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Background and Obijectives

Nitrogen efficient use is important for economicdagnvironmental sustainability of cropping
systems.Three examples of fertilization practices considete be able to contribute tthe
improvement of N use efficiencyre: the use of a waste with higher C/N ratiohsas pulp mill
sludge (Kirchmann and Bergstrom, 2003), specifipliaption time and/or split application of
nitrogen fertilizergRoberts, 2008and the use of nitrification inhibitors, such as IICD (Zaman
and Blennerhassett, 201M). present study a field experiment was carriedfoh May 2006 to
May 2008, in central Portugal, to evaluate agromonifrogen use efficiency (AE) arwbparent

N recovery efficiency (ARE), when different organic wastes (cattle siusewage sludge and
urban waste compost) were used as N sources imlaedoropping system producing maize and
oats forage. The use of a nitrification inhibit@GD), the splitting application of residues and the
use of an organic residue with high C/N ratio (poipl sludge) were evaluated as management
practices that could improve N use efficiency.

Materials and Methods

The soil was a Cambisol, with 0.81% organic C, pEQ) 6.2, and high P and K levels (>120 mg
kgh). The f'year autumn was rainy, antf §ear one of the year most dried of last decade.t&h
treatments tested consisted of: the splitting appbn at the establishment of the oats and maize
crops of the organic residues sewage sludge (tezdt85), urban waste compost (UWC) and cattle
slurry (CS); the yearly application of pulp milugige (PMS) to the oats crop, and SS and UWC to
the maize crop only (SSm and UWCm); a mineral lfeeti treatment (MIN) and a Control were
included, and the DCD effects were tested togethigr MIN (MIN+I) and CS (CS+l). PMS was
applied in the first year only. Total N input wagual for all fertilization treatments (oats 80 kg N
ha'; maize 170 kg N h9, but amount of N applied by organic residues wasable (Table 1).

Table 1. Amounts (kg i of N applied in each crop and treatment, throoigfanic and mineral fertilizers.

Oats Maize
Treatment Organic Mineral fertilization Organic Mineral fertilization
fertilization ~ Sowing Top-dressing fertilization Sowing Top-dressing
Control 0 0 0 0 0 0
MIN 0 30 50 0 90 80
MIN+I 0 80 0 0 170 0
PMS 10 20 50 0 90 80
SS 80 0 0 90 0 80
SSm 0 30 50 170 0 0
UuwcC 80 0 0 90 0 80
UWCm 0 30 50 170 0 0
CS 80 0 0 170 0 0
CS+l 80 0 0 170 0 0

The field was divided in plots of 48nand the experimental design was randomized bleitis,3
replications. In order to measure yiefdants &t milky/farinaceous grain stage) of middle plots
were harvested in the surface 225 nf and 0.5 rfi for maize and oats, respectiveE was
defined as the ratio of forage yield with N appiica minus forage yield without N application to
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N application. ARE was defined as the ratio thtltplant N uptake with N application minus total
plant N uptake without N application, then divid®dN application and multiply by 100.

Results and Discussion

The forage production were different (P <0.001}YHa two years (mean production of 19.4 and
27.9 t DM h&d in 1* and 2° year, respectively). Different climatic conditioh®tween years
contributed to this result. In any fertilizationségm was observed higher forage production than
that obtained in MIN, and lower results were palady observed in Control (59% of the forage
yield in MIN) and with soil incorporation of urbamaste compost (75 and 72% of the forage yield
in MIN, in UWC and UWCm, respectively).

Table 2. Forage production, agronomic N efficieand apparent N recovery efficiency in differenatreents and years.

Year | Control| MIN | MIN+I | PMS | SS | ssSm | uwC ] uwCm CS | CS+l

Forage production (t DM ha-1)

| 16.0cd | 23.2ab 23.4ab| 18.4bdd 19.5bd] 25.99 13.13d 17.Gbctl.0alkc | 16.1cd

Il 16.7¢e 32.6ab 33.2a 32.6abhc  28.4alicd 28.3ab  @8.3c22.4de 26.2abcd  30.3bqd

Agronomic N use efficiency (kg DM kg-1 N applied)

I 29.1ab 29.6ab| 9.8bcd 14.0bc 39.94 -11.3d 6.6bc@0.1abc 0.6¢cd

Il 63.5 65.9 63.5 46.6 46.4 47.1 22.7 38.1 54.3

Apparent N recovery efficiency (% of N applied)

| 60.8a 48.7ab| 39.2bc| 37.4bc 45.9ap 19.9¢ 13.8d .4c@8 | 15.6d

1] 85.6abc | 110.7a| 97.3ab 65.6bcd 48.6def  72.2bcB.0f2 37.2¢ef 64.4cde

In general,the N use efficiency was lower when organic ressidwere used in the crops
fertilization. For instance, with slurry applicatioforage yield per unit of N corresponded to 68 an
60% of that measured in MIN irf"and 2 year, respectively. However at the end of thé, tviery
similar results were observed between MIN and SS@D didn’'t promote important changes in
AE, namely when used with mineral fertilizers anldew applied in spring fertilization (data not
show). ARE values were around 75-80% with theatlon of mineral fertilizers and between 20
and 50% with organic residues incorporation. Theelovalue was obtained in UWCm abdCD
didn’t produce an evident effect on N recovery affncy when added to the slurry or to the
mineral fertilizer, namely irspring fertilization (data not showBetter results of ARE were
obtained with maize than with oats (data not shawjen N was incorporated through slurry or
sewage sludge (37 and 43% N applied in CS and 8Sspring; 31 and 16% of N applied in CS
and SS in autumn).

Conclusion

The amount of N removed from the soil through tegetal material collected was mainly related
with dry matter production, and was greater withrenatensive use of mineral fertilizers. It was in
UWCm treatment that was measured the lowest vdlileremoved by plants (21% of N applied).
In order to increment N use efficiency with soilplipation of this residue, it is recommended
simultaneous incorporation of mineral N. The satnategy should be considered whemwaste
with higher C/N ratio is used in crops fertilization similar cultural systems, is recommendable
the soil application of slurry and sewage sludgspnng.
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