laces of the State were ana lysed  to find  out 

the va riou s  fractions of nitrogen. The re su lts  of the study are 

sum m arised as fo llow s.

1) Among the va riou s nitrogen fractions, AaN reported the maximum 

for la te n te  s o i l  followed by FAN, HyAN, UHyN, HaN, NHyN, NH^-N 

and NOg-N in the descending order.

2) In  the case of forest s o i l,  the major fraction  i s  the NHyN followed 

by AaN, FaN, UHyN, FAN, HyAN and NO -N
A o

3) A s in the case of la te n te  s o i l,  brown hyd rom orph ic  s o i l  a lso  

reported AaN as major fraction, followed by UHyN, NHyN, FAN, 

HaN, HyAN, NH^-N and N03~N

4) In  the case of coastal a llu v ia l s o i l  type, major fraction  is  NHyN
Htti N

followed by AaN, UHyN, FAN, HaN, HyAN and NO_-N.
a 3

5) In  the case of Kuttanad a llu v ia l s o i l ,  major fraction  is  NHyN, 

followed by AaN, FAN, HaN, UHyN, N03~N, NH^-N and HyAN.

6) In  a l l  the f iv e  s o i l  type s? a s ign if ican t p o s it ive  corre la tion  between 

cation exchange capacity  and FAN i s  reported.

7) On study in g  the re la t ion sh ip  of va riou s nitrogen fractions to organ ic 

carbon on the selected so il types of Kerala, it  i s  revealed that,
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75 per cent va ria t io n  of o rgan ic  carbon m la te r ite  s o i l,  87 per 

cent v a r ia t io n  of o rgan ic  carbon in fo re st s o i l  and 70 per cent 

v a r ia t io n  of o rgan ic  carbon in brown h y d ro m o rp h ic  s o i l s  can be 

e xp la ine d  by the n itrogen fra c t io n s  of the s o i l s .  But in the case 

of coa sta l a lluv ium  and Kuttanad a lluv ium  a s ig n if ic a n t  re la t io n sh ip  

between the nitrogen fract ion s and o rgan ic  carbon  could not bo 

e s ta b lish e d

8) The s ig n if ic a n t  re la t io n sh ip  obta ined  between AaN and a lk a lin e

KM nO ,-N , c o n s id e rs  a lk a lin e  KMnO ,-N , as a re lia b le  method of 4 ’ 4

a v a ila b le  n itrogen estim ation, in  the la te rite  s o i l s  of Kera la.

9) In  the  th ree  s o i l  ty p e s  v iz . ,  brown h yd ro m o rp h ic , coasta l a lluv ium  

and Kuttanad a llu v iu m , a s ig n if ic a n t  re la t io n sh ip  between the 

a lk a lin e  KMnO^-N and n itrogen fraction  could not be e s ta b lish e d . 

So fo r these  type s of s o i l ,  a better a n a ly t ic a l method of a v a ila b le  

n itrogen than that of a lk a lin e  KMnO^-N has to be taken up.

10) Among the f iv e  typ e s  of s o i l  stu d ie d , none of the s o i l  type

e sta b lish e d  a s ig n if ic a n t  re la t io n sh ip  berween the nitrogen uptake
/

and the nitrogen fra c t io n s  in the s im p le  re g re ss io n  and m ultip le  

re g re ss io n  a n a ly s is  conducted.
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ABSTRACT

In  o rd e r to study  the d is t r ib u t io n  of v a r io u s  o rgan ic  and 

ino rgan ic  fra c t io n s  of s o i l  n itrogen in  d iffe rent s o i l  type s of Kerala, 

100 su rface  s o i l  sam ples belonging to f iv e  typ e s were se lected from  

v a r io u s  p lace s of the state. The f iv e  s o i l  type s were la te n te , fo re st, 

brown h yd ro m o rp h ic , coasta l a lluv ium  and Kuttanad a lluv ium .

O bse rva t io n s on the general c h a ra c te r is t ic s  of s o i l  revea led  

that tota l n itrogen and o rgan ic  carbon was h ig h e st  fo r fo re st s o i l  

and was le a st m  the case of coasta l a lluv ium . In  general a l l  the 

s o i l  typ e s were a c id ic  in reaction. E le c tr ic a l con d u ctiv ity  was 

h ighe st in the ra se  of Kuttanad a llu v ia ] so il

I rac lionaLion  ol niLroyen showed that the most dominant f ra c t­

ion in the case ot latei ito  and brown h yd rom orp h ic  s o i l s  a-e  AaN 

and that fo r fo re st, coasta l a lluv ium  and  Kuttanad a lluv ium  is  NH yN. 

Mean total nitrogen content fo r la te rite  s o i ls  i s  0.174 per cent. Of 

th is ,  27 59 per cent was AaN, 20.69 per cent FAN, 16.67 per cent 

NHyN, 14.94 per cent HyAN, 11.67 per cent UHyN, 3.85 per cent 

NH^-N, 2 64 per cent NO^-N and 1 95 per cent HyAN. The mean value 

of total n itrogen content of the fo re st s o i l  was 0 304 per cent. Of 

t h is  41 45 per cent was NHyN, 1 / 8b per cent AaN, 12.24 per cent 

HaN, 10.63 per cent FAN, 10.36 per cent UHyN 3.36 per cent NH^-N, 

2 37 per cent HyAN and 1 74 per cent NO^-N The mean total nitrogen 

content of the brown h yd ro m o rp h ic  s o i l  was 0 180 per cent Of th is ,  

21.60 per cent v\as AaN, 21 25 per cent UHyN, 18.20 per cen4, NHyN,



17.20 per cent FAN, 13.76 per cent HaN, 3.16 per cent HyAN, 3.11

per cent NH^-N and 1.67 per cent NO^-N. The mean content of total

n itrogen of the coasta l a l lu v ia l  s o i l  was 0.161 per cent. Of th is ,

27.65 per cent NHyN, 22.26 per cent AaN, 19.96 per cent UHyN, 

12.40 per cent FAN, 6.51 per cent HaN, 6.26 per cent HyAN, 3.10

per cent NH^-N and 1.74 per cent NO^-N. The mean content of total

n itrogen of the Kuttanad a l lu v ia l  s o i l  was 0.2705 per cent. Of th is ,

37.04 per cent was NHyN, 15 16 per cent AaN, 14.94 per cent FAN,

11.42 per cent HaN, 10.76 per cent UHyN, 3.99  per cent NO^-N, 

3 70 per cent NH^-N and 2.96 per cent HyAN

In  a l l  the f iv e  s o i l  types there  was s ig n if ic a n t  p o s it iv e

co rre la tion  between cation exchange capac ity  and FAN On stu d y in g  

the re la t io n sh ip  of v a r io u s  n itrogen fra c t io n s  to o rgan ic  carbon on 

the se lected  s o i l  typ e s of Kerala  revea led  that 75 per cent va ria t ion  

of organ ic  carbon m  la te rite  s o i l,  87 per cent V a ria tion  of o rgan ic  

carbon in  fo re st s o i l  and 70 per cent va r ia t io n  of o rgan ic  carbon 

m  brown hyd ro m o rp h ic  s o i l  can be e xp la ined  by the n itrogen f ra c t ­

ion s of the s o i l s  The s ig n if ic a n t  re la t io n sh ip  obta ined  between AaN

and a lk a lin e  KMnO -N , con s id e rs  a lk a lin e  K M n 0 ,-N  as a re lia b le4 ’ 4

method of a v a ila b le  n itrogen estim ation, in the la te r ite  s o i l s  of Kerala. 

In  the th ree  s o i l  typ e s, v iz . ,  crown h y d ro m o rp h ic , coasta l a lluv ium  

and Kuttanad a lluv ium , a s ig n if ic a n t  re la t io n sh ip  between the a lka lin e
i

KMnO^-N and nitrogen fraction  could  not be e sta b lish e d . So fo r these 

type s of s o i l ,  a better a n a ly t ic a l method of a v a ila b le  n itrogen than 

that of a lk a lin e  KMnO^-N has to be taken up.


