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

Assay for soil urease activity 

Summary 
A procedure  is described t h a t  allows assay of soil urease act ivi ty .  The  

m e t h o d  uses a phospha te  buffer  (pH 8.8) and a urea  substra te  concent ra t ion  
of 0.007 M. Incuba t ion  for 4 h a t  37°C is r ecommended  and urease ac t iv i ty  
is e s t imated  by  de te rmin ing  the  a m o u n t  of a m m o n i u m  produced  by  urea  
hydrolysis  in ;oil. The  me thod  is precise, and compares  f avourab ly  wi th  
o ther  procedures.  

[ntroduction 

Urea  is rap id ly  hydrolysed  (NFI2CONH2 + 1-120 -~ 2NFI3 + CO2) in soil 
by  soil urease. Recen t  work  4 5 14 has invo lved  the  use of urease inhibi tors  
for re ta rd ing  t i le ra te  of this react ion in soils, and to fur ther  these studies i t  
is necessary t h a t  a sa t i s fac tory  soil urease assay be developed.  

~vVhen the  work  repor ted  here  was ini t iated,  a number  of methods  had been 
repor ted  6 9 i0 11 13 15 16 t h a t  al lowed comparisons to be made  be tween  the  
urease act ivi t ies  of different  soils. These methods  differ grea t ly  wi th  regard  
to subs t ra te  concentra t ion,  t ime  of incubat ion,  p roduc t  de terminat ion ,  buffer  
p H  and composi t ion and use of to luene  and none has  been sat isfactor i ly  
evaluated .  I n  a repor t  17 received while the  present  work  was ill progress, a 
m e t h o d  was proposed t h a t  seemed to overcome m a n y  of t he  problems of 
earl ier  procedures.  

The  purpose  of this  communica t ion  is to describe a s imple and precise 
procedure  for assay of soil urease ac t iv i ty ,  and to compare  results  ob ta ined  
using this  me thod  wi th  those  ob ta ined  using the  me thod  proposed by  
T a b a t a b a i  and B r e m n e r  17. 

Materials and methods 

S o i l s .  The  soils used (Table 1) were surface (0-15 cm) samples selected to 
give a range of propert ies.  Before use, each sample  was air dr ied and crushed 
to  pass a 1 m m  sieve. In  the  analyses repor ted  in Table  1, p H  was de termined  
by  a glass electrode (soil: wa te r  ra t io  1 : 2.5), organic  carbon b y  a Walk ley-  
Black  m e t h o d  i, t o t a l  n i t rogen by  a semi-micro Kje ldah l  procedure  8, par t ic le  
size d is t r ibut ion  by  a hyd rome te r  me thod  7 and cat ion exchange  capac i ty  by  
an a m m o n i u m  sa tura t ion  technique  s. 

R e a g e n t s .  Phospha te  Buffer  (M/15) pI-I 8.8: Dissolve 24.0 g 
Na2I-IPO¢.12H~O in 800 ml  wate r  and make  up to  1 1. Similarly,  dissolve 
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TABLE 1 

Soil analyses 

Cation 
exchange 
capacity Organic Total 

carbon nitrogen Clay Silt Sand 
Soil pH % % % % % meq/100g 

soil 

Dimboola lsa 7.0 2.07 .090 13.5 6.0 84.7 22.8 
Keilor sacl 8.9 1.45 .159 24.6 16.0 51.8 12.3 
Deer Park c 6.1 3.52 .301 54.0 15.0 27.3 29.7 
Derrimut 1 4.5 2.74 .293 23.0 29.0 44.0 18.4 
Templestowe sael 6.3 2.47 .195 15.6 21.0 61.4 9.2 

lsa - loamy sand; sacl - sandy clay loam; 1 - loam, c - clay. 

2.28 g KH~PO4 in 200 ml wate r  and make  up to  250 ml. Ad jus t  the  pFI of t he  
former  solut ion to 8.8 by  addi t ion  of K H  2PO4 solution. (Approx imate ly  30 ml 
is necessary).  

Po t a s s ium chloride (2M) - pheny lmercur i c -ace ta t e  (PMA) solut ion:  (2M 
KC1-PMA) : Dissolve 150 g KC1 in 800 ml wa te r  and  5 mg PMA in 100 ml ho t  
water .  Combine these  solut ions and  make  the  volume to  1 1. 

S t anda rd  urea solut ion:  Dissolve 2.145 g urea in 800 ml wa te r  and di lute  
to 1 I. This solut ion conta ins  1000 ag urea - N per  ml. 

Magnes ium oxide, sulphuric  acid, boric acid indica tor :  As descr ibed pre-  
viously 3 

Toluene:  Analy t ica l  reagent  (Ajax Chemicals,  Melbourne).  
All o the r  reagents  were analyt ica l  grade  suppl ied b y  Br i t i sh  Drug Houses  

Ltd . ,  Poole, England .  

Procedure 

Place 3.0 g of soil in a 50-ml e r lenmeyer  flask, add 0.5 ml of to luene  and  
s t a n d  for 10 min.  Then  add  12.0 ml  of p h o s p h a t e  buffer  and place the  flask 
in a wa te r  b a t h  a t  37°C. Af ter  10 mill add  3.0 ml of urea  solution,  s topper  t he  
f lask and  swirl gently.  Af te r  4 h r emove  the  flask f rom the  wa te r  b a t h  and  
add  15.0 ml  2M KC1-PMA solution. Shake for 5 sec, and  t h e n  de te rmine  the  
a m m o n i u m  con ten t  of a 10.0-ml por t ion  of t he  s u p e r n a t a n t  b y  a s t eam distil- 
la t ion m e t h o d  descr ibed previous ly  ~. Obta in  a b lank  value b y  following the  
procedure  out l ined above bu t  add  the  urea solut ion to  t he  flask af ter  the  
addi t ion  of t he  KC1-PMA solution.  

Comments 

A pre l iminary  incuba t ion  per iod of 10 rain is necessary  if t he  flask con ten t s  
are to be a t  37°C when  the  urea subs t r a t e  is added.  Addi t ion  of P2CIA to t he  
2 M  KC1 solut ion ensures  t h a t  soil urease ac t iv i ty  is inh ib i ted  when  th is  ex- 
t r a c t a n t  is added  to t he  soil a f te r  the  4 h incuba t ion  period.  Silver su lphate ,  
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as used in an a l t e rna t ive  p rocedure  17, also ef fec t ive ly  inhib i t s  soil urease bu t  
g rea t  care m u s t  be t a k e n  in mak ing  up  a 2M KCl-si lver su lpha te  solution,  as 
s i lver  chloride m a y  fo rm due to  its ex t r eme ly  low solubi l i ty  p ro d u c t  
(1.2 × 10 -1° a t  25°C) and  be prec ip i ta ted .  B lank  de te rmina t ions  are neces-  
sa ry  so t h a t  error  caused by  the  presence  of na t ive  a m m o n i u m  in soil or 
a m m o n i u m  t h a t  is fo rmed b y  tile s l ight  (0.5 per  cent) b reakdown  of urea  
dur ing  s t e a m  dis t i l la t ion is accoun ted  for. 

Resul ts  and discussion 

In  t he  d e v e l o p m e n t  of the  me thod ,  t he  following fac tors  were considered;  
buffer  p H  and  composi t ion,  t ime of incubat ion ,  subs t r a t e  concent ra t ion ,  use 

of to luene  and  recovery  of ammon ium.  
B u f f e r  p H  a n d  c o m p o s i t i o n .  I t  was found  t h a t  if t he  p h o s p h a t e  buffer  

descr ibed  is used, t he  o p t i m u m  p H  for soil urease is 8.8. This is a similar p H  
o p t i m u m  to t h a t  ob t a ined  b y  T a b a t a b a i  and  B r e m n e r  17 who used a 
T H A M  buffer,  bu t  differs cons iderably  f rom the  lower p H  o p t i ma  (5.5-7.2) 
in m e t h o d s  advoca t ed  b y  o the r  workers  9 10 11 15 16 

The use of bora te ,  d i e thy lba rb i t u r a t e  and  glycine buffers  p roved  to be un-  
sa t i s fac to ry  due to  reduced  levels of soil urease ac t iv i ty  as e s t ima ted  b y  urea  
hydro lys is  in soil a t  p H  8.0. B o t h  the  T H A M  buffer  and  the  p h o s p h a t e  buffer  
were found  to  have  ve ry  small  ac t iva t ing  effects  on soil urease. This was no t  
ma rked  enough  to  prec lude  tile use of e i ther  buffer  in a soil urease assay. 

T i m e  a n d  t e m p e r a t u r e  of  i n c u b a t i o n .  A l inear re la t ionship  is shown 
be tween  a m m o n i u m - N  released and  t ime  of incuba t ion  up  to 24 h, which  
indica tes  t h a t  t he  m e t h o d  is e s t ima t ing  the  ac t iv i ty  of an enzyme and  is no t  
compl ica ted  b y  fac tors  such as enzyme  ac t iva t ion  or microbia l  growth.  The 
incuba t ion  t ime  of 4 h ensures  t h a t  t he  procedure  r e c o m m e n d e d  Call be used 
for soils t h a t  have  low urease ac t iv i ty .  

An incuba t ion  t e m p e r a t u r e  of 37°C is r ecommended ,  as o the r  workers  
10 n 16 have  found  th is  t e m p e r a t u r e  to  be convenient .  However ,  soil urease 
ac t iv i ty  was found  to  increase wi th  t e m p e r a t u r e  to a m a x i m u m  at  70°C. 

S u b s t r a t e  c o n c e n t r a t i o n  a n d  u s e  of  t o l u e n e .  The  choice of a sub-  
s t r a t e  concen t ra t ion  of 0.007 M in the  m e t h o d  descr ibed is sa t i s fac tory  as 

TABLE 2 

Precision of assay 

Urease activity 

No. of Standard 
Soil samples Range* Mean* error 

Derrimut 6 9.3-10.9 9.9 0.6 
Dimboola 5 18.6-20.2 19.2 0.6 
Keilor 6 31.1-31.9 31.5 0.3 
Templestowe 5 34.3-35.9 35.3 0.7 
Deer Park 6 55.9-60.7 58.0 1.8 

* Urease activity expressed as ~g NH4+-N released per g soil per h. 
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th i s  is well above  t i le  level  where  th i s  f ac to r  is a f fec t ing  soil n rease  ac t iv i ty .  
This  c o n c e n t r a t i o n  cor responds  to  1000 t~g u r e a - N / g  soil and  is s imi lar  to  
t h a t  r e c o m m e n d e d  in a n  a l t e r n a t i v e  p rocedure  17. 

A d d i t i o n  of 0.5 ml  to luene  to  each  sample  in t h e  m e t h o d  descr ibed  h a d  
l i t t l e  effect  on  t he  resul t s  o b t a i n e d  for t he  soils s tudied ,  b u t  t he  inc lus ion of 
t h i s  chemica l  is r e c o m m e n d e d  so t h a t  u n u s u a l l y  h igh  mic rob ia l  ac t iv i t ies  in  
some soils m a y  be  counte red .  

R e c o v e r y  of  a m m o n i u m .  Fo r  soil n rease  assays  based  on  d e t e r m i n a t i o n  
of a m m o n i u m ,  severa l  sources  of e r ror  h a v e  been  sugges ted  la. One  such  e r ror  
is caused  b y  t h e  convers ion  of u r ea  to  a m m o n i u m  d u r i n g  s t e a m  dis t i l l a t ion  
( found to  be  0.5 pe r  cent ,  wh ich  differs f rom the  lack  of convers ion  r epo r t ed  
b y  o t h e r  a u t h o r s  17). B l a n k  d e t e r m i n a t i o n s  as descr ibed  al low for  th i s  error .  
O t h e r  errors  are  possible  if n i t r i f i ca t ion  or  f i xa t ion  processes  in  soil cause  
s ign i f ican t  decreases  in  t h e  q u a n t i t y  of t he  hydro lys i s  p roduc t ,  a m m o n i u m ,  
t h a t  is de t e rmined .  Use of to luene  should  nega te  a n y  s ign i f ican t  n i t r i f i ca t ion  
t h a t  is l iable  to  occur  d u r i n g  t he  4 h i n c u b a t i o n  period.  

F i x a t i o n  of a m m o n i u m  is no t  l ikely to  be  a p r o b l e m  as s tud ies  show t h a t  
f ixed a m m o n i u m  in soils d id  no t  increase  d u r i n g  t h e  course  of t yp i ca l  assays.  

P r e c i s i o n  o f  m e t h o d .  T he  h igh  precis ion of t h e  m e t h o d  proposed  is il- 
l u s t r a t e d  b y  Tab le  2 wh ich  gives t h e  resul t s  of rep l ica te  ana lyses  of 5 soils. 
S imi lar  levels of soil u rease  a c t i v i t y  were de tec ted  us ing  e i the r  t he  p re sen t  
m e t h o d  or t h a t  of T a b a t a b a i  a n d  B r e m n e r  17. 
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