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Abstract

A laboratory aerobic incubation experiment was conducted to assess the influence of plant residue, soil moisture
content, and soil types on mineralization of organic N. The experimental design was a 2 x 3 x 5 factorial
arrangement in a Randomized Complete Block design (RCBD) with three replications. The three factors were (1)
two levels of plant residue (0 and 4 ton/rai of grinded cassava shoot), (2) three levels of soil moisture (PWP, %2
AWCA, and FC), and (3) Five upland soil series of the Western region of Thailand, consisting of three main soil
textures (fine, medium, and coarse texture). Nitrogen mineralized from native and added organic matter was
examined at specific time intervals for 1 year. The data was fitted to a logistic mathematical model describing the
relation between mineral N versus moisture content (), level of plant residue (PR), and time (t). The model was
verified by predicting the amount of mineral N released under a given condition and the result was compared to
the observed value under the same condition. Application of the model for field condition where soil moisture
fluctuates was performed by differentiating the original model to obtain the relation between rate of mineral N
production versus N (t), which was the implicit function of 6, PR, and t. Stepwise calculation of the cumulative
mineral N with time was developed to predict the amount of N mineralized through time. The results revealed
that addition of 4 ton/rai plant residue drastically increased mineral N by 3.6 folds. The effect of soil moisture
content and mineralization of organic N confirmed the significance of water on microbial activities. A
satisfactory result was obtained from the mathematical model verification. The b and R? values were close to 1.0
and the t-test were non-significant. A rather high value of Root Mean Squared Error (RMSE) was obtained
contributing to the cycles of microbial population fluctuation. Application of the model to the condition of
fluctuating soil water content was performed and compared to the observation value at a given level of plant
residue application and soil water content.

Keywords: incubation period, mathematical modeling, N mineralization, plant residue, soil moisture content
1. Introduction

Soil nitrogen (N) availability has significant influences on plant growth, and limits net primary productivity
(Cole et al., 2008). Nitrogen available for crops, however, has to release from soil organic matter via microbial
decomposition process, thus the recommendation for nitrogen fertilizer application rate in cropping system used
the content of soil organic matter as the criterion for rough estimate. Since the two major factors affecting
microbial decomposing process are soil aeration and soil moisture content. Assessment of the effects of both
factors on nitrogen mineralization from organic matter is considered to be the major index for nitrogen
mineralization model development. The incubation process consists of providing optimum condition for
microbial decomposition process to obtain the maximum mineralization rates. Soil conditions were optimized by
addition of water, nutrients, limestone and other inputs that enhance the activities of mineralizing organisms.

The soil nitrogen mineralization potential was evaluated as a function of time.

Estimating the N mineralization potential of a soil is a critical importance for maximizing N-use efficiency and
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minimizing environmental losses. Efforts to develop quick biological or chemical methods for identifying the
mineralization potential of organic N have a long history (reviewed by Bremner, 1965; Keeney, 1982; Bundy and
Meisinger, 1994; Griffin, 2008) The evaluation of N availability may be achieved by means of short term
biological methods using soil sample incubation in laboratory have been done to estimate the potentially
mineralizable nitrogen in soil as a basis for making N fertilizers recommendations for crops (Foth & Ellis, 1988).

Using empirical models it is possible to report and predict the relationships among events taking place in nature
by fitting mathematical equations to experimental data (Camargo et al., 2002). To evaluate nitrogen
mineralization dynamics in the soil, it is important to know which model best describes how this phenomenon is
related to time. N mineralization in soil, according to Stanford and Smith (1972). The mechanistic models is
process-based and generally requires considerable input data. The models normally rely on laboratory
incubations to obtain parameters and do not account for basic N turnover processes such as mineralization,
immobilization, and nitrification (Benbi and Richter, 2002).

Understanding of the quantitative relationships between soil moisture content and N mineralization rate in soils
with different textures is essential as a basis for controlling the amounts of mineral N released to crops under
specific soil moisture content. Therefore, it is very important to investigate the optimum moisture level for
different soil textures at which N mineralization will be maximum. Our objectives were to study the effects of
soil type, soil moisture, and rate of plant residue application on time course mineralization of organic N.
Mathematical model describing the relation between mineral N versus soil moisture, rate of plant residue
application and time was expected for each soil. Chance to modify such the model for field condition where a
soil moisture content change with time was also investigated.

2. Materials and Methods
2.1 Soil Sample Collection and Preparation

Five composite soil samples of 3 different textural classes were collected from the depth of 0-20 cm from the
Western region of Thailand. Yang Talat (Y1) and Korat (Kt) soil series represented the course texture soil,
whereas LatYa (Ly) and Kamphaeng Saen (Ks) soil series represented the medium textured soils and Pak Chong
soil series (Pc) represented the fine texture soil. Soil properties were shown in Table 1.

Table 1. Some characteristics of the soil used.

Soil texture Coarse Medium Fine
Sandy loam Loamy sand Sandy clay loam  Loam Clay

Properties
(K1) (YD (Ly) (Ks) (Pc)
Field capacity (%, w/w) 0.074 0.048 0.112 0.163  0.199
Permanent wilting point (%, w/w ) 0.017 0.013 0.057 0.087  0.167
AWCA (%,w/w) 0.058 0.035 0.055 0.075  0.032
Sand (%) 6791 79.13 56.53 31.72 11.74
Silt (%) 26.31 16.34 23.20 43.07 12.12
Clay (%) 5.78 4.54 20.27 25.21 76.13
Bulk density 1.508 1.498 1.436 1.449 1.411
pH in water (1:1, soil : water) 543 5.58 6.33 7.86 5.26
EC 0.41 0.16 0.89 0.84 0.38
OM (%) 0.45 0.38 1.58 1.38 2.52
Total N (%) 0.03 0.026 0.063 0.073  0.085
NH," -N (mg kg 'soil) 0.11 0.13 0.25 0.23 0.19
NO; -N ( mg kg 'soil) 0.22 0.11 0.27 0.34 0.25

2.2 Plant Material Preparation

Oven dried cassava shoot grinded through 1 mm sieve was used as plant residues (PR) for adding into the soil.
Plant residue was mixed into soil at the rate of 0 and 4 ton/rai (1 % = 6.25?—;1 ) before incubation. The

analysis of plant residues was shown in Table 2.
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Table 2. Chemical characteristics of plant residue used.

Plant residues OM  Total N Total C C:N ratio NH,* NO5y Avail.K Avail.P
(%) (%) (%) (mgkg!) (mgkg') (mgkg') (mgkg"
Tapioca shoot  90.95 6.72 45.78 6.82 16.19 17.54 0.52 3.15
2.3 Experimental Design

The experimental design was a 2 x 3 x 5 factorial arrangement in a Randomized Complete Block design (RCBD)
with three replications. The three factors were (1) two levels of plant residue (0 and 4 ton/rai of grinded cassava
shoot), (2) three levels of soil moisture (PWP, /2 AWCA, and FC), and (3) Five upland soil series of the Western
region of Thailand, consisting of three main soil textures (fine, medium, and coarse texture).

2.4 Incubation Procedure and Chemical Analysis

The incubation was carried out in plastic bottles each of 600 ml capacity. The soil sample amounted to 200 g
mixed with plant residue at 0 and 4 ton/rai was adjusted to field capacity (FC), % available water capacity (Y
AWCA), and permanent wilting point (PWP) with deionized water. Five small holes were drilled on a bottle lid
to allow free gas exchange to prevent anaerobic condition. The bottles were incubated in laboratory condition
under ambient temperature (25-35°C) for 1 year. Soil moisture in the bottle was kept constant by means of
periodic weighing. Deionized water was added to maintain the bottle to its original weight. Extractable mineral
N (NH," and NOy) in the soil was determined after the specified incubation period (0, 1, 5, 10, 15, 20, 25, 30,
45, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360 days).

2.5 Mathematical Modeling

Mineral N was calculated from summation of NH," and NO;  and plotted against time for each soil.
Characteristics of variation suggested that the logistic mathematical model having and initial differential
equation as shown in equation (1) might be used to represent such the relation.

T =1 (N NO ) NG) (1)

dt

Where dN/dt designated the rate of change of mineral N with time, N,,.,x was the maximum mineral N at the end
of incubation period and r is a constant. Integration of equation (1) yielded logistic model as given in equation

2.

NoNmax
No+(Npax-No)e™Nmaxt

N(t) = 2
Where N was the mineral N at time t = 0 Matlab software was then employed to fit equation (2) to the observed
data points of mineral N for each soil with time under a given level of soil moisture and plant residue
application. The output parameters; Ny, Ny.x, and r obtained from the software were a set of 6 values according to 3
levels of soil moisture x 2 levels of plant residue application. For Ny it was considered that it should not affected
by levels of soil moisture and depended only on levels of plant residue (PR) so the values were averaged across
soil moisture and graphed against plant residue application. The relation assumed straight line function
illustrated in equation (3) Where a and b are constants.

No(PR)=axPR+b ?3)
By graphical technique N, and r were found to depend on both soil moisture according to second order
polynomial functions illustrated in equations (4.1) and (4.2), respectively.
Ninax = €x07+dx0+¢ (4.1)
r = fx0*+gx0+h 4.2)
Where c, d, e, and f, g, h were the relevant parameters. After fitting Ny, and r to variable 6 by Matlab software

these parameters were graphed against levels of plant residue and straight line functions were constructed
according to equations (5.1)-(5.6) obtaining new sets of parameter c1-h2.

c=c¢; XPR+c, 5.1
d=d; XxPR+d, 5.2)
e=e; XPR+e, 5.3)
f=/HXPR+f; (54)
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g=9g1xXPR+g, (5.5)

h=h; XPR+h, (5.6)

All sets of parameter were evaluated and plugged in equations (5.1)-(5.6) and then (4.1) and (4.2) to calculate
Niax (0, PR) and r (8, PR) as fully illustrated in equation (6.1) and (6.2).

N,ax (0,PR) = (¢ xPR+¢,)x0%+(d, xPR+d,) x0+ (¢, xPR+¢,) (6.1

r(0,PR) = (f, xPR+f,) x07+(g xPR+g, ) x0+(h, xPR+h,) (6.2)

Results obtained from equations (3), (6.1), and (6.2) were substituted in equation (2) to obtain the relation
between mineral N (N(0, PR, t)) and soil moisture (0), rate of plant residue application (PR), and time (t)
according to equation (7).

NO(PR)Nmax (0,PR)

N(8,PR,t) =
( ) No(PR)*+(Nipax (B,PR)-Ng(PR))e M O-PRINmax (OPR)E

(M

In equation (7) N(, PR, t) represented available N (ammonium + nitrate) being mineralized into a given soil
having applied with plant residue at the rate equal to PR and keeping water content at a constant value equal to
0 evaluated at any time t. In using equation (7) plant residue can be applied at any rate from 0-4 ton/rai provided
that soil water content is kept constant at any of the given 3 values; namely, field capacity (FC), ' available
water capacity (2 AWCA), and permanent wilting point (PWP).

2.6 Validation Test for the Developed Mathematical Model

Equation (7) was used to predict mineral N at specific time during course of incubation when the soil was
applied with plant residue at given rate and by the way soil water content was kept at a given value. The result
was then compared to the observed value at the same time. Difference between means of the observed and
predicted value was verified by means of t-test and the point-to-point comparison was made by Root Mean
Square Error (RMSE) as described in equation (8) (van Donk et al., 2004).

/2“ w5
RMSE = L ®)

Where y; and y; were the observed and predicted values, respectively, and n was the number of observation.

Graphs were drawn between the observed and predicted values of mineral N, straight line functions were
constructed and the accuracy and precision of the prediction were evaluated by the b and the R? values of the
functions.

2.7 Application of the Constructed Mathematical Model

In order to apply equation (7) to field condition where soil moisture changes with time the easiest way was to
turned back to original differential equation as rewritten in equation (9).

RO = 5= 1Ny N )N ©

In this equation Ny, and r were obtained from equation (6.1) and (6.2), respectively, if soil water content (0) was
known. If rate of plant residue application was decided the value of N, can be calculated from equation (3). And
as time (t) and the corresponding 6 were known, N(0, PR, t) can be calculated from equation (7). Now one can
predict rate of plant residue decomposition (R(t)) from equation (9). After decomposition rate was calculated as a
function of average soil water content during specific time period (At) the amount of mineral N released during
At could be calculated by AN; = R; x At; and cumulative mineral N released at time t (Ng,u(t,)) could be
calculated according to equation (10)

Ncum(tn) = Z?:O ANi = Z?:O Ri ><A‘[i (10)

Where R; and At; were evaluated from equation (11.1) and (11.2), respectively
R = R(ti+l;+R(ti) (11.1)
At =t-t (11.2)

In this case R; was the average value of decomposition rate between time t; to t;; corresponding to water content
0; and 0, respectively. Also At; designated time duration between t; and t,,.

In using equation (10) one must select the plant residue application rate at the beginning of the season and
monitor soil water content periodically through time then calculate R(t) by equation (9) using the value of 0
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being observed and then calculate R; and At; from equation (11.1) and (11.2), respectively. Up to this point one
can calculate cumulative mineral N released from plant residue decomposition from equation (10).

3. Results
3.1 Time Courses of Cumulative N Mineralization

Nitrogen mineralization from native soil organic matter (treatments without plant residue addition) was low for
each soil under every level of soil moisture maintained. Accumulations of nitrogen mineralized from native
organic matter in course textured soils, Kt and Y1 soil series, were low and difference was detected among levels
of soil moisture maintained. In medium and fine textured soils, Ly, Ks, and Pc soil series, N mineralization at FC
and > AWC were higher than at PWP incubation. Addition of plant residue at 4 ton/rai, however, drastically
enhanced the level of mineralized N throughout the year. Mineral N released from added plant residue was
approximately 3.59 folds as compared to control (0 ton/rai) on the average (Table 6)

40 (a) Kt (Sandy loam) 40 (b) Y1 (Loamy sand)

Avilable N {mg Nfkg)
Avilable N (mg N/kg)

= z
A &b
= g
= A
i o
L) =
ke E
= =
=
time (day)
Bl
% —+PWP
o0 -B=12AWCA
E --FC
= -X~PWP+ PR
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= -0-FC+PR
3

time (day)

Figure 2. Time courses of cumulative mineral N during incubation of different soil type, soil moisture content
and levels of plant residue; (a) Kt, (b) Y1, (c) Ly, (d) Ks, and (e) Pc

Rates of N mineralization from added plant residue were quite fast for short period at the beginning. The results
were in agreement to Palm et al. (2001) that net N mineralization occurred right at the beginning in
decomposition process of low C:N ratio plant residues. After short period of fast mineralization, the process were
slowed down and maintained at relatively high rate compare to native soil if soil moisture content were maintain
at FC and %2 AWC. Mineralization at the restrict level of soil moisture at PWP, however, were carried out at low
level similar to native soil (figure 2).

3.2 Mathematical Modeling

Graphs presented in figure (3) were depicted as an example for 5 soils amended with 4 ton/rai of plant residue
and keeping water content at FC. Mineral N was observed to be rapidly released from plant residue at the
beginning of incubation period and rate of release decreased materially after 150 days of incubation. Wavy
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pattern of response was noticed for N mineralization especially during later time course of incubation. This
phenomenon might be contributed to a natural cycle of life and death of soil microorganisms. During the period
of rapid population growth mineralization rate might be decreased and on the other hand during the period of
population decline available N might be increased. The general pattern of response suggested that the Logistic
mathematical model was suitable to describe the functions.
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Figure 3. Time course variation of available N mineralization selected for 4 ton/rai residue application rate in
soils; (a) Kt, (b) Y1, (c) Ly, (d) Ks, and (e) Pc as soil water content was kept constant at FC

As the relevant parameters in equations (2)-(5.6) were evaluated the results were presented in table (3). These
parameters were then substituted in equations (3), (6.1), (6.2), and (7) to obtain mathematical function relating
available N to soil water content (0), level of plant residue application (PR), and time (t) for each soil. These
functions were then used to calculate available N released from soils under the same condition of water content
and rate of residue application. The result was shown as lined curve drawn in the same graph in figure (3). The
predicted values were found to reflect the observed value on average.
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Table 3. The parameters of the mathematical model presented in equations (3)-(5.6) needed for calculation of
parameters Ny, Ny« and r in equations (3), (6.1) and (6.2)

parameter Kt Y1 Ly Ks Pc
a 0.0530 0.0549  0.0784 0.0443 0.1404
b 0.0267 0.0571  0.3377  0.4037 0.3557
C -98.600 -119.760 -97.322 -86.063 -477.080
C -52.570 3.755 31.008  -9.107 -1235.500
d 11.6930  9.3050 21.7870 23.798  183.650
d, 7.651 0.231 -2.562 7.107 466.020
e 0.021 0.106 -0.852  -1.207 -17.066
e 0.167 0.299 1.050 0.269 -42.807
fi -208.060 -38.856  9.058 1.342 -30.372
f 943.240  -5.225 -0.331  -5.332 145.510
g 28.793 2.402 -1.813  -0.348 11.480
Jooy -128.160  2.159 0.196 1.383 -55.115
h, -1.065 -0.016 0.089 0.021 -1.085
h, 4.647 -0.001 -0.008  -0.073 5.222

Statistical values presented in table (4) and figure (4) revealed that the slope (b) and the coefficient of
determination (R?) of the relation between observed and predicted mineral N were closed to 1 The result
suggested that the two values were approximately the same. The point-to-point comparison by means of RMSE
yielded values in the range of 0.17-0.22 mg/kg corresponding to the observed values in the range of 0.67-1.24
mg/kg which was quite high. The cycle of microbial population fluctuation was assumed to be the cause of this
phenomenon. Comparison between means of observed and predicted values by means of t-test revealed no
statistical difference between the two. The overall statistical tests suggested that the constructed mathematical
models could meaningfully be used to predict the amount of available N mineralized from plant residue
incorporated into the soils under the given conditions.

Table 4. Statistics of comparison between observed and predicted N-mineralization for each soil series

Soils b R’ RMSE mean observed mean predicted  t-cal  t-table Sig.
Kt 0.9330 0.8613 0.2227 0.7941 0.7540 0.5470 098 s
Yt 0.9676 0.9093 0.1708 0.6741 0.6638 0.1450 098 s
Ly 0.9618 0.9218 0.1833 1.0129 0.9852 0.3405 098 ns
Ks 0.9756 0.9472 0.1738 1.1646 1.1376 02876 098 s
Pc 0.9806 0.9402 0.2068 1.2364 1.2220 0.1358 098 s

3.3 Application of the Constructed Mathematical Model

In order to apply equation (7) to field condition where soil moisture content changes with time we constructed an
arbitrary variation of soil water content with time of year as represented in table (5). Range of soil water content
variation was confined between PWP and FC of each soil series.
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Figure 4. Relation between observed and predicted values of available N for soils; (a) Kt, (b) Y1, (c¢) Ly, (d) Ks,
and (e) Pc

Table 5. Arbitrary monthly averaged soil water content throughout a year for difference soil series

Month time (day) Kt Yl Ly Ks Pc
June 0 0.037 0.025 0.077 0.103 0.178
July 30 0.049 0.033 0.088 0.119 0.185
August 60 0.061 0.040 0.100 0.135 0.192
September 90 0.073 0.048 0.111 0.151 0.199
October 120 0.082 0.053 0.120 0.163 0.204
November 150 0.082 0.053 0.120 0.163 0.204
December 180 0.061 0.040 0.100 0.135 0.192
January 210 0.025 0.018 0.065 0.087 0.172
February 240 0.025 0.018 0.065 0.087 0.172
March 270 0.025 0.018 0.065 0.087 0.172
April 300 0.025 0.018 0.065 0.087 0.172
May 330 0.025 0.018 0.065 0.087 0.172
June 360 0.037 0.025 0.077 0.103 0.178

As an example of model application the level of plant residue application was assigned at 4 ton/rai. From the
value of 8 and the corresponding time t one can calculate R; and At; as well as N¢yy(t,) by the method mentioned
earlier for each soil. The results were shown in figure 5 along with the observed value obtained as if soil
moisture were kept constant at 1/2AWCA and PWP.
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Figure 5. Predicted cumulative mineral N decomposed from organic residue with time as compared to the
observed values if soil water content were kept constant at 1/2AWCA and PWP of each soil series

The predicted values of N, were noticed to fluctuate between the two limits suggesting that equation (10)
could be used meaningfully to predict cumulative mineral N decomposed from plant residue under the situation
where soil moisture changes with time. Since yearly averaged soil water content simulated was around
1/2AWCA Neun curve should resemble that of 1/2AWCA curve, however some of them were close to PWP curve.
In the later cases especially for the soil having rapid early rate of decomposition might suffer from constraint of
limited soil moisture during the beginning period as might be seen from table (5). Such the condition would
suppress the decomposition rate and caused the predicted curves to resemble the PWP curves (figure 5).

4. Discussion

Effect of levels of plant residue on mineral N for each soil as presented in table (6) indicated that mineral N
released from plant residue at 4 ton/rai was approximately 3.59 folds as compared to control (0 ton/rai) on the
average. The observed value of mineral N was 1.50 mg/kg soil at the end of the experiment as compared to 0.49
mg/kg soil of control treatment. It was noticed that the ratios of mineral N decomposed from 4 ton/rai treatment
to control treatment of coarse textured soils (Kt and Y1) ranged between 3.74-6.39 and such the ratios of medium
(Ly and Ks) and fine textured soils (Pc) were comparable and ranged between 2.41-2.73. The data suggested that
if the native organic material of soils was the same decomposition in coarse textured soils would be higher than
medium and fine textured soils, respectively. The nature of the decomposer population and available pore space
has been found to influence the rate of mineralization of organic substrates added to soil (Srensen, 1975; Elliott
et al., 1980; Hassink et al., 1993), However the difference of mineral N between plant residue rate of 4 ton/rai
and control treatment revealed that decomposition of organic material in coarse and medium textured soils was
about the same and ranged between 0.92-0.98 mg/kg soil noticeably smaller as compared to 1.23 mg/kg soil of
fine textured soil (Pc). Magdoft (1991) showed that SOM level and soil-textured interact to influence availability
of N. At low soil N levels (and low SOM) in coarse-textured soil, mineralization rates are high but low amounts
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of organic N meant that little N is made available. The data suggested that level of native organic material
influenced decomposition of plant residue input into soil. This might be because larger organic material content
promoted diversified microbial species and larger microbial population and this in turn enhanced decomposition
of native organic material contained in the soil. According to the study of Hassink et al.(1993), There are also a
good correlation between the small pore fraction and the relative increase in N mineralization with fine sieving.

Table 6. Effect of plant residue application rates on mineral N decomposed (mg/kg) in tested soils averaging
across different levels of soil moisture

Soil series 0 (ton/rai) 4 (ton/rai) Ratio difference (mg/kg)
Kt (Sandy loam) 0.335 1.253 3.741 0918
Y1 (Loamy sand) 0.182 1.166 6.389 0.983
Ly (Sandy clay loam) 0.550 1.476 2.685 0.926
Ks (loam) 0.682 1.647 2416 0.966
Pc (clay) 0.707 1.934 2.737 1.227
Avg. 0.491 1.495 3.594 1.004

Influence of soil water content on mineral N as presented in table (7) revealed that higher decomposition was
obtained from higher soil water content. At field capacity the observed mineral N was 1.13 mg/kg soil higher
than 1.07 and 0.78 mg/kg soil at 1/2AWCA and PWP, respectively. This finding was consistent with other studies
in the natural condition the net N mineralization rate was low at 20%WHC because the cellular desiccation of
microbes occurred under low moisture conditions (Chen et al., 2011), agreement was found with that of Haynes
(1986) which described that the decline in sizes and activities of decomposer community by the lethal action of
moisture stress had a retarding effect on the process of decomposition. It was noticed that decomposition of fine
textured soil (Pc) was higher than medium (Ly and Ks) and coarse textured soils (Kt and Y1) at every levels of
soil moisture.

Table 7. Effect of soil moisture on mineral N decomposed (mg/kg) in tested soils averaging across different
levels of plant residue application rates

Soil series PWP 12AWCA FC
Kt (Sandy loam) 0.626 0.857 0.899
Y1 (Loamy sand) 0.540 0.744 0.739
Ly (Sandy clay loam) 0.806 1.041 1.192
Ks (loam) 0.874 1.308 1.312
Pc (clay) 1.071 1.408 1.482
Avg. 0.783 1.072 1.125

As seen from figure (2) the wavy pattern of mineral N variation with time caused by fluctuation of microbial
population might responsible for high values of RMSE. The b and R* values of most soils were close to 1.0
except that of Kt soil (table 4). In fact the soil has the most rapid rate of decomposition during the first 30 days
and the rate decreases materially during the following 90 days resulting lower estimation by the model during the
first period and vice versa during the second period (figure 3). This phenomenon might cause lower accuracy and
precision by the model as noticed by lower values of b and R? and high value of RMSE.

Average value of the parameters Ny, Ny, and r of the test soils were given in table (8). The initial value of
mineral N was found to depend on soil texture. The coarser texture the lower the N, and vice versa. The same
trend was observed for the values of Ny, besides the difference between N,,,x and Ny were roughly the same for
all soils suggesting that the level of existing organic matter has pronounce effect on level of observed mineral N.
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Table 8. Average value of the parameters Ny, Np.x, and r of the test soils

Coarse Medium Fine

Sandy loam Loamysand Sandy clay loam  Loam Clay

(K1) (YD) (Ly) (Ks) (Pc)
No 0.1543 0.1669 0.4946 0.4924  0.6365
Ninax 1.1058 0.8183 1.5598 1.6864  1.8578
T 0.2717 0.0858 0.0160 0.0113  0.0211

In table (8) the value of parameter r of Kt soil was noticeably larger than the rest suggesting that decomposition
rate of organic residue in this soil was mostly rapid during the first period because of good aeration of the soil
but the decomposition rate is materially slow for the rest of the time because of substrate exhaustion.

Application of the constructed models to field condition was restricted within FC and PWP soil water content
range. Applying the model to soil with water content lower than PWP might yield negative value of parameter r
and cause error in N, prediction. In this case where implication was aimed to lower range of soil moisture new
set of experiment is recommended where air dried moisture content should be included as one of soil moisture
treatment.

5. Conclusion

An experiment to evaluate the decomposition of mineral N from plant residue applied to soils at different levels
of plant residue and at different levels of constant water content was conducted. Mineral N being released from
plant residue was monitored along a time course of 1 year. The result revealed that an application rate at 4 ton/rai
yielded significantly higher mineral N than control treatment. Higher decomposition of plant residue was found
for soil water content at FC as compared to 1/2 AWCA and PWP, respectively, with a tendency that the first and
the second levels of soil moisture produced comparable mineral N. Furthermore different levels of
decomposition were found for different soils. Finer textured soils tended to have higher decomposition than
medium and coarse textured soils, respectively.

A Mathematical model describing the amount of mineral N released with time assuming logistic model was
found to yield predicted values close to the observed values for every test soil, levels of soil moisture, and plant
residue application rate. The constructed model could be used to predict mineral N at any time t, provided that
soil water content was kept constant at any value between FC and PWP and a level of plant residue application at
any value between 0-4 ton/rai. In order to modify the model to cope with field situation where soil moisture may
vary with time, the rate of mineralization was calculated by differentiation of the original function with respect to
time. The new function described the relation between mineralization rate versus soil moisture, level of plant
residue, and time. Steps of calculation were developed to obtain cumulative mineral N as a function of time. A
simulation was conducted at 4 ton/rai of plant residue application and a given soil moisture fluctuation with time.
The result was compared to the cumulative value of mineral N obtained under a 4 ton/rai application rate and
constant soil water content at 1/2AWCA and PWP. The result suggested that the developed model could
reasonably be used to predict mineral N decomposition at a given time.
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