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Abstrac t  Potentially mineralizable soil N was deter- 
mined after incubation for 2, 4, 8, 12, 16, 22, and 30 
weeks, according to the Stanford and Smith method. A 
first-order kinetics model was used, and a simulation 
study was performed using three different statistical 
methods to estimate potentially mineralizable N and the 
rate constant k. The first method was based on the maxi- 
mum-likelihood approach. The second one relied on non- 
linear least square data fitting. The third method was 
based on linear of  logarithmically t ransformed data. The 
results of  the simulation study suggested that the non-lin- 
ear least square method was preferable to the others. This 
method was then applied to real data from 30 different 
Italian soils. The values obtained for potentially mineral- 
izable N were, on average, 10% of  total N (mean standard 
error = 0.9). The estimated value of k was 0.050 (mean 
standard error = 0.005). Finally, f rom the values obtained 
for k and the results of  the simulation, the results indicat- 
ed that significantly less reliable estimates of  potentially 
mineralizable N were obtained by using data for up to on- 
ly 22 weeks of incubation. 

Key words Statistical methods �9 Mineralization �9 
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Introduction 

N mineralization makes a key contribution to the amount  
of  available N in soil. However, no fast, accurate, and seri- 
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al methods are available to determine mineralizable N, es- 
pecially in field conditions (Skjemstad et al. 1988). The 
numerous references in the literature on this topic distin- 
guish between chemical and biological determinations. 
The chemical methods are based on the extraction of 
mineral N using different extractants such as boiling wa- 
ter (Jenkinson 1968; Stanford 1969; Verstraeten et al. 
1970), acid, alkaline, and salt solution (e.g., 0 .01M 
CaC12), or by determination of  the NH~ released during 
alkaline permanganate oxidation (Troug 1954; Stanford 
1978; Richter et al. 1994). The biological methods make 
use of  soil incubation under controlled conditions of  
moisture and temperature for a length of  time ranging 
from one to many weeks (Delphin 1986; Catroux et al. 
1987; Tabatabai and A1-Khafaji 1988). The results of  
these methods are difficult to interpret and show their 
limitations when transferred to open field conditions. 

In 1972 decisive progress was made by Stanford and 
Smith with their method based on leaching, at predeter- 
mined times, the N mineralized at 35 ~ to simulate plant 
uptake. They described N mineralization by a first-order 
kinetics model according to the following equation (1): 

N t = No(I - e  -kt) (1) 

where Nt is N mineralized in the time considered, No the 
potentially mineralizable N in the soil (i.e., the maximum 
quantity of  N that the soil can mineralize), and k the rate 
constant expressed week -1. Stanford and Smith (1972) 
estimated k by using the maximum likelihood method 
and obtained the value 0.054+0.009week -1. Subse- 
quently, many authors have studied the adequacy of  first- 
order kinetics to describe the N mineralization rate (Juma 
et al. 1984; Dendooven et al. 1991) and this is considered 
to represent a correct description of  the mineralization 
course (Bonde and Roswall 1987). Recent studies have 
shown that when Stanford and Smith's method is used in 
a controlled environment the values obtained are too high 
(Cabrera and Kissel 1988), due to many factors, including 
the use in the laboratory of  disturbed soil samples (Stan- 
ford and Epstein 1974; Smith et al. 1977; Smith et al. 
1980; Smith et al. 1982; Griffin and Laine 1983; 
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Frankenberger  and  Abkelmagid  1985). In  particular, 
Hadas  et al. (1989) pointed out  that  the mineral iza t ion in 
the field is 1 3 - 2 6 %  lower than  the calculated values. 

The objectives of the present study were (1) to assess 
by a s imula t ion  approach,  the goodness of  three different 
statistical methods  for es t imat ing N O and  k in a first-or- 
der kinetics model  for a special case of correlated errors; 
(2) to check the adequacy of  a first-order kinetics model  
to describe N minera l iza t ion data  from 30 I ta l ian soils by 
applying the best method  to the real data, and  obta in  a 
mean  value for the estimate of the constant  rate k togeth- 
er with an interval of variat ion;  and  (3) to s tudy the possi- 
bility of achieving reductions in the m a x i m u m  incuba t ion  
t ime because the length of t ime necessary to carry out the 
de terminat ions  represents the ma in  difficulty in the serial 
use of  this technique (Menasseri  et al. 1994). 

Materials and methods 
The research was carried out using 30 soils sampled from the arable 
layer (0-40 cm) of experimental fields of the Institute for Plant 
Nutrition (ISNP) located in central and northern Italy. These soils 
are of alluvial, volcanic, and volcanic cyneritic origin and were sam- 
pled during the uncultivated period between two crops. 

The chemical and physical properties of the soils (Table 1) were 
determined by Italian Society of Soil Science (1985) methods. Po- 
tentially mineralizable N data (Table 2) were measured following the 

method proposed by Stanford and Smith (1972), partially modified 
by Benedetti (1983). In this measurement 50 g of soil, air-dried and 
sieved through a 2-ram screen, was mixed with quartz sand in a 1 : 1 
ratio (sand particle size, 0.2-0.8 mm) and incubated in a Buchner 
funnel (outer diameter 13 cm), at 60% water-holding capacity and 
at 30 ~ for 30 weeks. The mineral N in the soil was leached before 
incubation by adding 900 ml CaSO 4 solution and 100 ml nutrient 
solution without N (0.002 M CaSO 4-2 HzO, 0.005 M Ca(HzPO4), 
0.0025MK2SO 4, 0.002MMgSO4). NO~--N and NH~--N concen- 
trations were measured periodically (after 2, 4, 8, 12, 16, 22, and 30 
weeks) using an Autoanalyzer Techniton II. At the end of the in- 
cubation period, exchangeable NH]-N was extracted, using a 
2 NKC1 solution following the Bremner procedure (1965). All ana- 
lyses were carried out in triplicate. 

Statistical analysis 

With t a =2, t2=4 , t3=8 , t4= 12, ts= 16, t6=22, t7=30 
representing the (cumulative) incubation times in weeks, the ex- 
perimental (cumulative) value N i for the N mineralized duringt 
time O-t i was obtained as the sum of the i values Yl, �9 �9 .,Yi for the 
N mineralized during the first i consecutive incubations, that is (2): 

i 

Ni = 2 Yj (2) 
j=i  

The variables yj,j = 1 . . . . .  7 are affected by errors, and we as- 
sumed the errors ej, j = I . . . .  7 to be uncorrelated and Gaussian- 
distributed, with mean zero and variance ~2. Therefore (3): 

Ni= No(l-e-ktO+ ~ (3) 

Table 1 Some physical and chemical properties of soils tested (total N, organic C, and humus calculated on dry-weight basis; 105 ~ 
RM, Roma; FR, Frosinone 

Sample Location Texture pH Field Total N Organic C C : N Humus 
(1 : 2.5) capacity (Kjeldahl) (Springer- (organic C 

(%) (%) Klee) (%) x 1.724) (%) 

1 Mantova Silty loam 8.1 24.5 0.08 1.20 15 2.10 
2 Citth Castello Sandy silty clay 7.9 34.5 0.13 1.18 9 2.03 
3 Mazzano (RM) Sandy 7.5 18.0 0.18 2.44 14 4.21 
4 Settecamini (RM) Sandy loam 7.8 17.4 0.05 0.50 13 0.86 
5 Celimontana (RM) Sandy loam 7.2 24.0 0.15 1.91 13 3.29 
6 Colleferro (FR) Sandy silty clay 5.8 40.3 0.04 0.27 7 0.46 
7 Anagni (FR) Clay loam 5.9 27.6 0.12 1.07 9 1.85 
8 Paliano (FR) Clay 5.8 28.5 0.08 0.09 8 1.35 

11 Frosinone Sandy 7.8 20.0 0.11 0.92 8 1.59 
12 Frosinone Silty loam 6.9 23.9 0.11 1.05 9 1.81 
13 Frosinone Sandy silty loam 7.8 22.2 0.14 1.26 9 2.17 
14 Paliano (FR) Loam 7.2 24.2 0.11 1.18 11 2.03 
15 Anagni (FR) Loam 6.8 20.0 0.07 0.73 10 1.26 
16 Anagni (FR) Loam 6.8 25.9 0.13 1.26 10 2.17 
17 Ferentino (FR) Loam 7.1 22.6 0.19 2.32 12 3.99 
18 Paliano (FR) Clay 6.2 30.9 0.12 1.20 10 2.06 
19 Anagni (FR) Clay 6.5 34.6 0.19 1.76 9 3.03 
20 Anagni (FR) Clay 7.0 41.5 0.09 1.00 11 1.72 
21 Paliano (FR) Clay 5.5 25.7 0.15 1.42 9 2.44 
22 Anagni (FR) Sandy loam 7.6 19.9 0.10 1.16 12 2.00 
23 Anagni (FR) Clay 6.6 33.3 0.10 0.94 9 1.62 
24 Paliano (FR) Clay 6.8 33.9 0.08 0.86 11 1.48 
25 Anagni (FR) Sandy loam 7.6 19.9 0.11 1.20 11 2.06 
26 Anagni (FR) Sandy loam 7.1 20.8 0.10 1.07 11 2.06 
27 Anagni (FR) Sandy loam 6.6 13.4 0.05 0.44 8 0.76 
28 Ferentino (FR) Sandy loam 7.6 17.6 0.11 1.04 9 1.79 
29 Ferentino (FR) Silty loam 6.2 45.9 0.28 3.06 11 5.26 
30 Torice (FR) Silty loam 7.9 22.0 0.11 1.12 10 1.93 
31 Paliano (FR) Silty clay loam 5.7 34.8 0.06 0.57 9 0.198 
32 Ferentino (FR) Loam 6.7 18.3 0.09 0.85 9 1.46 
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Table 2 Potentially mineralizable N (mg kg-  1 dry weight); cumu- 
lative experimental values 

Weeks 

0 2 4 8 12 16 22 30 

1 12.5 7.0 14.5 22.8 26.0 53.0 63.3 70.8 
2 66.0 19.0 26.0 35.0 35.0 35.0 35.0 35.0 
3 80.0 41.0 59.0 75.0 95.0 115.0 133.0 155.0 
4 8.0 7.4 16.4 20.6 22.8 28.7 35.0 41.0 
5 80.0 80.0 135.0 204.0 256.0 304.0 344.0 386.0 
6 25.0 0.0 11.0 20.0 20.0 20.0 20.0 20.0 
7 15.0 2.0 13.8 19.6 25.0 35.0 47.6 83.8 
8 48.0 14.2 37.6 53.9 67.7 76.1 86.9 98.7 

11 17.5 21.3 39.4 44.0 53.6 64.3 76.0 92.0 
12 19.2 21.0 29.8 33.3 41.1 50.6 66.7 77.5 
13 8.7 13.7 22.1 27.2 37.3 48.1 58.8 77.7 
14 13.0 8.0 14.4 21.4 24.7 34.7 42.4 52.3 
15 9.8 11.5 18.0 23.4 30.6 39.4 48.4 58.0 
16 12.5 15.6 21.1 26.0 33.8 42.3 50.6 63.0 
17 42.8 19.9 30.0 34.9 42.0 58.7 71.1 102.2 
18 26.6 8.5 14.3 22.8 26.0 36.1 44.3 53.3 
19 10.4 18.6 25.3 30.0 37.9 47.3 61.8 95.2 
20 15.3 7.8 15.3 23.1 27.1 39.1 46.0 55.2 
21 34.6 11.4 17.3 26.6 30.4 39.5 47.0 56.2 
22 12.7 10.7 18.3 26.6 33.3 40.3 50.0 62.3 
23 14.8 6.4 13.4 22.6 28.9 36.2 46.2 62.4 
24 9.9 10.1 15.7 25.0 29.0 39.0 49.3 64.1 
25 41.6 6.0 12.4 19.9 26.5 33.3 44.5 56.3 
26 10.9 8.3 15.0 22.5 28.8 36.0 44.7 58.6 
27 20.2 7.8 14.9 23.5 30.0 36.6 45.9 59.0 
28 10.5 6.2 12.2 20.2 26.7 33.5 42.0 58.0 
29 90.8 122.3 129.5 172.6 198.0 238.6 302.1 346.8 
30 27.9 11.6 17.2 27.7 32.1 42.2 50.5 74.7 
31 7.3 5.7 11.4 18.8 23.9 29.4 37.1 47.5 
32 9.2 9.2 15.0 22.7 27.5 37.5 44.7 54.1 

i 

where d i = ~ ej, k is the rate constant expressed per week, and t i 
j = l  

the incubation time in weeks. Then, the variables (i, i = 1 . . . . .  7 
will also be Gaussian-distributed, with mean zero and covariance 
matrix C (Johnson and Wichern 1988) given by (4): 

7 

F(No, k )  = ~ [Ni-No(1-e-ktO] C 771q [ N j - N 0 ( 1 - e - k t j ) ]  

i,j = i (6) 

For a fixed k, the minimum of F ( N  o, k)  is found by imposing the 

aN0 
derivative - -  0. This equation is solved as (7): 

OF(No, k)  

7 
2 [NiCj l (1 - -e -k tJ )+(1-e -k toc i f lN j ]  

No = i'j = ~ (7) 7 

2 ~ [(1--e-k t i )c i] l ( l - -e-kS)]  
i,j= 1 

In the last equation, N o is a function of k alone, since both N i and 
ti, i = 1 . . . .  ,7 are known; thus, by introducing Eq. 7 into Eq. 6, F 
can be minimized as a function of k alone. This is done by the 
iterative Newton method (Wolfe 1978), which was stopped when the 
percentual difference of the values for F, No, and k corresponding 
to two consecutive iterations was less than 10 -4 . 

The non-linear least square method (Smith et al. 1980) is based 
minimizing the sum of the square of the deviations between the ex- 
perimental data N i and the corresponding model prevision 
N o ( 1 - e - k t  O, that is (8): 

7 

F(No, k ) =  ~ [Ni -No(1-e -k t l ) ]  z (8) 
i = 1  

Since the functions F and ffhave a similar structure, the same kind 
of procedure described for F was used to minimize 

Finally, the log-transformed linear least square method, pro- 
posed by Stanford and Smith (1972), is based on the equation 
N t = N 0 ( 1 - e  -kt) expressed in logarithmic form (9): 

log (N0-N-t) = log (No)-kt/2.303 (9) 

By fixing a value of N o in the left side of this equation, a linear 
regression between the variables log (No-Ni )  and t can be per- 
formed to estimate k. An "optimal" value for N o is found by using 
an iterative procedure which involves repeated regressions based on 
different choices of N 0. The best value of N o and k is the one that 
produces a regression with the greatest coefficient of determina- 
tion r 2. 

I 1 1 1 1 1 i l  
1 2 2 2 2 2 ~  
1 2 3 3 3 3  

C = G  2 1 2 3 4 4 4  (4) 
1 2 3 4 5 5  
1 2 3 4 5 6  
1 2 3 4 5 6  

The joint distribution f ( N  1 . . . . .  N7) for the variables 
N i, i = 1 . . . . .  7 will then be given by (5): 

f ( N  1 . . . . .  N 7) - (2 ~r)7/2 [ C ] ~/2 exp - -2i, j= 1 [N/-No (I - e  -kti)] 

C / j  1 [Nj  - N  O (1 - e -kg)]] (5) o 

3 
1 where Ci] is the element (i,j) of the inverse of the matrix C, and 

[[ indicates the determinant of a matrix. In the maximum likeli- 
hood method, N o and k are estimated by maximizing the 
likelihood func t ionf  with respect to N o and k. This is equivalent to 
minimizing the function F ( N  o, k)  (6): 

Results and discussion 

We presen t  he re  t he  resul ts  f r o m  a s i m u l a t i o n  s t udy  used  
to  assess t he  g o o d n e s s  o f  us ing  d i f f e r en t  m e t h o d s  to  esti-  
m a t e  t he  p a r a m e t e r s  No a n d  k o f  a f i r s t -o rde r  k ine t ics  
m o d e l .  T h e  resul ts  o b t a i n e d  us ing  the  best  o f  the  th ree  
m e t h o d s  on  d a t a  f r o m  30 soils are  a lso  shown.  

In  t he  s i m u l a t i o n  study,  we used  s amp le s  f r o m  the  sta- 
t i s t ica l  d i s t r i b u t i o n  o f  Eq .  5. T h e  va lue  c h o s e n  for  N o 
was 100, wh i l e  three  d i f f e r en t  va lues  fo r  k were  used ,  
k = 0.03, 0.05, 0.07 week  -1. T h e  va lue  used  fo r  o 2 was 
(4 p p m )  2. T h e  th ree  m e t h o d s  were  a p p l i e d  to  each  sam-  
ple  r e p l i c a t i o n  by a p p l y i n g  e a c h  o f  t he  three  va lues  o f  k; 
t hus  e s t ima tes  o f  N O a n d  k were  o b t a i n e d .  T h e  s a m p l e  
average  a n d  s t a n d a r d  d e v i a t i o n  o f  t he  e s t i m a t e d  q u a n t i -  
t ies  were  c o m p u t e d  fo r  each  va lue  o f  k a n d  for  e a c h  o f  
t he  th ree  m e t h o d s  (Table 3). T h e  n u m b e r  o f  r ep l i ca t i ons  
used  was 20000,  a n d  n o  s ign i f i can t  changes  in t he  aver-  
ages  o r  s t a n d a r d  dev i a t i ons  a p p e a r e d  w i t h  o n l y  10000 
r ep l i ca t ions  o r  w i th  d i f f e r en t  samples .  Table  3 a l so  shows  



Table 3 Estimates 
(means + SD) of N O and k ob- 
tained by using the maximum 
likelihood (ML), non-linear 
least square (NLLS), and log- 
transformed linear least square 
(LTLS) methods on simulated 
data. The values of the root 
mean square (RMS) deviations 
between the data and the 
model prediction are also 
shown 
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Methods 30 weeks 

N O (ppm) k (week-l) 

22 weeks 

RMS (ppm) N o (ppm) k (week-l) RMS (ppm) 

Total N = 100 ( l - e  o.o3t) 
ML 108+32 0.03 _+ 0.01 
NLLS 108_+34 0.03 _+0.01 
LTLS 112_+43 0.03 +0.01 

Total N = 100 ( 1 - e  -~176 
ML 101 _+ 1t 0.050+0.009 
NLLS 102_+12 0.05 _+0.01 
LTLS 102_+12 0.05 +0.01 

Total N = 100 (1 -  e-~176 
ML 101_+ 7 0.070_+0.008 
NLLS 101 _+ 8 0.070+0.009 
LTLS 101+ 8 0.07 _+0.01 

1.5_+1.0 115+53 0.03_+0.01 1.4+0.7 
1.2+0.5 1 1 5 _ + 5 3  0.03+0.01 1.1+0.5 
1.9_+1.0 129-+73 0.03_+0.02 1.9+1.0 

1.3+0.5 104-+19 0.05-+0.01 1.2+0.5 
1.2+0.4 106+24 0.05+0.01 1.1+0.4 
1.9+1.0 106-+26 0.05+0.02 1.8+1.0 

1.4+0.5 101-+10 0.07_+0.01 1.2+0.5 
1.2+0.4 101+11 0.07+0.01 1.0-+0.4 
2.0_+1.0 102+12 0.07_+0.01 1.8_+1.0 

the results ob ta ined  using only  the  t ime pa rame te r  (up to 
22 weeks). These  results show tha t  the m a x i m u m  likeli- 
h o o d  m e t h o d  p e r f o r m e d  bet ter  t han  the o ther  two. The  
average No and  k values ob ta ined  with the m a x i m u m  
l ike l ihood m e t h o d  were always the  closest,  or  as close as 
the others,  to the t rue  values, and  the s t anda rd  devia t ions  
o f  N o and  k were always the smallest ,  o r  as small  as the  
others.  However, the differences between the results o f  the  
m a x i m u m  l ike l ihood and  the non- l inea r  least  square 
me thods  were smal l  and  the non- l inea r  least  square meth-  
od  consis tent ly  gave the best  agreement  between da ta  and  
the pred ic t ion  by the model .  This is coherent  with the re- 
sults ob ta ined  by Smi th  et al. (1980), M o l i n a  et al. (1980), 
and  Talpaz et al. (1981). 

Fur the rmore ,  the non- l inea r  least  square m e t h o d  has 
less c o m p u t a t i o n  complexity.  We therefore  prefer  this 
m e t h o d  over the o ther  two for es t imat ing  the pa ramete r s  
No and  k. We app l ied  it to da ta  f rom 30 I ta l ian  soils. 

In  Fig. 1, the exper imenta l  values o f  N minera l i za t ion  
for  some soils ( 1 -  8) are c o m p a r e d  to those  o f  a f irst-or-  
der  kinetics m o d e l  wi th  pa ramete r s  es t imated  by the non-  
l inear  least  square me thod .  There  was general ly  g o o d  
agreement  between the exper imenta l  da t a  and  the mode l  
for all the  soils except soil 7. In  this case each o f  the three 
me thods  fai led to es t imate  N o and k closely. T h o u g h  a 
c o m m o n  pa t t e rn  in the  da ta  suggested the  use o f  a more  
ref ined mode l  to al low changes in convexity, we believe 
tha t  a f i r s t -order  kinetics m o d e l  was suff icient  to descr ibe  
these data .  

The  values o f  No and  k ob ta ined  by app ly ing  the non-  
l inear  least  square m e t h o d  to these da ta  are shown in 
Table 4. The  values ob ta ined  for N o var ied  f rom 21 to 
4 0 5 p p m ,  and  k ranged  f rom 0.011 to 0 .370week - i .  
W h e n  the three soils for which k < 0 . 0 2  week -1 or  
k > 0 . 1  week -1 were excluded, the range was reduced to 
0 . 0 2 2 - 0 . 0 9 3 w e e k  -1, with an average o f  0 .050week -1 
and  a mean  s t andard  error  o f  0.005 week-1 .  Fur the r  in- 
vest igat ions are needed  to quan t i fy  the var iabi l i ty  o f  the 
es t imates  for  k for a single soil. This will al low us to de- 
te rmine  whether  the var iabi l i ty  o f  the  k values ob ta ined  
here was a result  o f  sampl ing  var ia t ion  or  not.  

Using the No0 ) and  No values in Table 4, we observed 
tha t  in abou t  25% o f  the samples  examined No 50% 
higher  than  the exper imenta l  da t a  (No0)). However, an- 
o ther  25~ o f  the  samples  presented  the same value for  
No and N(30). In  the  remain ing  samples,  No ranged f rom 
30% to 10% higher  than  N(30). For  the highest  k values 

Table 4 Values of potentially mineralizable N (No) and rate cons- 
tant (k) estimated by applying the non-linear least square method 
to the data from the incubated soils. The values of the root mean 
square (RMS) deviations between the data and the prediction are 
also shown 

Soil N(30) N o Total N : N o k RMS 
no. (ppm) (ppm) ratio (week l) (ppm) 

1 70.8 151 5.3 0.022 5.1 
2 35.0 35 37.1 0.370 0.8 
3 155.0 160 11.3 0.086 9.0 
4 41.0 44 11.4 0.076 2.5 
5 386.0 405 3.7 0.089 9.2 
6 20.0 21 19.0 0.177 2.9 
7 83.8 nd nd nd nd 
8 98.7 102 7.8 0.093 3.1 

11 92.0 93 11.8 0.085 6.6 
12 77.5 87 12.6 0.064 6.4 
13 77.7 116 12.1 0.035 4.0 
14 52.3 73 15.1 0.041 2.1 
15 58.0 72 9.7 0.051 2.7 
16 63.0 73 17.8 0.059 4.1 
17 102.2 186 10.2 0.025 7.4 
18 53.3 71 16.9 0.045 2.0 
19 95.2 316 6.0 0.011 7.3 
20 55.2 73 12.3 0.046 2.0 
21 56.2 64 23.4 0.063 2.5 
22 62.3 77 13.0 0.050 2.5 
23 62.4 i21 8.3 0.023 1.8 
24 64.1 102 7.8 0.032 2.7 
25 56.3 106 10.4 0.025 1.2 
26 58.6 87 11.5 0.035 2.1 
27 59.0 84 6.0 0.038 1.8 
28 58.0 118 9.3 0.022 1.7 
29 346.8 352 8.0 0.087 32.0 
30 74.7 143 7.7 0.023 4.2 
31 47.5 73 8.2 0.034 1.2 
32 54.1 70 12.9 0.048 1.9 
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Table 5 Values of NH~--N determined after extraction in 2M 
KC1 at the end of the incubation period (30 weeks) 

Soil NH 2-N Soil NH 2-N 
no. (ppm) no. (ppm) 

1 13.6 18 3.5 
2 tr 19 4.7 
3 8.8 20 3.2 
4 2.0 21 2.7 
5 9.5 22 8,5 
6 2.0 23 10.9 
7 2.6 24 2.8 
8 2.0 25 7.3 

11 6.0 26 7.3 
12 3.4 27 5.1 
13 5.9 28 3.9 
14 5.6 29 2.2 
15 3.2 30 1.7 
16 5.1 31 8.3 
17 8.0 32 1.6 

we obtained the maximum of variability between N O and 
N(30). These results suggest that statistical analysis is re- 
quired for a correct evaluation of  No (Stanford and 
Smith 1972). In addition, Table 4 shows that the ratio be- 
tween total N and N o was characterized, in more than 
65~ of  the samples, by values ranging from 7 to 13. Only 
three samples were largely outside this range (37, 23, and 
19). This result is important because this ratio might be 
suitable as a rapid index of potentially mineralizable N 
obtained by measuring only the total N content. 

These results were independent of  the organic matter 
content of the soils. In fact, we did not find the highest 
values of  N o in soils with the highest humus contents. 

Finally, the possibility of reducing the incubation time 
was examined, by simulation as described above, using 
the data up to 22 weeks. The results are shown in Table 3. 
Significantly less reliable estimates of N o were obtained 
using 22 weeks of  data. In fact, in some cases, the stan- 
dard deviation of  N o was twice the value obtained using 
30 weeks of data. Furthermore, with a "low" value of k, 
i.e. k =  0.03 week -1, even using 30weeks of  data, the 
standard deviation of  N O was about three times higher 
than those corresponding to k = 0.05 or 0.07 week-1. In 
this case, a maximum incubation time greater than 30 
weeks should be used. This is in agreement with the work 
of Mary and Remy (1979) and Menasseri et al. (1994). 

The NH~--N values determined in a 30-day incubation 
period with 2 M KC1 are reported in Table 5. Since all val- 
ues were very low (<  14 ppm), we concluded that all the 
available N had been extracted during the experiment. 

Conclusions 

The results reported in this paper show that a first-order 
kinetics model can be successfully used to describe N 
mineralization in agricultural soils in equilibrium condi- 
tions, i.e. when there is no influence from farming activi- 
ties, because in this second case the first-order kinetics 

model failed (Alianiello and Benedetti 1994). According 
to Dendooven et al. (1990, this failure can be explained 
by the fact that the effects of growing plants, organic mat- 
ter amendments, or N-fertilizer dressing on N-mineraliza- 
tion capacity were not taken into account and cannot be 
described by a first-order kinetics model. 

The results from the simulation study suggest that the 
non-linear least square method is preferable to the maxi- 
mum likelihood and the log-transformed linear least 
square methods for estimating the parameters N o and k 
of  the first-order model. 

The value of k estimated by using data from 30 Italian 
soils was 0.050 (mean standard error--0.005). The pre- 
sent results confirm that it is not possible to obtain reli- 
able values of N o if the maximum incubation time is 
shorter than 30 weeks, and in some cases a maximum in- 
cubation time of  longer than 30 weeks is necessary. Final- 
ly, the N o parameter is a measure of potentially mineral- 
izable N and can give useful information on biological ac- 
tivity in soil (Brookes 1992). However, further work is 
necessary to analyse the N o parameter with a forecasting 
mathematical model structured on the pedoclimatic envi- 
ronment, in order to obtain practical information on 
rationalization of N fertilization (Stanford and Epstein 
1974; Cabrera and Kissel 1988; Hadas et al. 1989). 
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