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S H O R T  C O M M U N I C A T I O N  

I m p r o v e m e n t s  in the m e t h o d  for the  d e t e r m i n a t i o n  

of  a m m o n i a  vo la t i l i s ed  f r o m  soi l  fert i l ized w i th  urea  

S u m m a r y  
The use of a closed system to measure the loss of nitrogen by volatilisation 

from urea applied to soil has resulted in very high values. The experimental 
unit  described in this paper uses a modified aerated system which gives 
results in close agreement with yield data. These results, obtained under 
laboratory and fields conditions, are discussed. 

In troduct ion  

Urea is being increasingly used as a nitrogenous fertilizer because of its 
high nitrogen content  as compared to ammonium sulphate and the added 
advantage tha t  continued application does not markedly affect the pH of 
soils 1. 

The soil urease enzyme converts urea very rapidly to ammonium carbo- 
nate. The possible loss of ammonia derived from the ammonium carbonate 
particularly at the alkaline pH prevailing on the decomposing surface lit ter 
and organic mat ter  near the soil surface has been cited as a particular dis- 
advantage of using urea as a fertilizer 

The technique first described by V o l k  3 and modified by W a t s o n  et al. 4 
has been used to measure the loss of urea nitrogen from tea soils and losses as 
high as 30-40 per cent have been reported.~ These losses are however at  
variance with the data obtained from statistically laid out field experiments 
where it was found tha t  application of nitrogen as urea resulted in yields 
which were almost comparable to those obtained using ammonium sulphate 
and any occasional drop in yield seldom exceeded 10% of tha t  obtained 
with ammonium sulphate 1 

In this part  of the paper the results obtained by using the system described 
earlier 8 4 are compared with the results obtained by the use of a new im- 
proved system which gives results in closer agreement with those expected on 
the basis of yield data. 

Mater ia l s  and  methods 

Soi l  s a m p l e s .  The soils used in laboratory studies were obtained from 
cult ivated tea fields at  Talawakele (1500m amsl) in Sri Lanka. 
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Samples  for  m e a s u r e m e n t  of surface  loss of a m m o n i a  were col lected as 
20 cm cube  s labs  f rom a n  u n d i s t u r b e d  t ea  soil sur face  a n d  b r o u g h t  to  t h e  
l a b o r a t o r y .  T h e  s labs  were s u i t a b l y  cu t  a n d  p laced  to  ha l f  fill a large  de- 
s i cca to r  (24 c m  d iamete r ) .  

U r e a .  U r e a  was  app l i ed  to  t h e  soil a t  t h e  r a t e  of 5g/734 sq cm (equ iva l en t  
to  app rox .  300 kg  u rea -N/ha ) .  T i t r a t a b l e  q u a n t i t i e s  of a m m o n i a  were 
genera l ly  f o u n d  to be  evo lved  f rom t h e  f o u r t h  to  s i x t h  d a y  onwards .  

Soil sur[aae reactions 

1. C l o s e d  s y s t e m .  T h e  s y s t e m  was  s imi la r  to  t h a t  desc r ibed  ear l ier  8 4 
a n d  cons i s ted  of f i l te r  p a p e r  discs s a t u r a t e d  w i t h  0.5 N su lphur i c  ac id  
s u s p e n d e d  o n  a glass t r i p o d  2.5 cm a b o v e  t h e  sur face  of t h e  soil c o n t a i n e d  in 
t h e  des icca tor .  T h e  des icca to r  was  k e p t  closed a f t e r  t h e  ap p l i c a t i o n  of t h e  
ca l cu la t ed  q u a n t i t y  of u r ea  to  t h e  soil surface.  T h e  a m m o n i a  a b s o r b e d  b y  
t h e  f i l te r  p a p e r  was  d e t e r m i n e d  b y  soak ing  t h e  f i l te r  p a p e r  in  d is t i l led  w a t e r  
a n d  t i t r a t i n g  w i t h  0.1 N borax .  

2. A e r a t e d  s y s t e m .  T h e  ca l cu la t ed  q u a n t i t y  of u r ea  was e v e n l y  app l i ed  
on  t h e  surface  of t h e  soil in  t he  des icca to r  a n d  th i s  was  cove red  w i t h  t h e  l id 
ca r ry ing  o u t l e t  a n d  in le t  t u b e s  (Fig. 1). 

Fig.  1. A e r a t e d [ s y s t e m .  

Ai r  was  e i t he r  passed  t h r o u g h  t h e  s y s t e m  f rom a compres sed -a i r  source  or  
us ing  a low-pressure  v a c u u m  p u m p .  T h e  a m m o n i a  re leased  over  t h e  soil 
sur face  was  ca r r ied  in  t h e  a i r  s t r e a m  a n d  t r a p p e d  in  e i t h e r  4 %  bor ic  ac id  or  
0.5 N su lphur i c  acid c o n t a i n e d  in  a gas  w a s h i n g  bot t le .  P r e c a u t i o n s  were  
t a k e n  to  ensure  t h a t  t h e  q u a n t i t y  of acid was  suff ic ient  to  t r a p  all  t h e  
a m m o n i a  evolved.  T h e  soil was  per iod ica l ly  m o i s t e n e d  to  ensure  t h a t  t h e r e  
was  no  des icca t ion .  The  q u a n t i t y  of a m m o n i a  re leased a f t e r  a g iven  i n t e r v a l  
was  d e t e r m i n e d  b y  t i t r a t i o n  w i t h  0.1 N hydroch lo r i c  acid in  t h e  case of bor ic  
acid or 0.1 N b o r a x  in  t h e  case of su lphur ic  acid.  

3. F i e l d  e x p e r i m e n t s .  T h e  e x p e r i m e n t s  u n d e r  field cond i t ions  were  
ca r r ied  o u t  b y  p lac ing  t h e  des icca to r  lid, w i t h  or w i t h o u t  a n  a r r a n g e m e n t  for  
ae ra t ion ,  on  t h e  soil surface  w i t h  t h e  edges bu r i ed  to  a b o u t  2 cm so t h a t  t h e r e  
was  no  a i r  leakage.  I n  c e r t a i n  e x p e r i m e n t s  t h e  t e a  p l a n t s  were  ful ly  p r u n e d  so 
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t h a t  t h e  e x p e r i m e n t a l  a reas  are  exposed  to  full  sun l igh t .  O t h e r  e x p e r i m e n t s  
were  ca r r ied  o u t  in  t he  p a r t i a l  shade  u n d e r  t h e  p lan t s .  

R e s u l t s  

I t  is e v i d e n t  f r o m  Tab le s  l a  a n d  l b  t h a t ,  t h r o u g h o u t  t he  progress  of t h e  
e x p e r i m e n t ,  t he  closed s y s t e m  shows h ighe r  va lues  for  t he  loss of n i t r ogen  b y  
vo la t i l i za t ion  as a m m o n i a  w h e n  c o m p a r e d  to  t h e  a e r a t e d  sys tem.  The  pre-  
sence of surface  l i t t e r  on  t h e  soil caused  a n  inc reased  evo lu t ion  of a m m o n i a  
(Table  lb) .  

TABLE 1 

The loss of nitrogen (rag NH4-N) from urea applied 
to soil. Laboratory experiment 

No. of days after Closed Aerated 
urea application 

a. Soi l / tee  o] sur/ace litter 

6 7.56 2.81 
8 7.98 2.99 

10 9.10 5.29 
12 7.84 4.23 
15 8.96 2.74 

Percent of applied urea 
N lost 1.84 0.80 

b. Soil with surlace litter 

4 45.22 9.32 
7 48.02 10.64 
9 20.16 4.76 

11 14.70 11.76 
16 27.02 9.83 

Percent of applied urea 
N lost 6.89 2.16 

I n  a field whe re  t h e  p l a n t s  were p r u n e d  to  ensure  v e r y  even  d i s t r i b u t i o n  of 
s u n l i g h t  t h e  closed s y s t e m  aga in  gave  h ighe r  va lues  for  t h e  loss of n i t r o g e n  
(Table  2). T h e  resu l t s  f rom dup l i ca t e  e x p e r i m e n t s  are  comparab l e .  

T a b l e  3 gives t h e  va lues  for  t he  progress ive  loss of a m m o n i a  w h e n  t h e  ex- 
p e r i m e n t  was  ca r r i ed  o u t  u n d e r  t h e  p a r t i a l  shade  of t h e  t e a  p lan t s .  T h e  
v a r i a b l e  va lues  o b t a i n e d  were  genera l ly  found  to be  assoc ia ted  w i t h  t he  un-  
e v e n  d i s t r i b u t i o n  of sun l igh t .  D i rec t  sun l i gh t  fa l l ing on  t h e  e x p e r i m e n t a l  u n i t  
caused  a g r ea t e r  evo lu t i on  of a m m o n i a .  
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TABLE 2 

The loss of nitrogen from urea in the field (unshaded). (units - m g  ammonium nitrogen) 

No. of days after Aerated Aerated Closed Closed 
urea application 1 2 1 2 

4 37.24 26.04 57.38 40.18 
6 16.24 13.28 66.64 66.50 
8 5.88 11.08 66.64 65.38 

10 13.86 14.28 101.64 78.54 
13 21.14 18.90 61.32 56.00 
15 17.22 25.90 35.42 28.98 
17 6.62 10.08 25.00 22,26 

Percent of applied 
urea N lost 5.26 5.27 17.72 15.91 

TABLE 3 

Loss of nitrogen from urea in the the field (partially shaded). (units - m g  ammonium 
nitrogen) 

No. of days after Aerated Aerated Closed Closed 
urea application 1 2 1 2 

6 1.86 13.41 61.46 37.65 
8 2.28 8.74 36.26 11.20 

10 5.22 9.06 25.90 11.20 
12 14.32 11.24 25.06 9.52 
15 11.90 12.32 15.54 14.14 

Percent of applied 
urea N lost 1.58 3.06 7.29 3.73 

Discussion 

The con t inuous  flow of a gent le  s t r e am of air  over  t he  surface of the  soil 
be ing  s tud ied  ensures  t h a t  t he  m i c r o - e n v i r o n m e n t  inside the  s y s t e m  is com-  
parab le  to  t h e  normal  exposed  soil surface.  This  a s s u m p t i o n  is s u b s t a n t i a t e d  
b y  the  f ind ing  t h a t  t he  loss of n i t rogen  meas u red  by  th is  sys tem,  being n o t  
m u c h  h igher  t h a n  5 per  cen t  of t he  t o t a l  urea  n i t rogen  appl ied  (Table 2), is in 
general  a g r e e m e n t  w i t h  t h a t  ex p ec t ed  f rom yield d a t a  ob ta ined  in  field 
e x p e r i m e n t s  1. 

The  d a t a  ob ta ined  f rom use of t he  e x p e r i m e n t a l  un i t  descr ibed  in th i s  
p a p e r  would  faci l i ta te  t h e  p red ic t ion  of yield losses on the  basis  of obse rved  
losses of a m m o n i a  f rom the  soil surface.  The  t e chn ique  could be fu r t h e r  used  
in t h e  eva lua t ion  of soil t y p e s  where  i t  is i n t en d ed  to  use urea  as a source of 
n i t rogen.  Grea t  care has  to  be exercised to  ensure  t h a t  t h e  e x p e r i m e n t a l  
condi t ions  are as close as possible  to  those  prevai l ing  in t he  field. A n y  bio- 
logical va r i a t ion  i nhe ren t  in t he  soil and  i ts  e n v i r o n m e n t  has  also to  be t a k e n  
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in to  a c c o u n t  in  i n t e r p r e t i n g  t he  resul ts .  F ina l  c o n f i r m a t i o n  of t he  f ind ings  can  
be  o b t a i n e d  on ly  f rom field t r i a l s  of t he  c o n v e n t i o n a l  design.  
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