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NITROGEN MINERALIZATION AND DISTRIBUTION THROUGH THE ROOT 
ZONE IN TWO TILLAGE SYSTEMS UNDER FIELD CONDITIONS 

Mineralización y Distribución del Nitrógeno a Través de la Zona Radicular en Dos Sistemas de 
Labranza Bajo Condiciones de Campo 

 
E. Salazar Sosa1, W.C. Lindemann2, M. Cardenas E.2, and N.B. Christensen2 

 
SUMMARY 

 
Stubble till (ST) and no till (NT) are common tillage 

systems used in the southern great plains. As farmers on 
this region convert from ST to NT, more information is 
needed on how soil nitrogen (N) transformations will 
change. The objectives of this research were to: 
a) compare ST and NT with respect to organic-N 
mineralization and b) compare ST and NT with respect 
to fertilizer-N distribution through the root zone. The 
experimental design was a randomized complete block, 
with a split-block arrangement replicated three times. 
Large plots consisted of tillage systems (ST and NT) and 
N-fertilizer (0 N and 56 kg N ha-1) were the subplots. In 
addition, tillage systems ST and NT were compared with 
regard to 15N distribution, applied in microplots 
(10 atom% 15N) at the rate of 56 kg N ha-1. The 
microplots were located in the middle of large fertilized 
subplots and were planted with wheat. Microplots were 
sampled from 0 to 300 cm depth to track the inorganic-N 
(NO3-N + N02-N + NH4-N) distribution. The N 
mineralization experiment was carried out without 
cropping in the fallow period from May to August of 
1993, but the samplings were taken from subplots and 
the soil depths were 0 to 7.5, 7.5 to 15, and 15 to 30 cm, 
only. Samplings were done weekly to complete 
12 sampling dates in total. The 15N concentrations at 
most soil sampling depths were higher in ST than in NT 
systems except at the 300 cm depth. Thus, a small 
portion of the 15N applied to wheat may eventually leach 
below the rooting zone. With respect to N mineralization 
 experiment  over  the  twelve weeks, inorganic-N 
averaged 28.3 and 17.4 mg kg-1 for ST and NT, 
respectively. 
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2 Agronomy and Horticulture Department of New Mexico State 
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RESUMEN 
 

Los sistemas de labranza de Mulche (ST) y cero (NT) 
son comúnmente utilizados en las grandes planicies del 
sureste de los Estados Unidos. Los productores de esta 
región están tratando de cambiar su sistema de labranza de 
ST a NT, sin embargo, es necesaria más información sobre 
las transformaciones del nitrógeno (N). Los objetivos de 
este estudio fueron comparar la ST con NT con respecto a 
la mineralización del N-orgánico y con respecto a la 
distribución del N proveniente del fertilizante a través de 
la zona radicular. El diseño experimental utilizado fue 
bloques al azar con arreglo de parcelas divididas, con tres 
repeticiones. Las parcelas mayores fueron los sistemas de 
labranza (ST y NT) y las menores el fertilizante (0 y 56 kg 
N ha-1). Adicionalmente, los dos sistemas de labranza 
fueron comparados con respecto a la distribución del 15N 
aplicado en microparcelas, localizadas en la parte central 
de las parcelas menores y en las cuales se sembró trigo. Se 
hicieron muestras en las microparcelas de 0 a 300 cm (de 
30 en 30 cm c/u) de profundidad para observar la 
distribución del N-inorgánico. Con respecto al 
experimento de mineralización éste se llevo a cabo sin 
plantar un cultivo entre mayo y agosto de 1993. En las 
subparcelas de este experimento se realizaron muestreos 
semanalmente a las profundidades de 0 a 7.5, 7.5 a 15 y 
15 a 30 cm. La concentración del 15N en todas las 
profundidades muestreadas fue mayor en ST que en NT, 
excepto a los 300 cm y como el 15N determinado fue 
mayor en ambos sistemas de labranza que el encontrado 
en forma natural. Se concluye que parte del N fertilizado 
se lixivia fuera de la zona radicular. Con respecto al 
experimento de mineralización en promedio (12 semanas) 
la concentración de N-inorgánico fue de 28.3 y 17.4 mg 
kg--1 para ST y NT, respectivamente.  

 
Palabras clave: Nitrógeno, mineralización y distribu-
ción del nitrógeno, labranza cero, labranza de mulche y 
nitrógeno orgánico e inorgánico. 
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INTRODUCTION 
 

Mineralization under field conditions has been 
reported to be faster in conventional till and ST than in 
NT systems by many researchers (Meisinger et al., 1985; 
Carter and Rennie, 1987; Locke and Hons, 1989). 
Conventional till breaks up plant material and mixes 
residues in the soil that accelerates microbial 
decomposition (Gil, 1990). Stubble mulch till cuts the 
soil at the depth of 15 cm, increasing aeration and 
leaving the residue in the soil surface, which increases 
mineralization (Salazar et al., 1993). 

Follet and Shimel (1989) indicated that respiration 
rates per unit of mineralized N was higher in clean till 
than in NT systems. Also, increasing tillage intensity 
decreased the ability of soil to immobilize and conserve 
mineral N. Adoption of NT over clean or conventional 
till systems probably would maintain the fertility status 
of top soil, because soil residue is accumulated and 
organic matter is maintained (Follett and Peterson, 
1988). 

Sheppers and Mielke (1983) found that 
mineralization occurring in the fall of 1978 and 1979 
contributed 207 kg N ha-1 to the total NO3-N pool in the 
soil and 156 kg N ha-1 during the following year. These 
authors determined that if this potential for 
mineralization of N is not considered in N fertilization 
practices, excess nitrate can easily accumulate in the soil 
profile and may later leach into ground water. In general, 
the soils used in the experiments mentioned in this study 
were of a fine texture classification similar to those 
found in Clovis, New Mexico. 

Eck and Jones (1992) determined that NO3-N moved 
deeper into the soil profile in NT than in ST tillage 
systems. Differences in the root zone may have resulted 
from differential leaching rather than from differential 
nitrification. Nevertheless, yields under NT and ST 
systems were similar. Nitrate is known to leach from 
crop production systems in humid areas where large 
amounts of N fertilizer are applied (Gormly and 
Spalding, l979) and from High Plains dry land crop 
production systems where less N fertilizer is used. 
Tillage can have a significant effect on potential NO3 
accumulation in the profile. Conventional till increases 
the rate of organic-N and organic-C loss in surface soil 
(Lucas et al., l977; Blevins et al., l983; Follet and 
Shimel, l989) while NT systems increase soil organic-N 
and organic-C accumulation (Standley et al., l988; Carter 
and Rennie, l982). Power et al. (l986), in a wheat-fallow 
rotation, determined that more N was retained in the 
surface soil with NT than with plowing tillage systems. 

Thus, N retained under NT systems may be used either 
by the subsequent crop or may potentially leach during a 
fallow period (Helling, l987). This N leaching is 
attributed to the water storage and movement through the 
soil profile as result of continuous macropores developed 
by dead plant roots or shrinkage cracks formed when the 
soil is dry (Van Doren and Triplet, 1969). 

Soil physical properties may affect N transformations 
and hence the N cycle. High or low soil temperatures and 
low moisture contents through the soil profile retard 
mineralization in NT systems as a result of decreased 
microbial activity (Campbell and Brederbeck, 1982; 
Groya and Shaeffer, 1985). Leaching of NO3 through 
continuous channels was higher in NT than in ST 
systems (Groya and Shaeffer, 1985). Nevertheless, the 
accumulation of NO3 below 22 cm is attributed to the 
effect of mineralized N in ST and clean till systems 
(Sarrantonio and Scott, 1987). Two physical factors that 
are related to microbial activity, and to the C/N ratio in 
soil surfaces, are the percentage of soil pores filled with 
water (%WFP) and total porosity. Nitrous oxide 
concentrations were greater under NT than in clean till 
systems because %WFP at the soil surface (0 to 7.5 cm) 
in NT soil was 62 % and 44 % , respectively, in four 
locations in the United States. Under laboratory 
conditions in NT surface soil, CO2 is 3.4 times greater 
and N2O is 9.4 times greater than in clean till (Linn and 
Doran, 1984). 

Nitrification, microbial respiration and 
mineralization are increased when water content is high, 
but soil aeration is not limited (Rice and Smith, 1983). 
Kwikman et al. (1991), under conditions of modest 
fluctuation of soil moisture, found that low microbial 
activity resulted in higher plant 15N uptake than in soil 
kept continuously moist. Nevertheless, when fluctuation 
in soil moisture content was more intense and the 
irrigation rate was more frequent, microbial activity 
stimulated the mineralization of organic-N. Therefore, 
soil physical parameters strongly affect the N cycle 
(Phillips, 1980; Doran and Power, 1983). 
 

MATERIALS AND METHODS 
 

Nitrogen distribution and mineralization experiments 
were performed under field conditions, in a long-term 
nitrogen-tillage system experiment described next. 
 
Nitrogen-Tillage Systems Experiment 
 

A long-term tillage systems experiment was started 
in 1987. This experiment was located at the New Mexico 
State University Agricultural Science Center near Clovis, 



SALAZAR ET AL.  NITROGEN MINERALIZATION AND DISTRIBUTION THROUGH THE ROOT ZONE                   

165 

 

New Mexico. The Clovis area is located on the western 
edge of the southern Great Plains dry land farming 
region and averages 42 cm yr-1 of precipitation. The 
experiment consisted of a sorghum-sorghum-fallow-
wheat-fallow dry land rotation system. Treatments were 
arranged in a split-plot structure, using a randomized 
complete block as the experimental design with three 
replicates. Large plots consisted of tillage systems (ST 
and NT) and subplots were N-fertilizer (0 N-fertilizer 
and a banded N rate of 56 kg N ha-1). This experiment 
was used as the base to perform field experiments 
described later and the soil is a Pullman sandy clay loam 
(fine, mixed thermic, Toerrertic paleustol) containing 
46.4 % sand, 23.6 % silt, and 30 % clay.  
 
Nitrogen Distribution Under Field Conditions 
 

To complement the long-term tillage system 
experiment, a N distribution study was started in the fall 
of 1990. Tillage systems (ST and NT) were compared 
with respect to l5N distribution in the N fertilized plots 
during the wheat-fallow-sorghum portion of the 
experiment (l99l-l992). The study was conducted in 
microplots planted with wheat (TAM-105), but with 15N 
labeled urea fertilizer (10 atom% 15N) at the rate of 56 kg 
N ha-1. l5N was necessary to differentiate fertilizer N 
from indigenous soil N. The 15N was purchased from 
Isotec Inc., Miamisburg, Ohio. 

The microplots were located in the middle of the 
large fertilized subplots established in l987. Each 
microplot was 1.02 m wide by 2.44 m long, for a total 
area of 2.48 m2 and was subdivided into four equal parts. 
One part was sampled in the summer of 1991 and the 
remaining three parts were sampled in the spring, 
summer, and winter of 1992.  

The soil sampling scheme in microplots permitted 
the following of inorganic-N (NO3-N + NO2-N + NH4-
N) distribution. Cores were taken to a depth of 3 m in the 
15N microplots using a 5 cm diameter coring tube. The 
first two samples were taken at 0 to l5 and l5 to 30 cm 
depths, thereafter samples were taken at intervals of 
30 cm. A total of 11 soil layers delineated 15N 
distribution through the deepest region of the rooting 
zone. The intact soil cores were subcored in the field to 
eliminate contamination by surface soil. The subcores 
were removed from the chrome-steel tube, air dried, 
placed in sterile plastic bags and stored at room 
temperature (approximately 25 oC) for later analyses 
(five days). 

Soil water contents were determined by the 
gravimetric method each time a sample was collected. 
Inorganic-N was extracted with 2M KCl immediately 
after sampling (Kenney and Nelson, 1982) and 
determined on a Technicon Autoanalyzer (Technicon 
Instruments Corp., Torrytown, New York). Part of the 
soil from 15N plots were ground, placed in glass bottles 
and were sent to the soil laboratory at the University of 
Nebraska for 15N determination. Soil 15N samples were 
analyzed using a Carlo Erba Analyzer-mass spectrometer 
(model 5234). When 15N occurred in a sample at a 
concentration above background, it was assumed that the 
N came from the N-fertilizer. 
 
Statistical Analysis 
 

Analysis of variance was used to test statistical 
significance of tillage systems (ST and NT) and 
inorganic-N distribution by depth using SAS GLM (SAS 
Institute, 1989). The LSD was calculated for mean 
separation when the F statistic was significant at the 
P<0.05 level. 
 
Nitrogen Mineralization Experiment 
 

Sorghum was planted in the summer of l992. 
However, mineralization was difficult to quantify in the 
sorghum growing season because of fertilization, 
N-uptake, N leaching and decreased bacteria activity 
(Scheppers and Mielke, l983). Thus, this experiment was 
carried out without cropping in the fallow period from 
May to August of l993. 

The factors studied here and the arrangements of the 
treatments were the same to those mentioned in the 
long-term experiment, but a new soil depth (15 to 30 cm) 
was sampled and added as a third level. Also, the 
number of levels of the sampling date were increased 
from 4 to 12 (weekly) because forms of N change rapidly 
with soil conditions. The soil physical variables that 
were determined include  water content, and 
temperature. The soil water content was determined by 
the gravimetric method, and the soil temperature was 
determined with a thermometer (Blake and Hartage, 
1986). 

Soil water content was measured weekly, and soil 
temperature was measured daily. All subplots were 
subsampled twice for physical and chemical variables 
and the average value was considered for statistical 
analysis. The chemical and statistical analysis were 
similar to those carried  out  in  the  distribution  
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experiment,  but  in  this experiment multiple regression 
was performed to determine the best combination of soil 
physical parameters that affect N mineralization. 
Stepwise procedure was used to select the best prediction 
model from multiple regression analysis. 
 

RESULTS AND DISCUSSION 
 
Nitrogen Distribution 
 

Nitrogen distribution data were generated for four 
sampling dates: 1) after wheat harvest at the end of 
summer of 1991, 2) fallow period in March of 1992, 
3) June of 1992, and 4) after sorghum harvest in the fall 
of 1992. Tillage systems statistically (P<0.05) affected 
inorganic-N, NO3-N, and the soil water content, but did 
not affect soil NH4-N. 

The distribution of both inorganic-N and atom% 15N 
depended on tillage system (Table 1). Atom% 15N 
distribution clearly indicates that 15N moved through the 
soil profile and descended to the lower root zone in both 
ST and NT systems ( Table 2). 15N in the top (150 cm of 
soil) could have been from both inorganic-N and 
organic-N. However, below 150 cm depth the 15N should 
have been only from inorganic-N because no roots were 
found. The concentration of inorganic-N in the soil 
profiles in date 1 was generally higher in ST than in NT 
to the 240 cm depth. However, at the 270 and 300 cm 
depths the inorganic-N levels were similar between ST 
and NT. Similar trends were found for the sampling 
dates 2, 3 and 4 (Table 1). Greater inorganic-N 
concentration in ST than in NT was attributable to higher 
N-mineralization and water movement in ST than in the 
NT system. 

The 15N concentration in both ST and NT were 
higher than the natural background of 15N in soil at all 
depths. These results indicate that part of the 15N in the 
lower soil depths came from the 15N fertilizer applied to 
wheat. Similar trends were also found for sampling 
periods 2, 3, and 4 (Table 2). The concentrations of 15N 
found at the 300 cm depth indicates that some 
N-fertilizer applied at planting could leach to the lower 
portions or even below the root zone. However, most of 
the N-fertilizer applied was absorbed by wheat or 
remained in the soil. Similar results were found by Eck 
and Jones in 1992 when they determined that nitrate 
moved deeper into the soil profile in NT than in ST 
tillage systems and Kitur et al. In 1984 reported that 
more N fertilizer applied to corn remained in the soil, 
and the recovery depended no N fertilizer applications 
rates and tillage systems.  

 
 

Table 1.  Interaction of tillage, sample depth, and sample date on 
soil inorganic-N in the N-distribution experiment. 
 
Depth Sample date Tillage system 

  No-till Stubble till 
    cm        -  -  Inorganic-N mg kg-1  -  -  
    0 to 15 1 14.5 b* 20.5 a 
 2 10.1 a   9.9 a 
 3   6.8 a   8.8 a 
 4 14.8 a 17.6 a 
  15 to 30 1 12.8 b 26.1 a 
 2   9.7 a 12.0 a 
 3 13.0 a 10.7 a 
 4 18.1 a 16.6 a 
  30 to 60 1 14.2 a 15.2 a 
 2   9.5 a 13.8 a 
 3 10.9 a 12.2 a 
 4 16.2 a 16.4 a 
  60 to 90 1   9.2 a   7.0 a 
 2   8.9 a 15.6 a 
 3   9.4 a 12.7 a 
 4 15.5 a 16.6 a 
  90 to 120 1   7.9 a 10.5 a 
 2 10.1 a 13.6 a 
 3   6.8 b 17.8 a 
 4 16.5 a 17.6 a 
120 to 150 1   7.4 b 16.0 a 
 2 14.6 b 19.6 a 
 3   9.8 b 18.6 a 
 4 16.3 b 26.6 a 
150 to 180 1   6.8 b 15.9 a 
 2   9.7 b 17.5 a 
 3 11.3 b 17.3 a 
 4 12.7 b 24.2 a 
180 to 210 1 10.1 a 14.8 a 
 2 11.3 a 14.6 a 
 3 12.7 a 13.5 a 
 4 19.4 b 26.6 a 
210 to 240 1 13.6 a 14.4 a 
 2 12.4 a 11.3 a 
 3 12.1 a 11.2 a 
 4 18.8 b 25.0 a 
240 to 270 1 15.8 b 12.2 a 
 2 13.6 a 11.0 a 
 3 10.3 a   7.9 a 
 4 20.1 a 21.6 a 
270 to 300 1 17.9 b 15.4 a 
 2 13.4 a 13.7 a 
 3 10.8 a 10.0 a 
 4 22.2 a 21.3 a 
Average 12.68 15.70 
LSD(p=0.05) = 4.98. CV= 22.1 %. 1 = after wheat harvest in 1991. 2 = fallow 
period, March of 1992. 3 = June of 1992. 4 = after sorghum harvest in 1992. 
* Means within rows with no Latin letters in common are significantly different 
(P<0.05). 

 
Nitrate concentrations through out the soil profile 

also depended on tillage system. As in inorganic-N, 
statistical differences (P<0.05)  were  found  for  the 
interaction till,  depth and sample date. The first two 
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sample depths had 45 % and 51 % more NO3-N in ST 
than NT (Table 3). Because soil water content was 
similar in both tillage systems, this result is attributed to 
higher mineralization in ST than in NT. For the second,  

 
Table 2.  Interaction of tillage, sample depth, and sample date on 
soil 15N in the N-distribution experiment. 
 
Depth Sample date Tillage system 
  No-till Stubble till 
      cm       -  -  -  -  Atom% 15N  -  -  -   
    0 to 15 1 0.68 a* 0.55 b 
 2 0.43 a 0.40 a 
 3 0.70 a 0.48 b 
 4 0.50 a 0.42 b 
  15 to 30 1 0.41 b 0.57 a 
 2 0.38 a 0.38 a 
 3 0.39 a 0.41 a 
 4 0.39 a 0.39 a 
  30 to 60 1 0.39 a 0.38 a 
 2 0.38 a 0.43 a 
 3 0.38 a 0.35 a 
 4 0.38 a 0.39 a 
  60 to 90 1 0.38 a 0.38 a 
 2 0.39 a 0.40 a 
 3 0.39 b 0.51 a 
 4 0.42 a 0.38 a 
  90 to 120 1 0.38 a 0.37 a 
 2 0.38 a 0.38 a 
 3 0.38 b 0.45 a 
 4 0.42 a 0.40 a 
120 to 150 1 0.38 b 0.38 a 
 2 0.38 b 0.39 a 
 3 0.42 b 0.40 a 
 4 0.41 b 0.39 a 
150 to 180 1 0.38 b 0.41 a 
 2 0.37 a 0.38 a 
 3 0.40 a 0.38 a 
 4 0.39 a 0.39 a 
180 to 210 1 0.38 a 0.39 a 
 2 0.39 a 0.39 a 
 3 0.53 a 0.40 b 
 4 0.44 a 0.38 b 
210 to 240 1 0.38 a 0.38 a 
 2 0.39 a 0.39 a 
 3 0.40 b 0.45 a 
 4 0.39 b 0.39 a 
240 to 270 1 0.39 a 0.38 a 
 2 0.42 a 0.39 a 
 3 0.39 a 0.39 a 
 4 0.42 a 0.41 a 
270 to 300 1 0.39 a 0.41 a 
 2 0.38 a 0.38 a 
 3 0.38 a 0.41 a 
 4 0.41 a 0.49 a 
Average 0.413 0.408 

LSD(p=0.05) = 0.05. CV= 22.1%. 1 = after wheat harvest in 1991. 2 = fallow 
period, March of 1992. 3 = June of 1992. 4 = after sorghum harvest in 1992.  
* Means within rows with no Latin letters in common are significantly 
different (P<0.05).  

third and fourth sample dates, tillage had no significant 
effect on NO3-N in the upper soil depths (0 to 120 cm). 
However, ST had more NO3-N than NT for the 120 to 
180 cm depth. Below the  

 
Table 3.  Interaction of tillage, sample depth, and sample date on 
soil NO3-N in the N-distribution experiment. 
 
Depth Sample date Tillage system 
  No-till Stubble till 
      cm           -  -  -  -   mg kg-1  -  -  -  - 
    0 to 15 1 7.6 b* 13.9 a  
 2 3.6 a 2.3 b 
 3 8.9 a 4.4 b 
 4 1.4 a 1.9 b 
  15 to 30 1 6.3 b 13.0 a  
 2 2.3 a 3.5 a 
 3 5.6 a 4.7 a 
 4 1.6 a 1.5 a 
  30 to 60 1 7.2 a 9.3 a 
 2 2.4 a 6.6 a 
 3 4.3 a 5.1 a 
 4 1.3 a 1.4 a 
  60 to 90 1 2.9 a 1.7 a 
 2  2.8 b 9.5 a 
 3  4.3 b 7.0 a 
 4 1.2 a 1.9 a 
  90 to 120 1 2.7 a 5.5 a 
 2 3.8 a 7.9 a 
 3  5.2 b 13.6 a  
 4 1.9 a 2.9 a 
120 to 150 1  2.2 b 11.0 a  
 2  7.7 b 13.9 a  
 3  5.1 b 12.8 a  
 4  3.2 b 10.3 a  
150 to 180 1  2.6 b 11.4 a  
 2  3.2 b 11.1 a  
 3  6.6 b 13.0 a  
 4  3.9 b 11.8 a  
180 to 210 1 5.4 a 9.9 a 
 2 5.8 a 8.5 a 
 3 7.6 a 9.0 b 
 4 5.9 b 13.4 b  
210 to 240 1 8.6 a 8.2 a 
 2 6.8 a 5.3 a 
 3 7.9 a 6.7 a 
 4 5.5 b 10.8 a  
240 to 270 1 10.6 a  6.0 a 
 2 7.5 a 4.1 a 
 3 6.5 a 4.1 a 
 4 7.1 a 8.8 a 
270 to 300 1 11.8 a  8.4 a 
 2 7.4 a 3.6 a 
 3 6.8 a 6.1 a 
 4 7.8 a 4.6 a 
Average 5.24 7.51 

LSD(p=0.05) = 5.2. CV= 22 %. 1 = after wheat harvest in 1991. 2 = fallow 
period, March of 1992. 3 = June of 1992. 4 = after sorghum harvest in 1992. 
* Means within rows with no Latin letters in common are significantly 
different (P<0.05). 
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Table 4.  Effect of soil sample depth and sample date on soil 
NH4-N in the N-distribution experiment. 
 
Factor   Level NH4-N LSD CV 
   (P<0.05) % 
  mg kg-1   
Depth (cm)   1.02 22 
     0-15 8.5 ab   
   15-30 9.2 a    
   30-60 8.9 a    
   60-90 7.8 b    
   90-120 7.6 b    
 120-150 7.8 b    
 150-180 7.1 c    
 180-210 7.2 c    
 210-240 7.1 c    
 240-270 7.2 c    
 270-300 7.0 c    
     
Sampling date   1.16 22 
 1 5.6 bc   
 2 6.6 b    
 3 5.1 c    
 4 14.3 a      
1 = end of summer of 1991. 2 = March of 1992. 3 = June of 1992. 4 = end 
of fall of 1992. 
* Means within columns and factor with no Latin letters in common are 
significantly different (P<0.05).   

 
180 cm  depth,  tillage  had  no  effect  on  the  NO3-N 
level. 

Means for NH4-N are shown in Table 4. The NH4-N 
concentration varied (P<0.05) between sample depths 
and dates only. Mean NH4-N concentration within the 
top 60 cm soil was 19 % higher than mean concentration 
in deeper soil layers. The variation in NH4-N contents 
among depths is attributed to surface residue 
accumulation after wheat harvest. The fourth sampling 
date had 148 % more NH4-N than the first three dates 
because soil samples for date 4 were taken after sorghum 
harvest. Temperatures after harvest were probably 
sufficient for some decomposition of organic-N, but too 
low for rapid nitrification. 

The similarity of results between inorganic-N 
and NO3-N clearly indicates that  NO3-N,  as  expected,  
 
Table 5.  Interaction of tillage and sampling date on soil water 
content in the N-movement experiment. 
 
Tillage Sampling periods 
systems 1 2 3 4 
 -  -  -  -  -  -  -  -  -  -  m3 m-3  -  -  -  -  -  -  -  -  - 
No-till 0.21aα* 0.16aαß 0.18aσ 0.13aß 
Stubble till 0.17bα  0.15aα  0.16aα 0.12aσ 
LSD(P=0.05) = 0.038. CV = 32% 
1 = fall 1992. 2 = spring 1992. 3 = summer 1992.  4 = end fall 1992. 
* Mean between columns with no Latin letters in common and within rows 
with no Greek letters in common are significantly different (P<0.05). 

 
 
Fig. 1.  Inorganic-N levels at the 0 to 7.5 cm depth in no-till (NT) 
and stubble till (ST) in field mineralization experiment. 
 
contributed more than NH4-N to total inorganic-N. This 
contribution of NO3-N was strongly affected by tillage 
system and soil water content. When the soil water 
content decreased to less than 0.10 m3 m-3 during the 
year, NH4-N tended to be higher than NO3-N. Because 
NH4-N is strongly held by soil colloids, NH4 N is less 
likely to move than NO3-N.  

Tillage system statistically (P<0.05) affected soil 
water content only at the first sampling date. The soil 
water content at this date was 23 % higher in NT than 
the ST (Table 5). This result is explained by greater 
surface protection from evaporation in NT as compared 
to ST. Even though the residue from ST mostly remains 
on the surface, surface coverage is less than in ST 
because the residue is more dispersed than in the NT 
system. The lack of response between tillage systems in 
the other three sampling dates may be the result of low 
precipitation before each sampling date. 

 
 

Fig. 2.  Soil water content at the 0 to 7.5 cm depth in no-till (NT) 
and stubble till (ST) in field mineralization experiment. 
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Fig. 3.  Soil PM-temperature at the 0 to 7.5 cm depth in no-till 
(NT) and stubble till (ST) in field mineralization experiment. 
 

Inorganic-N (principally NO3-N) was generally 
higher in ST than in NT. This result is strongly 
supported by the distribution of 15N through the soil 
profile (0 to 300 cm) in both tillage systems. The 15N 
concentrations at most soil sampling depths were higher 
in ST than in NT systems except at the 300 cm depth. 
However, the 15N concentration at 300 cm in both tillage 
systems was higher than the 15N background level. Thus, 
a small portion of the 15N applied to wheat may 
eventually leach below the rooting zone. 
 
Field Mineralization 
 

Inorganic-N levels generally declined after the start 
of the experiment and increased after week 9 (Fig. 1). 
This response was the result of low soil water contents 
early in 
 
Table 6.  Interaction of sample depth and sample time (weeks) on 
soil inorganic-N in field mineralization. 
 
Week Soil depth (cm) 
  0-7.5 7.5-15 15-30 
       -  -  -  -  -  -  -  -  mg kg-1  -  -  -  -  -  -  -  - 
  1 30.9a* 20.3b 20.9b 
  2 21.9a 19.2a 18.4a 
  3 20.8a 19.5a 18.5a 
  4 21.8a 20.3a 17.2a 
  5 16.7a 13.6a 12.2a 
  6 10.8a   8.9a   8.2a 
  7 10.3a   8.1a   8.9a 
  8 12.8a   9.9a   9.9a 
  9   7.7a   8.7a   9.2a 
10 17.8a 21.7a 13.5a 
11 22.8a 22.4a 17.1a 
12 31.8a 30.5a 29.5a 
LSD(0.05) = 9.1. CV = 31.3 %. 
* Means within rows with no Latin letters in common are significantly 
different (P<0.05). 

 
 
Fig. 4.  Precipitation amount and distribution in field 
mineralization experiment. 
 
the season followed by a sharp water content increase 
(Fig. 2) which also dropped soil temperatures (Fig. 3; 
Table 11). The soil water content and temperature 
variation is the result, in part, of precipitation during the 
twelve weeks of the experiment (Fig. 4). 

Inorganic-N was consistently greater in the ST than 
in the NT (Fig. 1). However, this response was 
statistically significant only on the last three sampling 
dates and is confounded by interactions (Tables 6 to 9). 
Averaged over fertilization levels and time (12 weeks), 
inorganic-N at the 0 to 7.5 cm depth was 19.4 and 14.6 
mg kg-1 for ST and NT, respectively. Over the last three 
weeks, inorganic-N averaged 28.3 and 17.4 mg kg-1 for 
ST and NT, respectively. 

Nitrate contributed to more changes in inorganic-N 
than NH4-N. In general, most differences between tillage 
systems occurred in week 1 and after week 9 when 
averaged among fertilizer and depth levels (Table 9). 
Factors that may have contributed to differences in N 
levels between ST and NT include differences in residue 
incorporation and mixing, soil water content, soil 
temperature, soil porosity, and soil bulk ensity, all of 
which affect N-mineralization. Soil temperature and 
water content were not significantly affected by tillage.  

 
Table 7.  Interaction of tillage system and sample depth on soil 
inorganic-N in field mineralization. 
 
Tillage system Soil depth (cm) 
 0.7.5 7.5-15 15-30 
      -  -  -  -  -  -  -  -  -  mg kg-1  -  -  -  -  -  -  -  -  

- 
No-till 15.6bσ* 14.1aσ 13.7aσ 
Stubble till 22.7aσ  19.6aσ 16.8aσ 
LSD(0.05) = 6.9. CV = 31.3 %. 
* Means within columns with no Latin letters in common and within rows with 
no Greek letters in common are significantly different (P<0.05).   
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Table 8.  Interaction of tillage system and N-fertilizer level on soil 
inorganic-N in field mineralization. 
 
Week No-till Stubble till 
 56† O 56† O 
    -  -  -  -  -  -  -  -  -  -  mg N kg-1  -  -  -  -  -  -  -  -  - 

 - 
  1 24.0b* 23.4b 28.9a 19.7b 
  2 17.2b 16.6b 24.9a 20.6ab 
  3 17.8a 17.6a 22.2a 20.7a 
  4 16.9a 17.8a 23.6a 20.9a 
  5 12.7a 11.2a 18.0a 13.8a 
  6  8.6a  7.9a 11.0a  9.9a 
  7  8.6a  7.0a 10.3a 10.6a 
  8 12.6a  8.1a 10.3a 12.4a 
  9  8.2a  7.0a  9.8a  8.8a 
10 13.6bc 11.8c 25.8a 19.6ab 
11 15.1b 18.6b 29.4a 19.9b 
12 25.2b 23.3b 41.9a 32.0b 
LSD(0.05) = 6.98. CV = 31.3 %. † = kg N ha-1. 
* Means within rows with no Latin letters in common are significantly 
different (p<0.05). 
 

However, the interactions of tillage systems, sample 
date, N-fertilizer and sample depth were often significant 
(Table 10). The interaction generally show that 
differences between NT and ST largely occurred when 
surface soil moisture contents were higher (week 1 and 
after week 9). Soil water contents tended to be lower and 
soil temperatures higher in ST than in NT. When soil 
water content increased, mineralization was also 
increased in both tillage systems; but mineralization was 
higher in ST than in NT. This result is attributed to 
greater microbial activity in ST than in the NT system as 
a result of residue incorporation and mixing. 

The greater incorporation of residue and soil mixing 
in ST than in NT resulted in more mineralization 
principally   at   the   soil   surface   (Christensen  et al.,   
Table 9.  Interaction tillage system and sample time (weeks) on 
soil NO3-N in field mineralization. 
 
Week No-till Stubble till 
      -  -  -  -  -  -  mg kg-1  -  -  -  -  -  - 
  1   7.0c* 13.1cd 
  2 2.9d 5.4d 
  3 3.2d   4.6de 
  4 4.4d 5.1d 
  5   5.9cd 6.0d 
  6 4.1d 5.4d 
  7 3.7d 6.2d 
  8 2.7d 5.0d 
  9 3.0d 4.3e 
10 11.5cb 18.4c  
11 15.3b  28.5ab 
12 23.3a  31.1a  
LSD(0.05) = 8.4. C.V. = 42.5 %. 
* Means within rows with no Latin letters in common are significantly 
different (P<0.05). 

Table 10.  Interaction of tillage system and soil sample depth on 
soil water content in field mineralization. 
 
Tillage system Soil depth (cm) 
 0-7.5 7.5-15 15-30 
   -  -  -  -  -  -  -  -   m3 m-3   -  -  -  -  -  -  -  - 
No-till   0.14aσ* 0.16aα 0.17aα 
Stubble till 0.11bσ 0.17aα 0.18aα 
LSD(0.05) = 0.019. CV = 13.8 %. 
* Means within columns with no Latin letters in common and within rows with 
no Greek letters in common are significantly different (P<0.05). 
 
1994). When part of the residue is incorporated and 
mixed in the ST tillage system, N-mineralization 
increases and the ability of soil to immobilize and 
conserve mineral N decreases more in clean till than in 
NT. (Follet and Peterson, 1988; Follet and Shimel, 
1989). The results clearly indicate that inorganic-N was 
higher in ST than in NT systems when soil and climate 
conditions were favorable for microbial activity. Physical 
parameters such as soil moisture and porosity are 
suppose to have a strong effect on mineralization.  
Because  if  soil  water  content  
 
Table 11.  Interaction of tillage system, soil sample depth and 
sample time (weeks) on PM-temperature in field mineralization 
experiment. 
 
Week Soil depth (cm) 
 0 to 7.5 7.5 to 15 15 to 30 
         -  -  -  -  -  -  -  -   -  -   o C  -  -  -  -  -  -  -  -  -  -  -  -   
 No-till 
  1 28 b*   24 de 24 d 
  2 27 b 24 c 23 d 
  3 28 b   24 cd 22 c 
  4 28 b 25 c   24 de 
  5 29 a 27 b 24 c 
  6 30 b 28 b   26 cd 
  7 34 a 31 b   29 cd 
  8 32 a 28 b   27 bc 
  9 32 a 28 b 28 b 
10 35 a 30 b 26 c 
11 28 a 26 b 24 c 
12 33 b 27 c 25 e 
 Stubble till 
  1 34 a 26 c 21 e 
  2 30 a   24 cd 22 d 
  3 32 a 24 c 21 d 
  4 30 a 24 d 23 e 
  5 30 a 27 b 22 d 
  6 32 a 28 b 26 d 
  7 34 a 31 b 28 d 
  8 33 a 28 b 29 c 
  9 32 a 28 b 26 b 
10 34 a 30 b   27 cd 
11 29 a 26 b 25 b 
12 34 a 28 c   25 de 
LSD(0.05) = 1.9. C.V. = 3.79 %. 
* Means within rows with no Latin letters in common are significantly 
different (P<0.05). 
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increases mineralization was also increased in both 
tillage systems, but the mineralization amount was 
greater in ST than in NT as a result of better residue 
incorporation and mixing. Temperatures in both ST and 
NT were inside of the optimum range for high microbial 
activity (25 to 40 oC). Consequently, temperature effects 
on organic-N mineralization in both tillage systems were 
similar. 
 

CONCLUSIONS 
 

Conclusions are presented in the same order than the 
results and discussion section and are related principally 
to the comparison between tillage systems. 
 
N-Distribution Experiment 
1. Inorganic N and 15N-fertilizer moved through the soil 
profile in both tillage systems, but the amount of each 
one was higher in ST than in NT system. 
2. The 15N distribution through the soil profile clearly 
indicated that some of the 15N fertilizer moved below the 
rooting zone. 
3. The soil water content in NT was 23 % higher than 
that in the ST system only for the first sampling period. 
  
Nitrogen Mineralization Experiment 
1. Tillage system statistically affected the amount of 
inorganic-N mineralized,  ST had a higher (24.6 mg kg-1) 
inorganic-N concentration than NT systems (19.4 mg 
kg-1) 
2. Depth and N fertilizer presented statistical differences 
in inorganic-N, but The highest inorganic-N contents 
were found in the first 15 cm depth. 
3. The main physical parameters involved in inorganic-N 
contents between tillage systems were soil water content 
and porosity. Even though the temperature varied with 
depth its effect in inorganic-N mineralized had similar 
effect in both tillage systems. 
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