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Abstract

A methodology to evaluate the net N mineralised in shallow soils, based on N balances in non-fertilized plots, is proposed. During 1999, 2000 and 2001, the N mineralised in a maize crop irrigated in Central  Spain was: 73.3,  55.4  and  60.5 kg N ha-1, respectively. The relationship observed in this experiment between EUF-Norg and the nitrogen mineralised during the three crops (mean value), was  1 mg  EUF-Norg 100 g-1 soil = 30 kg N ha-1. This calibration was applied to EUF-Norg values obtained from soil samples analysed before the sowing of the crop. This values, together with the mineral N, were used to estimate the N available and consequently the optimised nitrogen rate. N optimised rates for the maize crop, were 150 and 130 kg N ha-1, in 2000 and 2001, respectively. The losses of nitrate by leaching were lower with the optimised rate of nitrogen (NO) than with the conventional rate (NC) of 300 kg N ha-1. However, in spite of the difference in N applied, no effect was observed in the grain yield in any treatments.
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Resumen

Optimización de la dosis de nitrógeno en suelos poco profundos irrigados, bajo cultivo de maiz

Se propone una metodología para evaluar el nitrógeno mineralizado en suelos petrocalcicos poco profundos, basada en los balances de nitrógeno en parcelas no fertilizadas. Durante los años 1999, 2000 y 2001 el N mineralizado en un cultivo de maíz irrigado en la zona Centro de España fue  73.3, 55.4 y 60.5 kg N/ha-1, respectivamente. La relación observada en este experimento, entre EUF-Norg y el N mineralizado durante los tres periodos de cultivo (valores medios), fue 1 mg  EUF-Norg 100 g-1 soil = 30 kg N ha-1. Esta calibración se aplicó a los valores de EUF-Norg correspondientes a las  muestras de suelo tomadas antes del cultivo. Con estos valores junto con el N mineral del suelo se determinó en N asimilable y la dosis optimizada de N. Las dosis de N optimizado (NO) aplicadas fueron 150 y 130 kg N ha-1, en 2000 y 2001, respectivamente. El nitrato perdido por lixiviación fue mas bajo con la dosis  optimizada de nitrógeno (NO) comparada con la dosis convencional (NC) de 300 kg N ha-1. Sin embargo, a pesar de las diferencias en las dosis de N aplicadas en ambos tratamientos, no se obsevó ningun efecto sobre la producción de grano.


Palabras clave: suelos poco profundos, dosis optima, nitrógeno, EUF, balance de N.

Introduction

In irrigated soils, mineralization of soil organic N during the crop season must be taken into account in order to know the N available, and consequently, to improve fertilizer efficiency. In these soils, net N mineralization is often very high in summer, due to soil conditions (moisture and temperature). Even in soils with low organic matter content, net N mineralised can be high. Sánchez et al. (1998) measured 165 kg N ha-1 during a maize growing season in an irrigated sandy loam soil in Mediterranean climate. Quantification of net N mineralised under field conditions is difficult, although methods based on mineral N balance during the growing season for various consecutive years have given useful results. The balance method used by Sánchez et al. (1998) was used to measure nitrate leaching, N mineral exchange in the soil during the crop period and N uptake by the crop. However, when soils are stony and/or shallow, the methodology must be revised because the high amount of stones complicates nitrate leaching measurements. These soils occupy large areas, especially in  Mediterranean countries, where there is a petrocalcic horizon close to the surface. For such soils, net N mineralization has still not been determined.  

 Various soil tests have been proposed to estimate N available (Nav) for the crop, such as incubation (Stanford 1982), or soil extraction methods (Khan  et al. 2001; Mengel 1991; Németh 1979) as the extraction with CaCl2 0.01M  (Houba et al.1986). It is necessary to arrange a soil test to estimate the labile N organic fraction, which supplies N to the plant through mineralization (Khan et al. 2001; Mengel 1991). The electro-ultrafiltration (EUF) extraction method proposed by Németh (1979) allows reliable information of the different forms of N in the soil. By applying an electric field, inorganic ions (NO3- and NH4+) and organic N compounds (mainly peptides and proteins) are desorbed from soil colloids. Satisfactory relationships between analyses in EUF-obtained extracts (Total EUF-N in extracts, EUF-NO3-, EUF-NH4+ and EUF-Norg) and N uptake by the plant (Fürstenfeld & Németh 1984; Poletschny & Fabian 1989; Wiklicky et al. 1983; Wiklicky & Németh 1981; Ziegler et al. 1992) have been reported. Wiklicky & Németh (1981) have proposed to estimate available N  with the equation:

Nav =  (EUF-NO3-) x a + (EUF-Norg) x b  


(1(
EUF-NH4+  was included in EUF-Norg fraction to calculate the N available. Nav is available N for the crop in kg N ha-1, a and b are parameters to obtain the NO3- and Norg  mineralized in the soil, respectively. A relationship between  b and N mineralization, has been observed (Nemeth, 1979). Wiklicky & Németh (1981) using a ‘b’ value of 50 for a sugar beet crop (Beta vulgaris) in Austria, growed on loess soils and with a typical centro-European climate. However, the results of the numerous field experiments performed during the last decades show that the N mineralised, used to calibrate the extractable Norg (b parameter), was not the same for different growing seasons, geographical regions, management practices and types of soil. Theoretically, for each combination of these factors, separate calibrations would be necessary (Appel and Mengel, 1998). Nevertheless, when conditions are known, such as a maize crop, with a hot seasonal period of cultivation, irrigated and in a specific type of soil, these calibrations can be very useful. 

The main aim of this study was to assess the mineralised nitrogen in calcareous soils with a petrocalcic horizon at a 50 cm depth in a Mediterranean-climate, based on the N balance in non-fertilized plots under field conditions. Another objective was to assess the optimal rate of nitrogen by means of the N available of the soil, calculated from the addition of N mineralised and N mineral. 

Materials and methods

Soil Characteristics

 Experiments were carried out in an irrigated maize crop at Las Tiesas Field Station (5 km east of Albacete, Spain) during 1999, 2000 and 2001. The soil (Calcic Xerosol) is shallow  and has a petrocalcic horizon. Each experimental year, in March, soil from Control plots was sampled to characterize the soil and to establish  the N mineralised by means of  N the balance. Fresh soil samples were air-dried and sieved at 2 mm. Soil characteristics are shown in Table 1.  The pH of the soil was basic, with a high carbonate level and a bulk density of 1.30.  It has a sandy loam texture. The depth of the soil was 50-55 cm, below which a 1-3 m thick petrocalcic horizon appeared.  This horizon gave rise to a high degree of soil stoniness (20 – 30%). 

Table 1. Physicochemical properties of soil at the start of the experiment in ploughed soil layer. Mean and SD of plots.

	pH (H2O)
	7.7 ± 0.1

	Bulk density (Tm m-3)
	1.30 ±0.02

	C (g kg-1 )
	8.70 ±003

	Organic matter (g kg-1)
	15.0 ± 1.2

	Carbonate (g kg-1 ) 
	350 ± 14.0

	Clay  (%)
	38

	Silt (%)
	42

	Sand (%)
	20


Experimental Design 
Nine 100 m2 plots were randomly distributed in blocks with three treatments and three replications. The treatments were: non-fertilized control (C), conventional N rate (NC, 300 kg N ha-1) in three splits of 100 kg N ha-1 (NH4NO3 33.5% N)  and an optimised dose (NO) as a single application  40 days after sowing, with the same fertiliser. The conventional rate represents the mean  rate applied by farmers in the region.  The optimised dose applied was calculated though the EUF technique [1 eq.]. A previous experiment was made in 1999 to determine N mineralised in plots without fertiliser during a maize crop (from 20th April to 30th October) with irrigation. During the three experimental  years, the mineralised N was determined from the N balance in the non-fertilised plots. ‘b’ parameter of eq (1(  was then recalibrated for the next experimental year with mineralised N.

Crops and irrigation management

Maize cv Pregia was sown to a density of 86580 seeds/ha (0.165 x 0.70 m) in the stubble of the previous year's crop on  April 25 in 1999, May 8 in 2000 and April 30 in 2001. The seedbed in all plots was prepared with calcium superphosphate and potassium sulphate fertilizer (200 kg P2O5 ha-1 and 100 kg K2O ha-1). A combination of 48% Alachlor (3 l ha-1), 33% Pendimetaline (3 l ha-1) and 24% Bromoxynil (0.75 l ha-1) was applied before emergence for weed control. Methylchloropyriphites (48%) and Cypermetrine (10%) were supplied in irrigation water (dissolved in 70 m-3 ha-1) to prevent maize borer.  The crop was harvested in October.
A year before the beginning of the experiment, a system for monitoring soil water-content in real time, using semipermanent multisensor capacitance probes (EnviroSCAN, Sentek Pty Ltd, South Australia) was installed (Buss 1993). Drainage was calculated as follows:

D = R + I – ET ( (S  


[2]
where R is rainfall (mm), I is irrigation (mm), ET  evapotranspiration (mm) and ΔS  changes in soil water (mm) from 0 to 50 cm depth. Four of the nine experimental plots were provided with EnviroSCAN probes (50 mm interior diameter) of 50 cm depth. The sensors were situated inside the probes at 5, 15, 35 and 45 cm depth (Fig 1). The frequency signal (FS) from the apparatus was converted into a measure of the volumetric moisture content ((v) using the calibration equation of Paltineanu and Starr (1997) in a soil with similar texture. Measures were taken every hour during the cultivation period of each year. A data logger recorded the data. Drainage was calculated from the  water content curves obtained by EnviroSCAN (Sentek, 2000) data during the crop period. The use of the EnviroSCAN system made unnecessary the installation of tensiometers to determine the direction of water-flux in the soil, because this information was obtained with the same system. For drainage calculation the decrease of water reserve curves (EnviroSCAN) corresponding to the sensors situated near the drainage zone (45 cm depth) were used.






Fig 1

Plots were watered periodically (9 irrigations in 1999, 10 irrigations in 2000 and 12 in 2001) depending on the evapotranspiration (ETc). The ETc (crop evapotranspiration) was estimated via the crop coefficient Kc using the Penman-Monteith model (de Juan et al. 1996) with data provided by a meteorological station situated inside experimental field. The Kc was 0.40 for the first 70 days.  Then, it increased to 1.20 until maturity (130 days), and ended at 0.70 at harvest. Table 2 shows the rainfall and irrigation data during the three years of the experiment. Water for irrigation came from the estate’s well. The nitrate concentration in irrigation water was lower than 3 mg L-1.

Methodology to determine NO3- leaching must be adapted to this type of soil. Three ceramic candles (tubes with 63 mm interior diameter) were installed in each plot at a 45 cm soil depth to obtain soil solution samples. It was necessary to prevent the contact between the ceramic and the petrocalcic horizon to assure the vacuum. Water samples from the ceramic candles were taken weekly and nitrate concentrations were determined. NO3-  leaching was calculated as the product of the drained water and nitrate concentration in the soil solution (Díez et al. 1996; Díez et al. 2000). 

Soil Analysis

The EUF method was applied, following the program of Németh (1979). Samples were taken from the ploughed soil layer (0-30 cm) in March.  A 5 g representative sample of air-dried soil (< 1mm) was weighed and introduced in a EUF cell (Vogel S-724). 

Soil pH was determined in water using a calomel glass electrode (ISO 10390, 1994).  Soil organic matter content was determined following the ISO 14235 (1998) method.  Carbonates were measured by gasometry (ISO 10693, 1995). Particle size distribution was measured using a Robinson pipette (ISO 11277, 1998).  Total N (Nt) in EUF extracts were determined by UV radiation digestion and subsequent oxidation with potassium persulphate in an alkaline medium (Díez 1988). The determination of N in the extracts was performed colorimetrically using a Technicon AAII Autoanalyzer (Technicon Hispania, Madrid) with N1-naphthylethylendiamine. A NH4+-N analysis was also performed using the same device but with nitroprussiate. EUF-Norg was estimated as the difference between EUF-N and EUF-(NO3- plus NH4+). 

Nitrogen balance


N balance was calculated using the protocol of Sánchez et al. (1998):



Nmin =  (Ni – Nf) + Nleached + Ntaken up



[3]
where Nmin = mineralised N,  Ni= initial mineral N  and Nf = final mineral N

Initial and final refer to the soil nitrogen before sowing and after harvest, respectively. The soil profile was divided into two sections: 0-30 cm and 30-50 cm. In the first section, soil samples were taken at 15 cm for EUF extraction of Ninitial and Nfinal. NO3-, NH4+ and organic N were also determined.  The sample of the second section was taken from a depth of 40 cm. Samples were dried, passed through a 2 mm sieve and extracted with 2M KCl 1:5 solution/soil ratio; shaking time was 2 h. Samples were centrifuged and nitrate and ammonium were analysed (the organic material at this depth was very scarce). 

The change in mineral N (ΔN) is the change observed between final N soil content (0-30 cm and 30-50 cm depth) and initial N in the soil.

ΔN = Nfinal - Ninitial
 Nmin, Nleached and Ntaken up refer to the cultivation period. Denitrification and volatilisation not were considered as they are negligible in this Mediterranean climate in non-fertilised soils. (Arcara et al. 1998;  Sánchez et al. 2001). 

N uptake (aboveground biomass) was measured in ten harvested plants, selected randomly from a 5 m strip of two adjacent rows in the middle of each plot. Samples were separated: stalk, leaves, bracts, cob and grain and oven-dried for 24 h at 60ºC and 2 h at 80ºC to determine dry matter (DM) content. Grain yield was calculated taking into account a standard grain moisture content of 14%. Nitrogen concentration was determined in plant fractions by the Kjeldahl method (AOAC 1990).  Samples were pre-treated with a solution of salicylic and sulphuric acids (Bremner 1965). Plant N uptake was calculated by multiplying fraction yields by their respective N concentrations.

With this information the ‘b’ parameter of equation [1] has been calculated by dividing  mineralised N (Nmin) by Norg extracted by EUF.

Results 

Cumulative drainage during the crop period was 158, 119 and 78 mm in 1999, 2000 and 2001, respectively (Table 2), representing 28.5, 15.1 and 9.6% of total amount of water applied. In 1999 the drainage was higher due to the rain was only 198 mm H2O. Under conventional irrigation practices, drainage usually exceeds 20% in this area (Román et al. 1996).
Table 2- Water balance during the experimental period (mm). Drainage was calculated by EnviroSCAN. (Sentek, 2000)

	
	1999
	2000
	2001

	Rain
	198
	18
	66

	Irrigation 
	554
	765
	690

	Drainage 
	158
	119
	78

	ETc
	602
	668
	683


Nitrate concentrations were generally low (Table 3), especially in the control and NO treatments. The NC treatment showed higher nitrate levels due to the higher N doses applied. Consequently, nitrate leaching losses were low, probably as a consequence of the low soil water’s ion concentration, the good irrigation control achieved and the shallowness of the soil. Nitrate losses during 2000 together with 2001 were 4.2, 22.2  and 7.2 kg N ha-1 for Control, NC and NO respectively. Adjustment of fertiliser-N doses diminished the leaching losses. 

Table 3.- Mean of nitrate concentration [NO3-N]  at 45 cm depth  and leached N during maize crop growth during years  1999, 2000 and 2001. 

	Treatments
	[NO3--N ]

(mg  L-1)
	NO3- leached

(kg N ha-1)
	[NO3--N ]

(mg  L-1)
	NO3- leached

(kg N ha-1)
	[NO3--N ]

(mg  L-1)
	NO3- leached

(kg N ha-1)

	
	1999
	2000
	2001

	†C
	5.7 ± 5.2‡
	3.2
	4.8a ± 4.8
	2.6
	0.94a ± 1.2
	1.65

	NC
	
	
	18.1b ± 16
	7.9
	17.0b ± 7.5
	14.30

	NO
	
	
	6.6ab ± 6.6
	5.5
	1.1a ± 1.8
	1.70


†C: control; NC: conventional nitrogen rate; NO: optimised nitrogen rate.

‡ Mean ± standard deviation. These data are based on 7 samplings in 1999, 7 samplings in 2000 and 11 samplings in 2001 with nine replicated extraction cups per fertiliser. 

a,b For each column [NO3--N ], mean values followed by the same letter are not significantly different (P < 0.05, Duncan test).

The values of mineral N in the section 0-30 cm of soil were obtained by EUF method, while those from the 30-50 section were obtained through  an extraction with 2M KCl solution. Variations  of  mineral N (ΔN) for the maize were negative ( -22.1 in 1999, -43.91 kg N ha-1 in 2000 and -23.53 kg N ha-1 in 2001) (Table 4), suggesting that available N reserves decresaed in the soil profile throughout the growing cycle. This is mainly due to the removal of nitrogen by the maize, whereas leaching losses were small. 

Table 4.- N balance in non-fertilised plots in maize during the crop. 

	treatments
	Depth (cm)
	N mineral
	ΣN

(0-50)
	ΔN=Nf-Ni

	
	
	(mg N 100g-1)
	(kg N ha-1)
	
	

	1999

	Ni

Ni
	0-30
	1.35
	52.6
	73.4
	-32.5

	
	30-50
	0.80
	20.8
	
	

	Nf

Nf
	0-30
	0.75
	29.2
	40.9
	

	
	30-50
	0.45
	11.7
	
	

	2000

	Ni

Ni
	0-30
	a1.10±0.12
	42.90
	61.10
	-42.12

	
	30-50
	b0.70±0.17
	18.20
	
	

	Nf

Nf
	0-30
	0.32±0.07
	12.48
	18.98
	

	
	30-50
	0.25±0.05
	6.50
	
	

	2001

	Ni

Ni
	0-30
	0.92±0.08
	35.88
	51.48
	-23.53

	
	30-50
	0.60±0.09
	15.60
	
	

	Nf

Nf
	0-30
	0.55±0.14
	21.45
	27.95
	

	
	30-50
	0.25±0.05
	6.50
	
	


a 1 mg N 100g1 = 30 (cm depth) x 1.3  (bulk density)  kg ha-1

b 1 mg N 100g1 = 20 (cm depth) x 1.3  (bulk density)  kg ha-1

In Table 5 the following figures have been included:  ΔN (Table 4), N leached  (Table 3),  N uptake by crop,  mineralised N (equation [3]), EUF-Norg  and “b” values, corresponding to each yearly crop  in which N balance was monitored. 

Table 5.- N mineralised in no fertilised plots during each crop, calculated from the N balance. Calibration of the  b coefficient relative to EUF-Norg.

	Year
	aΔN

(kg N ha-1)
	 bN Leached

(kg N ha-1)
	N uptake 

(kg N ha-1)
	 cMineralised N

(kg N ha-1)
	EUF-Norg
(mg N 100g-1)
	b

	1999
	-32.5
	3.2
	102.6
	73.3
	2.50
	29.3

	2000
	-43.9
	2.6
	95.7
	54.4
	2.00
	27.2

	2001
	-23.5
	1.6
	82.4
	60.5
	1.82
	33.2


a ΔN (see Table 4); bN leached (see Table 3); N uptake (Fig 2).

cMineralised N = ΔN + leached N + N uptake

“b” = N mineralised/ EUF-Norg

Discussion

The low concentrations of nitrate observed (Table 3) are justified by the soil characteristics, i.e., its shallowness and stoniness, which stimulate maize roots to extend into the whole soil volume above the limestone crust and practically remove all traces of nitrate. 

The quantities (Table 5) of mineralised N were similar ( 73.3 kg N ha-1 in 1999, 54.4 kg N ha-1 in 2000 and 60.5 kg N ha-1 in 2001), indicating that N mineralisation is a characteristic of the soil in this weather conditions for a maize crop in this area. This is lower than what reported Sánchez et al. (1998) for a maize crop (160 kg ha-1) in a deep soil (2 m) and without stones. A comparison between both situations points out that the volume of soil involved in nitrogen mineralisation was lower in this case due to a rather shallow and stony soil, typical of this area.

Parameter ‘b’ [1 eq.] was recalculated from Nmin:  b = Nmin/EUF-Norg, which varied between 27.2 in 2000 and 33.2 in 2001 (Table 5). In 2000, available N was calculated using the ‘b’ value estimated from the previous year (b = 29.3, N available = 122 kg ha-1). An optimum dose of 150  kg N ha-1 was established, considering a efficiency for the nitrogen fertiliser of 70%, as estimated in previous experiments (Sánchez et al. 1998).  In 2001, the available N was estimated from the previous year’s N balance data for control plots (b = 27). The N dose for the optimised treatment (NO) was 130 kg N ha-1. 

Some authors have found different “b” values depending on the growing season, geographical regions, climatology, management practices and types of soil (Table 6). In general, high “b” values can be identified in summer irrigated crops (maize) in hot climates (Sánchez et al. 1998). Cereals grown in winter (wheat) without irrigation give low “b” values (Steffens et al. 1990; Sánchez et al., 1998). Maize and sugar beet grown in Central Europe in summer without irrigation, give medium “b” values (Horn 1991; Wikicky et al. 1980). The case studied in the present work shows a “b” value near 30 (between 27.2 and 33.2), for the following combination of factors: a maize crop irrigated in summer, grown on a stony soil with a low depth. The results of this experiment  show that shallow irrigated soil must be included as one of the factors which affect  the “b” parameter. These calibrations of “b” parameter can be used in areas with the same irrigated crop and with similar weather conditions.

Table 6. Values of  “ b” parameter obtained by different authors in different crops. 

	Authors
	Crops
	Soil
	Country
	Irrigation
	Period
	“b”

	Wiklicky et al (1981)
	sugar beet
	Loess
	Austria
	no
	spring
	50

	Sánchez et al. (1998)
	maize
	Xerofluvent
	Spain
	yes
	spring-summer
	85

	Sánchez et al. (1998)
	winter wheat
	Xerofluvent
	Spain
	no
	winter
	32

	Horn (1990)
	maize
	Loess
	Germany
	no
	spring
	47

	Steffens et al. (1990)
	winter wheat
	-
	Germany
	no
	winter
	45


Fertilisation efficiency 

Data for grain production and the N absorbed in each treatment during each year are shown in Fig. 2.  In 2000 there was a noticeable decrease of both the N absorbed and the grain production in the control plots (Table 7), due to a N deficit. In the same year, significant differences were observed (p<0.01) in the N absorbed between NO and NC treatments. However, this was not translated into differences in grain production, meaning that plants of the NC treated plots had a ‘luxury’ N absorption. In 2001 these results were repeated, i.e., there were no significant differences in grain production between NC and NO plots, despite the notable difference in N applied.  

Table 7.- ANOVA for N uptake and grain yield among different treatments.

	ANOVA
	Year
	F
	P
	 Duncan test

	N taken up


	2000
	108.8
	0.000
	C† (a) ‡, NO (b), NC(c)

	
	2001
	65.3
	0.0001
	C(a), NO (b), NC(c)

	Grain yield
	2000
	117.8
	0.000
	C(a), NO (b), NC(b)

	
	2001
	1410.0
	0.000
	C(a), NO (b), NC(b)


† C: control, NC: conventional nitrogen dosage,  and NO: optimised nitrogen.

‡  Different letters in brackets mean statistical difference between treatments at P<0.05.

Nitrogen fertiliser-use efficiency (NFUE) was determined for each treatment and each year (Garabet et al. 1998). 
NFUE  = (N uptake in fertiliser plot– N uptake in control plot) /(applied N) x100

[5]

In the two years of experimentation (2000 and 2001) with N fertilisation, the NO treatment gave higher NFUE values (79.13 and 58.18 in 2000 and 2001, respectively) than the NC treatment (48.77 and 49.31 in 2000 and 2001, respectively). NFUE usually ranges from 40 to 70 with 80 as an upper limit (Greenwood and Draycott 1989). 

These results show that optimised doses of N (NO) obtained taking the N mineralised into account  (“b” value) represents better NFUE than the conventional doses (NC) during the two experimental years. 

Conclusions


The methodology proposed in this paper, based on a N balance in no fertilised plots under field conditions, can determine the net mineralised N in shallow irrigated soils. The net N mineralised during crop growth was similar the  three years, but was smaller than in deeper soils. 


Soil tests based on EUF methodology could be used to estimate available N. Parameter “b” in the Wiklicky and Németh equation was recalculated for shallow soils. It was near 30  (1 mg EUF-Norg-N 100g-1 soil = 30 kg N ha-1).


Optimised N rate of application (NO) led to a similar grain production as conventional rate (NC), despite the appreciable difference in the amount of N applied as fertiliser. However, significant differences in the absorbed N were recorded due to a ‘luxury’ absorption by plants in plots with conventional application. The optimisation of N fertilisation, based on the proposed determination of available N, reduces losses of N by leaching and improves the efficiency (NFUE) of applied fertilisers. As the N mineralised in the soil is low compared to the N uptake by the maize, it is frequent in this agroecosystem to fertilise with higher N rates than in deeper soils.   
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Figure caption:

Figure 1. Equipment installed in plots 
Figure 2. N uptake and grain yield with different treatments and error bars.
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		1999		1999		1999		24		24		24.2		24.2		25		25

		2000		2000		2000		6		6		18.1		18.1		10.6		10.6

		2001		2001		2001		10.5		10.5		25.2		25.2		12.3		12.3



Control

NC

NO

kg N ha-1

N uptake by maize

102.6

95.7

242

214.4

82.425288486

230.34860442

191



Cobertura Prod, Nabs y dosis N

																																																										Datos Revisados 2003

																				Dosis recomendadas

																				1999						b(x85)																																Nabsorbido		kg N/ha								Producion grano kg/ha

																						kg N/ha				N disponible kgN/ha														N absorbido																				1999		media		SD		CV		1999		media		SD		CV

																				T		0				179										1999		2000		2001																		C		184.28		186.89		23.93		12.80		13090.92		13133.06		1381.21		10.52

																				N (conven)		300				165								Control		102.60		95.70		82.43																				164.37								11773.4

																				N (optim)		175				187								NC				242.00		230.35																				212.01								14534.86

																				compost						153								NO				214.40		191.00																		NC		204.26		226.74		24.28		10.71		12626.52		13938.88		1136.89		8.16

																																																												223.47								14566.68

																																								N absorbido																				252.49								14623.44

																																				1999		2000		2001																		NO		211.19		217.96		25.02		11.48		12863.88		13297.03		918.98		6.91

																				2000		N				b(x25)								Control		186.89		95.70		82.43																				197.01								12674.68

																						kgN/ha				N disponible kgN/ha								NC		226.74		242.00		230.35																				245.66								14352.54

																				T		0				110								NO		217.96		214.40		191.00																				2000								2000

																				N (conven)		300				135																																C		100.53		95.75		6.17		6.44		9067.2		8081.67		872.33		10.79

																				N (optim)		150				125																																		88.78								7769.2

																				compost		30000				100																																		97.93								7408.6

																																						Grain yield																				NC		260.58		242.04		18.11		7.48		17789		17061.00		680.08		3.99

																																				1999		2000		2001																				241.16								16952

																																		Control		10020		8082		7212																				224.40								16442

																																		NC				17061		16702																		NO		225.61		214.43		10.63		4.96		17522.8		16550.00		848.01		5.12

																																		NO				16550		16246																				204.45								15966.8

																								N riego		b(x30)																																		213.24								16160.4

																				2001		N		kg/ha		N disponible kgN/ha												Grain yield																						2001								2001

																				T		0		30		91										1999		2000		2001																		C		92.11		82.43		10.55		12.80		7431		7210.67		261.97		3.63

																				N (conven)		300		30		225								Control		13133		8082		7212																				83.99								6921

																				N (optim)		130		30		185								NC		13939		17061		16702																				71.18								7280

																				compost		0		30		90								NO		13297		16550		16246																		NC		242.11		230.35		25.24		10.96		16775		16701.33		220.91		1.32

																																																												247.57								16453

																																																												201.37								16876

																																																										NO		185.00		191.00		6.56		3.43		16471		16246.33		255.76		1.57

																																																												198.00								15968

																																																												190.00								16300

								La escasa profundidad de suelo hace que no se pueda rebajar la dosis de N por debajo de 150 kgN/ha

																				Eficiencia Aparente de Recuperación del fertilizante

																				NUE % = N extraido por parcela - N extraido control / N aplicado * 100

																				Eficiencia %		1999		200		2001

																				NC		-34.20		48.77		49.31

																				NO		-58.63		79.13		83.52

																				Eficiencia del Rendimiento		Rendimiento

																				NUE% = N biomasa parte aerea- (N available + N fertilizante)*100

																				Eficiencia %		1999		200		2001

																				NC		0.00		55.63		43.88

																				NO		0.00		77.96		60.63





Cobertura Prod, Nabs y dosis N

		T

		NC

		NO



N total abs.

kg/ha

N absorbido maiz 1999

187.25142

226.8054

217.8573



comparativo EUF

		T

		Nop

		Nc



kg/ha

Produccion de grano 99

15270

15461

16207



balances N

		T

		NC

		NO

		RSU



kg grano/ha

producción grano 2000

8081.6666666667

17061

16550

9777.4666666667



miner

		1		1		1



#¡REF!

KgN/ha

N absorbido total-cobertura 2000

1



Pivot prod, N abs y dosis N

		T

		NC

		NO

		compost



kg grano/ha

produccion grano maiz 2001 14%

7212.2673003809

16701.5758503695

14946.1537046667

9612.3752973333



N lix

		T

		NC

		NO

		Compost



kg N/ha

N absorbido 2001 maiz

82.425288486

230.34860442

158.05766119

103.3119551103



Cl2CaxEUF

								24		24		24.2		24.2		25		25

								6		6		18.1		18.1		10.6		10.6

								10.5		10.5		25.2		25.2		12.3		12.3



Control

NC

NO

kg N/ ha

N uptake by maize



conc NO3

								1381		1381		1136		1136		918		918

								872		872		680		680		848		848

								261		261		220		220		255		255



Control

NC

NO

kg grain/ha

Grain yield



								24		24		24.2		24.2		25		25

								6		6		18.1		18.1		10.6		10.6

								10.5		10.5		25.2		25.2		12.3		12.3



Control

NC

NO

kg N ha-1

N uptake by maize



								1381		1381		1136		1136		918		918

								872		872		680		680		848		848

								261		261		220		220		255		255



Control

NC

NO

kg grain ha-1

Grain yield



		Evolucion EUF- K, P, N  (99-2000)

				EUF-KI		EUF-KII		EUF-P I		EUF-PII		EUF-N dig		EUF-NO3		EUF_NH4		EUFNorg

		99		11.25		12.73		0.29		0.32		3		1.83		0.18		1

		T-00		10		13.18		0.26		0.37		4.2		1.1		0.51		2.59

		Nc-00		10.06		14.1		0.25		0.41		4.49		1.61		0.43		2.46

		No-00		10.26		12.66		0.26		0.39		4.37		1.18		0.54		2.65

		Ncomp-00		9.33		12.9		0.25		0.36		3.49		0.93		0.48		2.1

		K se han aplicado 200 kg K/ha. El nivel se ha mantenido bien

		P no se fertilizado con P. Ha habido un aumento de la fraccion II indicativo de la retrodegradacion del P por el Ca

		En Ndig el Nc (300kgN/ha) es el que mas ha aumentado, frente a No (150 kgN/ha)pero ambos han aumentado respecto al 99.

		Las fracciones de N en el 2000 ha aumentado el EUF-Norg en detrimento del EUF-NO3, probablemente porque la toma de muestra del 2000 se hizo 2 meses antes que en el 99.

		antes siembra		EUF-N dig		EUF-NO3		EUF_NH4		EUFNorg

		99		3		1.83		0.18		1

		T-00		4.2		1.1		0.51		2.59

		T-01		2.44		0.72		0.35		1.75

		NC-00		4.49		1.61		0.43		2.46

		NC-01		7.04		1.54		0.45		5.05

		NO-00		4.37		1.18		0.54		2.65

		NO-01		5.96		0.74		0.30		4.92

		Ncompost-00		3.49		0.93		0.48		2.1

		Ncompost-01		2.24		1.35		0.23		1.03





		0		0

		0		0

		0		0

		0		0

		0		0



EUF-KI

EUF-KII

mgK/100g

EUF-K (99-2000)



		0		0

		0		0

		0		0

		0		0

		0		0



EUF-P I

EUF-PII

mg P/100g

EUF-P (99-2000)



		0

		0

		0

		0

		0



EUF-N dig

mgN/100g



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



EUF-NO3

EUF_NH4

EUFNorg

mgN/100g

EUF NO3-NH4-Norg (99-2000)



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



EUF-N dig

EUF-NO3

EUF_NH4

EUFNorg

mgN/100g

Evolucion de las formas EUF-N durante experimento



		

		Balances en parcelas Testigo

		año 2000						año 2001

				kgN/ha						kgN/ha

		Ni		60.37				Ni		51.48

		Nf		16.46				Nf		27.95

		AN = Nf-Ni		-43.91				AN = Nf-Ni		-23.53

		Nlix		7				Nlix		2

		Nab		95.73				Nab		82.43

		N mineralizado		59				N mineralizado		60.22

		Norg inicio 2,19 mgN/100g						Norg inicio 1,77 mgN/100g

		b		27				b		34





		





		36283		36283		36283		36283

		36318		36318		36318		36318

		36347		36347		36347		36347

		36377		36377		36377		36377

		36409		36409		36409		36409

		36440		36440		36440		36440

		36469		36469		36469		36469

		36503		36503		36503		36503

		36536		36536		36536		36536

		36563		36563		36563		36563

		36587		36587		36587		36587

		36629		36629		36629		36629

		36665		36665		36665		36665

		36703		36703		36703		36703

		36734		36734		36734		36734

		36766		36766		36766		36766

		36797		36797		36797		36797

		36829		36829		36829		36829

		36854		36854		36854		36854

		36894		36894		36894		36894

		36917		36917		36917		36917

		36949		36949		36949		36949

		36977		36977		36977		36977

		37006		37006		37006		37006

		37041		37041		37041		37041

		37069		37069		37069		37069

		37097		37097		37097		37097

		37131		37131		37131		37131

		37161		37161		37161		37161

		37167		37167		37167		37167



EUF-N

EUF-NO3

EUF-NH4

EUF-Norg

mgN/100g

Evolucion de las fracciones de N

4.6066666667

2.35

0.2433333333

2.0133333333

3.8

3.3033333333

0.01

0.4866666667

1.9866666667

1.96

0.01

0.0166666667

1.9266666667

0.9466666667

0.68

0.3

1.3966666667

1.26

0.1066666667

0.03

1.5266666667

1.2233333333

0.08

0.2233333333

1.0366666667

0.6766666667

0.21

0.1333333333

1.2666666667

0.9833333333

0.2066666667

0.0766666667

2.9

1.0766666667

0.29

1.5333333333

1.6933333333

0.9166666667

0.1366666667

0.64

3.6133333333

0.9966666667

0.61

2.0066666667

3.26

1.35

0.2966666667

1.6133333333

4.5

1.8766666667

0.5766666667

2.0466666667

3.1666666667

1.6133333333

0.3033333333

1.25

3.35

0.9266666667

0.2733333333

1.4

3.13

0.8266666667

0.34

2

4.9466666667

0.76

0.6266666667

3.56

3.24

0.5933333333

0.45

2.1966666667

2.3

0.4433333333

0.22

1.6366666667

3.0466666667

0.65

0.2533333333

2.1433333333

2.4666666667

0.67

0.2066666667

1.59

1.9066666667

0.79

0.2233333333

0.8933333333

1.2266666667

0.5566666667

0.21

0.46

1.2766666667

0.9233333333

0.17

0.1833333333

2.2533333333

1.3666666667

0.2666666667

0.62

11.88

2.1133333333

1.5933333333

8.1733333333

11.0333333333

1.1333333333

2.1466666667

7.7533333333

4.32

0.5166666667

1.2966666667

2.5066666667

4.7866666667

0.5866666667

2.0866666667

2.1133333333

3.62

0.95

0.7733333333

1.8966666667



		

																														Producción de grano

																		Fertilizacion N durante los 3 años														1999		2000		2001

																		NF		0										NF		8146		5376		9201

																		F		300										F		14266		13643		12401

																		N disponible antes de la siembra												Nabsorbido

																				1999		2000		2001								1999		2000		2001

																				(x85)		(x85)		(x50)						NF		95.8		75.2		121.9

																		NF		163		284		217						F		194.7		217		278.5

																		F		142		332		381

																		riesgo de inmovilizacion de N				(Relacion NO3-/N = 1,15)

																		reservas de Norg bajas, representan mayores necesidades de fertilizacion

																		actividad microbiana media

																		Al tratarse de suelos de poca profundidad(30cm)  probblemente la calibración del Norg sea mas baja de 50 , lo conduciria a un incremento de la dosis de N





		99 antes		99 antes

		99 desp		99 desp

		2000 antes		2000 antes

		2000desp		2000desp

		2001 antes		2001 antes

		2001 desp		2001 desp



NF

F

mgN /100g

Comparativo EUF-N dig

3.39

3.3

2.82

3.12

4.1

4.5

3.9

4

4.53

8

5.24

7.02



		0		0

		0		0

		0		0



NF

F

kg grano/ha

Producción de grano de maiz. Pivot

0

0

0

0

0

0



		0		0

		0		0

		0		0



NF

F

kg N/ha

N absorbido (Pivot)

0

0

0

0

0

0



		0		0

		0		0

		0		0



NF

F

Kg grano/ha

Produccion de grano Pivot

0

0

0

0

0

0



		0		0

		0		0

		0		0



NF

F

Kg N/ha

N absorbido Pivot

0

0

0

0

0

0



		





		36629		36629		36629		36629

		36697		36697		36697		36697

		36707		36707		36707		36707

		36725		36725		36725		36725

		36767		36767		36767		36767

		36796		36796		36796		36796

		36803		36803		36803		36803



Testigo

Urea normal

Urea optimizado

Compost

KgN/ha

Nitrógeno lixiviado acumulado 2000

0

0

0

0

3.3726

16.118025

11.0397431507

3.1031

3.8133629032

17.198508871

11.9272302475

3.7938645161

4.2578629032

20.033508871

13.8690110694

4.4475409867

5.3321483871

25.5483967742

17.646331551

5.9822345351

5.7983333333

27.0089129032

18.6731186478

6.6678006325

5.7983333333

27.0089129032

18.6731186478

6.6678006325



		36697		36697		36697		36697

		36707		36707		36707		36707

		36725		36725		36725		36725

		36767		36767		36767		36767

		36796		36796		36796		36796

		36803		36803		36803		36803



Testigo

Urea normal

Urea opt

Compost

Kg cl/ha

Lixiviación cloruros acumulada 2000

0

0

0

0

0

0

0

0

8.034

9.126

0

0

82.64775

121.56375

0

162.525

112.1144166667

168.89175

53.448

162.525

112.1144166667

168.89175

53.448

162.525



		36629

		36697

		36707

		36725

		36767

		36796

		36803



Drenaje corregido

mm

Drenaje acumulado 2000

0

0

0

7.8

66.9

94.1

94.1



		36957		36957		36957		36957

		36962		36962		36962		36962

		37022		37022		37022		37022

		37033		37033		37033		37033

		37090		37090		37090		37090

		37104		37104		37104		37104

		37111		37111		37111		37111

		37123		37123		37123		37123

		37126		37126		37126		37126

		37139		37139		37139		37139

		37140		37140		37140		37140

		37146		37146		37146		37146

		37165		37165		37165		37165

		37215		37215		37215		37215



Testigo

Urea normal

Urea optimizado

Compost

kgN/ha

Nitrato lixiviado acumulado
drenaje revisado 2001

0

0

0

0

0

0

0

0

0

0

0

0

0.0327419355

0.3612903226

0.0889677419

0.0004516129

1.225

6.3225806452

1.6910645161

0.0079032258

1.2254516129

6.6838709677

1.691516129

0.0083548387

1.2256774194

6.864516129

1.6917419355

0.0085806452

1.2712

11.2596129032

1.6971612903

0.014

1.2777483871

11.5283225806

1.6973870968

0.0142258065

1.3153827957

13.3347741935

1.6996451613

0.016483871

1.3158344086

13.6070967742

1.7000967742

0.0169354839

1.3176408602

14.3513548387

1.7019032258

0.0187419355

1.3176408602

14.3513548387

1.7019032258

0.0187419355

1.3176408602

14.3513548387

1.7019032258

0.0187419355



		REGRESIONES LINEALES

		Regressions		r		p

				0.957		<0.01		NtEUF(I+II)=-1.21+0,577 Nt(Cl2Ca)

				0.991		<0.01

				0.975		<0.01

				0.552		<0.05

				0.992		<0.01

				0.99		<0.01

				0.968		<0.01

				0.537		<0.05

				0.992		<0.01

				0.932		<0.01

				0.987		<0.01

				0.71		<0.01

				0.723		<0.01

				-0.056		NS

		NS: not significant

		REGRESIONES MULTIPLES

		y		x

		Ndig (Cl2Ca)		MO,C.CO3.				66.81%		99% p<0,01		Ndig Cl2Ca = 3,20+299,4 M.O.-512,36C+0,128CO3

		Ndig (EUF)		MO,C.CO3.				59.26%		99% p<0,01		NdigEUF= -0,30+173,08MO-294,59C+0,052CO3

		Norg (Cl2Ca)		pH,CO3,cond.				46.00%		95%		Norg (Cl2Ca) = 11,33 - 1,002pH + 0,060CO3 + 0,0023cond

		Norg (EUF)		arc.pH,MO.				61.16%		99% p<0,01		Norg (EUF) = 4,45 - 0,037clay - 0,556pH + 0,88MO

		NO3 (Cl2Ca)		MO,C.CO3.				65.38%		99% p<0,01		NO3 (Cl2Ca) = -1,655+178,56MO-304,61C+0,0069CO3

		NO3 (EUF I+II)		MO,C.CO3.				71.60%		99% p<0,01		NO3 (EUF) = -1,324+163,59MO-279,03C+0,068CO3

		NH4 (Cl2Ca)		arc,pH,cond				76%		99%		NH4 (Cl2Ca) = 1,847+0,003arc-0,216pH-0,00016cond

		NH4 (EUFI+II)		pH,MO,C.				78.16%		99%		NH4 (EUF I+II) = 3,76-0,43pH-21,12MO+36,33C





		5.58667

		9.66667

		14.6667

		10.71

		7.29333

		8.12667

		17.5

		11.7533

		10.0433

		8.79333

		5.00333

		9.96

		6.33333

		5.12667

		4.62667

		5.83667

		6.79333

		12.3333

		12.0867



y=-1,21+0,577x
r = 0,957 ;  p<0,01

NtCaCl2 mg 100g-1

EUFN mg100g-1

Lineal regression (EUFNxNtCaCl2 )

2.5

3.49

7.18

4.82

3.14

3.33

9.44

4.62

4.38

2.52

1.64

4.94

2.82

2.45

1.6

2.36

2.12

7.14

5.74



		valores medios 1999

						Nitrato mg/L

				4/13/00		6/20/00		6/30/00		7/18/00		8/29/00		9/27/00		10/4/00

		Testigo		27.20		60.40		75.20		20.80		18.10		14.60		12.30		32.66				32.7

		Urea normal		70.50		230.60		160.80		93.00		62.30		25.70		19.60		94.64				94.32

		Urea optimizado		31.30		98.00		45.00		59.40		38.70		13.20		6.50		41.73				61.4

		Compost

		Valores medios 2000

						Nitrato mg/L

				4/13/00		6/20/00		6/30/00		7/18/00		8/29/00		9/27/00		10/4/00		media		sd

		Testigo		14.80		43.80		59.15		12.70		8.05		5.27		6.20		21.42		21.2744583801

		Urea normal		56.30		209.33		145.00		81.00		41.33		16.50		14.47		80.56		72.2646496792

		Urea optimizado		25.25				72.00						11.60		8.35		29.30		29.3932248429

		Compost		3.03		40.30		92.70				11.50				8.70		31.25		37.2583890628

		Valores medios 2001

						Nitrato mg/L

				3/7/01		3/12/01		5/11/01		5/22/01		7/18/01		8/1/01		8/8/01		8/20/01		8/23/01		9/5/01		9/6/01		9/12/01		10/1/01		11/20/01		media		SD

		Testigo		9.30		11.03		4.90		7.25		16.00		0.10		0.10		0.84		2.90		1.67		0.10		0.10		0.10				4.18		5.2051137331

		Urea normal																81.10		119.00				60.30		41.20						75.40		33.3221647956

		Urea optimizado				6.00		11.60		19.70		21.50		0.10				0.10		0.10		0.10		0.10		0.10		0.10		0.10		4.97		8.1182547759

		Compost				0.10				0.10		0.10		0.10				0.10		0.10		0.10		0.10		0.10		0.10		25.00		2.36		7.50763248

		1999						1999		mgN/L												2000		mgN/L												2001		mgN/L

		Testigo		Urea normal		Urea optimizado		Testigo		Urea normal		Urea optimizado				Testigo		Urea normal		Urea optimizado		Testigo		Urea normal		Urea optimizado				Testigo		Urea normal		Urea optimizado		Testigo		Urea normal		Urea optimizado

		27.20		70.50		31.30		6.12		15.86		7.04				14.80		56.30		25.25		3.33		12.67		5.68				9.30						2.09

		60.40		230.60		98.00		13.59		51.89		22.05				43.80		209.33				9.86		47.10						11.03				6.00		2.48				1.35

		75.20		160.80		45.00		16.92		36.18		10.13				59.15		145.00		72.00		13.31		32.63		16.20				4.90				11.60		1.10				2.61

		20.80		93.00		59.40		4.68		20.93		13.37				12.70		81.00				2.86		18.23						7.25				19.70		1.63				4.43

		18.10		62.30		38.70		4.07		14.02		8.71				8.05		41.33				1.81		9.30						16.00				21.50		3.60				4.84

		14.60		25.70		13.20		3.29		5.78		2.97				5.27		16.50		11.60		1.19		3.71		2.61				0.10				0.10		0.02				0.02

		12.30		19.60		6.50		2.77		4.41		1.46				6.20		14.47		8.35		1.40		3.26		1.88				0.10						0.02

						Media		7.35		21.29		9.39								Media		4.82		18.13		6.59				0.84		81.10		0.10		0.19		18.25		0.02

						SD		5.59		17.15		6.91								SD		4.79		16.26		6.61				2.90		119.00		0.10		0.65		26.78		0.02

				1999		2000				2001																				1.67				0.10		0.38				0.02

		1		6.12		3.33		1		2.0925																				0.10		60.30		0.10		0.02		13.57		0.02

		1		13.59		9.855		1		2.48175																				0.10		41.20		0.10		0.02		9.27		0.02

		1		16.92		13.30875		1		1.1025																				0.10				0.10		0.02				0.02

		1		4.68		2.8575		1		1.63125																								0.10						0.02

		1		4.0725		1.81125		1		3.6																								Media		0.94		16.97		1.12

		1		3.285		1.185		1		0.0225																								SD		1.17		7.50		1.83

		1		2.7675		1.395		1		0.0225

		2		15.8625		12.6675		1		0.189

		2		51.885		47.098125		1		0.6525

		2		36.18		32.625		1		0.37575

		2		20.925		18.225		1		0.0225

		2		14.0175		9.298125		1		0.0225

		2		5.7825		3.7125		1		0.0225

		2		4.41		3.255		1		0

		3		7.0425		5.68125		2		0

		3		22		0		2		0

		3		10		16		2		0

		3		13.365		0		2		0

		3		8.7075		0		2		0

		3		2.97		2.61		2		0

		3		1.4625		1.87875		2		0

								2		18.2475

								2		26.775

								2		0

								2		13.5675

								2		9.27

								2		0

								2		0

								3		0

								3		1.35

								3		2.61

								3		4.4325

								3		4.8375

								3		0.0225

								3		0

								3		0.0225

								3		0.0225

								3		0.0225

								3		0.0225

								3		0.0225

								3		0.0225

								3		0.0225
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		1999		1999		1999		1381		1381		1136		1136		918		918

		2000		2000		2000		872		872		680		680		848		848

		2001		2001		2001		261		261		220		220		255		255



Control

NC

NO

kg grain ha-1

Grain yield

10020

8081.6666666667

17061

16550

7212.2673003809

16701.5758503695

16246



Cobertura Prod, Nabs y dosis N

																																																										Datos Revisados 2003

																				Dosis recomendadas

																				1999						b(x85)																																Nabsorbido		kg N/ha								Producion grano kg/ha

																						kg N/ha				N disponible kgN/ha														N absorbido																				1999		media		SD		CV		1999		media		SD		CV

																				T		0				179										1999		2000		2001																		C		184.28		186.89		23.93		12.80		13090.92		13133.06		1381.21		10.52

																				N (conven)		300				165								Control		102.60		95.70		82.43																				164.37								11773.4

																				N (optim)		175				187								NC				242.00		230.35																				212.01								14534.86

																				compost						153								NO				214.40		191.00																		NC		204.26		226.74		24.28		10.71		12626.52		13938.88		1136.89		8.16

																																																												223.47								14566.68

																																								N absorbido																				252.49								14623.44

																																				1999		2000		2001																		NO		211.19		217.96		25.02		11.48		12863.88		13297.03		918.98		6.91

																				2000		N				b(x25)								Control		186.89		95.70		82.43																				197.01								12674.68

																						kgN/ha				N disponible kgN/ha								NC		226.74		242.00		230.35																				245.66								14352.54

																				T		0				110								NO		217.96		214.40		191.00																				2000								2000

																				N (conven)		300				135																																C		100.53		95.75		6.17		6.44		9067.2		8081.67		872.33		10.79

																				N (optim)		150				125																																		88.78								7769.2

																				compost		30000				100																																		97.93								7408.6

																																						Grain yield																				NC		260.58		242.04		18.11		7.48		17789		17061.00		680.08		3.99

																																				1999		2000		2001																				241.16								16952

																																		Control		10020		8082		7212																				224.40								16442

																																		NC				17061		16702																		NO		225.61		214.43		10.63		4.96		17522.8		16550.00		848.01		5.12

																																		NO				16550		16246																				204.45								15966.8

																								N riego		b(x30)																																		213.24								16160.4

																				2001		N		kg/ha		N disponible kgN/ha												Grain yield																						2001								2001

																				T		0		30		91										1999		2000		2001																		C		92.11		82.43		10.55		12.80		7431		7210.67		261.97		3.63

																				N (conven)		300		30		225								Control		13133		8082		7212																				83.99								6921

																				N (optim)		130		30		185								NC		13939		17061		16702																				71.18								7280

																				compost		0		30		90								NO		13297		16550		16246																		NC		242.11		230.35		25.24		10.96		16775		16701.33		220.91		1.32

																																																												247.57								16453

																																																												201.37								16876

																																																										NO		185.00		191.00		6.56		3.43		16471		16246.33		255.76		1.57

																																																												198.00								15968

																																																												190.00								16300

								La escasa profundidad de suelo hace que no se pueda rebajar la dosis de N por debajo de 150 kgN/ha

																				Eficiencia Aparente de Recuperación del fertilizante

																				NUE % = N extraido por parcela - N extraido control / N aplicado * 100

																				Eficiencia %		1999		200		2001

																				NC		-34.20		48.77		49.31

																				NO		-58.63		79.13		83.52

																				Eficiencia del Rendimiento		Rendimiento

																				NUE% = N biomasa parte aerea- (N available + N fertilizante)*100

																				Eficiencia %		1999		200		2001

																				NC		0.00		55.63		43.88

																				NO		0.00		77.96		60.63





Cobertura Prod, Nabs y dosis N

		T

		NC

		NO



N total abs.

kg/ha

N absorbido maiz 1999

187.25142

226.8054

217.8573



comparativo EUF

		T

		Nop

		Nc



kg/ha

Produccion de grano 99

15270

15461

16207



balances N

		T

		NC

		NO

		RSU



kg grano/ha

producción grano 2000

8081.6666666667

17061

16550

9777.4666666667



miner

		1		1		1



#¡REF!

KgN/ha

N absorbido total-cobertura 2000

1



Pivot prod, N abs y dosis N

		T

		NC

		NO

		compost



kg grano/ha

produccion grano maiz 2001 14%

7212.2673003809

16701.5758503695

14946.1537046667

9612.3752973333



N lix

		T

		NC

		NO

		Compost



kg N/ha

N absorbido 2001 maiz

82.425288486

230.34860442

158.05766119

103.3119551103



Cl2CaxEUF

								24		24		24.2		24.2		25		25

								6		6		18.1		18.1		10.6		10.6

								10.5		10.5		25.2		25.2		12.3		12.3



Control

NC

NO

kg N/ ha

N uptake by maize



conc NO3

								1381		1381		1136		1136		918		918

								872		872		680		680		848		848

								261		261		220		220		255		255



Control

NC

NO

kg grain/ha

Grain yield



								24		24		24.2		24.2		25		25

								6		6		18.1		18.1		10.6		10.6

								10.5		10.5		25.2		25.2		12.3		12.3



Control

NC

NO

kg N ha-1

N uptake by maize



								1381		1381		1136		1136		918		918

								872		872		680		680		848		848

								261		261		220		220		255		255



Control

NC

NO

kg grain ha-1

Grain yield



		Evolucion EUF- K, P, N  (99-2000)

				EUF-KI		EUF-KII		EUF-P I		EUF-PII		EUF-N dig		EUF-NO3		EUF_NH4		EUFNorg

		99		11.25		12.73		0.29		0.32		3		1.83		0.18		1

		T-00		10		13.18		0.26		0.37		4.2		1.1		0.51		2.59

		Nc-00		10.06		14.1		0.25		0.41		4.49		1.61		0.43		2.46

		No-00		10.26		12.66		0.26		0.39		4.37		1.18		0.54		2.65

		Ncomp-00		9.33		12.9		0.25		0.36		3.49		0.93		0.48		2.1

		K se han aplicado 200 kg K/ha. El nivel se ha mantenido bien

		P no se fertilizado con P. Ha habido un aumento de la fraccion II indicativo de la retrodegradacion del P por el Ca

		En Ndig el Nc (300kgN/ha) es el que mas ha aumentado, frente a No (150 kgN/ha)pero ambos han aumentado respecto al 99.

		Las fracciones de N en el 2000 ha aumentado el EUF-Norg en detrimento del EUF-NO3, probablemente porque la toma de muestra del 2000 se hizo 2 meses antes que en el 99.

		antes siembra		EUF-N dig		EUF-NO3		EUF_NH4		EUFNorg

		99		3		1.83		0.18		1

		T-00		4.2		1.1		0.51		2.59

		T-01		2.44		0.72		0.35		1.75

		NC-00		4.49		1.61		0.43		2.46

		NC-01		7.04		1.54		0.45		5.05

		NO-00		4.37		1.18		0.54		2.65

		NO-01		5.96		0.74		0.30		4.92

		Ncompost-00		3.49		0.93		0.48		2.1

		Ncompost-01		2.24		1.35		0.23		1.03





		0		0

		0		0

		0		0

		0		0

		0		0



EUF-KI

EUF-KII

mgK/100g

EUF-K (99-2000)



		0		0

		0		0

		0		0

		0		0

		0		0



EUF-P I

EUF-PII

mg P/100g

EUF-P (99-2000)



		0

		0

		0

		0

		0



EUF-N dig

mgN/100g



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



EUF-NO3

EUF_NH4

EUFNorg

mgN/100g

EUF NO3-NH4-Norg (99-2000)



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



EUF-N dig

EUF-NO3

EUF_NH4

EUFNorg

mgN/100g

Evolucion de las formas EUF-N durante experimento



		

		Balances en parcelas Testigo

		año 2000						año 2001

				kgN/ha						kgN/ha

		Ni		60.37				Ni		51.48

		Nf		16.46				Nf		27.95

		AN = Nf-Ni		-43.91				AN = Nf-Ni		-23.53

		Nlix		7				Nlix		2

		Nab		95.73				Nab		82.43

		N mineralizado		59				N mineralizado		60.22

		Norg inicio 2,19 mgN/100g						Norg inicio 1,77 mgN/100g

		b		27				b		34





		





		36283		36283		36283		36283

		36318		36318		36318		36318

		36347		36347		36347		36347

		36377		36377		36377		36377

		36409		36409		36409		36409

		36440		36440		36440		36440

		36469		36469		36469		36469

		36503		36503		36503		36503

		36536		36536		36536		36536

		36563		36563		36563		36563

		36587		36587		36587		36587

		36629		36629		36629		36629

		36665		36665		36665		36665

		36703		36703		36703		36703

		36734		36734		36734		36734

		36766		36766		36766		36766

		36797		36797		36797		36797

		36829		36829		36829		36829

		36854		36854		36854		36854

		36894		36894		36894		36894

		36917		36917		36917		36917

		36949		36949		36949		36949

		36977		36977		36977		36977

		37006		37006		37006		37006

		37041		37041		37041		37041

		37069		37069		37069		37069

		37097		37097		37097		37097

		37131		37131		37131		37131

		37161		37161		37161		37161

		37167		37167		37167		37167



EUF-N

EUF-NO3

EUF-NH4

EUF-Norg

mgN/100g

Evolucion de las fracciones de N

4.6066666667

2.35

0.2433333333

2.0133333333

3.8

3.3033333333

0.01

0.4866666667

1.9866666667

1.96

0.01

0.0166666667

1.9266666667

0.9466666667

0.68

0.3

1.3966666667

1.26

0.1066666667

0.03

1.5266666667

1.2233333333

0.08

0.2233333333

1.0366666667

0.6766666667

0.21

0.1333333333

1.2666666667

0.9833333333

0.2066666667

0.0766666667

2.9

1.0766666667

0.29

1.5333333333

1.6933333333

0.9166666667

0.1366666667

0.64

3.6133333333

0.9966666667

0.61

2.0066666667

3.26

1.35

0.2966666667

1.6133333333

4.5

1.8766666667

0.5766666667

2.0466666667

3.1666666667

1.6133333333

0.3033333333

1.25

3.35

0.9266666667

0.2733333333

1.4

3.13

0.8266666667

0.34

2

4.9466666667

0.76

0.6266666667

3.56

3.24

0.5933333333

0.45

2.1966666667

2.3

0.4433333333

0.22

1.6366666667

3.0466666667

0.65

0.2533333333

2.1433333333

2.4666666667

0.67

0.2066666667

1.59

1.9066666667

0.79

0.2233333333

0.8933333333

1.2266666667

0.5566666667

0.21

0.46

1.2766666667

0.9233333333

0.17

0.1833333333

2.2533333333

1.3666666667

0.2666666667

0.62

11.88

2.1133333333

1.5933333333

8.1733333333

11.0333333333

1.1333333333

2.1466666667

7.7533333333

4.32

0.5166666667

1.2966666667

2.5066666667

4.7866666667

0.5866666667

2.0866666667

2.1133333333

3.62

0.95

0.7733333333

1.8966666667



		

																														Producción de grano

																		Fertilizacion N durante los 3 años														1999		2000		2001

																		NF		0										NF		8146		5376		9201

																		F		300										F		14266		13643		12401

																		N disponible antes de la siembra												Nabsorbido

																				1999		2000		2001								1999		2000		2001

																				(x85)		(x85)		(x50)						NF		95.8		75.2		121.9

																		NF		163		284		217						F		194.7		217		278.5

																		F		142		332		381

																		riesgo de inmovilizacion de N				(Relacion NO3-/N = 1,15)

																		reservas de Norg bajas, representan mayores necesidades de fertilizacion

																		actividad microbiana media

																		Al tratarse de suelos de poca profundidad(30cm)  probblemente la calibración del Norg sea mas baja de 50 , lo conduciria a un incremento de la dosis de N





		99 antes		99 antes

		99 desp		99 desp

		2000 antes		2000 antes

		2000desp		2000desp

		2001 antes		2001 antes

		2001 desp		2001 desp



NF

F

mgN /100g

Comparativo EUF-N dig

3.39

3.3

2.82

3.12

4.1

4.5

3.9

4

4.53

8

5.24

7.02



		0		0

		0		0

		0		0



NF

F

kg grano/ha

Producción de grano de maiz. Pivot

0

0

0

0

0

0



		0		0

		0		0

		0		0



NF

F

kg N/ha

N absorbido (Pivot)

0

0

0

0

0

0



		0		0

		0		0

		0		0



NF

F

Kg grano/ha

Produccion de grano Pivot

0

0

0

0

0

0



		0		0

		0		0

		0		0



NF

F

Kg N/ha

N absorbido Pivot

0

0

0

0

0

0



		





		36629		36629		36629		36629

		36697		36697		36697		36697

		36707		36707		36707		36707

		36725		36725		36725		36725

		36767		36767		36767		36767

		36796		36796		36796		36796

		36803		36803		36803		36803



Testigo

Urea normal

Urea optimizado

Compost

KgN/ha

Nitrógeno lixiviado acumulado 2000

0

0

0

0

3.3726

16.118025

11.0397431507

3.1031

3.8133629032

17.198508871

11.9272302475

3.7938645161

4.2578629032

20.033508871

13.8690110694

4.4475409867

5.3321483871

25.5483967742

17.646331551

5.9822345351

5.7983333333

27.0089129032

18.6731186478

6.6678006325

5.7983333333

27.0089129032

18.6731186478

6.6678006325



		36697		36697		36697		36697

		36707		36707		36707		36707

		36725		36725		36725		36725

		36767		36767		36767		36767

		36796		36796		36796		36796

		36803		36803		36803		36803



Testigo

Urea normal

Urea opt

Compost

Kg cl/ha

Lixiviación cloruros acumulada 2000

0

0

0

0

0

0

0

0

8.034

9.126

0

0

82.64775

121.56375

0

162.525

112.1144166667

168.89175

53.448

162.525

112.1144166667

168.89175

53.448

162.525



		36629

		36697

		36707

		36725

		36767

		36796

		36803



Drenaje corregido

mm

Drenaje acumulado 2000

0

0

0

7.8

66.9

94.1

94.1



		36957		36957		36957		36957

		36962		36962		36962		36962

		37022		37022		37022		37022

		37033		37033		37033		37033

		37090		37090		37090		37090

		37104		37104		37104		37104

		37111		37111		37111		37111

		37123		37123		37123		37123

		37126		37126		37126		37126

		37139		37139		37139		37139

		37140		37140		37140		37140

		37146		37146		37146		37146

		37165		37165		37165		37165

		37215		37215		37215		37215



Testigo

Urea normal

Urea optimizado

Compost

kgN/ha

Nitrato lixiviado acumulado
drenaje revisado 2001

0

0

0

0

0

0

0

0

0

0

0

0

0.0327419355

0.3612903226

0.0889677419

0.0004516129

1.225

6.3225806452

1.6910645161

0.0079032258

1.2254516129

6.6838709677

1.691516129

0.0083548387

1.2256774194

6.864516129

1.6917419355

0.0085806452

1.2712

11.2596129032

1.6971612903

0.014

1.2777483871

11.5283225806

1.6973870968

0.0142258065

1.3153827957

13.3347741935

1.6996451613

0.016483871

1.3158344086

13.6070967742

1.7000967742

0.0169354839

1.3176408602

14.3513548387

1.7019032258

0.0187419355

1.3176408602

14.3513548387

1.7019032258

0.0187419355

1.3176408602

14.3513548387

1.7019032258

0.0187419355



		REGRESIONES LINEALES

		Regressions		r		p

				0.957		<0.01		NtEUF(I+II)=-1.21+0,577 Nt(Cl2Ca)

				0.991		<0.01

				0.975		<0.01

				0.552		<0.05

				0.992		<0.01

				0.99		<0.01

				0.968		<0.01

				0.537		<0.05

				0.992		<0.01

				0.932		<0.01

				0.987		<0.01

				0.71		<0.01

				0.723		<0.01

				-0.056		NS

		NS: not significant

		REGRESIONES MULTIPLES

		y		x

		Ndig (Cl2Ca)		MO,C.CO3.				66.81%		99% p<0,01		Ndig Cl2Ca = 3,20+299,4 M.O.-512,36C+0,128CO3

		Ndig (EUF)		MO,C.CO3.				59.26%		99% p<0,01		NdigEUF= -0,30+173,08MO-294,59C+0,052CO3

		Norg (Cl2Ca)		pH,CO3,cond.				46.00%		95%		Norg (Cl2Ca) = 11,33 - 1,002pH + 0,060CO3 + 0,0023cond

		Norg (EUF)		arc.pH,MO.				61.16%		99% p<0,01		Norg (EUF) = 4,45 - 0,037clay - 0,556pH + 0,88MO

		NO3 (Cl2Ca)		MO,C.CO3.				65.38%		99% p<0,01		NO3 (Cl2Ca) = -1,655+178,56MO-304,61C+0,0069CO3

		NO3 (EUF I+II)		MO,C.CO3.				71.60%		99% p<0,01		NO3 (EUF) = -1,324+163,59MO-279,03C+0,068CO3

		NH4 (Cl2Ca)		arc,pH,cond				76%		99%		NH4 (Cl2Ca) = 1,847+0,003arc-0,216pH-0,00016cond

		NH4 (EUFI+II)		pH,MO,C.				78.16%		99%		NH4 (EUF I+II) = 3,76-0,43pH-21,12MO+36,33C





		5.58667

		9.66667

		14.6667

		10.71

		7.29333

		8.12667

		17.5

		11.7533

		10.0433

		8.79333

		5.00333

		9.96

		6.33333

		5.12667

		4.62667

		5.83667

		6.79333

		12.3333

		12.0867



y=-1,21+0,577x
r = 0,957 ;  p<0,01

NtCaCl2 mg 100g-1

EUFN mg100g-1

Lineal regression (EUFNxNtCaCl2 )

2.5

3.49

7.18

4.82

3.14

3.33

9.44

4.62

4.38

2.52

1.64

4.94

2.82

2.45

1.6

2.36

2.12

7.14

5.74



		valores medios 1999

						Nitrato mg/L

				4/13/00		6/20/00		6/30/00		7/18/00		8/29/00		9/27/00		10/4/00

		Testigo		27.20		60.40		75.20		20.80		18.10		14.60		12.30		32.66				32.7

		Urea normal		70.50		230.60		160.80		93.00		62.30		25.70		19.60		94.64				94.32

		Urea optimizado		31.30		98.00		45.00		59.40		38.70		13.20		6.50		41.73				61.4

		Compost

		Valores medios 2000

						Nitrato mg/L

				4/13/00		6/20/00		6/30/00		7/18/00		8/29/00		9/27/00		10/4/00		media		sd

		Testigo		14.80		43.80		59.15		12.70		8.05		5.27		6.20		21.42		21.2744583801

		Urea normal		56.30		209.33		145.00		81.00		41.33		16.50		14.47		80.56		72.2646496792

		Urea optimizado		25.25				72.00						11.60		8.35		29.30		29.3932248429

		Compost		3.03		40.30		92.70				11.50				8.70		31.25		37.2583890628

		Valores medios 2001

						Nitrato mg/L

				3/7/01		3/12/01		5/11/01		5/22/01		7/18/01		8/1/01		8/8/01		8/20/01		8/23/01		9/5/01		9/6/01		9/12/01		10/1/01		11/20/01		media		SD

		Testigo		9.30		11.03		4.90		7.25		16.00		0.10		0.10		0.84		2.90		1.67		0.10		0.10		0.10				4.18		5.2051137331

		Urea normal																81.10		119.00				60.30		41.20						75.40		33.3221647956

		Urea optimizado				6.00		11.60		19.70		21.50		0.10				0.10		0.10		0.10		0.10		0.10		0.10		0.10		4.97		8.1182547759

		Compost				0.10				0.10		0.10		0.10				0.10		0.10		0.10		0.10		0.10		0.10		25.00		2.36		7.50763248

		1999						1999		mgN/L												2000		mgN/L												2001		mgN/L

		Testigo		Urea normal		Urea optimizado		Testigo		Urea normal		Urea optimizado				Testigo		Urea normal		Urea optimizado		Testigo		Urea normal		Urea optimizado				Testigo		Urea normal		Urea optimizado		Testigo		Urea normal		Urea optimizado

		27.20		70.50		31.30		6.12		15.86		7.04				14.80		56.30		25.25		3.33		12.67		5.68				9.30						2.09

		60.40		230.60		98.00		13.59		51.89		22.05				43.80		209.33				9.86		47.10						11.03				6.00		2.48				1.35

		75.20		160.80		45.00		16.92		36.18		10.13				59.15		145.00		72.00		13.31		32.63		16.20				4.90				11.60		1.10				2.61

		20.80		93.00		59.40		4.68		20.93		13.37				12.70		81.00				2.86		18.23						7.25				19.70		1.63				4.43

		18.10		62.30		38.70		4.07		14.02		8.71				8.05		41.33				1.81		9.30						16.00				21.50		3.60				4.84

		14.60		25.70		13.20		3.29		5.78		2.97				5.27		16.50		11.60		1.19		3.71		2.61				0.10				0.10		0.02				0.02

		12.30		19.60		6.50		2.77		4.41		1.46				6.20		14.47		8.35		1.40		3.26		1.88				0.10						0.02

						Media		7.35		21.29		9.39								Media		4.82		18.13		6.59				0.84		81.10		0.10		0.19		18.25		0.02

						SD		5.59		17.15		6.91								SD		4.79		16.26		6.61				2.90		119.00		0.10		0.65		26.78		0.02

				1999		2000				2001																				1.67				0.10		0.38				0.02

		1		6.12		3.33		1		2.0925																				0.10		60.30		0.10		0.02		13.57		0.02

		1		13.59		9.855		1		2.48175																				0.10		41.20		0.10		0.02		9.27		0.02

		1		16.92		13.30875		1		1.1025																				0.10				0.10		0.02				0.02

		1		4.68		2.8575		1		1.63125																								0.10						0.02

		1		4.0725		1.81125		1		3.6																								Media		0.94		16.97		1.12

		1		3.285		1.185		1		0.0225																								SD		1.17		7.50		1.83

		1		2.7675		1.395		1		0.0225

		2		15.8625		12.6675		1		0.189

		2		51.885		47.098125		1		0.6525

		2		36.18		32.625		1		0.37575

		2		20.925		18.225		1		0.0225

		2		14.0175		9.298125		1		0.0225

		2		5.7825		3.7125		1		0.0225

		2		4.41		3.255		1		0

		3		7.0425		5.68125		2		0

		3		22		0		2		0

		3		10		16		2		0

		3		13.365		0		2		0

		3		8.7075		0		2		0

		3		2.97		2.61		2		0

		3		1.4625		1.87875		2		0

								2		18.2475

								2		26.775

								2		0

								2		13.5675

								2		9.27

								2		0

								2		0

								3		0

								3		1.35

								3		2.61

								3		4.4325

								3		4.8375

								3		0.0225

								3		0

								3		0.0225

								3		0.0225

								3		0.0225

								3		0.0225

								3		0.0225

								3		0.0225

								3		0.0225






_1156773295.ppt


50

25

0

Petrocalcic horizon

Sensors

DATA LOGGER

ENVIROSCAN

Ceramic candle extraction system

cm












