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SUMMARY 

Nit r i f ica t ion  of f ixed NH4 + in 18 soils represent ing  different  agro-cl imat ic  
regions of W e s t  Bengal  reveals  t h a t  5.5 to  47.9% of fixed NH4 + is ni t r i f ied 
over  a 45-day incuba t ion  period. Al though,  ni t r i f icat ion of f ixed NH4 + increa- 
ses wi th  the  increase in the  incuba t ion  period, mos t  of it  is ni t r i f ied be tween  
the  15th and 30th day.  W h e n  the  NH4+-fixing power  of the  soil increases the  
ava i lab i l i ty  of f ixed NI-t4 + to n i t r i fy ing bac te r ia  decreases. 

INTRODUCTION 

Many research reports 2 3 4 7 10 revealed that  a small portion of 
the fixed NH4 + is nitrified by nitrifying organisms. With only 2 soils, 
B o w e r  7 observed that  only 13 to 28 per cent of the fixed NH4 + was 
nitrified during the 14 day incubation; extending the incubation 
period did not yield any further release of fixed NH4 +. A l l i s o n  
et al. 2 a 4 5 reported that  the availability of fixed NH4 + to nitrifiers 
did not exceed 10 per cent and such availability depends on the 
mineralogical composition of soil. In one geological specimen of 
vermiculite, almost all of the fixed NH4 + was nitrified, whereas in 
another specimen (a South African Sample) only 11 to 16 per cent 
was available to nitrifiers, Specific objective of the present study is 
to find out from an incubation experiment, the extent of availability 
of fixed NH4 to nitrifying organisms in soils of West Bengal repre- 
senting different agro-climatic zones. 
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MATERIALS AND METHODS 

T h e  e x p e r i m e n t  w a s  c a r r i e d  o u t  w i t h  18 so i l s  of  W e s t  B e n g a l  r e p r e s e n t i n g  

d i f f e r e n t  a g r o - c l i m a t i c  r e g i o n s .  T h e  r e l e v a n t  p h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  

t h e  soi ls  a r e  p r e s e n t e d  i n  T a b l e  1. T h e  soi l  s a m p l e s  w e r e  p r e p a r e d  a c c o r d i n g  

t o  t h e  m e t h o d  of  A l l i s o n  et al  2. T h e  soi l  s a m p l e s  w e r e  p a s s e d  t h r o u g h  a n  

8 0 - m e s h  s i e v e  a n d  t r e a t e d  w i t h  a s a t u r a t e d  s o l u t i o n  of  (NtI4)2SO4,  a n d  d r i e d  

o n  a w a t e r  b a t h  (60°C). T h e  p r o c e s s  w a s  r e p e a t e d  t h r i c e .  S a m p l e s  w e r e  t h e n  

e x t r a c t e d  in  100-g l o t s  in  g l a s s  e x t r a c t i o n  t u b e s  w i t h  1N  KC1, a d d e d  in  s m a l l  

p o r e i o n s .  T h e  e x t r a c t i o n  w a s  c o n t i n u e d  w i t h o u t  s u c t i o n ,  u n t i l  t h e r e  w a s  n o  

l o n g e r  a t e s t  fo r  a m m o n i a  w i t h  N e s s l e r ' s  r e a g e n t .  T h e n  t o  e a c h  100 g p o r t i o n  

w a s  a d d e d  100 m l  of  CaC12 t o  r e m o v e  m o s t  of  t h e  e x c h a n g e a b l e  K +  a n d  f ix  

t h e  h u m a t e  as  c a l c i u m  h u m a t e .  T h e  soi l  r e s i d u e  w a s  t h e n  l e a c h e d  w i t h  200 m l  

of  a 0 . 1 N  CaCi2-IVfgC12 (9:1) m i x t u r e ,  f o l l o w e d  b y  d i s t i l l e d  w a t e r  u n t i l  t h e r e  

w a s  o n l y  a s l i g h t  t e s t  fo r  c h l o r i d e  in  t h e  f i l t r a t e .  T h e  f i n a l  l e a c h i n g  w a s  c a r r i e d  

o u t  w i t h  200 m l  of  s a l t  s o l u t i o n  c o n s i s t i n g  of 2 g K t t 2 P O 4 ,  0 .2  g 1VfgS04, 

t r a c e  of  FeC18 a n d  A r n o n ' s  A-5  s o l u t i o n  of m i n o r  e l e m e n t s  p e r  l i t re .  A f t e r  a i r  

d r y i n g ,  t h e  s a m p l e s  w e r e  t a k e n  fo r  n i t r i f i c a t i o n  s t u d i e s .  B e f o r e  t h i s ,  t h e  

f i x e d  N I t 4  + p r e s e n t  in  t h e  s a m p l e s  w e r e  d e t e r m i n e d  b y  t h e  m e t h o d  of  S i l v a  
a n d  B r e m n e r  11. 

T A B L E  1 

Relevant  physical and  chemical characteristics of soils 

Sample Clay Dominan t  Organic pH CEC 
No % clay C iae/100 g 

mineral  % 

Total  Native NH4 + 
N fixed fixing 
% NH4 + capaci ty  

me]100g me/100 g 

1 7 I*, V 0.88 6.6 4.7 0.06 1.16 1.98 
2 10 K*, I 0.58 5.9 7.1 0.05 0.77 3.42 
3 22 K*, I 0.78 7.0 10.2 0.05 0.77 1.8t 
4 30 I*, K 0.56 5.4 I 1.6 0.05 0.73 1.66 
5 30 I*, K 0.64 6.0 13.5 0.06 0.78 1.95 
6 57 K*, I 0.78 6.7 21.2 0.06 0.91 2.50 
7 16 I*, K 0.33 5.1 10.7 0.04 0.66 1.95 
8 17 I*, V 0.71 5.6 17.5 0.05 1.58 13.62 
9 11 I*, K 0.43 7.1 13.8 0.05 0.70 1.70 

10 23 I*, K 0.76 7.4 17.9 0.08 1.86 3.80 
11 31 I*, V 0.65 8.3 17.2 0.08 1.63 10.33 
12 46 I*, K 0.58 6.8 20.5 0.06 1.67 4.42 
13 57 I* 0.66 7.4 21.3 0.07 2.28 8.68 
14 48 I*, K 0.79 7.0 22.5 0.07 1.78 5.10 
15 53 I*, K 0.59 6.9 16.5 0.05 1.93 3.29 
16 72 I*, K 0.78 7.6 30.0 0.06 2.20 7.46 
17 20 I*, K 0.74 7.5 11.3 0.06 1.27 7.14 
18 43 I*, K 0.81 8.3 10.4 0.07 1.96 2.77 

* : Dominant ;  I : Illite ; K : Kaolinite; V: Vermiculite. 
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T h e  i n c u b a t i o n  fo r  n i t r i f i c a t i o n  s t u d y  w a s  c o n d u c t e d  a t  28°C u s i n g  50  g 

o f  soi l  i n  2 5 0 - m l  E r l e m e y e r  f l a s k ,  c o v e r e d  w i t h  a n  i n v e r t e d  b e a k e r .  T h e  soi l  

c o n t a i n i n g  t h e  f i x e d  N H 4  + w a s  i n o c u l a t e d  w i t h  2 g of  a soi l  k n o w n  to  h a v e  a n  

a c t i v e  n i t r i f y i n g  f lo ra .  T h e  o p t i m u m  m o i s t u r e  w a s  m a i n t a i n e d  a t  50 p e r  c e n t  

of  f i e ld  c a p a c i t y  b y  t h e  a d d i t i o n  of  r e q u i s i t e  a m o u n t  of  d i s t i l l e d  w a t e r  o n  

e v e r y  t h i r d  d a y .  T h e  s a m p l e s  w e r e  a n a l y s e d  for  n i t r a t e  c o n t e n t  a f t e r  15, 30, 

a n d  45 d a y s  of  i n c u b a t i o n .  T h e  e x t r a c t s  w e r e  c o l l e c t e d  b y  a d d i n g  d i s t i l l e d  

w a t e r  (150 ml )  a n d  1 g C a O  to  e a c h  c o n t a i n e r ,  s h a k i n g  for  30 m i n u t e s  a n d  

f i l t e r i ng .  A l i q u o t s  w e r e  t a k e n  for  n i t r a t e  a n a l y s i s  a n d  d e t e r m i n e d  b y  t h e  
p h e n o l  d i s u l f o n i c  a c i d  m e t h o d  s 

R E S UL TS AND DISCUSSION 

The results of nitrification of the fixed NH4 + in soils of varying 
fixing capacities are shown in Table 2. I t  is observed that over a 
period of 45 days of incubation, the percentage of fixed NH4+ nitri- 
fied increases with the increase in the period of incubation and the 

T A B L E  2 

Nitrification of fixed NH4 + in soils 

Sample 
No 

Fixed NH4 + 
present  in 

the samples 
before 

incubat ion 
me/100 g 

Incubat ion period in days 

15 30 45 

A* B* A B A B 

I 1.61 0.16 9.9 0.37 23.0 0.44 27.3 
2 2.81 0.21 7.5 0.34 12. I 0.35 12.5 
3 1.22 0.35 26.7 0.50 41.0 0.57 46.7 
4 1.66 0.26 15.7 0.52 31.3 0.64 38.6 
5 1.90 0.26 13.7 0.39 20.5 0.45 23.7 
6 2.31 0.26 11.2 0.70 21.6 0.60 26.0 
7 1.95 0.16 8.2 0.42 21.8 0.48 25.0 
8 7.10 0.17 2.5 0.35 10.7 0.95 13.2 
9 1.67 0.35 20.9 0.57 34.1 0.60 35.9 

10 3.10 0.43 13.9 0.57 18.4 0.70 22.9 
11 5.40 O. 17 3.2 0.35 6.5 0.85 15.7 
12 4.29 O. I0 2.3 0.25 5.8 0.32 7~4 
13 6.30 0.14 2.2 0.34 5.3 0.38 6.3 
14 3.29 0.17 3.6 0.26 7.9 0.28 8.5 
15 2.51 0.30 12.0 0.50 19.9 0.57 22.7 
16 5.32 O. 12 2.3 0.26 4.9 0.32 6.0 
17 5.81 0.18 3.1 0.30 5.2 0.32 5.5 
18 2.62 O. 14 5.3 0.21 8.0 0.25 9.5 

* A = NOa nitrogen me/100 g. B = % of fixed NH4 + nitrified. 
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maximum nitrification of fixed NH4 + varies from 5.5 to 47.9 per 
cent. A x l e y  and L e g g  6 observed a decrease in the percentage 
availability of added NH4 + to nitrifying organisms with increasing 
NH4 + fixing capacity of the soil. The soils used in the present 
investigation vary widely in their ammonium-fixing capacities. 
Therefore, in order to relate NHa+-fixing power of the soil to nitrifi- 
cation of fixed NH4 +, the soils are classitied into three arbitrary 
classes based in their fixing capacities, namely, low, upto 2 me/100 g; 
medium, 2 to 3.5 me/100 g and high above 3.5 me/100 g. The mean 
of the percentages of fixed NHa + nitrified in soils of these three 
classes are found to be 35.0, 16.9 and 9.0 respectively. A highly 
significant negative correlation (r = --0.7437) exists between the 
NH4+-fixing capacity of the soil and the percentage of fixed NH4 + 
nitrified. 

The low availability of fixed NH4 + to nitrifiers in soils of high 
fixing capacity and vice-versa, thus indicate that  fixed NH4 + in the 
lattice sites is not accessible to nitrifying organisms. A similar expla- 
nation has been put forwarded by A l l i s o n  et al. 4. 

A closer examination of the results further reveals that most of 
the nitrification of fixed NHa + occur between 15th and 30th day of 
the 45-day incubation period. L u t z  9 also observed a surge of NOa- 
production between the 21st and 28th day, amounting to 5 to 10 
times that  occuring during other incubation periods. The slowing 
down of nitrification after 30th day may be due to gradually in- 
creasing non-availability of fixed NHa + and also to the increasing 
concentration of nitrate in the medium, which is known to suppress 
nitrification 1. An average of 21.0 per cent of fixed NH4 + is nitrified 
during the 45 days of incubation. This is also in accordance with the 
results reported by L u t z  9, who observed 20.4 per cent for some 
selected soils of South Eastern United States. 

In soils of high NH4+-fixing capacities (above 3.5 me/100 g) domi- 
nated by illite and vermiculite, 5.5 to 15.7 per cent of fixed NH4 + 
was found to be nitrified with a mean value of 9.0 per cent. 
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