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NITROGEN WORKSHOP - A leading network on Nitrogen

On the behalf of the organizing Commission of the 18" Nitrogen Workshop,
I wish to express a warm welcome to all the participants.

This book contains the proceedings of the 18" Nitrogen Workshop, held in
Lisboa, Portugal, from 30" June to 3™ July 2014.

The Nitrogen Worlshop is a leading network on all issues related to Nitrogen,
since 1982. From an European network, the Nitrogen workshop grew to an
international network, integrating more and more countries and enlarging its focus to
broader questions about Nitrogen.

There was a global participation of scientists and technicians, from 30 different
countries from all the continents, who presented the results of their collaborative
work. This is a clear sign of the importance of these workshops and stressed out the
leading position of this network in the field of the challenging Nitrogen element.
The doors are open to the growth of the network.

We are proud to present an outstanding scientific program with high quality
speakers and innovative posters presented by more than 200 delegates, which will
hopefully give rise to interesting and participated discussions. We have put our
efforts in the selection of an innovative and comprehensive overview of the latest
research developments to share with you and we hope you enjoy the workshop.
More that 200 posters were displayed in large poster sessions, to allow the partici-
pants the exchange of ideas and information amongst them. It is worth highlighting a
strong participation of students which ensure and keep alive the research in the
subject of Nitrogen.

We hope that this Workshop will host great opportunities for the participants to
meet and build future collaboration through friendship and professional interaction,
and that this may be place and time for discussing the latest developments in science
and politics for Nitrogen issues, and a means of moving forward to problem solving,
innovation and knowledge transfer.

We wish to express sincere thanks to all the persons that made the 18™ Nitro-
gen Worshop possible. To the colleagues who kindly accepted to revise the abstracts
submitted to this Workshop, to the Chair of the 17" Nitrogen Workshop for his
advice, availability and support at all times, to the Steering Committee of the Inter-
national Nitrogen Initiative (INI) for scientific advice and to the European Centre of
the INI for supporting this meeting.
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Claudia S. C. Marques dos Santos Cordovil



History of the Nitrogen Workshop
“The nitrogen challenge: building a blueprint for food and future”

e 17" International Nitrogen Workshop: Wexford, Ireland. “Innovations for
sustainable use of N resources”.

e 16th International Nitrogen Workshop: Universita Degli Studi di Torino,
Italy. 28 June - 1 July 2009. “Connecting different scales of nitrogen use in
agriculture

¢ 15th International Nitrogen Workshop: University of Lleida, Spain. 28-30
May 2007. “Towards a better efficiency in N use”

¢ 14th International Nitrogen Workshop: PRI, Maastricht, The Netherlands.
24-26 October 2005. “N Management in Agrosystems in Relation to the
Water Framework Directive”.

e 12thInternational Nitrogen Workshop: IGER, University of Exeter, UK.
21-24 September 2003. “Controlling nitrogen flows and losses”.

e 11th International Nitrogen Workshop: INRA, Reims, France. 9-12
September 2001

e 10th International Nitrogen Workshop: The Royal Veterinary & Agricultural
Univ Copenhagen, Denmark. 23-26 August 1999

e 9th International Nitrogen Workshop: Technische Universitat Braunschweig,
Germany. 9-12 September 1996

¢ 8th International Nitrogen Workshop: University of Ghent, Belgium. 5-8
September 1994,

e 7th International Nitrogen Workshop: University of Edinburgh, UK. 3-26
June 1992

¢ 6th International Nitrogen Workshop: The Queen’s University Belfast, UK.
17-19 December 1990

e 5th International Nitrogen Workshop: Rothamsted Experimental Station,
UK. 13-14 December 1988

e 4th International Nitrogen Workshop: University of Aberdeen, UK. 6-9 April
1987

¢ 3rd International Nitrogen Workshop: GRI, University of Reading, UK.
16-17 December 1985

e 2nd International Nitrogen Workshop: Rothamsted Experimental Station,
UK. 17 July 1984

¢ 1st International Nitrogen Workshop: Rothamsted Experimental Station, UK.
20 July 1982
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Nitrogen use in agriculture






IMPACT OF NITROGEN FERTILIZER RATES
ON INDUSTRIAL HEMP (CANNABISSATIVA L))
BIOMASS PRODUCTION

A. ADAMOQVICS, O. ADAMOVICA, M. KATAMADZE

Latvia University of Agriculture, Institute of Agrobiotechnology, Jelgava, LATVIA
e-mail: aleksandrs.adamovics@Ilu.lv

For many centuries, industrial hemp (Cannabis sativa L.) has been cultivated as a
source of strong stem fibres and seed oil (Struiket et a., 2000).Industrial hemp’s need
for nitrogen is high, especialy during the growing period (Amaducciet et al., 2002);
moreover lack of nitrogen will result in lower yield, as growth phases (internodes
length, canopy area) will be missed and thus efficiency of radiation use will decline. In
addition, in Latvia there are no recommendations for suitable nitrogen fertilizer rates for
hemp cultivation. The aim of this study was clarification of nitrogen fertilizer rate
impact on industrial hemp yield in Latvia and finding out of the optimal nitrogen
fertilizer rate for better biomass production.

Materialsand M ethods

The field trial was carried out in 2011-2012 in Research and Study farm “ Peterlauki”
(56°53'N, 23°71'E) of the Latvia University of Agriculture, in the sod calcareous soils
pHka 6.7, containing available for plants P52 mg kg ™, K 128 mg kg ™, organic matter
content 21 to 25 g kg ™ in the soil. Two factor experiments were conducted: factor A —
cultivars (Futura 75, Tygra and Felina 32); factor B — variousnitrogen fertilizer
application rates (control — NOPOKO; background fertilizer (henceforth F) —
NOP8OK 112; F+N30; F+N60; F+N90; F+N120; F+N150; F+N180 kg ha'). Statistical
assessment of the data was made by ANOVA, variance andysis, and LSD tedt.
Processing of dataincluded also correlation and regression analysis methods.

Results and Discussion

Production of high quality biomass requires knowledge about optimal plant density for
sowing. If plants are sown too dense or because of consequential interspecific
competition, part of the plants die, others stop growing, and only the remainder
contribute to the final production (Amaducciet et a., 2002). In 2012, the established
plant density after full emergence varied between 217 and 258 plants per m?. The
highest plant density (significant (p< 0.05)) was found in the plots where additional N
fertilizer was not used (NOPOK 0 — 256 plants per m?) and in the plots where fertilizer
N60 was used (F+N60 — 258 plants m™). Whereas the lowest plant density (significant
(p< 0.05)) was found if fertilizer N90 was used (F+N90 — 217 plants per m).

During vegetation period, plant density decreases. At harvesting, the highest
plant density was found for fertiliser N60 (233 plants per m™), but the lowest for N180
fertilizer (207 plants per m®). Some authors report that plant density decreases showed
negligible plant lost at low density (about 30 — 90 plants per m?), while at high density
(180-270 plants per m?) about 50-60% of the initial stand was lost. In other references
it was stated that nitrogen caused high plant mortality, probably due to competitive
effects in the initial phase of the cycle (Amaducciet et al., 2002; Jankauskiene and
Gruzdeviene, 2012).

Hemp stalk length was significantly (p< 0.05) influenced by the nitrogen
fertilizer rate applied and cultivar. Plant height gradually increases with higher N

27



fertilizer dose, compared with the control (NOPOKO), however this growth varies
among the cultivars tested. The highest stalk length was observed for the cultivar
‘Futura 75’ and if treated with any of the nitrogen fertilizer. The highest stalk length
(3.18 m) was reached with nitrogen fertilizer F + N150 at 138 growing day. With
application of the same fertiliser, stalk length of other cultivars (‘Tygra’ and ‘Felina
32’) was smaller, — 2.58 meters.

Analysis of the relationships between hemp stalk length and biomass yield indicates
significant (p< 0.05) close linear positive correlation (r=0.83; n=24). Significant (p< 0.05)
linear positive correlation (=0.53; n=24) was found in 2012 and it shows that in 2011 in
69% of cases changes in yield might be explained by the stalk length, but in 2012 — only
in 28%. Thus it may be concluded that hemp biomass yield depends upon not only
nitrogen fertilizer rate, but also other factors, namely plant density, meteorological
conditions and other factors currently not studied.

The effect left on dry matter yield by nitrogen fertilizer was significant (p< 0.05)
in both years. The lowest amount of dry matter yield was harvested from plots where
additional N fertilizer was not used (control plots — NOPOKO), respectively on average
434t per ha” in 2011 and about 7.20 t per ha™ in 2012.

Conclusions

Hemp biomass yield depends upon stalk length; moreover the phenomenon was
approved by positive linear correlations.

The effect left by nitrogen fertilizer rate on the biomass yielded was significant
(p<0.05). The lowest green yield (and dry matter yield) was observed treating samples
with NOPOKO fertilizer, while the highest green biomass and dry matter yield was
obtained by using F+N150 kg ha™. Increase in the N rate up to 180 kg ha™ resulted in
lower hemp green biomass and dry matter yield.
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Vegetable crop residues take a particular position relative to arable crops as often
very large amounts of biomass with a high N content are left on the field after harvest.
Vegetable crop residues are characterized by small C:N ratios (De Neve & Hofman,
1996) and mineralize rapidly (Fox et al., 1990, Trinsoutrot et al., 2000). An important
amount of vegetable crops are harvested during late autumn and despite decreasing
soil temperatures, high rates of N mineralization and nitrification still occur (De Neve
& Hofman, 1996). Furthermore vegetable crops are often the last crop before winter
and several vegetable crops are harvested before a mature stage, leaving behind soils
with considerable N content. These factors cause intensive vegetable rotations to be
particularly prone to nitrate leaching during winter. In order to obtain water quality
objectives set by the Nitrates Directive three 1,5-yr field experiments were set up to
evaluate the inclusion of a catch crop or non-vegetable crop in vegetable rotations in
autumn. N dynamics during the trial period were simulated by using the EU-Rotate N
model. In this study the impact of alternative crop rotations on N uptake, N losses
during winter and N remineralization during the following spring are assessed.

Materials and methods

Alternative crop rotations. Three field experiments were established in the intensive
vegetable growing region in Flanders, Belgium (autumn 2012- spring 2014). All field
experiments were designed in fully randomized blocks with four replicates. The first
alternative crop rotation examines the inclusion of Italian ryegrass (Lolium
multiflorum) in cauliflower (Brassica oleracea var. botrytis) rotations. Per location two
treatments, namely (i) cauliflower — Italian ryegrass (sown in August) and (ii)
cauliflower — cauliflower — Italian ryegrass (sown in October) are compared to the
conventional cauliflower — cauliflower combination. Following spring one or two
cuttings of grass is harvested and removed. The remaining organic material is
incorporated and a new cauliflower crop is planted. The second alternative crop
rotation examines the use of two cover crops (Italian ryegrass or winter rye (Secale
cereale) after a cauliflower crop. Similar as for the first alternative rotation two
rotations, namely (i) cauliflower — cover crop (sown in August) and (ii) cauliflower —
cauliflower — cover crop (sown in October) are compared to a conventional double
cauliflower rotation. However in contrast to the first alternative rotation the cover crop
will be incorporated during spring instead of harvested. Soil and plant sampling
During the experiment soil samples were taken monthly with an auger in three layers:
0-30 cm, 30-60 cm, 60-90 cm and analysed for ammonium-N and nitrate-N after | M
KCl extraction in order to determine soil mineral N profiles. Total crop yield and crop
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residue biomass (leaves and stalks) was determined at harvest. Plant samples (4
subsamples per treatment) were dried, ground and analysed for dry and organic matter,
N and P content. Simulation of N dynamics Simulation of the N dynamics was
performed with EU-Rotate N. The model was calibrated through input of measured
soil mineral N content, crop yield and crop N uptake.

Results and discussion

Evaluation and simulation of the results of the field experiments is ongoing and will be
presented at the N Workshop, but some trends may already be identified. Soil mineral
N content was significantly lower following a second cauliflower crop compared to
catch crops or non-vegetable crops at two of the three field experiments because N
uptake by the second cauliflower crop continued to deplete soil N content. The
maximum soil nitrate content during autumn (90 kg NO3-N between 09/01 and 11/15)
set by the Flemish legislation was only met for a double cauliflower crop (Figure 1).
Total N uptake of Italian ryegrass (79 + 1 kg N ha-1) was higher than winter rye (70 +
1 kg N ha-1) despite a slower growth. Soil mineral N content was lower following
incorporation of Italian ryegrass in spring compared to fallow soil (Figure 1). Hence
Italian ryegrass may immobilize N at first which should be taken into account when
planting the next crop. First simulation results indicate that gaseous losses may
contribute significantly to total N losses (data to be shown at the conference). Figure 1
Mean soil mineral N content (0 — 90cm soil layer) measured at one location.
Significant differences are indicated by different letters (p < 0.05, post hoc Tukey test).
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About 85-90 million metric tonnes of nitrogenous fertilizers are added to the soil
worldwide annually (Good et al., 2004). However, it has been estimated that 50-70%
of this N is lost. Nitrate leaching is considered to be one of the most important
mechanisms of N losses from soils (Shen et al., 2003), with consequence of the low
fertilizer-N uptake efficiency (NUE), and also contributes to nitrate pollution of
groundwater (Camargo & Alonso, 2006). Retardation of the biological oxidation of
ammonium can reduce N losses due to leaching. Several chemical compounds are
capable of retarding this oxidation by inhibiting the activity of Nitrosomonas bacteria,
responsible for the first step in nitrification. Among these compounds, 3,4-
dimethylpyrazole phosphate (DMPP), is a molecule, developed by BASF, very
efficient in inhibiting the nitrification process in soil, is effective at low concentrations
(0.5-1.0 kg DMPP ha™), allows the ammonium present in the soil to be blocked for a
variable period of time, significantly reducing losses of N due to leaching and
denitrification, allowing planning of mixed ammonium and nitrate nutrition of the
crops, and no toxicological or ecotoxicological side-effects have been reported
(Zerulla et al., 2001). Numerous studies have been carried out on small plants grown
in pots or in assays in soil conditions with sampling at the end of the assay. However,
there are no available studies to prove the efficiency of its daily use under field
conditions and with numerous sampling during its application, showing its
effectiveness throughout the fertilization period. Thus, the study focused on
determining effect of daily DMPP applications on i) ammonium and nitrate
concentration, both in the soil and soil solution, and ii) macro and micronutrient foliar.

Materials and Methods

Ten Uniform 11-year-old orange trees (Citrus sinensis (L.) Osbeck) c.v. Clemenules
grafted on Carrizo citrange (Citrus sinensis x Poncirus trifoliata) rootstock were
grown in field conditions with a plantation frame of 4 x 6 m (about 417 trees Ha™).
The N fertilizer rate was 460 g N tree-year” based on tree canopy (@ of 2.65 m), of
which 20 % must be applied during the month of July (92 g of N-tree™), and, as the
fertiliser was applied only for 10 days, a third of the necessary amount was applied
during the assay (30.6 g of N-tree™). Nitrogen was supplied as ammonium sulphate
either without or with the nitrification inhibitor DMPP (1 % DMPP relative to NH,-
N). The irrigation water used came from the irrigation well on the plot. Four
treatments were carried out: I) Tree-Without: Citrus crop fertilised with AS; ii) Soil-
Without: Bare soil fertilised with AS; iii) Tree+DMPP: Citrus crop fertilised with AS
+ DMPP; iv) Soil+DMPP: Bare soil fertilised with AS + DMPP. Each treatment was
repeated five times in the experimental area with a tree per replica was used in the case
of the citrus crop and bare ground in a zone equivalent to the area of a tree. The study
was carried out during the month of July 2012 under the most unfavourable conditions
for use of DMPP: high N needs for trees (July is the month with the greatest nutritional
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requirement of N) and with high temperatures. Three suction probes were used under
each tree to gather the solutions from the soil at three depths (0-20, 20-40, and 40-60
cm). The soil solutions were subsequently collected in recipients (250 mL). To
determine mineral fractions, both in soil KCl extracts and in soil solution were steam-
distilled (Distillation Unit, Foss Tecator,); NH4-N and NO3;-N were recovered in boric
acid. To evaluate fertilizer N uptake, spring flush leaves were also sampled at the end
of the assay (September).

Results and Discussion

Ten hours after N application, soil solution NH4-N concentrations increased in all
treatments. The highest values of NH,;-N concentrations in soil solution were found in
Tree+tDMPP treatments in the area of greatest root development (0 to 40 cm) mainly
during fertilization period. At the end of the assay, the trial zone without trees had lower
ammonium in the first two layers, without significant differences due to the effect of the
DMPP input (Figure 1). The most remarkable differences among the AS (Tree-Without
and Soil-Without) and AS+DMPP (Tree-DMPP and Soil-DMPP) treatments were
observed in the first and last N application-end of sampling period interval, showing the
residual effect of DMPP application.

With regard to nitrate concentration, at 40-60 cm depth, a higher concentration
was noted in the treatments that did not receive DMPP (with and without tree). In this
way, the risk of nitrate-N pollution in shallow groundwater would be minimized. In
the second week, after continuous input of DMPP, higher nitrate concentration was
observed in the treatments with tree than in those on bare ground. Highest nitrate
concentration was found in bare soil zone that did not receive DMPP throughout the
whole soil profile (Figure 2). Numerous authors found similar effect in soil samples
(Quifones et al. 2009).

Similar results were found in ammonium and nitrate concentration in soil
samples at the end of the assay. DMPP application did not affect mineral foliar
concentration, possibly due to the short duration of the assay (not shown).

Conclusions

The results of this study indicate that daily addition of the nitrification inhibitor DMPP
to ammonium sulphate in drip irrigated adult citrus trees, reduced N loss through
leaching as a consequence of the diminished nitrification rate, and brings on an
ammonium nitrate mixed nutrition. Consequently, it can be concluded that high
temperatures during the experiment did not depress the effect of DMPP.

Camargo & Alonso. 2006; Env. Int., 32(6), 831-849. Good et al. 2004. T. Plant Sci., 9, 597-605.
Quiflones et al. 2009. Span. J. Agric. Res., 7(1), 190-199; Shen, Q. R. et al. 2003. Chemosphere,
50, 747-753; Zerulla, W. et al. 2001. B. Fert. Soils, 34, 79-84
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Nitrogen in the soil is the most important element for plant development. It is
required in large amounts and must be added to the soil to avoid a deficiency. When
nitrogen is limited, crop growth is slow and yields are reduced. In case of nitrogen
excess water pollution with nitrates is provoked. Agriculture is the strongest source of
nitrates pollution. In general agricultural area with intensive farming coincide with
nitrates polluted aquifers [2]. Optimization of nitrogen fertilizer rates is the aim of
agronomists and farmers. The Canadian average residual soil nitrogen values (for the
0-20 cm soil layer) from 1981 to 1996 were fairly constant with a range of 12.9 to 13.9
kg N ha-1. However, residual soil nitrogen increased by 51% from 13.9 kg N ha-1 in
1996 to 21.0 kg N ha-1 in 2001. This increase is due to several factors including an
increase in legume crop acreage and lower crop yields and reduced N uptake as a
result of climatic constraints (droughts) [3].

Material and Methods

Main soils in studied areas are heavy and most frequently Vertisols and Chromic
Luvisols are present [4]. Eighteen farms from administrative areas of Burgas, Stara
Zagora and Yambol were studied (Table 1). Arable area of these farms varies from
15.7 to 903.22 hectares. Number of soils sampling is different and depends on the area
of every crop rotation field — from 4 to 70. Survey is accomplished in the frames of
National Agroecological Program — 2007-2013. Amount of residual N is calculated for
0-25 cm layer.

Inorganic nitrogen determination was according Bremner-Keeney, 1966 method
for residual nitrogen assessment [1].

Statistics data treatment was accomplished with Statgraphics Centurion software.

Table 1. Arable area, number of fields and sample numbers of studied farms

Yambol area Stara Zagora area Burgas area
Arable Fields Sample Arable area [Fields Sample Arable Fields  Sample
area numbers numbers area numbers
Average 323.8 9 28 518 10 20 269.2 8 12
Max 849 13 70 903.22 16 35 644.59 18 21
Min 11867 4 6 211.8 6 7 15.7 4 4
Total 2590.8 |69 221 2072.13 39 82 1615.0 48 71

Results and Discussion

Survey of 18 intensive farms was accomplished in our study. Farmers in such farms
aim to higher yields and nitrogen fertilizer rates are elevated. As consequence higher
amounts of residual nitrogen could be expected.

All outliers from data ranges were removed before statistical treatment. That is
why number of analyzed soil samples and soil samples statistically treated is different.



Average values for the residual inorganic nitrogen in soil is much higher than
observed in other countries [3] — from 29 to 50 kilograms per hectares. It is calculated
for 0-25 cm soil layer. This is explaining only 25% of obtained results. In our case
high amounts of residual nitrogen are due, partly, to the dry period at the end of
growing season.

Maximal amounts of residual nitrogen show that framers are applying non
reasonable nitrogen fertilizer rates or some of them have applied fertilizers before soil
sampling. Application of very high nitrogen fertilizers rates could explain the
minimum amounts of residual nitrogen. Minimum of residual nitrogen in soil in Stara
Zagora area is close to the average amounts found by Drury et al., 2007. Maximum
amounts (up to 84 kg per hectare) and high coefficients of variation (up to 47.9%) are
sign of large nitrogen rates of fertilization.

Table 2. Statistics for studied farms in 3 administrative areas

Statistical parameters Yambol Stara Zagora Burgas
Count 183 56 64
Average 38.73 50.23 29.04
Standard deviation 15.01 20.49 13.91
Coeff. of variation 38.75% 40.78% 47.90%
Minimum 4.8 12.6 6.0
Maximum 73.5 84.0 60.0
Stnd. skewness 1.91 -0.23 1.61
Stnd. kurtosis -0.83 -1.95 -1.29

Conclusion and perspectives

High variation of residual inorganic nitrogen in soils shows that more detailed studies
in farms are needed. Best resolution of the problem is to apply spatial variability
studies of fields. Use of variable fertilizing rates in one field is needed for optimization
of applied amounts of fertilizers. It will decrease environmental pollution with nitrates.
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The Seine watershed (81 000 km), has long been the foodshed of Paris, meeting
the demand for most animal and vegetal proteins consumed in the Capital city and
supplying high quality water. Nowadays, in addition to providing most plant products
consumed by the city, the traditional France’s breadbasket exports 80 % of its huge
cereal production on international markets (Billen et al. 2012). For the last 50 years,
the Seine watershed has specialized into intensive crop farming (cereals, oilseed rape,
sugar beet) entirely sustained by synthetic fertilizers and pesticides, while animal
husbandry, has been concentrated within the Western and North adjacent regions.
Those modern industrial agrosystems, are the main cause of severe surface and
groundwater contaminations with pesticides and nitrates, thus endangering the
drinking water resources of Paris agglomeration and leading to eutrophication
problems. Organic farming appears as an alternative to the conventional input-
intensive especially for pesticide contamination, but there are still lively debates on N
leaching risks, soil fertility and productivity. In this study, we attempt to handle
simultaneously those issues by analyzing and comparing long-term total N-use
efficiency in: i) a 19" century system relying on the synergy between livestock
breeding and crop production, ii) 28 organic farms specialized in field crops, and iii)
conventional field crops rotations strictly following ‘best’ fertilization practices.

Material and Methods

We used the Soil Surface Balance, SSB (Oenema et al., 2003), extended over a whole
crop rotation cycle to assess potential N losses to the environment. The inputs
accounted for were synthetic fertilizers, manure, grazing excreta, symbiotic fixation
(estimated with an empirical model based on exported biomass and taking into account
rhizodeposition (Anglade et al., in prep)), and atmospheric depositions. Outputs were
estimated as the N content of harvested crops and forage plus grazing. For organic
field crop rotations, the SSB were established on the basis of farmer’s interviews
carried out in 2011-2012. Conventional crop rotations N balances were calculated
using statistical data from the French Ministery of Agriculture for yields, and new
regional references (2012) on soil nitrogen mineralization for estimating the
appropriate rate of fertilizers according to the need of the crops, in compliance with the
EU Nitrate Directive. Lastly, nitrogen fluxes on both grasslands and arable lands of a
traditional mixed-farm were reconstituted combining historical statistical data (from
1870 to 1896) about land use and yields of cereals, legume fodder and permanent
grasslands, with a careful reading of the famous realistic novel, The Earth, by Emile
Zola which surprisingly contained details in abundance on daily farm routine at the
end of the 19" century.
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Results and Discussion

The self-sustaining mixed farming systems that were able to supply the fivefold
increase in the Paris population during the 19" century were based on close
relationships between cereal cultivation, and livestock feeding (Fig.1). Apparently
breaking with this past, and following industrial trends, many organic farms in the
Seine watershed are specialized in the production of field crops without any breeding
activity. Nonetheless, those organic systems differ significantly from intensive
conventional practices by long and diversified crop rotations (7 to 14 years), including
cereals and legume as crop (faba bean/lentil), fodder (alfalfa) and green manure
(clover). Symbiotic fixation accounts on average across all farms for about 65% of
total N inputs, the remaining part coming from atmospheric deposition (7 %) and
exogenous sources (27%) like distillery residues and manure from distant husbandries.
Legumes are also responsible for high protein yields over the whole crop rotation (N-
export), that equalize or outperform conventional ones, at similar total fertilization
rates. On average, organic N surpluses (35 kgN.ha.'.yr') are also 40 % lower,
although it exists a gradient of farms differing on N sources and crop rotations (Fig.2).
It should be noted that among organic farms, huge N surplus > 50 kgN.ha.".yr" are
linked to large amounts of exogenous inputs (> 50 kgN.ha.".yr") and/or the lack of
outlets for fodder N-rich legumes. Considering that most of the cropland nitrogen
surplus is leached, we have straightforward evaluated sub-root nitrate concentrations.
The N fluxes of arable land in the traditional 19" system were approximately in
balance, thus sub-root water concentration (4,6 mgN.I"") was not surprisingly far below
current drinking and ecological standards. By contrast, only 9 % of the intensive cereal
rotations managed with official fertilization practices recommendations, and 50 % of
the organic farms specialized in crop production, were found to deliver sub-root water
meeting the drinking standards of 11mgN/1.

Conclusion and perspectives
The extension of organic agriculture, to meet water quality target while maintaining
high protein productivity is substantially dependent upon local opportunities of

valorizing legume fodder cereal by-products. Between evolutions and revolutions, are
the futures contained in past agricultural systems?

Anglade, J., Billen, G., Garnier, J., (in prep).
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Increasing concern about climate change and environmental impacts require
transformation of actual cropping systems focusing on enhanced sustainability. Then,
optimizing the use of natural N sources such as N2 fixation and soil mineral-N coming
from organic matter mineralization is crucial. One solution could consist in increasing
the diversification of crops across the European countries e.g. by implementing more
legumes crops or by developping the use of intercropping (IC) such as cereal and
legume mixtures. IC is the simultaneous growth of two or more species in the same
field for a significant period and an application of ecological principles. IC is known to
use available abiotic resources more efficiently than the corresponding sole crops
particularly in low-input systems. Indeed, well chosen intercropped species do not
compete for exactly the same resource niche but tend to use them in a complementary
way leading to higher yield and grain protein compared to sole crops (e.g. Hauggaard-
Nielsen et al. 2007; Bedoussac and Justes 2010). The main objective of our field
studies was to analyse the functioning of cereal — grain legume intercrops as a first step
to further optimize and finally propose optimised intercropped systems. Thus, we
evaluated the potential advantage of intercrops for global yield and wheat grain protein
concentration modified by N-fertilization, densities, species and cultivars.

Materials and Methods

58 organic field experiments were carried in France (Toulouse in the SW France and
Angers in the NW) and Denmark from 2001 to 2010 with a large range of intercrops
combinations (hard wheat, soft wheat or barley intercropped with pea or faba bean)
with various cultivars, sowing densities and N treatments leading to a large range
magnitude and dynamics of N availability. Grain yield was used to calculate the
efficiency of IC based on the land equivalent ratio (LER) i.e. the relative land area
under SC that is required to produce the yield achieved in IC. Cereal grain protein
content was also analysed as a quality criteria and the percentage of N derived from N,
fixation (%Ndfa) of legumes was evaluated in order to estimate all N sources.

Results and discussion

Total intercrop grain yield (cereal + legume) was almost higher than that of the mean
SC grain yield (3,3 vs. 2,7 Mg ha-1 respectively; Figure 1) and the proportion of cereal
yield in IC was higher than 50% and higher to that calculated from SC grain yields,
indicating an higher competitivity of the cereal. LER values are almost higher than 1
(1,27 on average ranging from 0,93 to 2,41). High values (>1,5) correspond in general
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to situations in which at least one of the sole crop grain yield was low. IC was more
efficient than SC without N fertilization or when N was applied late during cycle; this
is mainly due to: i) a better light use (up to 10%) thanks to species dynamic
complementarity for leaf area index and height, ii) growth complementarity over time
(higher growth rate of the cereal and then of the legume), and iii) a dynamic
complementary in N acquisition, i.e. N, fixation and soil mineral N. Disadvantages
were observed with large available-N during early growth stages leading to higher
cereal growth, increasing interspecies competition, reducing legume light absorption
and then its biomass and yield. Cereal grain protein concentration was significantly
higher in IC than in SC (11,1% vs. 9,8%; Figure 2) and the lower the SC grain protein
concentration the higher the increase of N concentration in IC. The grain protein
concentration increase in IC is due to: i) a lower cereal grain yield in IC than in SC
(1,9 vs. 2,9 Mg ha-1 respectively) due to lower sown density density and so on fewer
ears per square meter in IC and ii) a quite similar (ca. 90%) amount of available soil N
for the cereal in IC compared to SC because of a high legume N, fixation rate in IC
(75%) leading to a small amount of soil mineral-N uptake by the legume. The
percentage of N derived from N, fixation of legumes was significantly higher in IC
than in SC (75% vs. 62%) but the amount of N fixed was lower in IC (56 vs. 93 kg
N.ha-1) due to a smaller biomass than in SC.
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Figure 1: Comparison of the intercrop (IC) grain yield Figure 2: Comparison of the intercropped (IC) cereal
(cereal + legume) with the mean sole crop (5C) grain grain protein concentration with that of the sole
yield. cropped (5C) cereal.

Conclusions

Our work confirms that IC is particularly suited to low N input systems due to the
complementary use of N sources by species allowing a better wheat grain filling.
However, a number of factors still need to be optimized in order to propose future
cropping systems appropriately optimized, such as grain legume cultivars, sowing
practices and design depending on specific goals (e.g the maximum total yield, global
protein production, highest wheat grain protein content or multicriteria objectives).

Bedoussac, L., E. Justes. 2010. Plant Soil 330:37-54

Hauggaard-Nielsen H., Jernsgaard B., Kinane J., Jensen E. S. 2007. Ren. Agric. Food Syst.,
23:3-12.
Naudin C., et al. 2009. J.Agric. Sci.Technol., 3:17-28.
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Most soils in Sub Saharan Africa (SSA) are deficient in nitrogen (N), which is
the main constraint for cereal production. Traditional soil fertility restoring
mechanisms like natural fallows are not longer an option due to high population
pressure (Belane and Dakora, 2010; Vanlauwe et al., 2011). The use of mineral
fertilizers could be a means to alleviate low nutrient levels and improve crop yields.
However, at recommended application rates, mineral fertilizers are generally too
expensive for resource-poor smallholder farmers in SSA. Hence, the exploitation of
efficient N2-fixing legumes in cropping systems is a key strategy for sustainable
agricultural intensification of low input cropping systems. Therefore, the objective of
this study was to examine to which extent improved faba bean varieties enhanced soil
N balances and grain yields of a subsequent wheat crop.

Materials and Methods

A two-phase field experiment was conducted on farmer’s fields in Dedo (located at
7°28’ N and 36°52° E at an elevation of 2160 m above sea level) in the tropical
highlands of southwest Ethiopia involving faba bean and wheat. In the first phase,
three improved faba bean varieties (Degaga, Moti, Obse) were grown at four levels of
P fertilization (0, 10, 20 and 30 kg P ha—1) along with a local faba bean variety and
wheat without N fertilization. N2-fixation was quantified by the 15N natural
abundance technique (Peoples et al., 2009). The N balance was determined via two
possible residue management scenarios: Scenario-I (i.e. common practice) assumed
that all the aboveground biomass is exported from the fields; scenario-II assumed that
all the above ground biomass except grains and empty pods is returned to the soil. In
the second phase, agronomic efficiency of faba bean residues for a subsequent wheat
crop was assessed. Again, no N fertilizer was applied to the succeeding wheat crop.

Results and Discussion

The amount of N2-fixed by faba bean varieties ranged from 258 + 17 to 387 £ 15 kg N
ha—1. Scenario-I gave a negative net N balance in the range of -86 + 6 (variety,
Degaga) to -9 + 9 (variety, Moti) kg N ha-1 with significant differences between
varieties. Scenario-II showed that all balances were significantly (P < 0.01) improved
and the varieties were positively contributing N to the system in the range of 51 + 13
(variety, Degaga) to 168 + 14 (variety, Moti) kg N ha-1, which is equivalent to 110 —
365 kg N ha-1 in the form of urea (46% N). The superior haulm and total biomass
production by Moti could be related to its high N2-fixation potential (Nebiyu et al.,
2013). P addition did not bring any significant difference in N2-fixation, grain or total
biomass yield of faba bean varieties, which suggested that P was not limiting. In the
second crop phase, biomass and grain yield of wheat grown after faba beans increased
significantly (P < 0.05) by 112 and 82%, respectively, compared to the yield of wheat
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following wheat (Table 1). Further, highest wheat grain N uptake (59 kg N ha-1) was
obtained for the highest faba bean P application rate; with a significant linear
relationship between grain N uptake and P application (kg N ha-1 = 7 x kg P ha-1 +
32). Incorporation of legume residues improved wheat yield through N addition via
fixed N (Yusuf et al., 2009) and likely also via increased P availability due to the high
P acquisition of faba beans. This study clearly demonstrates the prospects and
importance of faba beans as a valuable component in sustainable agricultural
intensification of cereal-based cropping systems in the humid tropical highlands of
Ethiopia and sub-Saharan Africa.

Belane AK, Dakora FD 2010. Biol. Fertil. Soils 46, 191-198.
Nebiyu A, et al. 2013. Biol. Fertil. Soils, DOI 10.1007/s00374-013-0874-7.

Peoples, MB, Unkovich, MJ, Herridge, DF 2009. Agronomy Monograph 52. Am. Soc. Agron.,
USA, pp.125-170.

Vanlauwe B, et al. 2011. Plant. Soil 339, 35-50.

Yusuf AA, Iwuafor ENO, Abaidoo RC, Olufajo OO, Sanginga N 2009. Nutr. Cycl.
Agroecosyst. 84, 129-239.
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The economic importance of white cabbage results from its nutritious value and
high yields which are related to fertilization practices and the season (Citak and
Aonmez, 2010). To increase the yield of organic cabbage, research is needed to focus
on how to provide nutrients (particularly N) to match crop requirements without the
use of conventional fertilizers. The objective of this work was to assess the potential of
three fertilizers to increase organic white cabbage yield and nutrient uptake, including
an organic fertilizer (compost), Gafsa phosphate and limestone, and to evaluate the
interactions between these fertilizers.

Materials and Methods

A randomized block designed pot experiment was set up with white cabbage (Brassica
oleracea var. capitata) inside a greenhouse (unheated) located in NW Portugal,
according to organic agriculture (OA) regulations (EC Reg. 834/2007). Each of 4
blocks included 12 treatments from the factorial structure of three factors: (i) organic
fertilizer (source separated urban waste compost; 0, 15 and 30 t ha-1); (ii) Gafsa
phosphate (Fertigafsa; 0 and 200 kg P205 ha-1) and (iii) limestone (Fertical; 0 and 8 t
ha-1 calcium carbonate equivalent) based on 50,000 plants ha-1. Compost dry matter
(DM) content, pH, electrical conductivity (EC) and organic matter (OM) content were
determined by European standard procedures (CEN, 1999). Total N and P were
measured by molecular spectrophotometry; K by flame photometry, and Ca, Mg and
Fe by atomic spectrophotometry. NH4+N and NO3--N contents of fresh soil and
composts were extracted with KCI 2M 1:5 and determined by molecular absorption
spectrophotometry. Three-way ANOVAs were carried out with LSD post hoc
procedures to assess differences on plant growth and nutrient contents between
treatments. Statistical calculations were performed using SPSS 15.0 for Windows
(SPSS Inc.).

Results and Discussion

The fresh weight of organic white cabbage increased significantly (p < 0.05) with the
application of limestone, Gafsa phosphate or compost, without significant interactions
between fertilizers (Fig.1). For the overall experimental treatments, cabbage yield
increased 10% and 25% respectively with lime and phosphate, but the most significant
increases were found with the application of compost: 44% at the rate of 15 t ha-1 and
64% for the highest compost rate (30 t ha-1). The positive effect of lime and phosphate
on cabbage yield decreased with increasing rates of compost application, which can be
explained by compost alkalinity and P content. N accumulation in leaves increased
with the application of all fertilizers, but the accumulation of P and K improved
significantly only with the application of phosphate and with the application of 15 t ha-
1 of compost. The compost mineral N content (NH4—N NO3-—N) could explain the
increased yield and N uptake by cabbages. Compost NH4—N content (1615 mg kg-1

2



DM) was above the content limit of 400 mg kg-1 DM suggested as an indicator of
stabilization of composts (Zucconi and De Bertoldi, 1987). A ratio NH4-N/NO3-—N
lower than 0.16 was established by Bernal et al. (2009) as a maturity index for
composts of all origins. Here, this ratio was 15.6 indicating that the experimental
compost was not matured. However, the growth of cabbage was not impaired by
increasing rates of compost application, suggesting that there has been no toxicity
effect caused by the application of this compost which, in addition to nutrient
availability, may have contributed to the improvement of the physical and biological
soil properties. Cabbage N content increased significantly with compost application
and also with phosphate and lime. Nutrient contents in roots were always below
nutrient contents in shoots except for Fe and Mg. The N and K contents in the leaves at
least doubled those of the roots, but this increase was lower for P and Ca. Therefore,
the distribution of N, P, K and Ca between leaves and roots was held for the benefit of
the leaves, but to a lesser extent for P and Ca, compared to N and K.
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Figure 1. Mean fresh weight, N, P and K accumulation in white cabbage shoots with phosphate
(kg P205 ha-1), compost (t ha-1) or lime (t ha-1) application, for the overall experimental
treatments. Different letters above bars of the same fertilizer, mean significant differences
between means (p < 0.05).

Conclusions

Organic white cabbage yield was significantly enhanced with the application of
increasing rates of compost whereas lime and phosphate effects on cabbage yield were
stronger when the compost was not applied. The response of cabbage to Gafsa
phosphate was clear with or without lime or compost application, showing the
importance of P fertilization to maximize organic cabbage yield. Partitioning of N, P,
K and Ca between leaves and roots was held for the benefit of the leaves, but to a
lesser extent for P and Ca, compared to N and K. These three fertilizers showed high
potential to enhance organic cabbage nutrient uptake and can be recommended based
on crop requirements and soil conditions to significantly enhance organic cabbage
yields.

Bernal MP, Alburquerque JA, Moral R 2009. Biores. Technol. 100, 5444-5453.

CEN 1999. European Standards Soil Improvers and Growing Media. E.C.

Citak S, Sonmez S 2010. J. Agric. Food Chem. 58, 1788-1793.

Zucconi F, de Bertoldi M. 1987. Compost: Quality and Use, de Bertoldi M. et al. (Eds). Elsevier
Applied Science, London, UK. pp. 33-50.
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Nutrients such as nitrogen and phosphorous have been increasingly available in
ecosystems largely due to human activities such as agriculture and combustion of
fossil fuels. In spite of the global impacts of these human activities, few experiments
have addressed how multi-nutrient availability controls plant biomass, species
composition and functioning of grasslands. Also, soil respiration is the primary flux of
carbon from soil to the atmosphere and is an important source of atmospheric CO..
Knowledge of soil respiration dynamics and its controlling factors is therefore
essential. In this experiment we will test how increased nutrient availability affects soil
respiration in a Mediterranean grassland ecosystem.

Materials and Methods

To assess the effect of nutrient addition on soil respiration (Rs) the experimental set-up
was established in 2012 in a Mediterranean grassland located in Companhia das
Lezirias, Portugal. The experiment is a completely randomized block design: three
blocks with 8 treatments per block and three additional bare soil control plots (N= 36
plots in total). Three nutrient addition treatments [Nitrogen (N), Phosphorus (P),
Potassium plus other micronutrients (K+)], each with two levels (control, added), were
crossed in a factorial design, for a total of 8 treatment combinations, and were
established following the global Nutrient Network protocol. Nutrient additions were
applied in autumn 2012 and 2013. Soil CO, fluxes (Rs) were measured every fortnight
from February 2013 to February 2014. Soil water content (SWC) and temperature (Ts)
were measured simultaneously. In addition to the above eight treatment combinations,
“bare soil” control plots were established, where all vegetation was periodically
removed. Leaf area index (LAI) was measured periodically during active plant growth
using a ceptometer. Plant species composition and aboveground biomass were
determined by clipping at the 2013 peak of biomass production. Soil (0-10cm depth)
was sampled for determination of inorganic nitrogen pools (NH4 +-N and NO3 —N).

Results and discussion

Development of the herbaceous vegetation was confined to the period between
February and May. During active plant growth, LAI increased significantly, reaching a
peak in May. Effects of fertilization treatments on plant growth were noticeable from
February on, as NK, NP and NPK+ plots responded rapidly to treatments. Peak
aboveground biomass was highest in NPK+ and NP plots compared to unfertilized
controls (950.63 and 715.80 gm™ vs. 423.17, respectively).

Rs also displayed a distinct seasonal cycle, following changes in Ts and SWC,
with Rs highest in spring and lowest during summer and winter. Ts did not differ
considerably between fertilization treatments. Three months after the first fertilization,
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average Rs was highest in the NPK+ plots (2.97+0.42 pmols'm™), followed by similar
rates in the NK and NP plots (2.52 umols'm™ averaged across both treatments). These
results were also reflected in the LAI dataset. Plots with only P or K fertilizations had
lower and very similar effects on Rs (less than 1.60 pmols'm™). In spring, during peak
growth, Rs rates increased in all treatments. Rs was highest in NK and NPK+
fertilization plots (3.22+0.52 and 3.10+ 0.16 umols'm™, respectively). In fact, soil
NH4+-N and NO3 —N concentrations measured in spring indicated a substantial
available pool of N in NK and NPK plots. Although N plots presented higher available
N and aboveground biomass than Control plots, Rs was lower in N plot, which might
be related to differences in plant species composition or microbial community and
activity. By June, as vegetation began to senesce, and until September, there was an
accentuated decrease in Rs for all treatments, in accordance with the onset of the dry
period. As first autumn rains occurred and while Ts was still mild, Rs rates increased
with similar values for all treatments (averaging 1.49 umols'm™). It is likely that this
increase of Rs in autumn results more from a stimulation of the soil heterotrophic
response and/or rainfall-derived pulses of carbon dioxide from soils than from an
autotrophic response, as the rain at the end of the dry season occurs before annual
grassland root re-growth

Conclusions

While nutrient addition seems to have an important effect on Rs rates, especially
during spring growth, more data on root biomass, as well as data on soil chemistry,
and microbial soil biomass and activity are needed to contextualize the observed
responses.
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Appropriate N fertilization is crucial to optimize potato yield and minimize
environmental N losses (Zebarth and Rosen 2007). Many statistical models exist and
can be used to establish the yield response to N and the optimal N rate (Bélanger et al.
2000) but the models will have different agronomic, environmental or agri-
environmental implications. This study evaluated the effect of three statistical models
of yield response to N and their implications with respect to tuber yield, nitrogen
uptake efficiency (NUpE) and risk of nitrate leaching in five growing seasons.

Materials and Methods

The experiment was conducted during five growing seasons (2008-2012) on irrigated
sandy soils in the area of Ste-Catherine-de-la-Jacques-Cartier (46°51°N, 71°37°W),
near Quebec City, Canada. The experiment included 13 treatments replicated four
times. Treatments were four N rates (60, 120, 200, and 280 kg N ha-1) for each of
three N sources [ammonium nitrate (AN), ammonium sulphate (AS) and a polymer-
coated urea controlled-release N (CRN)] plus an unfertilized control. The CRN was
applied 100% at planting and the AN and AS were applied 40% at-planting and 60%
at-hilling. At harvest, total yield (TY) and marketable yield (MY) were evaluated. The
NUpE was calculated using N uptake in vines and tubers prior to vine desiccation.
Risk of leaching was assessed using residual soil nitrate (RSN) in the 0-90 cm depth.
Three models (quadratic, quadratic-plateau, and linear-plateau) were used to establish
yield response to N and the optimal N rate.

Results and Discussion

The TY and MY were significantly influenced by N rate, but not by N source or year.
The NUpE was always greater with AN and CRN than with AS (increased by 3%) and
decreased with increasing N rate. The RSN increased with N rate but was also
significantly influenced by N source and year. The CRN always produced greater RSN
at harvest, particularly in a dry season and at high N rates.

With the quadratic model (r2= 48; MSE=34.6), the N rate to reach maximum TY
(39.1 t ha-1) was 216 kg N ha-1 with a 95% confidence interval (CI) of 200 to 230 kg
N ha-1 (Table 1). With the linear-plateau model (r2= 50; MSE=34.7), the N rate to
reach maximum TY (36.9 t ha-1) was 84 kg N ha-1 with a CI of 74 to 94 kg N ha-1.
With the quadratic-plateau model (r2= 50; MSE=32.2), the N rate to reach maximum
TY (37.5 t ha-1) was 153 kg N ha-1 with a CI of 128 to 180 kg N ha-1. Similar results
were obtained with the MY (Table 1).

The quadratic-plateau model produced slightly better statistical parameters
(higher 12 and lower MSE). In comparison with the quadratic model, the quadratic-
plateau model for TY predicted a 29% lower optimal N rate with a reduction of TY of
less than 4%, and for MY predicted a 15% lower optimal N rate with a reduction of
MY of less than 4%. In addition, use of the optimal N rate predicted by the quadratic-
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plateau model would increase the NUpE and reduce the RSN relative to other models
examined.

Table 1. The maximum and marketable tuber yield, and the N rate to reach the maximum and
marketable tuber yield, predicted using three statistical models: quadratic, linear-plateau and
quadratic-plateau

N response for Total Yield
Model Tuber Yield ---------
- - e N rate --------
Maximum Cr Nop’ CI
r MSE tha’ kg ha'!
Quadratic 47.8 34.6 39.1 37.2-40.9 216 200-230
Linear-plateau 49.7 329 36.9 36.0-37.7 84 74-94
Quadratic-plateau 50.2 322 37.0 36.5-38.4 153 128-180
N response for Marketable Yield

Quadratic 37.2 439 29.6 27.4-31.9 233 212-255
Linear-plateau 359 452 27.7 26.7-28.7 94 76-113
Quadratic- plateau 38.0 43.6 28.8 27.6-29.9 197 155-238

% CI: 95% confidence interval.
Y: Nop: the N rate to reach the maximum of total or marketable tuber yield.

Conclusion

The choice of the statistical model did not reduce significantly the TY and MY
predicted but the optimal N rate calculated by the three models varied greatly. This
suggests that when fertilizer N recommendations are based on field trials conducted
across a range of soil types and environmental conditions, the recommended N rate
may be strongly influenced by the choice of the statistical model used. In the long-
term, the lower optimal N rate associated with the quadratic-plateau model is expected
to be beneficial for the reduction of N losses in the environment.

Bélanger G, et al. 2000. Agron. J. 92, 902-908.
Zebarth BJ and Rosen CJ 2007. Am. J. Pot. Res. 84, 3-18.
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Nitrogen efficient use is important for economic and environmental sustainability
of cropping systems. Three examples of fertilization practices considered to be able to
contribute to the improvement of N use efficiency are: the use of a waste with higher
C/N ratio, such as pulp mill sludge (Kirchmann and Bergstrom, 2003), specific
application time and/or split application of nitrogen fertilizers (Roberts, 2008) and the
use of nitrification inhibitors, such as the DCD (Zaman and Blennerhassett, 2010). In
present study a field experiment was carried out for two years, in central Portugal, to
evaluate agronomic nitrogen use efficiency (AE) and apparent N recovery efficiency
(ARE), when different organic wastes (cattle slurry, sewage sludge and urban waste
compost) were used as N sources in a double-cropping system producing maize and
oats forage. The use of a nitrification inhibitor (DCD), the splitting application of
residues and the use of an organic residue with high C/N ratio (pulp mill 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, pH (H,O) 6.2, and high P and K
levels (>120 mg kg"). The 1% year autumn was rainy, and 2™ year one of the year
most dried of last decade. The ten treatments tested consisted of: the splitting
application at the establishment of the oats and maize crops of the organic residues
sewage sludge (treatment SS), urban waste compost (UWC) and cattle slurry (CS); the
yearly application of pulp mill sludge (PMS) to the oats crop, and SS and UWC to the
maize crop only (SSm and UWCm); a mineral fertilizer treatment (MIN) and a
Control were included, and the DCD effects were tested together with MIN (MIN+I)
and CS (CS+I). PMS was applied in the first year only. Total N inlput was equal for all
fertilization treatments (oats 80 kg N ha™; maize 170 kg N ha™), but amount of N
applied by organic residues was variable (Table 1).

The field was divided in plots of 45m® and the experimental design was
randomized blocs, with 3 replications. In order to measure yield, plants (at
milky/farinaceous grain stage) of middle plots were harvested in the surface of 2.25 m’
and 0.5 m” for maize and oats, respectively. AE was defined as the ratio of forage yield
with N application minus forage yield without N application to N application. ARE
was defined as the ratio that total plant N uptake with N application minus total plant
N uptake without N application, then divided by N application and multiply by 100.

Results and Discussion

The forage production (Table 2) were different (P < 0.001) in the two years (mean
production of 19.4 and 27.9 t DM ha™ in 1% and 2™ year, respectively). Different
climatic conditions between years contributed to this result. In any fertilization system
was observed higher forage production than that obtained in MIN, and lower results
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were particularly observed in Control (59% of the forage yield in MIN) and with soil
incorporation of urban waste compost (75 and 72% of the forage yield in MIN, in
UWC and UWCm, respectively).

In general, the N use efficiency was lower when organic residues were used in
the crops fertilization. For instance, with slurry application, forage yield per unit of N
corresponded to 69 and 60% of that measured in MIN in 1% and 2™ year, respectively.
However at the end of the trial, very similar results were observed between MIN and
SSm. DCD didn’t promote important changes in AE, namely when used with mineral
fertilizers and when applied in spring fertilization (data not show). ARE values were
around 75-80% with the utilization of mineral fertilizers and between 20 and 50% with
organic residues incorporation. The lower value was obtained in UWCm and DCD
didn’t produce an evident effect on N recovery efficiency when added to the slurry or
to the mineral fertilizer, namely in spring fertilization (data not show). Better results of
ARE were obtained with maize than with oats (data not show), when N was
incorporated through slurry or sewage sludge (37 and 43% N applied in CS and SSm
in spring; 31 and 16% of N applied in CS and SS in autumn).

Table 1. Amounts (kg hz') of N zpplied m each crop and treztment. through organic mnd mineral fertilizers.

Qats Maize
Treatment Qrganic Mmeral fartilization Organic Iimeral fertilization
femihizaion ~ Sowimg  Top-dressing fertlizahion Sowing  Top-diessing

Control 0 0 0 0 0 0
MIN 0 30 30 0 20 30
MIN+I 0 80 ¢ 0 170 0
PMS 10 20 30 0 o0 30
58 30 o o 90 0 30
sSm 0 30 50 170 0 0
UwcC 20 o ¢ 90 o 80
UWCm 0 30 50 170 0 0
Cs 80 o (i1} 170 0 0
CE+I 30 0 0 170 0 0

Tzble 2. Forage production, agronomic N efficiency and apparent N recovery efficiency i different treatments and years.

Vear Control  MIN MINAT  PMS S5 S5m UwWC UWCm CS CSH
Forage production (t DM ha'™)

I 160cd 232ab  234ab  184bod  19.5be 250a 1313d  17.6bcd  210abc  16.1ed

I 16.7e 326ab 33Ia 326abc 284abed 283ab  285cde  224de  262abed  30.3bed
Apronomic N use efficiency (kg DM kg TN applied)

I 201ab  206ab  O8bod  14.0Bc 30.0a -11.3d 6.6bcd  20.1abe  06cd

I 63.5 63.9 63.5 6.6 464 4711 27 38.1 543

Apperent N recovery efficiency (% of N appliad)
I 60.8a 437ab  392bc  374bc 4509ah 1994 13.8d 28 4ed 15.6d
I 836abc 11072  973ab  656bcd  486def  T22hed 2804 37 2ef 64 dede

Conclusion

The amount of N removed from the soil through the vegetal material collected was
mainly related with dry matter production, and was greater with more intensive use of
mineral fertilizers. It was in UWCm treatment that was measured the lowest value of N
removed by plants (21% of N applied). In order to increment N use efficiency with soil
application of this residue, it is recommended simultaneous incorporation of mineral N.
The same strategy should be considered when a waste with higher C/N ratio is used in
crops fertilization. In similar cultural systems, is recommendable the soil application of
slurry and sewage sludge in spring.

Kirchmann, H, Bergstrom, L 2003. Soil Plant Sci. 53, 56-53.
Roberts, L 2008. Turk. J. Agric. Forest. 32, 177-182.
Zaman, M, Blennerhassett, JD 2010. Agric. Ecosyst. Environ. 136, 236-246.
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" INIAV, Oeiras, Portugal; *CEER-Biosystems Engineering, ISA/UL, Portugal;
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The agroforestry system in Mediterranean region known by “montado” in
Portugal consists of a mixed cropping system which features a widely spaced tree
stand and a ground cover of arable crops or permanent pastures. Biodiverse pastures
have been introduced in these systems. During the establishment, legume development
is frequently restricted by competition for light and water by companion plants, often
decreasing to less than 10% of initial vegetation after 2-3 years. The tree canopy in
“montado” system may influence soil moisture and both the quality and quantity of
light reaching the understory vegetation in a limited area of these systems. This study
took place in four “montado” systems to evaluate the influence of a cork tree canopy
on pasture composition, persistence, N2 fixation and soil Rhizobium abundance.

Material and Methods

In 2010 and 2012, microplots were arranged as split-plot in four “montado” systems
located at two sites in south Portugal: Estremoz, a natural pasture >25-yrs-old and two
improved pastures >5- and 12-yrs-old, and Vaiamonte with an improved pasture >30-
yrs-old. Improved pastures were sown in the autumn with a mixture of Trifollium spp.,
Ornithopus sativus Brot., Lolium multiforum Lam. and Dactylis glomerata L. at a rate
of 25-30 kg seeds ha-1. Seeds were inoculated with Rhizobium sp. Each site included
a central cork oak tree (Quercus suber L.). Two sets of plots were installed in each site,
one set consisting of three replicates under the tree canopy, and other three plots out of
the canopy influence. Soils were classified as Dystric Cambisols at Vaiamonte and
Eutric Luvisols at Estremoz. Soil samples were collected in December 2010 and 2012
to evaluate native rhizobial population by Most Probable Number. In both regions,
average mean monthly temperature varied from 10 to 25 °C, and annual rainfall was
800 and 350 mm, respectively at Vaiamonte and Estremoz. After plant emergency, 3
kg N ha-1 as 15NH415NO3 atom 5% 15N was applied to each plot to evaluate N2
derived from atmosphere (%Nda). In February 2011 and 2013, plant samples were
harvested and new microplots were arranged in each site. In each new plot, aerial plant
material was discarded and 15N fertilizer was added at the same rate and form as
above. In April 2011 and May 2013, plants were harvested as before. Plant material
was separated into legumes and non-leguminous plants, and roots and aboveground
material to determine the dry weight, total N and %15N enrichment. N2 fixed by
legumes was estimated by dilution method, using the adjacent non-fixing plants as
controls.

Results and Discussion

The natural and improved pastures differed in vegetation growth (Table 1), the 12-yrs-
old improved pasture showing the highest biomass, equivalent to 1574 kg DW ha-1 for
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the mean effects of cuts, years and canopy. Other pastures did not differ among each
other (900 kg DW ha-1). Non-legumes dominated the swards (Table 1) only in the 1st
cut under the canopy. After 5-, 12- and 30-yrs-old, composition of improved pastures
was based on Lolium sp. (Vaiamonte) and Phalaris sp. (Estremoz) as non-legume
species, whereas composite and Plantago plants were the dominant non-fixing plants
in the natural sward at Estremoz (>25-yrs-old). Among the species introduced, only
Lolium sp. survived after these years, in particular at Vaiamonte. The dominant
legume in all swards was the subclover (>90%). %Nda by legumes was significantly
higher in 2013 (74%Nda) compared with the Ist year (63%Nda) (Fig. 1). It was
smaller in the oldest pasture (Vaiamonte) (54%Nda) compared with the others
(73%Nda) which did not differ from each other. Overall, N2 fixation was relevant and
oak tree canopy did not influence the fixation rate (67%Nda).

Table 1. Interaction of tree canopy on plant dry weight (g DW m-2) for the mean effect
of years, pasture type and cuts, and ANOVA results for total herbage biomass

Source of variation Legume dry weight Non-legume dry weight
(gDW m?) (gDW m?)
Tree canopy
Under 53.2¢ 163.4a
Out 105.2b 105.6b
ANOVA F-value
Year (Y) 28.1%**
Tree canopy (T) Ns
Pasture type (P) 19.0%**
Cut (C) 150.9%**
Plant species (S) 49 2%**
Some interactions:
YxC 17.1%%*
PxC 3.7%
TxC 15.6%**
TxP 6.8%**
CxS 48.5%**
TxCxS 3.9%

ANOVA=Analysis of Variance; ns, *, *** = F-values not significant (p>0.05), and significant for p< 0.05 and p< 0.001, respectively; in each
column, means with different letters are significantly different (p< 0.05) according to Bonferroni’s test.
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Fig. 1. Nitrogen derived from fixation (%Nda) measured in 2011 and 2013 in different pastures
at south Portugal under the influence of a cork oak canopy, for the mean effect of cuts.
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A decline of indigenous rhizobial population in the soil was observed under the
cork oak canopy in improved pastures >30- and 12-yrs, which did not differ from each
other (2.9x102 and 1.1x103 bacteria g-1 soil, respectively in the 1st and 2nd year),
compared with outside the canopy influence (>104 bacteria g-1 soil in both years).
This result was also observed in counts at Estremoz >5-yr, whereas in natural pasture
103 bacteria g-1 soil were found in all treatments.

Conclusions

Tree canopy did not influence symbiotic fixation in natural and improved mixed
swards. Understory legume biomass was only significantly reduced during the winter.
Older improved pastures (>12- and 30-yrs-old) contained a smaller rhizobium
population under the tree canopy, but this effect was not confirmed in the younger and
the natural swards.

Acknowledgements
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MAIZE NITROGEN RECOVERY AFTER APPLICATION
OF A DIGESTED DAIRY COW SLURRY, ITS LIQUID AND
SOLID FRACTIONS, AND OF A DAIRY COW SLURRY
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Knowing the crop recovery of N applied with livestock slurries is essential to
formulate nutrient management plans that reduce economic costs and environmental
pollution. After soil application, NH4-N contained in digested and undigested slurries
can be readly available for plant uptake or immobilised by the soil microbial biomass,
and subsequently remineralised. Differently, slurry organic N is slowly mineralised.
Incubation experiments suggest that in the short term most of the N fertilising value of
slurries is due to their NH4-N content, while the organic fraction is responsible of
residual effects in subsequent years. In the three-year field experiment described here,
we verified this possibility, comparing ammonium sulphate (AS), a digested slurry
(DY), its solid (SF) and liquid (LF) fraction, and a raw cow slurry (SL).

Material and Methods

The field, located in Montanaso Lombardo (Italy), did not receive any organic
fertilisers in the previous ten years. The 0-30 cm soil layer has: loam texture, pH(H,O)
5.8, total N and organic C (% DM) 0.10 and 0.84. Six treatments were established with
four replicates in a randomized block: the five fertilisers and a control without N
fertilisation (CO).

On 31 May 2011, 17 May 2012 and 12 June 2014, fertilisers (Table 1) were
applied immediately before Ploughing at equal NHy-N input. CO and AS were
fertilised with 92 kg P,Os ha" and 277 kg K,O ha™. Maize (Zea mays L.) was sown
shortly after fertilisation and harvested at milky-waxy maturity on 13 September 2011,
30 August 2012 and 3 October 2013; within 15 days, Italian ryegrass (Lolium
multiflorum Lam.) was sown, without further fertilisation. Apparent nitrogen recovery
of maize was expressed as a fraction of the total N (ANR) or of NH4-N (ANRypsN)
applied. The mineral fertiliser equivalent (MFE) was calculated as the ratio of the
ANR (or ANRypsN) of each organic treatment to the ANR (or ANRypsn) of AS.
ANOVA was carried out separately for each year, using HSD Tukey test (P < 0.05)
for mean separation. The treatment was considered a fixed factor. Homogeneity of
variances was tested using the Levene test (P < 0.05).

Results and discussion

Maize N recovery in AS (Figure la-1b) was quite constant and high in all years
ranging from 68% to 82%. Significantly differences in ANR and ANRyy4.y among the
organic materials occurred only in 2011 (with the exception, for ANR, of LF and SF in
2013). In 2012 and 2013 the ANR of the organic materials was in the range 17-50%,
while ANRyp4n ranged from 44 to 98%. MFE and MFEyy,.n (Figure 1c-1d) increased
from 2011 to 2013 in all treatments. In 2013, MFE\y4n ranged from 82 to 133%,
indicating that after three years the efficiency of applied NH,-N was very close to that
of mineral fertilisers. There were marked differences in the trend of ANRyysn among
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Table 1. Characteristics of the fertilisers used in the field experiment (average values
of the three years + standard deviation).

” DM {6 Total N NH4-N — pH
T gy (%DM) (%DM) (%DM) ONOE 40
DS 61204 385%14 60%04 20203 121208 81201
LF 47406 368+14 66+0.1 34+0.1 113+05 8.1+02
SF 276420 43.6+04 22201 06+01 285+42 94404
SL 6826 424+15 47210 24205 19.5+45 75203
a)

sei a nan
2]
o]
.
Gy
=
404

E

as os LF sF sL AS 0s WF SF El

Treaimant Treatment

c) d)

140 a ET

MFE (%)

[:4] LF SF sL
Troatmont Treatmant

Figure 1. Apparent nitrogen recovery and mineral fertiliser equivalent of
applied total N and NH,-N. Within the same chart and the same year, data
having different letters are significantly different (P < 0.05).

the organic treatments. In the three years ANRyysn Was positive and relatively
constant in DS (and less in LF), while in SF and SL it increased substantially. This
could be ascribed to a different attitude of the materials to immobilise N and to
produce residual fertilising effects. As DS and LF mainly contained stabilised organic
matter with a low C/organic N ratio, they did not likely immobilise N and had a rather
low residual effect on the following crops; most of the NH4-N applied was available
for maize during the year of application. Differently, SF and SL, because of a high
content of more labile organic matter (SL) and a high C/organic N ratio, substantially
immobilised N during several months after application and produced residual effects
during the following crops.

Conclusions

The fertilising value of DS and LF was always positive, while it increased after
repeated applications due to residual effects for SF and SL. To manage digested and
undigested slurries it will be necessary to consider their residual effects in the years
after application, which will become increasingly important when the number of
repeated applications increases.
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Anaerobic digestion of animal manures and agroindustry wastes for energy
production have been increasing, and digestates progressively substitute animal manures in
crop fertilization. Separation of solid fraction from digestates is a common practice in
digestion plants because of simplification in slurry storage and application. Sometimes
separation and exportation of solid fraction are required by the law, to reduce nitrogen load
for unit of land area. Plant available nitrogen released after application to soil of digestate
solid fractions (DSF) is a basic information to calculate affordable fertilization plans.
Recovery in solid fraction of most fibrous materials belonging to the raw digestate could
results in a substancial nitrogen immobilization after application of solid fraction to soil.
However, studies on DSFs mineralisation are still scarce. To contribute to fill this gap we
studied the release of mineral nitrogen and its plant uptake in a soil amended with two
different DSF. For this pourpose, a soil incubation experiment and a greenhouse pot
experiment were conducted.

Material and Methods

In both experiments we used the same soil, DSFs, and doses of DSFs. The soil was sandy
loam, pH(H,0) 6.5, total N and organic C (g’kg DM) 0.97 and 7.81, C.E.C. (cmol(+)/kg)
5.39, Olsen-P and exchangeable K (mg/kg) 10 and 55. To increase soil fertility an equivalent
amount of 23 kg/ha of P and 161 of K were added using potassium sulphate and
superphosphate. Two DSFs (Tab 1) were obtained from a cattle livestock farm (CLF) and a
slaughterhouse (SH). DSFs were applied to soil at a dose corresponding to 340 kg/ha of
total N. In the incubation experiment 3 treatments were established with 4 replicates in a
randomized design: the two DSFs and a control without N fertilisation (CO). To carry out
the incubation with destructive samplings, the nursery experimental design described by
Thuriés et al. (2000) was adopted. Each experimental unit consisted of a 250 mL large-neck
plastic bottle containing an amount of wet soil (50% of WHC) corresponding to 120 g dry
weight, and were incubated in the dark at 25°C and soil water content was adjusted weekly.
On Day 0, 2, 4, 7, 14, 28, 42 and 63 after addition of DSFs, respired CO,-C (data not shown)
and soil nitrate and ammonium concentration were measured. In the pot experiment 4
treatments were established with 4 replicates in a randomized block design: the two DSFs, a
control without N fertilisation (CO) and control fertilised with ammonium sulphate (AS).
AS was applied at 100 kg N/ha. Pots contained 2.12 liters of soil at a bulk density of 1.3 kg/l.
Lolium perenne (L.), cv. Pamir, was sown and after emergence 35 plant per pot were left.
Greenhouse conditions were 16 h light (150-180 W/m®) + 8 h dark per day, 22-30 and 16-22
°C during light and dark. Soil water content was maintained from 25 to 50% WHC by
weighing and irrigating pots every one or few days depending on evapotranspiration.
Aboveground biomass (AGB) was cut in November 12 2013, 61 days after plant emergence
(66 after sown). Dry matter and total N concentration in AGB and soil mineral N
concentration were determined. Apparent nitrogen recovery in plants (ANR) was calculated
as the ratio of N plant uptake (net of CO) to N applied with fertilizers. Mineral fertilizer
equivalent value (MFE) was calculated as the ratio of the ANR of DSFs to ANR of AS.
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Table 1. Characteristic of the DSFs used in the incubation and pot experiments

e DM C Total N NHy4-N :
Solid Fraction (%) (% DM) (% DM) (% DM) C/N
CLF 31.95 45.25 6.36 0.95 20.82
SH 21.14 43.88 13.14 245 6.35
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Figure 1. Dynamic of soil mineral nitrogen
concentration after DSFs application in the
incubation experiment.

Table2. Results of the pot experiment.
Treatment AGB (ijot)a Nin AGB (%) ANR (%)" MFE (G)°

co 25a l.14a -

AS 4.8¢ 1.44 b 67 ¢ --
CLF 34b 1.37b 8a 11
SH 6.1d 1.75¢ 33b 48

‘Data having different letters are significantly different (P < 0.05) according to the HSD Tukey test.
"Means are significantly different (P < 0,05} according to the T-test.

Results and discussion

Results of the incubation (Fig 1) showed a substantial N immobilisation in CLF until day
30 followed by an increase of SMN; at the end of the experiment, net organic N
mineralization (NNM) was still negative. Differently, SMN concentration in SH increased
during all the incubation period. The high C/N ratio of CLF can at list in part explain the
strong N immobilization detected. In the pot experiment there was an increase in AGB and
in the concentration of plant N in all fertilised treatments compared to CO (Tab 2). This
increase was significantly higher in SH than in CLF. After 60 days, ANR of CLF was
significantly lower compared to SH: 8% vs 33%. ANRs of the two DSFs strongly agreed
with the values of SMN measured at the end of the incubation. According to ANRs, MFE
of HS was also higher compared to CLF (Tab 2).

Conclusions

Results of the incubation and pot experiments were in strong agreement, confirming the
importance of laboratory incubations to estimate potential plant available N. Nitrogen
fertilising values of DSFs can be very variable and the determination of their ability to
supply N for plants is reccomended to avoid N deficit or surplus in fertilisation plans.
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The world’s population is expected to increase from 7 billion now to 8.3 billion
by 2025. Humanity will need 70-100% more food by 2050, so the production of
cereals, especially wheat, rice and maize, which account for half of human calorie
intake, must be increased. Plant growth has already been enhanced by the input of
chemicals, which act as plant growth regulators and as nutrients. The nutrients
nitrogen and phosphorus are, together with potassium, applied to the soil as chemical
fertilizers to improve grain yield. According to Roberts (2009) the present annual uses
of chemical nitrogen, phosphorus and potassium fertilizers is 130, 40 and 35 million
tonnes. The high input of chemicals to the soil raises a number of concerns such as
water contamination leading to eutrophication and health risks for humans. Moreover,
it results in soil degradation and loss of biodiversity. In this work we describe the
benefits of exploring the relation between arbuscular mycorrhizal fungi (AMF) and
plant growth promoting bacteria (PGPB), which in association with fertilizers may
improve productivity and nutrient use efficiency.

Materials and Methods:

A four-block randomized field assay was established on May of 2012 in Beja (Escola
Agraria de Beja, Portugal). Maize (Zea mays L. cv Sincero) was used to test the
synergies between distinct microbial inoculants and fertilizers on plant growth. In each
block there were 5 treatments: A) 100% of the dose of fertilizer recommended for this
culture and soil type, 150 kg/ha of NPK fertilizer (18-46-0); B) 67% of the fertilizer
applied in A; C) B + AMC inoculum; D) C + AMF inoculum; E) B+C+D. Each block
had an area of 330 m2 and each treatment unit (within a block) had an area of 30 m2,
the total assay area per treatment was 120 m2. The bacterial inoculant (AMC) consisted
of Bacillus megaterium, Saccharomyces ceravisae, Azospirillum brasiliense,
Azotobacter crococcum, Rhizobium loti, Bacillus licheniformis and Bacillus pumilus,
which were incorporated in the fertilizer granules by the fertilizer company (1 L/t). The
AMF inoculum was Glomus intraradices, which was directly applied in the field
together with the seeds at a dosage of 5g/m2 (2 000 000 propagules /kg).

During the growing cycle, nutrients were added to the irrigation system daily:
(205 kg.ha' N; 3.5 kg.ha'! Ca; 1.77 kg.ha™ Mg; 1 kg.ha™ Zn). A mixture with 9% N,
37% organic matter, 23% organic carbon and 24% of free amino acids was applied
once at 5.5 kg.ha™.

Seventy-five days after sowing, the aboveground parts of the plants were
harvested, and analysed for biomass accumulation and nutrient content. Soil samples
were also collected and analysed for nutrient content. The nutrient use efficiency was
calculated for each treatment. Data were statistically analyzed through one-way
ANOVA followed by Tukey post-hoc test (SPSS).
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Results and Discussion:

Results show that at the flag leaf stage, maize plants fertilized with 100% of the
recommended dose of fertilizer accumulated more biomass than those fertilized with
only 67%, showing that the recommended dose was not overestimated. No significant
differences in biomass accumulation were found among plants treated with 67% of the
recommended dose of fertilizer, bacterium inoculum (AMC) or mycorrhizal inoculum
(AMF). Therefore all these treatments resulted in smaller plants than 100% of the
recommended dose of fertilizer. However, the simultaneous use of 67% of the
recommended dose of fertilizer, the bacterial and the mycorrhizal inoculant originated
plants with biomass similar to those treated with 100% of the recommended fertilizer
dose. Although these results refer to the accumulation of vegetative biomass they show
that there are ways of reducing the amount of the fertilizer applied to crops without
reducing the productivity. The higher biomass accumulation in the plants treated with
67% of the recommended dose of fertilizer, the bacterial and mycorrhizal inoculant
may be explained in the light of the biotic and abiotic interactions established between
plants and microorganisms in the rhizosphere. Exploring the positive interaction
between organisms and stimulating the formation of microbial consortia may be a very
important strategy in the way to reduction the fertilizer application in 33% (PAC
recommendation), which represents a big potential to decrease the environmental
impacts of agriculture. Further studies are needed in order to assess: 1) the effects of
the distinct treatments on grain productivity, and 2) how sustainable the process is.
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In dairy farming systems, four major components can be distinguished, i.e, herd,
manure, soil and crop (Flg 1). Nitrogen (N) cycles through these components: output
from one component is input into another but losses are incurred in these transfers
(Oenema, 2013).

accumulation
; =w==% denitrification

........ » NH3-volatilisation leaching
Figure 1 Nitrogen cycle for dairy farms

Dividing nitrogen output in milk and animals by nitrogen input in feed and
fertilisers results in the nitrogen efficiency at farm level. Changes in stocks are also
taken into account. More efficient use of feed and fertilisers results in a better cycling
of nitrogen and thus in lower losses to the environment and less costs for purchases.
Efficiency is partly governed by conditions that the dairy farmer can’t affect like soil
type or weather conditions. However, management generally is the most dominant
factor (Daatselaar et al, 2009).

To monitor and stimulate improvement in nitrogen efficiency the instrument
Annual Nutrient Cycle Assessment (ANCA, in Dutch: Kringloopwijzer) is developed
and introduced. Indicators, calculated by ANCA, enable dairy farmers to optimise the
farm management as well as to justify this management towards authorities and the
dairy processing industry (Oenema, 2013). This development underpins the need for
the dairy farmer to know his position concerning the nitrogen efficiency. The objective
of this study is to show the variation in nitrogen efficiency at farm level, even if soil
type and intensity (ton milk/ha) are quite equal and to discuss the potential for further
improvement in nitrogen efficiency.

Materials and methods

Since 1991, the Dutch Minerals Policy Monitoring Program (LMM) has collected data
on farm practice and water quality for both a representative sample of farms in the
Netherlands and some pilot farms like the participants in the Dutch project Cows and
Opportunities. The analysis in this study concerned 277 dairy farms in the period
2009-2011. The farms were divided in the soil types clay, peat, dry sand and wet sand.
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Within these soil types the farms were divided, based on the milk production per ha: <
13 ton, 13-16 ton and >16 ton. Due to the limited number of farms on peat soil only 2
classes were distinguished: < 13 ton and >=13 ton. Relevant data of these farms on
farm practice were processed through the ANCA-instrument to obtain figures on
nitrogen efficiency and other outcomes. Farmers can use the ANCA-instrument to
calculate these outcomes for their own farm: then the average results of the
corresponding group of LMM-farms are presented to the farmer as a benchmark.
Hooijboer et al (2013) give a detailed description of the nitrogen input and output (for
the calculation of the nitrogen efficiency) in the yearly derogation monitoring report
which is one of the products of the LMM program.

Results

Table. 1. Averages for some indicators on Dutch dairy farms in the period 2009-2011. Farms
divided by soil type and ton milk production per ha

Soil type Clay Peat Dry sand Wet sand

Ton milk'ha <13 1316 >16 | <13 >13 | <13 13-16 >16 | <13 1316 >16
No of observations 36 21 16 29 21 22 12 27 46 23 20
Ton milk/farm 734 922 1338 533 931 334 811 1002 333 673 933
Ton milk'ha 98 138 179 103 150 99 141 208 97 141 198
Eg N soil surplus‘ha 121 176 188 111 127 123 132 145 11 137 150
N-efficiency farm (%) 296 271 31.8| 324 340 316 338 3035] 326 323 3690

For every soil type it applies that the farms with a higher milk production per ha have
a higher total milk production. Also, in most cases, both the nitrogen soil surplus per
ha and the nitrogen efficiency are higher if the milk production per ha is higher. More
intensive dairy farms rely more on purchased feed by which they avoid the nitrogen
losses that would accompany the cultivation of forage crops on their own farms.
However the bigger dependence on purchased feed can also lead to really better
efficiency.

Besides the variation between the groups there is also variation within (figure 2).
The boxes show the 25%-75% interval and the whiskers depict the 10%-90% interval.
To avoid the visibility of individual observations the 10%-90% interval has been
chosen instead of the more common minimum and maximum values for the lengths of
the whiskers.In most groups the 10% farms with the highest nitrogen efficiency at
farm level achieve a 1,5 fold or more higher nitrogen efficiency than the 10% lowest.
In many groups the distance between the 25% highest and the 25% lowest in nitrogen
efficiency is more than a factor 1.2. So a considerable number of farms, being in the
same circumstances (soil type and intensity), have room to improve their nitrogen
efficiency. No group differs significantly from another group at a confidence level of
90%: all groups have observations with a nitrogen efficiency of (or close to) 30%.

Conclusions

Milk production per ha and per farm are positively related on Dutch dairy farms.
Both indicators also have a positive relation with the nitrogen surplus per ha as well as
the nitrogen efficiency. When correcting for milk production per ha and soil type by
division into groups considerable variation in nitrogen efficiency occurs in the
different groups. These variations offer possibilities for many dairy farmers to improve
the nitrogen efficiency, starting with benchmarking and followed by suitable
improvement measures.
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Nitrogen efficiency on Dutch dairy farms divided by
soil type and ton milk per ha, average FADN 2009-2011
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Figure 2 Nitrogen efficiency on Dutch dairy farms

Daatselaar C 2009. Proc. 16™ Nitrogen Workshop. Turin, Italy, pp. 469-470

Hooijboer AEJ, et al. 2013. Institute for Public Health and the Environment. Bilthoven, The
Netherlands. 169 p.

Oenema J. 2013. PhD thesis. Wageningen University, The Netherlands, 200 p.
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PRODUCTS AND CATCH CROPS
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et de Recherche de 1’ Aisne, Laon, FRANCE
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The increasing demand for high quality crops (protein content of cereals,
technological quality of sugar beet, nitrate rate of vegetables) and protection of the
environment (minimising nitrate leaching and gaseous losses) on the one hand, the
evolution of agricultural practises with increasing and diversification of organic
applications on the other hand, require an adaptation of reasoning and a rigorous
management of the N fertilization, as well as an evaluation of environmental impacts.

Materials and Methods
AzoFert® is based on a complete inorganic N balance sheet (Meynard et al, 1997).
The following equation is used to predict fertiliser-N rates, expressing that the
variation of soil inorganic N between opening and close of balance sheet equals the
difference between N inputs and outputs:
Rf—Ri=Mn+ X+ Ap +Fns + Fs + Ir) - (Pf— Pi + Ix + Gx + Lx + Gs + Ls)
With Mn = Mh + Mr + Ma + Mci + Mp

Rf: soil inorganic N at close of balance sheet (at harvest), Ri: soil inorganic N at
opening of balance sheet (end of winter for winter crops, sowing for spring crops),
Mn: net mineralization from humus (Mh), crop residues (Mr), organic products (Ma),
catch crops (Mci) and meadow (Mp) residues, X: amount of fertilizer N, Ap: N wet
deposition, Fns: non symbiotic fixation, Fs: symbiotic fixation, Ir: N irrigation
contribution, Pf: total N uptake by crop at close of balance sheet, Pi: N uptake by crop
at opening of balance sheet, Ix: fertilizer N immobilised, Gx: fertilizer N lost as gas,
Lx: fertilizer N lost by leaching, Gs: soil inorganic N lost as gas, Ls: soil inorganic N
lost by leaching between opening and close of balance sheet.

AzoFert® integrates a dynamic simulation of soil N supplies (Machet et al.,
2012). At the opening of the balance sheet (end of winter for winter crops, at sowing
for spring crops), the soil inorganic N pool is measured at the rooting depth. In order to
take into account the various contributions of crop residues, catch crops and organic
products previously applied to the residual mineral N (varying with climate and
characteristics of added organic matter), the decomposition of the different organic
sources are simulated (using observed climatic data) from harvest of the previous crop,
until the opening of the balance sheet. Decomposition is expressed over time using a
“normalized time”, based on temperature (T) and soil moisture (W) functions:

Normalized time (day i, day j) = Sij f(T) * g(W)

Normalized time takes into account climatic variations and determines a potential
rate of decomposition. From the opening of the balance sheet to the harvest of the
crop, the subsequent net contribution of the organic residues or wastes and the net
mineralisation of the humified organic matter are simulated using normalised days
calculated from the past years mean climatic data of the area.
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Results and Discussion

The decay of crop residues and organic amendments in the soil results in net
mineralization or net immobilization of soil nitrogen. Each crop residue and organic
product is characterised by a specific kinetic curve of decomposition according to N
and C. The decay rate of these products depends on the nature of organic residues
(chemical characteristics and C:N ratio) and temperature and moisture soil conditions
(Nicolardot et al., 2001). AzoFert® estimates the direct effect of organic product or
catch crop, using the curve of decomposition

Transposition in AzoFert® software is shown for vinasses and mustard catch
crops residues, as indicated on figure 1.Thanks to this transposition in real time, it is
possible to determine the mineralized part of products before the measure of soil
mineral N pool at opening balance sheet, and the part which will be mineralized
between soil mineral N measure and harvest (direct effect).

Mineralized N Mineralized N SoilN Harvest
kgN/ha kgN/ha measure
5 ; Vinasse o i ) Vinas !
° w0 Ma
30 10 1 4
Mustard I Mustard
2 20 1
: Mei

q i e
"2 o L L L June Aug. Oct “BEe. Fed. April June Aug. Oqt
1
Normalized time
Realtime
1
30 -30 }
1

Ma : Direct contribution of vinasse
Mci : Direct contribution of catch crop

Figure 1: Curve of N decomposition in normalized and real time

A validation work was carried out by French Technical Institute for Sugar Beet
(ITB) in order to test N recommendations. In the same farm, in deep loamy soils with
frequent applications of organic products, there were annual (from 1992 to 1997)
experiments on sugar beet, in order to know the optimal dose (table 1). Optimal dose
varies a lot, from 0 to 180 kg N ha™', and AzoFert recommendation is close to optimal
dose.

Table 1: Results of N annual experiments on sugar beet in the same farm

Experiment Soil inorganic N end Humus AzoFert dose Optimal dose
site of winter mineralisation
KgN /ha KgNha KgNha KgNmha
Fieffes 1992 58 112 87 80
Fieffes 1993 79 131 ] 0
Fieffes 1994 37 104 110 120
Fieffes 1995 33 84 165 180
Fieffes 1996 62 70 170 140
Fieffes 1997 99 139 40 1]

Deep loamy soils with frequent applications of organic products
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Conclusions

AzoFert® constitutes a decision support tool for fertilizer N advice based on a dynamic
version of the predictive balance sheet method. The introduction of a dynamic simulation
of soil N supplies allows its application to a larger range of cultural situations and
pedoclimates. The integration of real data characterising the climate, soil type and
cultivation practices leads to a significant improvement of N recommendations accuracy at
field scale, especially with organic products and catch crops.

Machet JM, Dubrulle P, Damay N, Philippon E 2012. Plaquette de présentation de 1’outil
AzoFert®, English version. LDAR and INRA (Eds). 25 p

Meynard JM, Justes E, Machet JM, Recous S 1997. Les colloques de I'INRA 83, 183-200.
Nicolardot B, Recous S, Mary B 2001. Plant Soil 228, 83-103.
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PREDICTING YEAR-YEAR, FIELD LEVEL VARIATION
IN MAIZE NITROGEN FERTILIZER REQUIREMENT
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! University of Guelph, Department of Plant Agriculture, Guelph, CANADA,
2 International Plant Nutrition Institute, Guelph, CANADA, 3 University of
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Nitrogen fertilizer is a significant input for maize (Zea mays L) production,
second in cost only to maize seed (Molenhuis, 2012). Considerable effort has been
aimed at optimizing nitrogen fertilizer application rates so as to maximize profitability
while limiting potential negative externalities associated with nitrogen fertilizer
(Crews and Peoples, 2005). Maximum economic rate of nitrogen (MERN) have been
shown to vary spatially within and across fields, but much less effort has been made to
quantify temporal variation (Mamo et al., 2003). The objective of this research was to
1) assess using a long-term nitrogen trial established in 2009 at the Elora Research
Station, University of Guelph, the year to year variation in MERN for a given field,
and 2) assess whether existing nitrogen recommendation systems can effectively
predict yearly variation in MERN for a given location.

Materials and Methods

A long-term nitrogen trial was established in 2009 at the University of Guelph, Elora
Research Station (43°39° N 80°25° W, 376 m elevation), Elora, Ontario, Canada. The
trial consists of 5 nitrogen fertilizer rates (0, 28, 57, 115, and 188 kg-N ha'l) injecting as
urea-ammonium-nitrate (28%) solution at approximately the 6™ leaf stage mid-row to a
depth of 5-10 cm. Each plot followed 115 kg-N ha™ (Figure 1). All plots also received
30 kg N ha' starter fertilizer. Prior to UAN application soil nitrate (0-30cm) was
assessed for each plot.

The experimental design is a factorial randomized complete block design with
four replicates. The experimental unit consists of a six rows at 0.76m x 17m. The soil
at the experimental site is a Guelph loam (fine loamy, mixed, mesic Glossoboric
Hapludalf) with 32% sand, 48% silt, 20% clay, 4.5% soil organic matter, pH 7.7, and
1.36 + 0.46 g cm™ soil bulk density. The site’s 30-yr total annual precipitation is 874
mm and mean annual air temperature is 6.7°C. All plots are subjected to moldboard
plowing in the fall of each year followed by spring disking just before planting.

Annual yield response to N rate was characterized by fitting a polynomial
quadratic response model:

Y=a+b(N)+c(N?); (Equation 1)

Where: Y is maize yield (kg ha™), a is the fitted intercept, b is the fitted linear
coefficient, ¢ is the fitted quadratic coefficient, and N is the nitrogen rate (kg N ha™).
The relative cost of nitrogen and value of grain maize influence MERN and is
described by a price ratio coefficient (PR)

PR=$N/$Y; (Equation 2)

Where: $N is the cost of nitrogen fertilizer expressed as $ kg, and $Y is the
value of grain maize expressed as $ kg”'. A maize price of $220 Mg and N cost of
$1.54 kg-N"' was assumed. The maximum economic rate of nitrogen was determined
by taking the first derivative of Equation 1 and rearranging to solve as follows:
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MERN=(PR-b)/2¢; (Equation 3)

Quadratic polynomials were fitted using Proc NLIN (Statistical Analysis System,
version 9.1, SAS institute, NC, USA). Comparisons of N rate and profitability were
made for MERN, Ontario General Maize N recommendations (OMAFRA, 2009) and
the Pre-Sidedress Soil Nitrate test (OMAFRA, 2009).

Results and Discussion

Nitrogen response curves as well as MERN values varied considerably across years
(Figure 2) even though management (N history, hybrid, tillage, and weed control) and
soil type were constant across years. MERN values differed by 86 kg N ha™ due to
weather variability effects on soil nitrogen processes and crop growth and nitrogen
demand. The relative consistency of the 0 kg N ha™' rate suggests that nitrogen supply
capacity was relatively constant across years. Neither the Ontario General Maize
Nitrogen Recommendations, which accounts for soil type, previous crop, heat unit
zone, maize:nitrogen price and expected maize yield, or the Pre-sidedress Soil Nitrate
test were consistently effective in predicting the rate of nitrogen required (Table 1).
Profit relative to MERN deviated by $18-$312 ha™. Interestingly, if actual yields could
be predicted at the time of sidedress application, and the predicted value was
incorporated into N rate calculation using the Ontario General Maize N
Recommendations, then resulting estimates of nitrogen resulted in returns to nitrogen
within $10/ha of maximum (data not shown) Much of the variation in N requirement
appeared to be determined by soil N supply and maize N demand requirements that
were determined after decisions are made regarding sidedress nitrogen fertilizer rate,
thus suggesting a need for a predictive modelling approach.

Figure 1: Mitrogen fartilizar treatments
Year Nitrozen treatments (ke N ha
2009 L] a8 57 115 188 115 115 115 115 115
2010 115 115 115 115 115 [RETS 57 188 3 L]
01 128 115 2B 0 57 115 115 115 115 115
012 115 115 115 115 115 0 28 57 115 188
3 115 138 L] b3 57 115 115 115 115 115

Conclusions

Temporal factors are a significant cause of variation in maize N requirement. Existing
nitrogen recommendation systems do not effectively account for this variation.
Variation due to temporal variability may, in fact, be more difficult to predict than
spatial variability, particularly since this variation appears to be caused by weather
events that typically occur after nitrogen fertilizer decisions and applications are made.
A predictive modelling approach must be evaluated as a means to improve nitrogen
rate recommendations.

Crews, T.E. and M.P. Peoples. 2005. Nutr. Cycl. Agroecosyst. 72: 101-120.

Mamo, M., Malzer, G. L., Mulla, D. J., Huggins, D. R., Strock, J. 2003. J. 95:958-964.
Molenhuis, J. 2012. http://www.omafra.gov.on.ca/ english/busdev/facts/pub60a7.htm
OMAFRA. 2009. http://www.omafra.gov.on.ca/english/crops/pub811/1fertility. htm#nitrogen
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Table 1: Comparison of MERN and rates derived from nitrogen recommendation systems

Do tmrio Fanera] Boso memead atiom Bra-35d sdoms 3od] Natmts Taat

Esommendsd N Profft silativs Foommendsd N Profst relathes

Yoemer MERN NUE SMEEN Feo) to MPEREN brc) to MEEN
TN I '1:5]*5‘:.:-: fha EzNBa fna’
IR 133 b 145 -4133 115 -15.41
i} [} 154 6.1 141 15045 138 -T3.72
i 134 o] 145 -113.01 116 -10743
Nz 157 114 I -13.54 101 -11T4
13 41 e 145 -311.59 136 -Z15.18
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T TETI 15]“51'.1-: fha EzNba T
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il § 134 M6 143 -113.01 116 =107 45
niz 157 114 143 -15.54 101 -3LT4
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Despite intense efforts eutrophication remains a major environmental concern
across Europe, demanding a further reduction in nitrogen (N) losses from agricultural
soils. Strict limitation of the N fertiliser application rates is considered as one of the
best N management strategies to reduce residual soil mineral N (RSMN) at harvest and
thus the potential risk of nitrate (NO;") leaching during winter.

In the range from low to optimum fertilisation rates, most crops show a rather
constant and low RSMN. This constant RSMN is considered to be the minimum
mineral N buffer necessary for optimal growth (Hofman et al,, 1981). When N
fertiliser application rates are increased to rates above this optimum, RSMN shows a
breakpoint and rises steeply.

The objective of this study is to optimise N fertiliser application rates for cut
grassland, silage maize, potatoes, sugar beets and winter wheat in terms of a low
RSMN whilst maintaining yield levels.

Materials and Methods

We used data from field trials with various N application rates carried out in Flanders
and northern Wallonia (1991-2011). We analysed the dataset of RSMN (NOs-N only)
of the 0-90 cm layer (except for grassland and potatoes, where only the values up to 60
cm (rooting depth) were used). The RSMN in function of applied effective N and crop
available N was calculated with the pooled data of the different trials. We tested the
linear, segmented linear, exponential, quadratic and power model for the best fit of
RSMN versus applied effective and crop available N. The breakpoint with the smallest
confidence interval of segmented linear regression was calculated according to
Oosterbaan et al. (1990).

Results and discussion

For grassland, segmented linear regression showed a breakpoint at 281+84 kg applied
effective N ha” and at 514109 kg crop available N ha™ (Table 1), but even above
these values RSMN remains below 50 kg N ha™ up to 500 kg ha™ applied effective N.
The low RSMN can be explained by the ability of grassland to take up N efficiently
even at high N application rates.

For silage maize, the RSMN increased exponentially in both scenarios. The
maximum allowed effective N application rates for silage maize (in 2012 135-150 and
150-185 kg effective N ha'in Flanders and the Netherlands, respectively) (van
Grinsven et al., 2013), correspond with a RSMN between 55 and 75 kg N ha™. These
rather high RSMN lead to a high potential risk of NOj;™ leaching during winter.

For potatoes, a breakpoint was noticed for both scenarios. The breakpoint in
function of the applied effective N was situated at 199 + 77 kg N ha™'. The RSMN at
the breakpoint was about 70 kg N ha™'. There is no ground for increasing the Flemish
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maximum allowed effective N application rates of 190 kg N ha” on sandy soils and
210 kg N ha'for non-sandy soils, given that the RSMN increases sharply after the
breakpoint. A decrease of the N fertilisation limit is not recommended from an
economic point of view, as the N fertilisation rate not only affects the total potato yield
but also strongly influences the marketable yield.

For both scenarios, RSMN for sugar beets was low and constant over the entire
range under study (0-160 kg applied effective N ha™). Despite low RSMN after sugar
beets, NO;™ leaching during winter remains possible. Only part of the N released from
the sugar beet leaves can be found in the soil in the following spring. As harvest is
often under wet soil conditions, part of the N of the sugar beet leaves is denitrified, but
also part leaches.

For winter wheat a breakpoint in RSMN at 343+80 kg crop available N ha and a
continuous but small increase of RSMN versus applied effective N was found. The
maximum allowed effective N fertilisation rates in 2012 (160-175 and 160-220 kg
effective N ha™in Flanders and the Netherlands, respectively) (van Grinsven et al.,
2013) result in low RSMN. However, without a catch crop, N mineralisation can lead
to rather high mineral N in late autumn and a potential risk of NO; leaching during
winter.

Tablz 1 EResidual soil mineral mitrogen (REMN) at breakpoint as a fenction of crop available and
applied effachve mirogen (N}

Crop EEMN (+ stdav) BENDT(+ st dav)
for crop availabls N for applisd effective N

Grassland 22212 18+ 15

Silage maiz= 3

Fotatoes 59+ 26 T2

Sugarbests 122 4% 13+ 4%

Winter wheat 29+ 14 :

* REMM iz a constant valus

Conclusions

RSMN is low for cut grassland, sugar beets and winter wheat due to their intensive
rooting system. However, RSMN not only depends on the crop but also on crop
available and applied effective N, except for sugar beets where RSMN is low
independent of the amount of applied effective N. For winter wheat and silage maize,
RSMN increases with a higher effective N application rate. The presence of a
breakpoint between RSMN and applied effective N for grassland and potatoes gives
the opportunity to deduce optimum N fertilisation rates limiting the potential risk of
NOj’leaching during winter whilst maintaining yield levels.
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Pre-alpine grasslands are ecosystems of high social, ecological and economical
importance in Central Europe. Management of grasslands includes application of
fertilizers to increase productivity. Besides positive effects in yields, use of fertilizers
alters the nitrogen balance of the ecosystem and is responsible for nitrous oxide (N20)
emissions to the atmosphere, thus contributing to global warming. However, soil N20
emissions depend on a wide range of variables, including fertilizer type, application
timing, soil characteristics and soil temperature and soil moisture conditions.
Therefore it is essential to accurately quantify the contribution of different
management practices Furthermore, in the frame of increasing temperature and rainfall
patterns due to climate change, the soil N2O emissions are likely to change.

In this conference, we will present data from soil N2O emissions in grasslands as
affected by application of fertilizers and climate change, as part a larger project. We
will concentrate on crucial methodological aspects for accurate estimations of soil
N20 emissions, with a special focus on temporal dynamics of N20.

Materials and Methods

In the Ammer catchment -Southern Germany- a long term observatory has been
established, within the TERENO project (Terrestrial Environmental Observatories,
www.tereno.net). A translocation experiment has been conducted with big soil
lysimeters (1 m2 section, 150 cm depth): they have been transplanted along an
altitudinal gradient, acting as an in sifu global change simulation experiment. In
addition, two levels of “management intensity” were considered, varying in
fertilization loads and cutting intensities. Specific information on the pre-alpine
observatory of the TERENO project can be found at http://imk-ifu.fzk.de/tereno.php.
In order to monitor the greenhouse gas exchange processes in the atmosphere-
pedosphere interface, an automatic measurement system has been implemented using
a static chamber approach. Thus, a stainless steel chamber (1 m2 section, 80 cm
height) is controlled by a robotized system. The chamber is hanging on a metal
structure which can move both vertically and horizontally, so that the chamber is able
to be set onto each of the lysimeters placed on the field. Furthermore, the headspace of
the chamber is connected with a gas tube to an Aerodyne Quantum Cascade Laser,
which continuously measures CO,, CHy, N,O and H,O mixing ratios. Such a system is
implemented in two of the TERENO pre-alpine observation sites, with 12 and 18
lysimeters each, respectively. The chamber is set onto each of the lysimeters for 15
minutes and the increase in the concentration of the targeted gases in the chamber’s
headspace is measured so that a soil-atmosphere exchange rate can be calculated. Each
lysimeter is measured 5 to 8 times a day, depending on specific configuration.
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Results and Discussion

The automatic system is capable to accurate calculate fluxes and the detection limit
was estimated to be lower than 1 ug N,O-N m™ h™. N,O emissions were largely
affected by organic fertilizers —i.e. manure- applications. Therefore, high-intensively
managed grasslands experienced higher N,O emissions, due to higher fertilization
loads. Freeze-thaw events also showed a significant contribution of the annual N,O
emission budget and such events occurred more often at lower altitudes in comparison
to higher altitudes.

Interestingly soil pulse emissions of N,O (as well as CHy) happened in a very
dynamic way after application of fertilization. For example, from a baseline emission
rate of about 5-10 pg N,O-N m™ h™' before application, soils turned into a very strong
source of N,O up to 1600 pg N,O-N m? h™! declining to about 500 in 4 hours, to 250
after 8 hours and to below 100 ug N,O-N m™ h™' within a day (Figure 1). Weekly or
even daily measurements may lead to a strong bias in the total N2O emissions: either
underestimation if peak emissions are missed or overestimation if peak emissions are
measured and wrongly interpolated in time.
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Conclusions

As expected, fertilization application was closely related to the soil N,O emissions.
However, winter emissions due to freeze-thaw events were significant for estimation
of annual budgets.

Sub-daily measurements are needed when aiming at an accurate estimation of
greenhouse gas emissions from soils, especially after disturbances and management
actions which may result in short-lasting pulses.
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Efficient separation of pig slurry and co-digestate into solid and liquid
components is essential whenever removal of excess nutrients is required. Mechanical
separation (typically achieved with screw presses and centrifugation) is quite effective
in removing the dry matter and P from raw slurry and co-digestate. It fails, however, for
N and K, where addition of flocculants may be required to enhance separator efficiency.
Literature (Hjorth et al., 2010) indicates that organic, synthetic high polymer-
polyacrylamide (PAM) is the most frequently chosen flocculant for manure treatment.
Naturally occurring flocculants (e.g. chitosan) and biochar have received little
systematic investigation to date on their potential to enhance solid—liquid manure
separation. To our knowledge, there is also scarce information on the efficiency of co-
digestate separation when flocculants are used prior to mechanical separation. Inclusion
of pre-treatment based on biochar and chitosan should not increase separation costs
markedly, given the fact that biochar and chitosan are by-products of larger processes
(gasification and crabs or shrimp production, respectively), thus available at rather low
costs. The principal hypothesis tested in our experiment was whether or not the addition
of polymers and biochar (alone or in combination) improved the efficiency of screw
press (SP) and centrifuge (CENT) separation. This was tested by observing the
following indicators: dry matter, total N, ammoniacal N, and total P, K, Cu, and Zn.

Materials and methods

Fresh raw pig slurry (from fattening pigs) and co-digestate were sampled at two farms
in Piedmont, Italy. The continuously stirred tank anaerobic reactor (CSTR) was run at
a mesophilic thermal regime (at 40°C) with a retention time of 40 days and an average
organic loading rate of 2.20 kg VS (volatile solids) m> d™'. Approximately 750 1 of raw
pig slurry was collected from an agitated pre-tank over a period of 30 min while a total
of 300 1 of co-digestate was collected directly from the digester outlet into five 60 1
barrels. Samples were transported to the laboratory and transferred to a tank in a fridge
room at +5° C for the duration of the experiment. Screw press (SP) treatment was
performed with a machine typically used for small-scale (household) tomato juice
production, while the centrifugation treatment was performed in three main steps: (1)
transfer of co-digestate (about 200 ml) to centrifuge tube, (2) centrifugation for 30 s at
maximum speed (3500g) plus 3 min for acceleration and 8 min for deceleration
(Becman J2-MC Centrifuge; rotor JA-10), and (3) careful suction collection of the
supernatant. All separation tests (Table 1) were performed at the laboratory of the
Department of Agriculture, Forest and Food Sciences at the University of Turin, Italy.
All samples were analyzed in triplicate for DM, pH, total and ammoniacal N, total P,
K, Cu and Zn. Separation efficiency of the treatments was evaluated using the Simple
Separation Index (E¥).
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Table 1. Treatment ID and separation description

Treatment ID Input material Separation methods
Raw Co- Biochar Polymer dosage Mechanical separation
slurry digestate (mlf0.5L manure)
3P b3 b3 SF group
P+EP X % 175 of PAM
CHEP b4 120 of Chitosan
B+EF X 03g
P+B+EP X 0s5g 150 of PANL
C+B+EP b4 05¢g 120 of Chitosan
CEMNT X b4 CENT group
P+CENT X £ 175 of PAM
C+CENT X % 120 of Chitosan
B+CENT X 05¢g
F+B+CENT X 05g 150 of PAN
C+B+CENT b4 05¢g 120 of Chitosan

Results and discussion

Results showed that, when separating raw pig slurry, the pre-treatments markedly
improved SP effectiveness, but failed to improve CENT separation efficiency to
similar levels (Figure 1).

Added biochar increased the mass efficiency by 2 to 3 % for both separation
methods, but had little effect on the chemicals tested. When added to raw slurry,
chitosan loosened flocs sensitive to SP pressure, but was slightly affected by CENT.
Liquids produced after chitosan pre-treatment reduced metal content only when
centrifuged. Efficiencies were increased for total K, Cu, and Zn (75, 36, and 51%,
respectively), but decreased for total and ammoniacal N and P (9, 19, and 51%,
respectively) when chitosan and centrifugation were used in combination to separate
co-digestate. Pre-treatment with PAM increased N, P, Cu, and Zn content in solids and
decreased them in liquids when raw slurry was screw pressed. When centrifuged,
PAM had little effect on solids, but significantly decreased the content of P, Cu, and
Zn in liquids. These results suggest that screw press will generally outperform
centrifugation as a mechanical separation method for farm applications. Addition of
PAM to co-digestate before the screw press improved the P removal efficiency by
15%, with no other nutrient or trace metal retention effect. Alternatively, PAM added
before the co-digestate centrifugation decreased the separation efficiency for total N,
NH4-N, and P by 16, 18, and 12%, respectively, without affecting other elements
(Figure 2

Conclusions

The addition of biochar, chitosan, and their combinations to raw slurry failed to
significantly improve the separation efficiency of mechanical separators, and did not
significantly increase the elemental content of produced solid fractions. Application of
chitosan to co-digestate increased the efficiency of centrifugation with respect to K,
Cu, and Zn. PAM+SP effectively removed P, Cu, and Zn from raw slurry to solids,
and produced the liquid fraction with the lowest dry matter and elemental contents.
The addition of PAM prior to both mechanical separations of co-digestate showed no
significant £t changes for all parameters, except for P (E7 increased from 0.30 to 0.45)
in the SP group.

Hjorth, M., Christensen, K.V., Christensen M.L., Sommer S.G., 2010. Agron. Sustain.
Develop. 30, 153-180.
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Figure 1. Simple separation index (Et) calculated for total nitrogen and NH,4-N, total P,
Cu and total Zn for various pre-treatments on raw slurry denoted as P (PAM C-2260), C
(chitosan), and two combinations (SP and CENT).
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Figure 2. Simple separation index (Et) calculated for total nitrogen, NH4-N, total P, Cu
and total Zn for various pre-treatments on co-digestate as P (PAM C-2260), C
(chitosan), and two combinations (SP and CENT).
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NITROGEN LEACHING IN AUSTRIA - LONG-TERM
LYSIMETER STUDIES FOR EVALUATION OF LEACHING
FACTORS FOR TYPICAL MANAGEMENT PRACTICES ON

GRASSLAND AND CROPLAND

A.EDER!, F. FEICHTINGER', P. STRAUSS!, G. BLOSCHL?

! Institute for Land and Water Management Research, Federal Agency for Water
Management, Petzenkirchen, Austria
% Institute of Hydraulic Engineering and Water Resources Management,
University of Technology, Vienna, Austria

As part of the second commitment period of the Kyoto protocol 37 countries
have agreed to legally binding reductions in their greenhouse gases emissions. The
Intergovernmental Panel on Climate Change (IPCC) established guidelines which
provide internationally agreed methodologies intended for use by countries to estimate
greenhouse gas inventories to report to the UNFCCC (IPCC, 2006).

One of the listed greenhouse gases is nitrous oxide (N,O), which has a global
warming potential which is 296 times higher compared to carbon dioxide. Managed
soils contribute to the emissions of N,O directly and indirectly. The indirect N,O
emissions are caused by nitrogen leaching and runoff. The IPCC guidelines provide a
calculation method to estimate N,O emissions from leaching and runoff by using the
Fracy can factor, which is set to 0.3 as default value. This factor relates total nitrogen
outputs to total nitrogen inputs. IPPC however encourages the use of country specific
values in case a better basis for its estimation exists. As an example Ireland (0.1),
Switzerland and Lichtenstein (0.2), Belgium and Netherlands (0.12) use lower values
for Fracp ., based on scientific studies (Del Prado et al., 2006; Ryan et al., 2006;
Neill, 1989; Prasuhn and Braun, 1994; Thomas et al., 2005). The aim of this work is to
evaluate the validity of the factor Frac, in Austria using long-term lysimeter
observations on both grassland and cropland under locally typical management.

Materials and Methods

In total we used data of 19 lysimeters, which were distributed all over the agricultural
used area in Austria. Lysimeters were installed in both arable land and grassland. All
lysimeters provided data on percolation and nitrogen contents of the percolating water.
At all sites most of the required parameters of the IPCC equation (see Figure) were
directly measured. However, belowground crop residues were only determined at
specific sites. For those sites with missing information on belowground crop residues
values were estimated using the default values of the IPCC guidelines. Land use was
not changed and stable organic carbon content was assumed. This allows leaving Fsoum
(mineralised N due to C-loss) unattended. The leaching factor Fracy,, finally was
determined by relating nitrogen losses through leaching to the sum of all nitrogen
inputs.

Results and Discussion

Results of the lysimeter exercise indicate a much lower Fraci ..., as compared to the
default value of 0.3. Especially on grassland in average only 2 % of available nitrogen
are lost through leaching. Fracy e, for cropland is 0.19 in average, but also gives higher
values at some sites, specifically when annual percolation is high or plant residues were
not incorporated into the soil (Tablel). Lowest values for cropland were gained in
regions with low groundwater recharge.
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Although lysimeters can be used to estimate nitrogen leaching (Kroeze et al.,
2003), they only represent point measurements. Furthermore nitrogen losses through

runoff were not investigated. They might cause higher Fracie,, values if
measurements and calculations are done at catchment scale.

Conclusions, Acknowledgments

The calculation of leaching factors with a lysimeter assessment delivers lower
nitrogen leaching factors than suggested by the IPCC guidelines for both grassland and
cropland. However, more detailed investigations have to be done at catchment scale to
include also nitrogen losses through runoff.

We would like to thank our partners Joanneum Research Austria, Austrian
Agency for Health and Food Safety, LFZ Raumberg Gumpenstein and BioScience
Austria within the DAFNE100957-Project for providing data and expertise.

Del Prado A, et al. Nutr. Cycl. in Agroecosyst. 74, 115-131.
IPPC 2006: ISBN 4-88788-032-4

Kroeze C, 2003: Nutr. Cycl. Agroecosyst. 66, 43-69.

Neill M 1989. Water Res. 23, 1339-1355.

Prasuhn V, Braun M 1994: Schriftenreihe der FAC Liebefeld 17.
Ryan M, et al. 2006. Irish J. Agric. Food Res. 45, 115-134.
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INCORPORATION OF ORGANIC FERTILISERS
IN SPRING TO WINTERWHEAT

L. ENGSTROM, S. DELIN
Swedish university of agricultural sciences, Deparment of Soil

and environment, Skara, SWEDEN
e-mail: lena.engstrom@slu.se

In both organic and conventional agriculture, high nitrogen fertiliser use
efficiency is essential for the economics of cropping and for minimising the negative
effects on the environment. The nitrogen mineralisation rate of various organic
fertilisers has been examined in incubation studies and field trials (Delin & Engstrom,
2010). Low temperatures in spring delay nitrogen release from organic fertilisers,
resulting in only small effects on yield, unless good contact between fertiliser and soil
is achieved by incorporation. In Sweden, the efficiency of some organic fertilisers has
been investigated in spring cereals (Gruvaeus, 2003) and organic winter oilseed rape
(Stenberg et al., 2013), but not in winter wheat. This study therefore investigated the
effect of organic fertilisers applied in spring to winter wheat and evaluated the effect
of their incorporation into soil. It also compared application in late autumn with spring
application.

Materials and Methods

Six winter wheat experiments were conducted at three locations in south Sweden
(Halland, Véstergdtland and Véstmanland) during two years, 2012-2013. The
experiments had 12 treatments, comprising three commonly used organic fertilisers
and control treatments with four different rates of mineral N fertiliser, randomised
within four blocks. Organic and mineral fertilisers were applied 4 and 2 weeks,
respectively, before crop growth stage 30 (GS30). Chicken manure was incorporated
by harrowing after broadcasting, meat meal pellets were incorporated into the soil
using a seed drill with fertiliser discs, while liquid bioresidues were injected by disc
cutters to the recommended depth of 5-7 cm. By comparing grain yield in the organic
amendments with mineral nitrogen fertiliser response, the nitrogen fertiliser
replacement value (NFRV) was calculated.

Results and Discussion

In the three field trials performed in 2012, spring application of organic fertiliser gave
yield increases averaging 1500 kg ha™ (970-1900) and NFRV was on average 45%
(23-61%). Incorporation of the organic fertilisers had no effect on yield in that year.
On average for the three sites in 2013, the yield increase with spring fertiliser
application was 1400 kg ha™ (820-2200 kg ha™) and NFRV was 44% (21-70%). At
two of the three sites in that year, incorporation of organic fertilisers affected yield
(figure 1). Incorporation of bioresidues increased yield by 940 kg ha'and NFRV was
doubled at one site with a heavy clay soil, whereas no effect was obtained for
incorporation of the other fertilisers. Incorporation of meat meal pellets and chicken
manure increased yield by 910 and 740 kg ha, respectively, and NFRV was doubled
at one site with a light-textured soil, but there was no effect of incorporation of
bioresidues. Application of chicken manure in late autumn reduced yield by 44-60%
and NFRV was halved compared with spring application. There were no differences in
yield for meat meal pellets applied in late autumn or in spring.
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The high and evenly distributed rainfall during the summer 2012 probably
contributed to decreasing the impact of incorporation into soil. In addition, the
fertilisers were not incorporated deeply enough at some sites. The opposing effects
obtained for incorporation at the two sites in 2013 was probably due to differences in
soil properties. On the light-textured soil, incorporation of the dry fertiliser was easier
and therefore deeper than on the clay soil, which had a hard surface. This can explain
why incorporation only had an effect on the light soil. On the clay soil, the hard
surface blocked infiltration of the liquid bioresidues, which can explain why the effect
was better after incorporation had broken the surface. On the light soil, the bioresidues
probably did not need to be incorporated, since infiltration was good. The warm, dry
weather in summer 2013 enhanced the effect of incorporation.
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Figure 1. Effect of incorporation on winter wheat yield and nitrogen fertiliser
replacement value (NFRV), for bioresidues (at Véstergotland on clay soil), meet meal
pellets and chicken manure (at Halland on sandy soil). Error bars indicate standard error.

Conclusions

Incorporation of dry fertilisers such as meat meal pellets and chicken manure can be
recommended on light-textured soils and in dry weather conditions, such as in 2013.
Incorporation of liquid fertilisers such as bioresidues is not needed on light-textured
soils with good infiltration properties. On clay soils, where infiltration into soil may be
blocked by surface hardening, incorporation of bioresidues can be recommended.
Better techniques for incorporation of meat meal pellets and chicken manure on clay
soils than used in this study are needed to improve the effect. Autumn application of
chicken manure cannot be recommended.

Delin S, Engstrém L 2009. Acta Agric.Scand. Sect. B — Soil Plant Sci. 60, 78-88.

Gruvaeus I, 2003. Forsoksrapport 2003 for mellansvenska forsokssamarbetet och Svensk raps, s
33-34.
Stenberg, M., et al. 2013. Org. Agric., DOI 10.1007/s13165-013-0044-0.
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COUPLING MINERAL N AND SIMPLE
MICROBIOLOGICAL INDICES IN SOIL INCUBATIONS TO
INTERPRET N MINERALIZATION IN FIELD
CONDITIONS
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C. GRIGNANI?, O. PEPE ', M. FAGNANO'

! University of Naples Federico Il — Department of Agriculture, Portici, ITALY,
% University of Turin — Departiment of Agricultural, Forest and Food sciences,
Grugliasco, ITALY
e-mail: nunzio.fiorentino@unina.it

Since several years, soil incubation has been used to get deeper information
about the effect of fertilization on soil N kinetics, but the linkage between laboratory
studies and processes at field scale still remains unclear. This work aims to assess the
effect of compost fertilization on two soils adopting a lab to field approach, using
mineral N and N-cycling bacteria dynamics from soil incubation to interpret results
form a 3-year field trial.

Materials and Methods

A field experiment was carried out in Naples (NA) and Turin (TO) to compare the
effects of compost and urea fertilization on soil fertility in two different Italian pedo-
climates (Alluvione et al., 2013). Total maize dry matter (DM) production over 3 years
showed a higher productivity at TO (21 vs 13 Mg ha™ for TO e NA respectively). A
112-days incubation (T=28°C, soil moisture 40-60% of WHC) was carried out in 200 g
soil pots to compare compost (COM), urea (UREA) fertilization with a not fertilized
control (ON). Soils were collected during the 3™ year of experimentation at both sites,
sieved at 5 mm and pre-incubated at 20°C for one week. Fertilizers were applied
according to a field rate of 130 kg N ha™ (as in the field), taking as reference a 0.20 m
layer with bulk density of 1.2 and1.3 dm’ kg™, for NA and TO soil respectively. NH4-N
and NO;-N were measured according to the HACH method on samples collected at 0,
7, 14, 28, 42, 63, 84 and 112 days. Microbial enumerations of free-living N,-fixing
acrobic (N-fix) and nitrite-oxidizing (NO,-0x) bacteria were performed at 28 and 112
days as reported by Pepe et al. (2013). Mineral N (min N) data were subjected to
ANOVA considering each soil x fertilization x time combination as a single treatment,
while a one-way three factors ANOVA (soil, fertilization and date) was carried out on
microbiological data. Means were separated by LSD test when p-value was < 0.05.

Results and discussion

Min N values in NA soil were 50% to 80% of those in TO soil taking as reference ON
treatment, while fertilization did not produce any difference between soils with the
exception of day 14 for COM (Fig.1). Fertilization effect as the difference of min N
values recorded in fertilized soil and ON is shown in Fig. 2. In NA soil, compost
significantly increased min N (+36%) at day 42, and with a positive trend also at days
28,63 and 112 (+26%, +21% and +8% respectively). The same treatment reduced min
N content in TO soil on days 7 and 42 (-39 and -31% respectively) and also thereafter
(although single data were not significantly different), thus showing N immobilization.
In NA soil min N values recorded in UREA were significantly higher than in ON
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(+124% to +46%) during the whole incubation, while at TO, a significant increase was
recorded only at day 63 (+44%). Min N values confirmed productive results of our
field trial with reference to ON soil (higher values for TO) and UREA (no difference
between the soils), while COM showed an unexpected pattern. Although biomass
production in COM was higher at TO than at NA (21 vs 8 Mg ha™), incubation
showed the same min N values in both soils; furthermore a short-term N
immobilization was found in TO soil even though field production was not different
from that of ON plots. It seems that the use of lab incubation mineral N as a key
indicator could lead to a misleading interpretation of N availability of organic
fertilizers in real field conditions. Dynamic of bacterial population allowed a better
assessment of soil fertility and of its response to fertilization. N-fix bacteria (tab.1)
were higher at NA and fertilization limited their growth in both soils. A significant
increase at 112 days was found at NA, while TO soil showed an opposite trend. NO,-
ox bacteria were higher in NA soil at day 28 and values remained constant for ON and
COM, while increased in TO soil. Urea fertilization increased their number at day 28
only in TO soil, but a significant decline was found in both soils during the incubation.
Abundance of N-fix bacteria was inversely correlated with N availability as indicated
both by min N and field productivity, when fertilizers and soils were compared. It is
possible that the increase of N-fix in NA soil is due to the reduction in the soil N
supplying potential, while the decline in TO soil might be due to a log-lasting ability
of this soil to supply min N. The initial peak of NO,-ox bacteria in UREA was due to
the input of easily available N and the decreasing pattern of this population could be
related to a negative feedback of cumulated NO;-N. With the exception of UREA
treatment, this population increased with increasing min N at TO, thus suggesting an
increase of the nitrifying activity for this soil, in ON and COM. On the opposite,
constant values recorded at NA highlighted a lower attitude of this soil to sustain high
min N flushes even in optimal conditions for mineralization. According to this results
the growth pattern of N-cycling bacteria seems able to well discriminate between soils
with different attitude to mineralize organic N, thus the combination of chemical and
microbiological indicators is recommended to export results from soil incubation to an
open field context.
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Figure 1 — Fertilization effect in NA and TO soil. *Indicates different values (p<0.05) within
each sampling date

Alluvione F, Fiorentino N, Bertora C, Zavattaro L, Fagnano M, Chiaranda FQ
Grignani C, 2013. Eur. Agron. 45, 114-123.
Pepe O, Ventorino V, Blaiotta G, 2013. Waste Manage. 33, 1616-25.
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Figure 2 — Net fertilization effect (UREA-ON; COM-ON) in NA (a) and TO (b) soils.
*Indicates values significantly different from 0 (p<0.05)

Table 1. Free-living (N,-fixing aerobic and nitrite-oxidizing bacteria content in Naples
(NA) and Turin (TO) soils under different fertilization at 28 and 112 days of incubation.

N»-fixing bacteria

NO;-oxidizing bacteria

Soil (CFU gh (CFU gh)
Treatments 28d 112d 28d 112d
ON-NA 3710 3.98° 6.32% 648"
COM-NA 2.894 3.20° 6.18° 6.48*
UREA-NA 3.26° 3.08% 6.32® 517
ON-NA 2.26° 1.98° 3.26° 5.15°
COM-NA 2.30° 1.718 3.26° 5.15°
UREA-NA 1.94% 1.328 5.15° 4224

Letters indicate significant differences among treatments (p<0.05)
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TWENTY-FIVE YEARS OF LYSIMETER EXPERIMENTS
IN THE CZECH REPUBLIC

M. FLORIAN !, V. KLEMENT, M. SMATANOVA, R. PRCHALOVA
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Brno, CZECH REPUBLIC
e-mail: miroslav.florian@ukzuz.cz

First field lysimeter experiments have been established by Central Institute for
Supervising and Testing in Agriculture in 1984 on selected experimental stations in
connection with the need of better understanding of movement of nutrients in the soil.
The data were collected with the aim to evaluate the process of nutrient translocation
in the soil with regard to plant nutrition, economics of fertilization and nowadays
especially with regard to environmental compatibility. The construction of lysimeters
was done according to representation of natural soil and water conditions. The
collecting equipment was installed in undisturbed soil profile in the depths of 40, 60
and 80 cm (or in 40 and 60 cm only).

Materials and Methods

The basic long-term constant climatic and soil parameters for every standpoint are
known (monthly and annual rain and temperature normal, soil type, parent soil
substrate, bulk density of dry soil, maximum capillary water capacity). Continuously,
every year observed parameters are meteorological data, growing crop, its yield, used
fertilisers, percolation water retained in collecting equipment, used irrigation water,
Nmin content in the soil — early in the spring, after crop harvest, before soil freezing,
and basic agrochemical soil properties are determined— pH and available nutrient
content (P, K, Mg, Ca) from spring sampling. In percolation, rain and irrigation water
are determined pH value, nitrate and ammonia nitrogen, CI, P, K, Mg, Ca, Na and
SO4. Analysis of plant material (main and by-product) includes determination of
contents of dry matter and essential nutrients (N, P, K, Ca, Mg). On the basis of results
from lysimeter standpoints, we are able to observe inputs of nutrients from mineral and
organic fertilizers, from rain and irrigation water to the soil (in complex). It is also
possible to observe outputs of nutrients taken off by crops and nutrient losses
determined in percolation water. From all this data, we are able to calculate nutrient
balance. Based on Nmin determination in three terms, it is possible to observe
dynamism of nitrate and ammonia nitrogen in soil and calculate the nitrogen losses
during the winter. The primary aim of lysimeter measurements on the basis of analyses
of percolation water is the monitoring of movement of nutrients, especially of
nitrogen, in soil. Important contents of nutrients in percolation water are especially in
the depth of 80 cm. These contents mostly represent losses for crops and at the same
time a danger for quality of ground water.

Results

—From the point of soil characteristics the most important property is soil
permeability. Light soils allow more rain water to penetrate to deeper horizons than
heavy soils. Based on the intensity of infiltration (or water regime) we can separate our
localities to percolative, periodically percolative and inpercolative regime. The
intensity of infiltration is also influenced by total rainfall (and the distribution), soil
type and crop.
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— Most important nutrients from rainfall are nitrogen, calcium and sulphur.

—Nitrate form of nitrogen dominates in warmer sugar beet regions with
chernozems and luvisols while slower nitrification leads to domination of ammonium
nitrogen in colder regions with kambisols. Contents of both mineral forms of nitrogen
decrease with depth of sampling.

— The highest environmental risk brings high content of nitrate nitrogen before
winter, when there is very limited chance for its utilization by crops. In the spring we
observed elevated amounts (circa 40 % more) of nitrate nitrogen in the middle and
especially lower sampling depth, which indicates translocation of this nitrogen during
winter.

—The most important factor of nutrient leaching is plant cover. The higher
uptake by crops and shorter time without plants the lower risk of nutrient losses by
leaching.

— Only smaller part of lost nutrients can be attributed to fertilizers used, majority
comes from mineralization of soil organic matter.
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AGRONOMIC EFFICIENCY, ENVIRONMENTAL
BEHAVIOUR AND SOIL AMMONIA OXIDIZERS AS
AFFECTED BY ORGANO-MINERAL FERTILIZATION
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A. BENEDETTI
Consiglio per la Ricerca e la sperimentazione in Agricoltura
— CRA-RPS, Rome, ITALY
e-mail: alessandro.florio@entecra.it

The efficiency and sustainability of agriculture production is highly dependent on
interactions within the soil-water—atmosphere—plant-animal ecosystem. While
modern agricultural systems have provided considerable advantages to the growing
world population, these activities have also produced some undesirable environmental
consequences including impact of excessive losses of agricultural nitrogen (N) due to
nitrification and subsequent denitrification, in high-imput farming systems. An
alternative practice that could reduce N losses without necessarily reducing N inputs or
crop yields is the use of organo-mineral fertilizers, which are mixtures of mineral
components and organic fertilizer, with the organic components the minor amount.
The aim of this study was to evaluate the agronomic and environmental efficiency of
organo-mineral fertilization in pot experiment in a greenhouse using Lolium perenne,
as well as the impact of different fertilization management on the abundance of soil
ammonia-oxidizing bacteria and archaea.

Materials and Methods

This experiment was conducted in 30 cm diameter pots with soil in the greenhouse of
the CRA-RPS research centre, Rome. Two kinds of fertilizer were applied, mineral as
ammonium sulphate (M) and organo-mineral (OM) (21,21% N, 1% organic N from
peat), at 160 kg/ha. A non-fertilized control treatment (C) was also included.
Ammonia emissions, aboveground plant biomass, soil and water samples were
collected during the S5-months experiment. Microbial biomass carbon Cmic was
measured by the fumigation—extraction method. DNA was extracted from 0.25 g of
each soil sample using a DNA PowerSoil® total DNA Isolation Kit (Mo Bio,
Carlsbad, CA, USA), and quantified using QuantiTM dsDNA high sensitivity (HS)
Assay Kit (Invitrogen NZ). Quantitative real-time PCR was performed on bacterial
and archaeal amoA genes as described in Florio et al. (2014).

Results and Discussion

In our experiment, while no significant difference in ammonia emissions and between
treatments could be detected, 15% decreased N losses from nitrates leached was
observed in OM fertilization when compared to M fertilization. Furthermore, we found
an increase in total soil N content as well as a slight increase in plant productivity at
the end of the experiment in OM treatments when compared with M. The organic
matter fraction of the fertilizer could have protected the N mineral fractions from
leaching during the entire experiment; thus, this is in turn reflected on the limited
environmental impact of organo-mineral fertilization. Furthermore, the increase in
plant productivity and N concentration in plant suggest a better efficiency of organo-
mineral fertilization with respect to mineral, as it’s known that humic fractions provide
physiological actions on plant growth due to different levels of intervention on the
plant mechanisms, such as increasing nitrogen use efficiency, improving plant
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resistance to wilting by increasing osmotic pressure and affecting plant respiration by
influencing the redox processes between dehydrogenase and oxidase Both
microbiological and molecular approaches revealed that microbial community respond
differentially to fertilizer treatments. In particular, Cmic increased both at T2 and T4 in
OM when compared with both M and C, whereas at T3 no significant difference
between treatments could be detected, suggesting that the organic matter fraction of
the OM fertilizer can influence the dynamics of C immobilization in microbial
biomass in the short-medium period. Molecular analysis revealed that AOB increase
considerably following fertilization, as expected, at T2, corresponding to the highest
nitrification activity in soil, and decrease after T3 until the end of the experiment with
a similar trend both for M and OM, whereas they didn’t shift in C during the entire
incubation period. As opposed to AOB, AOA decreased during the experiment,
starting from T1 in M and T2 in OM. However, a similar trend was found in C,
suggesting that ammonia-oxidizing archaeal population was more sensitive to
environmental changes than their bacterial counterpart, similarly with what found by
Silva e Pereira et al. (2013) and Zinger et al. (2011). However, a more comprehensive
understanding of the rules governing microbial communities will require additional
field work to identify the key biotic and abiotic factors that drive the abundance and
structure of these microbial groups.

Conclusions

Our results confirmed that the application of organo-mineral fertilizer to soil has the
potential both to reduce the amount of fertiliser required, and to increase productivity;
depending on soil conditions and plant species, these beneficial effects could be
increasing N use efficiency, reducing N losses, fertilizer applications and consequently
preventing environmental and health risk. Furthermore, the differential response of
AOB and AOA to fertilizer treatments, probably due also to the different cellular
biochemistry and metabolism existing between the domains Bacteria and Archaea,
confirm that the actual role of AOA in N-cycling remains unclear.
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The new nitrogen fertilization practices to increase productivity and improve
efficiency must guarantee fruit quality. It has been observed that excessive use of
nitrogen in peach orchards delays ripening (Rufat, et al., 2011), and increases
polyphenoloxidase (PPO) enzyme activity (Falguera et al., 2012, Pascual et al 2013).
This enzyme largely determines postharvest fruit evolution. PPO is one of the main
factors that determine postharvest fruit stability, which in turn may affect commercial
issues of the fresh fruit market. The objective of this work was testing whether DMPP
(3,4-dimethyl-pyrazole phosphate) combined with fertigation caused the same effects
on fruit quality than conventional fertigation with nitrogen without DMPP.

Materials and Methods

The trial was conducted in 2013 in a commercial orchard of flat peach (Prunus persica
(L.) Batsch. var. platycarpa (Decne.) LH Bailey cv. Planet Top) grafted on GF-677
rootstock and ridge planted at 2,5 m x 4,5 m in 2009 in the region of Segria (Lleida,
Spain). This area has a semi-arid Mediterranean climate. The soil is slightly saline
(electrical conductivity 3,2 dS m"), with a silty loam texture, a pH of 7.8 and an
organic matter content of 21 g kg . A randomized complete block design with three
replications was established. Four nitrogen fertilization level treatments, combined with
DMPP were established (Table 1). Each elementary plot consisted of 6 trees and
determinations were done on the 4 central trees. The harvest was on August 28th
(commercial harvest). Mesocarp firmness (F) was determined with a manual
penetrometer (Penefel, France). Total soluble solids (SS) concentration (°Brix) was
measured using a thermocompensated refractometer. Titratable acidity (AC) was
obtained from 10 ml of juice of each sample, adding 10 ml of distilled water and titrated
with NaOH 0,1 N. Maturity index (MI) was obtained as the ratio between SS and AC.
Flesh color was measured with a Chroma Meter CR-400 tristimulus colorimeter in the
CIELab color space. Parameters a*, b* and L* were determined. Fruit Nitrogen content
was determined by Kjeldahl methodology. For polyphenol oxidase activity
determination, 10 g of crushed peach flesh were mixed with 10 ml of Mcllvaine buffer
(pH 6,6) and 0,51 g (2,5%, w/v) of polyvinylpolypyrrolidone (PVPP) as phenolic
scavenger. The mix was homogenized and centrifuged for 10 min at 5500 x g (RCF)
and 5 ‘C. After centrifugation was complete, the pellet was discarded and the
supernatant was used for PPO analysis, using 10 mM 4-methylcatechol as substrate,
prepared in pH 6,6 Mcllvaine buffer. The reaction was carried out in a 1 cm light path
quartz cell, and the absorbance at 420 nm was recorded for 3 min with a
spectrophotometer. One unit (U) of PPO was defined as the amount of enzyme that
caused the increase of one absorbance unit (AU) at 420 nm in 1 min.

Results and Discussion

The lower activity of polyphenol oxidase (PPO) was found in the treatment T2 (50 kg
N ha' with DMPP) (Table 2), followed by T1 (50 kg N ha” without DMPP),
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additionally lower PPO activity is observed in the other DMPP treatments, except for
T8 (200 kg N ha™ with DMPP) which registered the highest PPO activity. Treatments
with no application of DMPP maintained the same tendency (Figure 1). The provided
results indicated that PPO activity was influenced by high fertilization doses.
Furthermore, it can be stated that the PPO activity is influenced by both the final
amount of applied nitrogen (kg N ha™ year™) and the concentration application of this
nutrient in the irrigation water (ppm of N). No significant differences were found
regarding the other studied parameters. Different doses of nitrogen, with or without
DMPP had no effect on productivity or the standard parameters of fruit quality.

Table 1. Applied treatments characteristics.

Treaments kg N ha ! DMPP Dz_l'\ . .Uf :'\[\llL‘c‘lllOI’l dm_cs - ) |.(_g_ \ 1
aplication Starting Ending ha™ day
Tl 50 Without 62 8th June 8" August 0.81
T2 50 With 62 8th June 8" July 0,81
T3 1008 Without 1l &th June 8™ July 3,23
T4 1008 With 31 &th June 8™ August 3.23
TS 100 Without 62 8th June 8" August 1,61
T 100 With 6 &th Junc 8" August 1.61
T7 200 Without 62 Sth June 8" August 3,23
T8 200 With 62 Sth June 8™ August 3,23

Table 2: Effect of nitrification inhibitor (DMPP) in peach fruit quality, on N concentration fruit
(% dry matter), yield (kg), mesocarp firmness (F), maturity index (MI), color parameters
(CIELab L*, a*, b*) and polyphenol oxidase activity (PPO U mL™"). Values followed by
different letters indicate significant differences according to Tukey HSD test (P< 0,05).

oo Mg N% | vield | F FEC
Treaments With and Without DMPP i MI L a* h* (U mL™"y
Days of aplication Fruit kg N Harvest
Ti S0 (62 davs) 0,97 SE484 | 4,09 3,93 26 23 10 0,58bc
T2 S0 DMPP (62 days) 107 | 60959 | 4,26 6,62 27 24 10 0,49
T3 1005 (31 days) 1,03 60212 | 4,31 6,3 23 20 9 0,79a
T4 1005 DMPP (31 days) 1.03 60261 | 4.74 6,22 20 1% 8 0,77a
T4 100 (62 days) 1,12 563128 4,11 6,40 28 28 11 0, 76a
T6 100 DMMP (62 days) 1,06 52719 | 3,89 6,96 24 21 4 0,63abe
T7 200 (62 days) 1,13 59616 4,41 5,99 24 23 {1} 0,7 1ak
T 200 DMPP (62 day 1,23 607010 4,73 5,76 29 28 11 0.81a
Maoudel (Prob=F) ns 1% ns ns ns ns [ (10004
Treatment {Prob=F) (1,002
0.9 Harvest
—— —
0.8 Yoy, -":-.r-.'—
o
7 o T,
E fe.,
=1 .
3 os
£ \_\
0,5
0.4
Without with
— () =22 100 - 05 — 200

Figure 1. PPO activity on harvest date for DMPP and no-DMPP treatments.

Conclusions

Previous studies have shown the effects of nitrogen fertilization on the PPO activity in
harvest and post-harvest stage, and effect of this on the fruit conservation. Preliminary
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results of this study show that the use of DMPP applied via fertigation could improve
the potential conservation of the fruit peach by reducing the PPO activity at harvest.
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The European Union directive (RED) encourages the production and use of
biofuels in transport sector (at least 10% in 2020), by using lignocellulosic materials,
wastes and residues (second or third generation biofuels), entailing more benefits in
terms of land use, food security, GHG emission reductions and other environmental
aspect. Agricultural crops for energy production has however been shown to cause
relevant impacts, such as acidification and eutrophication, also higher than
conventional fossil fuels [1]. Large emissions of reactive N and P are linked to
fertilizer application [2], which therefore should be restrained to achieve a real
sustainability of biofuel chains. The aim of this study is to compare the environmental
constraints of lignocelluloses feedstock cultivation under high and low N-fertilization
management.

Materials and Methods

A Life Cycle Assessment (LCA) was applied according to the ISO 14040-44/2006, to
a giant reed (Arundo donax L.) cultivation grown from 2009 to 2012 in an
experimental farm located in the Sele River Plain (Southern Italy). The LCA was
carried out by means of SimaPro 7.3.3 software coupled with the ReCiPe (v., 2.0-
2008) midpoint hierarchic impact assessment method. It was based on collected
primary data for high and low N-fertilization management (Table 1), computation of
Direct Field Emissions (DFE) [3] and the inclusion of non productive phases of
cultivation, opportunely sharing the impacts of the latter for the whole crop lifetime
(15-years). System boundary and functional unit were respectively set as 1 ha of
cropped land and 1 kg of dry biomass. Impact categories analyzed were: Climate
change (CC, Kg CO,eq), Ozone depletion (OD, kg CFC-lleq); Terrestrial
acidification (TA, kg SO,eq), Freshwater eutrophication (FE, kg Peq), Marine
eutrophication (kg Neq), Photochemical oxidant formation (POF, kg NMVOCeq),
Particulate matter formation (PMF, kg PM,, eq), Fossil depletion (FD kg oileq).

Results and discussion

In the first year of cultivation (Fig.1A), with similar production (Table 1), N50 gained
a lower impact, markedly for the categories strictly linked to DFE of GHGs (CC),
ammonia (TA, ME and PMF) and nitrate (ME) (Table 2). This result was more evident
for ME, deeply affected in N100 by a significant risk of nitrate leaching in the first year
of cultivation (Fig.1 A, Table 2). From the second year, impacts decreased for both
crops, due to the raising yields (Fig.1 B, C, D). Moreover, in consequence of diverging
crop yields (Table 1), the lower upstream and downstream emissions entailed by N50
were counteracted by the lower harvested biomass (on average about 22% lower in
N50 as compared to N100). In detail, in the second and fourth years (Fig.1 B, D), N50
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showed higher impacts associated to the harvest operations, due to fuel and exhaust
emissions of bromotrifluoro-methane (OD) and NOx (POF), upstream phosphate
emissions (FE) and oil consumption (FD). Anyway a net benefit could be always
detected for the impact categories sensitive to DFE of reactive nitrogen (CC, TA, ME
and PMF) and CO, (CC) (Table 2). In the third year, in absence of N fertilization at
shoots re-sprouting, the final outcome was entirely ascribable to the percentage
difference in crop yield among treatments (Fig.1 C). The impact of N50 as CC might be
further reduced including the soil carbon storage (SCS) in DFE computation. According
to the experimental estimates of short-term SCS in top soil at the end of the fourth year
(N100: 1.0 ton C ha™'; N50: 4.6 ton C ha™), it might be assumed a total CO, sequestration
of about 2.8 Ton ha™ and 12.5 Ton ha™'in N100 and N50, respectively. Likely in N50, the
low urea applied caused a reduction of soil organic matter mineralization, leading to a
net sink of atmospheric CO,.

Conclusions

A potential environmental benefit was highlighted for the low N-input giant reed
cultivation, due to the reduced DFE entailed. Anyway the final outcome appeared to be
very sensitive to the agronomic output, pointing out the relevance to better investigate
crop yield patterns in the long-term, also to verify the feasibility of lignocellulosic
feedstock large-scale cultivations to supply a regional biorefinery system.
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Table 1: Input and output flows. Gray background for practices with impacts properly shared for the whole lifetime.

Data input High fertilization (N100) Low fertilization (N50)

Seedbed preparation:

Ripping and hoeing (combined rotary harrow) - diesel 12Lha’ 12Lha’

Crop estabilishment:

Seeding (rhizomes planting) - diesel 12L ha' 12 L ha

Field mantainance:

Late N fertilizatlon each year, except III year, (as urea 46%) 100 Kg ha of N 50Kgha' of N

Combined fertilizer spreader - dlesel 5Lha' 5Lha’

Harvest:

Mowing by rotary mower - diesel 66 L ha' 66 L ha'

Combined harvester - diesel 26 Lhat 26 L ha'

Final eradication:

Mower+Sprayer +Potato digger+Combined rotary harrow - diesel 149 L ha' 149 L ha'!

Glyphosate (as Roundup) 2.72kgha’ 2.72kgha'

Output

Harvested biomass (d.w.) 103 tha’ (1) 103 tha’ (1)
226tha’ (1) 166 tha (1D
18.7 tha (111) 16.4 tha (111)
23.8 L ha-1 (V) 17.5 t ha-1 (IV)
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Figure 1: Percentage differences of total burdens between N100 and N50, during the I (4). Il (B), Il (C) and IV (D) year
of cultivation. For both crops. absolute value of total impacts in each category are reported at the top of columns.
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Table 2: Contribution of DFE to total burdens in target impact categories for each vear.

POF PMF FD

CC TAME PMF and POF cC TAME PMF and POF
N/O  26.12 () NHy 8389 7642 5734 NO 2966 () NHy B98I (D 1242()
22.57 (I 84.03(IN 7650 (I 57.42(ID) 31.75 (I 843000 5641 (M
26.12(1V) 8398 (V) T7642(IV) 57.34(IV) 26.34 (IV) B4.20 (IV) 4744 (V)
CO;  7.56 (1) NO, 030 <0,01 () 0380(D 3.06(D{CO; 10.92 (1) NO, 0.60 () 067 ()
7.93 (ID 0.34 (ID 060 (D 082(DH 3.08(D 11.30 (In 040(D 067D
7.56 (IV) 030 (V) 0.53(IV)  0.69 (IV) 2.58(IV) 10.93 (IV) 033 (IV) 057 (V)
NOs NOy 85.26 (M

7051 (M

70.47 ()

7051 (IV)
08Z(M 4841
083(ID 3.57 (D
0.72 (IV) 3.20 (IV)
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Legume-based intercrops have the potential to combine high economic
performance and low environmental impact in systems by reducing the amount of
fertiliser supplied (Pelzer et al. 2012). Indeed, growing a legume (Fabaceae) with a non-
N fixing crop in the same field leads to a more efficient use of light and soil resources,
and has a positive effect on plant productivity (Malézieux et al. 2009). In annual cereal-
legume intercrops, niche separation contributes to increase yields and/or total N of the
cereal (Corre-Hellou et al. 2006). In perennial legume-grass communities, it has also
been shown that grasses can benefit from N provided by the neighboring legumes
(Gylfadottir et al. 2007). In annual crops, N transfer between the legume and the
companion crop remains poorly documented. Our aim was to test whether N from the
legume can benefit to the non N-fixing companion crop.

Material and Methods

Four experiments were undertaken in a greenhouse within 3 successive years. In three
of them, durum wheat was intercropped with field pea in pots filled with soil. A
different soil was used in each experiment. In one of these assays, we compared the
amounts of nitrogen transferred between species either with intermingled roots, or root
separated by a fine mesh (30 um). In the fourth experiment, rapeseed was intercropped
with faba bean in rectangular rhizotrons made of transparent Altuglass® protected
from light by a black cover and inclined at 45° for allowing root survey. In all the
experiments, using 15N-urea, we labelled either the legume or the non-fixing crop for
assessing N transfer from the legume to the non-fixing crop and conversely. We
applied a stem labelling method to field pea, faba bean and rapeseed (Mahieu et al.
2009, Jamont et al. 2013) and a leaf labelling method to durum wheat (n=5).
Experimental designs also included unlabeled controls (n = 5). Calculations were
performed as described by Gylfadoéttir et al. (2007).

Results and Discussion

In all experiments, the amount of N transferred from the legume to the non-fixing
plant was small (less than 1200 pug N.plant-1) and did not differ significantly from that
transferred from the non-fixing crop to the legume. With the experiments undertaken
on field pea-durum wheat, we have shown that the amount of N transferred from a
plant to its companion crop increased significantly up to pea flowering, before
stabilization until seed maturity (Fig. 1). N transfer between species was significantly
higher when roots were intermingled than when they were separated by mesh (less
than 50 pg N.plant-1; Fig. 2). In pea-durum wheat intercrops, the amount of N
transferred from the legume to the companion plant was positively correlated to the
legume root N (p < 0.01), and to the legume above ground N (p < 0.01; Fig 3). Such
relationship was not found between N transfer and the %N of the plant parts. Although
N rapeseed was higher in intercrops than in the pure controls, N transferred from the
faba bean to the rapeseed was also similar to that transferred from the rapeseed to the
faba bean (data not shown). Up to 32 days after sowing, root distribution in the
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rhizotrons was favourable to physical sharing of the soil N: 64 % of faba bean root
length was located in the upper part, as 70 % was in the lower part for rapeseed. The
biological nitrogen fixation of the intercropped faba bean reached around 87%,
increasing niche separation between plants.
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Fig.1 - Amount of N transferred from Pea to wheat,
and from Wheat to Pea grown in intercrops. Bars are Pea root N (mg)
SE, a and b indicate significant differences between
harvest stages and plants (p< 0.05).
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Fig.2- Amount of N transferred from Pea to Wheat. Aboveground N in pea (mg)
Bars are 55, 3and biindicate signilicant diferences Fig.3— Relationships between N transferred between
between h: 1 St d plant 0.05). i
ehwean hanyast stayesiand plants (ps 4 Pea and Wheat in intercrops and pea root N (A) or
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Conclusions

During the legume crop cycle, net N transfer from the legume to the non-legume crop
was negligible. Our results suggest that net N transfer can be increased by some
particular legume traits: well developed hairy roots able to intermingle with that of the
companion plant, and high plant N (roots and aboveground parts). However, such
legume traits may compete for other abiotic factors such as light and/or water with the
companion plant. In annual intercrops, niche complementarity seems to be a better
lever to increase intercropping performances than N transfer. We can suppose that the
fixed nitrogen benefits either in the companion species after maturity of the legume or
in the succeeding crop, but not in the companion crop in the time of the legume cycle.
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Adjusting N fertilizer application to crop requirements is a key issue to improve
fertilizer efficiency, reducing unnecessary input costs to farmers and N environmental
impact. Among the multiple soil and crop tests developed, optical sensors that detect
crop N nutritional status may have a large potential to adjust N fertilizer
recommendation (Samborski et al. 2009). Optical readings are rapid to take and non-
destructive, they can be efficiently processed and combined to obtain indexes or
indicators of crop status. However, other physiological stress conditions may interfere
with the readings and detection of the best crop nutritional status indicators is not
always and easy task. Comparison of different equipments and technologies might
help to identify strengths and weakness of the application of optical sensors for N
fertilizer recommendation. The aim of this study was to evaluate the potential of
various ground-level optical sensors and narrow-band indices obtained from airborne
hyperspectral images as tools for maize N fertilizer recommendations. Specific
objectives were 1) to determine which indices could detect differences in maize plants
treated with different N fertilizer rates, and ii) to evaluate its ability to identify N-
responsive from non-responsive sites.

Materials and Methods

The study was conducted in the central Tajo river basin near Aranjuez (Spain) in 2012.
The soil is a silty clay loam (Typic Calcixerept) and the climate Mediterranean
semiarid. The experiment was design as a randomized complete block with six
treatments per block and four replications. Plot size was 6 by 12 m. Treatments
consisted in N fertilizer rates, and ranged from 0 to 200 kg N ha', with 40 kg N ha
increases. The experiment was sown with maize (Zea mays L.) in early spring
(20/04/12) with a plant population density of 80000 plants ha™. N fertilizer was hand
broadcast to plots as ammonium nitrate in two applications: 2 when maize had 4
leaves (23/05/12), and 2 when had 8 leaves (26/06/12). Irrigation was uniformly
applied by a sprinkle according to the crop evapotranspiration. Sensors Readings were
conducted in two different dates: at stem elongation just before the second fertilizer
application (21/06/12), and at flowering when treatment differences were expected to
be more evident (23/07/12). Ground level measurements were taken with three optical
sensors (SPAD™ (Konica Minolta Inc., Japan), Dualex” and Multiplex” (Force-A,
Orsay, France)). Airborne data acquisition was conducted by flying a hyperspectral
(Micro Hyperspec VNIR model, Headwall Photonics, MA, USA) and an incoming
irradiance (Ocean Optics HR2000 fiber-optic spectrometer, FL, USA) sensors 300 m
over the experimental plots. In both sampling dates, fifteen measurements were taken
with the hand held optical sensors in the uppermost fully developed leaf of 15
representative plants in the central plot rows.
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Results and Discussion

Maize yield was highly correlated with N uptake and fertilizer application (Figure 1).
During both dates, and at ground level, chlorophyll (Chl; SPAD, Chl Dualex, SFR)
and N balance (NBI, NBI-G) indices tended to increase with N rate application and
showed differences between lower and higher N application treatments, whereas
flavonoids (Flav) and anthocyanins (Anth) tended to decrease. These results are in
agreement with Cerovic et al. (2005) and Tremblay et al. (2007) who observed that N
deficiency reduced Chl content and increased polyphenols. Good correlation between
sensors indices was observed (~0.9) except for the Multiplex at steam elongation, due
to the low signal intensity when leaves were too narrow. The structural index
presenting a better relationship with LAI and ground level Chl measurements was
NDVI (Table 1). However, other airborne indices calculated from narrow-band
reflectance measurements (i.e. R750/710 or TCARI/OSAVI) and Chl solar-induced
fluorescence (FSIF) were higher correlated with Chl than NDVI and presented a larger
potential for future application to estimate crop N status (Fig 1). Table 1. Pearson
correlation coefficients for the linear model between indexes (shadowed for those
based on ground level sensors) and crop parameters at steam elongation (SE) and
maize flowering (F1). Indexes are frequently used in the remote sensing literature. A
detailed description can be found in Quemada et al. (2014). Maize yield versus crop
N uptake (A), N applied as fertilizer (B) and R750/R710 index (C).

Conclusion

The results suggest that despite numerous sources of variation, indices based on
airborne measurements were as reliable as ground level equipment at assessing crop N
status and predicting yield at stem elongation and flowering. Ground level indices
more reliable to differentiate between maize plants treated with different N fertilizer
rates were SPAD readings, Chl Dualex and SFR Multiplex. The airborne chlorophyll
indices (i.e. R570/R710) and SIF were more accurate in detecting N stress in maize
that structural indices (i.e. NDVI). More research is needed to account for other
sources of variability that may interfere in the identification of the N nutritional status.

Cerovic ZG, 2002. Plant Cell Environ. 25, 1663-1676

Quemada M, Gabriel JL, Zarco-Tejada PJ 2014. Remote sensing 6, 2940-2962
Samborski SM, Tremblay N, Fallon E 2009. Agron. J. 101, 800-816.
Tremblay N, Wang Z, Bélec C 2007. J. Plant Nutr. 30,1355-1369

2l e
= ] 7]
[=® [=2] £

TCARI
TCARI/
OSAVI

FERARI

=
< =
B
7]

h
Flav
NBI

F
NBI-G
Anth
NDVI
RDVI
R750
R710
R700/
R760

SE|0.48(0.44[-0.10(0.22[-0.07[-0.10 0.04 | 0.12 |0.46| 0.47|0.55| 0.33 | 0.14 | -0.17|-0.48| 0.23 | 0.59
F1[0.67(0.62|-0.060.54| 0.55 | 0.38 | -0.45| 0.26 | 0.61| 0.57| 0.67|-0.04 |-0.29 |-0.42|-0.55[0.33 | 0.52
SE|0.43|0.38(-0.18| 0.26|-0.09 | -0.04 | -0.08 | 0.07 | 0.43| 0.44|0.51| 0.28 | 0.10 |-0.20(-0.43| 0.27 | 0.49
F1]0.65]0.56|-0.05|0.49[ 052 | 0.34 |-042| 0.26 |0.60| 0.56| 0.63 |-0.04|-0.27 |-0.40|-0.53| 0.30 | 0.49
SE|0.49|0.42|-002(0.15|-0.04|-0.12| 0.04 ( 0.19 | 0.50( 0.52|0.57| 0.42 | 0.24 | -0.05(-0.54(-0.30 | 0.57
F1|0.64]|0.59| 0.00 | 0.49| 0.55 | 0.30 |-0.43| 0.31 | 0.64) 0.61|0.66| 0.03 |-0.23|-0.37|-0.59|-0.18 | 0.57
SE|0.50|0.47(-0.18(0.30|-0.09|-0.03 | -0.01 [-0.01 | 0.37| 0.38| 0.48 | 0.20 | 0.00 |-0.29(-0.38| 0.30 | 0.15
F1[0.65]0.57|-0.17 [0.55[ 0.47 | 0.42 | -0.42| 0.15 | 0.53| 0.47| 0.61 |-0.14 | -0.35 | -0.46| -0.47 | 0.34 | -0.07
15 >

A . B c .b

Yield

Biomass

Gram N

Nuptake

w

-

y=72169x- 14,759
R'=045

Yield (Mg dm/ha)
"

y=0.0497x-0.349
R*=093

N applied < 160 Yield = 5.12 + 0.045 N applied
&  Napplied> 160 Yield = 12.32
R?=0.96

L4

50 100 150 200 250 0 40 £ 120 180 200 20 24 18 32 35 a0
Crop N uptake (kg N/ha) N applied as fertilizer (kg N/ha) R7S0/R710values

95



MODIFICATION OF THE NITROGEN MINERALIZATION
CAPACITY OF SURFACE AND SUBSURFACE LAYERS
OF AFFORESTED SOILS

E. GARCIA CAMPOS !, M.C. LEIROS 2, F. GIL SOTRES?,
C. TRASAR CEPEDA *

' IAG-CSIC, Dpto. de Bioquimica del suelo, Santiago de Compostela, SPAIN,
Facultad de Farmacia-USC, Dpto. de Edafologia y Quimica agricola, Santiago
de Compostela, SPAIN, * Facultad de Farmacia-USC, Dpto. de Edafologia y
Quimica agricola, Santiago de Compostela, SPAIN, * IIAG-CSIC, Dpto. de
Bioquimica del suelo, Santiago de Compostela, SPAIN
e-mail: elgaca@iiag.csic.es

Since the beginning of the 1990s, the European Union has promoted the
transformation of marginal agricultural land into forest land (EC, 1992), with the aim of
enhancing the accumulation of carbon and nitrogen in both the plant biomass and the soil.
However, questions have been raised about the suitability of this approach, which has not
always been correctly applied: in many instances, prime agricultural land has been
afforested. Moreover, the practice has led to notable changes in the European agricultural
landscape, as the afforestation has often been carried out with exotic species. Nonetheless,
very little is known about how the practice affects the soil organic matter. This lack of
information is especially important in relation to nitrogen, as the transformation of
agricultural land to forest land will greatly modify the N cycling, mainly due to cessation of
nitrogenous fertilizer application. In the present study, we investigated the depth-related
variation in the nitrogen mineralization capacity of the different soil layers (to a depth of
100 cm) in afforested plots and in reference cropped plotsn (representing pre-afforestation
conditions).

Materials and methods

Three study plots (AF) were established in land previously dedicated to maize culture (for
more than 100 years) and that was afforested 11 years ago. One of the plots was afforested
with Quercus rubra L. (Baloira) and the other two with Populus x euroamericana (Dode)
Guinier (Larafio and Pontevea). Control, cropped, plots (CT) were established in land still
dedicated to maize culture, next to each of the afforested plots. Soil samples were taken to a
depth of 100 cm in all plots (afforested and cropped) with the aid of a soil probe
(Eijkelkamp®, model 04.15). The cylindrical samples thus obtained were divided into 10
cm segments, which were each analyzed separately. Soil samples were collected at three
points in each each plot. The soil samples were sieved (< 4 mm) and stored at 4° C until
analysis. Soil samples at field moisture were incubated in the dark for 10 days at 25 °C.
The total inorganic nitrogen was extracted before and after incubation with 2 M KCI (1:50
w:v) and was determined following the method described by Bremner and Kenney (1965).
Potential nitrogen mineralization was evaluated as the difference between the N contents at
the beginning and at the end of the incubation period. The main characteristics of all soil
samples were determined following the methods described by Guitian and Carballas
(1976).

Results and discussion

In general, the total C and N increased in the upper soil layer (0-10 cm) after afforestation,
except in the Larafio plot, in which the total C and N contents were almost the same as in
the cropped plot (Tab 1). Moreover, although the total C and N contents were very similar
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in the upper 40 cm of the cropped soils (due to mixing of the soil during ploughing), clear
differences between the upper (0-10 cm) and lower layers were observed in the afforested
soils. The soils in the afforested plots contain less total inorganic nitrogen than the cropped
soils, probably as a result of the cessation of nitrogenous fertilizer application. However, in
all three afforested plots, the potential nitrogen mineralization capacity of the upper soil
layer was higher than in the same layer in the corresponding cropped plots (Fig. 1). In the
subsurface layers, the change in the potential nitrogen mineralization capacity was similar
to that observed for the organic matter distribution: in the cropped plots, the potential
nitrogen mineralization capacity was similar in all layers between 0 and 40 cm, whereas it
was clearly stratified in the afforested plots, with a strong increase in this parameter
between 0 and 10 cm.

Table 1 Mean values of the main properties and the total inorganic N content of soils in the
control (cropped) plots (CT) and variation in percentage of these properties in the soils from
the afforested plots (AF).

Total C (%) Total N (%) pHKCI Total inorganic N (mg kg")
Baloira Laraiio Pontevea Baloira Laraiio Pontevea Baloira Laraiio  Pontevea | Baloira Laraiio Pontevea
D:Il:)h CT AF CT AF CT AF |CT AF CT AF CT AF |CT AF CT AF CT AF| CT AF CT AF CT AF
0-10 189 65 250 -1 1.85 101|017 72 019 -7 018 50 |376 5 419 8 421 5|1015 -10 910 -8 455 92
10-20 184 -24 246 -24 194 0 (016 -4 0.19 -22 0.17 -13 (384 3 432 -5 425 -6| 910 -42 1015 -24 735 -33
20-30 197 -39 231 -34 175 10 |0.17 -29 0.6 -20 0.16 -15|381 5 426 -5 435 -7| 910 -54 1470 -48 6.65 -53
30-40 187 -57 192 -35 184 -5 [0.16 -44 0.12 -20 0.17 -22 |390 3 422 -2 432 4910 -31 9.10 -27 6.65 -53
40-50 1.01 -25 191 -41 101 -16 (0.10 -38 0.14 -18 0.10 -70 | 405 -1 419 2 467 -5| 875 -48 490 -43 980 -75
50-60 1.07 -43 196 -29 047 60 |0.12 -45 0.14 -21 005 -11 |423 -6 435 -3 485 -5| 980 -54 280 25 385 -73
60-70 158 -66 184 -14 043 12 (0.13 -62 0.13 -16 0.05 -27 |422 -3 440 -3 487 -7| 770 -50 2.80 38 210 -67
70-80 165 -69 144 4 035 60 |0.11 -56 0.2 -21 003 -18 |422 -2 443 -4 493 -10| 38 0 175 180 175 0
80-90 123 -61 141 -4 034 38 (010 -57 0.10 -20 0.03 -31 |[428 -5 450 -5 500 -11| 3.15 -44 210 150 245 -71
90-100 0.97 -50 0.24 104 | 0.09 -46 0.03 -1 |430 -7 493 -10| 3.15 -11 3.15 -44
Baloira Larafio 1 Pontevea
mg kg mg kg myg kg
] 5 W 15 n 2 5 ] 5 L . ] ] 0 15 n 1]
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Fig.1 Potential nitrogen mineralization capacity in all the soil layers in each of the three
pairs of cropped (CT)-afforested (AF) plots.
Conclusions

The differences between the afforested and cropped plots were due to changes in
management practices, such as cessation of the nitrogenous fertilizer application, as well as
to the change in vegetation resulting from the afforestation. In the afforested soils, the
cessation of nitrogenous fertilization application was accompanied by an increase in the
organic nitrogen mineralization capacity, to yield bioavailable nitrogen.
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In Galicia, the primary milk production region of Spain, feeding dairy cows is
based on concentrates and own-grown crops (maize and grass silage). The own slurry
produced in the farms is used in the fertilization of the crops and generally the farmer
doesn’'t know the nutrient value of this slurry. Quick methods for estimating the
composition of slurry from physical-chemical parameters such as electrical
conductivity and density allow in situ estimation of nutrients by the technicians who
advise these farms and therefore immediate adjustment of slurry doses, with
subsequent environmental and economic benefits. Good correlations between
electrical conductivity and total and ammoniacal nitrogen were found in cattle slurries
(Provolo and Martinez Suller, 2006; Martinez Suller et al., 2010) although some
authors only found good correlations with ammoniacal nitrogen (Mangado et al., 2006;
Parera i Pous et al., 2010), reasonable correlations with potassium (Provolo and
Martinez Suller, 2006; Parera i Pous et al., 2010) and low correlations with phosphorus
(Provolo and Martinez Suller, 2006; Parera i Pous et al., 2010). Good correlations
between dry matter and nitrogen total and phosphorus and low correlations with
potassium were found (Martinez Suller et al., 2010). Dry matter is highly correlated
with density that is a direct and quick measurement. So Mangado et al. (2006) found a
good correlation between phosphorus and density. The aim of this study was to obtain
equations linking direct readings of physicochemical parameters such as density and
electrical conductivity with the fertilizer value of slurries to estimate reliably the
nutrient value of slurry generated in Galician intensive dairy farms.

Materials and Methods

Thirty-eight samples of cattle slurry generated in different dairy farms were analyzed.
Slurry dry matter (DM) was determined after 24 h of oven-drying samples at 105°C.
Analysis of N, P and K was determinated in fresh samples. Fresh samples were
previously digested with sulphuric acid and hydrogen peroxide. Total N was analyzed
by a colorimetric method using a continuous flow analyzer. Slurry K content was
determined by atomic absorption spectroscopy. Total P was determined by a UV-vis
spectrophotometer. Density was measured directly in the slurry, applying it to a
measuring cylinder, stirring, introducins a hydrometer and taking measurement at 5
minutes when stabilized. Electrical conductivity was measured with a conductivity
meter (Crison) equipped with a titanium electrode that was inserted directly into the
slurry or into diluted slurry with distilled water in the ratio of 1:9 to prevent electrical
and ionic interactions between the ions. Correlations between nutrient value of slurry:
Kg of N, Kg of P205 and Kg of K20 per cubic meter with density (D) and electrical
conductivity (EC) were calculated. After these correlations, simple and multiple
regressions were done with these variables. The data were analyzed using the SPSS
statistical package.
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Results and Discussion

Analyzed slurries had an average chemical compositon of 7.67% of dry matter, 35.97
gekg-1 of N, 6.52 gekg-1 of P y 32.46 gekg-1 of K. Correlations between nutrient value
of slurry and electrical conductivity (Table 1) are reasonable for potassium and low for
phosphorus, in agreement with other authors (Provolo and Martinez Suller, 2006;
Parera i Pous et al., 2010). Correlations are somewhat low for nitrogen but higher that
those found by Parera i Pous et al. (2010). Correlations were better for electrical
conductivity measured in diluted slurry with distilled water in the ratio of 1:9 (ECdil)
than for electrical conductivity measured directly (EC), so that the first was taken to
obtain the regression equations. Correlations between nutrient value of slurry and
density (Table 1) are good for phosphorus, in agreement with other authors (Mangado
et al.,, 2006) and somewhat low for nitrogen and potassium. The best regression
equations obtained are displayed in Table 2. Phosphorus value of slurry showed a
good simple regression (R2 0.82, P< 0.001) in relation to the density. Simple
regression equations obtained for nitrogen and potassium value with electrical
conductivity were not so good. Multiple regression equations that considered as
variables D and ECdil significantly improved prediction of nitrogen and potassium and
lightly prediction of phosphorus.

Table 1. Pearson correlations between parameters.
EC EC51:9) D N P,0;
mS-cm’! mS-cm! (kgem™®)  (kgem?)  (kgem?)
ECa®) 0.93**~

D 0.26 0.35*
N 0.65%=~ 7S 0.70"**
Py0:  0.42* 0.56™* 0.90%** 0.89***
K,0 0.69*** D79 *w 0D.53** 0.81***  0.63***

#4#% P<0.001; ** P<0.01; *** P<0.05

Table 2. Simple and multiple regression equations.
Coefficient o

W iom; =9sllicie
Kem Equation determination
Simple regression equations
N 1.31ECy+0.63 0,574
P,0; 1.97D-1.03 0.82%**
K;0 1.73EC,;-0.11 0.63%**
Multiple regresion equations
N L03EC,;+4.12D-3.38 0.81 %%
P;0; 1.75D+0.25ECy;-1.23 0.88%%%
K,0 1.S1EC43+6.00D-6.13 0.73%nn
*%% P<(.001

Conclusions

In this work was proved that in Galician Dairy farms is appropriated to use
physicochemical parameters such as density and electrical conductivity to estimate the
fertilizer value of slurries. Good regression equations between nitrogen, phosphorus
and potassium value with the combined measure of both parameters were obtained.
The implementation of these quick measurements in situ and the application of
obtained equations will allow farmers immediate adjustment of the dose of slurry
applied to silage crops.

Mangado J, Sanz A, Soret B 2006. Navarra Agraria 159: 35-42.

Martinez Suller L, et al. Irish J. Agric. Food Res. 49:93-97.

Parera i Pous, J Canut Torrijos, N; Domingo Olivé, F; Mallol Nabot, C 2010. Tierras de Castilla
y Leén 174: 74-81.

Provolo G, Martinez Suller L 2006. Biores. Technol. 98: 3235-3242.
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The DNDC (DeNitrification and DeComposition) model was first developed by
Li et al. (1992) as a rain event-driven process-orientated simulation model for nitrous
oxide, carbon dioxide and nitrogen gas emissions from the agricultural soils in the U.S.
Over the last 20 years, the model has been modified and adapted by various research
groups around the world to suit specific purposes and circumstances.

The Global Research Alliance Modelling Platform (GRAMP) is a UK-led
initiative for the establishment of a purposeful and credible web-based platform
initially aimed at users of the DNDC model. With the aim of improving the predictions
of soil C and N cycling in the context of climate change the objectives of GRAMP are
to: 1) to document the existing versions of the DNDC model; 2) to create a family tree
of the individual DNDC versions; 3) to provide information on model use and
development; and 4) to identify strengths, weaknesses and potential improvements for
the model.

Materials and Methods

At present limited documentation exists on the differences between successive updates
for each of the DNDC model versions. Consequently, users are often unaware of more
appropriate versions of the model for their purposes. To rectify this GRAMP has
created a database of DNDC model versions and constructed a “family tree”. Versions
of DNDC were found through a combination of literature searches, web searches and
input from the DNDC user-community.

The published literature was reviewed to identify how different modellers
applied the DNDC model and the techniques used for model calibration. A range of
statistical indicators were also used to compare the performance of different versions
of DNDC. Further information on important changes to the model was also obtained
as part of a survey distributed to ¢. 1500 model users around the globe. Information
gathered included data on validation practices and datasets and records of changes
made to individual versions of the model
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Results and discussion

Through GRAMP, 17 different versions of the DNDC model have been identified and
their history documented. Figure 1 is a schematic diagram of the model versions and
how they relate to each other and the early versions of DNDC.

As part of GRAMP over 250 publications involving modelling with the 17
DNDC model versions were identified (Figure 2). In addition to the GRAMP team, the
98 survey respondents identified many strengths and weaknesses of the DNDC model
versions which in addition to obstacles to process model uptake and recommendations
for addressing the issues arising form the basis of a discussion document.

Forest-DNDC-Tropica
x NEST-DNDC
Kigse et al, (2005) Zhang et s, 2012
Madified PRET-N-DNDC ONDC + NEST
Forest-DNDC UK-DNDE
Li et al. {2004)
PrET + DNDGC + other Brown et &l {2002)
L UK specific database
JT\ PnET-N-DNDC
L Li &t al. {2000}
' M+ PnET + DNDC
Wetland-DNDC NZ.ONDC
Zhang et al, (2002) Saggar et al (2004)
PRET-N-DNDC + Maodified DNDC
FLATWOODS
BE-DNDC
Landscape-DNDC Beheydt (2006)
Haas et al. (2013) Befgian specific database
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Lietal (1992)
" Now version 8.5
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Figure 1. Schematic diagram of the DNDC extended family.

101




2% 1% 1% ~1% m 1 DNDC
™ 2 PNET-N-DNDC
3 CROP-DNDC
m 4 WETLAND-DNDC
® 5 FOREST-DNDC
® 6 MANURE-DNDC
m 7 RICE-DNDC
W8 NZ-DNDC
9 UK-DNDC
& 10 LANDSCAPE-DNDC
» 11 BE-DNDC
= 12 DNDC-EUROPE
13 MOBILE-DNDC
# 14 FOREST-DNDC-TROPICA
15 EFEM-DNDC
# 16 DNDC-CSW
17 NEST-DNDC

Conclusions

Throughout its 20 year history, the DNDC model has undergone many changes and its
on-going value to the scientific community is reflected in the range of versions in
current use, the number of current users, and an extensive published literature.
However, in common with all biogeochemical process models, the DNDC model has
both strengths and weaknesses. The GRAMP project has much to offer to the DNDC
user community in terms of promoting the use of DNDC and addressing the
deficiencies in the present arrangements for the model’s stewardship.

Acknowledgement
The authors would like to thank DEFRA for funding this study.

Li, C. Frolking, S. & Frolking, T.A. 1992. J. of Geophysic. Res., 97, 9759-9776.

102



DEVELOPING A TOOL TO COMPARE NITROGEN USE
EFFICIENCY OF DIVERSIFIED FARMING SYSTEMS

0. GODINOT !, M. CAROF !, F. VERTES?, P. LETERME
! AGROCAMPUS OUEST, UMR1069 SAS, Rennes, FRANCE,

2 INRA, UMR1069 SAS, Rennes, FRANCE
e-mail: olivier.godinot@agrocampus-ouest.fr

The improvement of nitrogen (N) efficiency is a major way to enhance the
productivity and reduce the environmental impacts of farming systems. Nitrogen Use
Efficiency (NUE) is the most widely used indicator to assess N efficiency in farming
systems, but presents several limitations. Importantly, it does not allow comparing
farms with different crop and livestock productions, as N efficiency in livestock
systems is usually lower than in cropping systems. Our goal was to propose an
efficiency indicator that enabled comparisons between diversified farming systems.

Materials and methods

The first step in the calculation of this indicator was the estimation of N losses due to
inputs production with life cycle inventory data. This allowed comparing farms relying
on external inputs and more autonomous farms. The second step was the inclusion of
soil N changes in the calculation of efficiency with a simple soil model. This helped
comparing farms that did not manage their soil N stock in similar ways. These two
modifications to NUE are discussed in more detail in Godinot et al. (submitted). The
third step was the calculation of theoretically attainable N efficiency for all farm
products. Estimates of attainable N efficiency for the main N fluxes in the farming
system were found in the literature (Table 1). Based on these values, it was possible to
calculate a theoretical attainable N efficiency for specialized and mixed farming
systems given their outputs. The last step was the calculation of Relative Nitrogen
Efficiency (RNE) as the ratio between actual efficiency and theoretically attainable
efficiency. The closer to 1 this ratio was, the closer the farming system was from its
efficiency potential, irrespective of the nature of its outputs. NUE (including input
production and soil N change) and RNE were calculated for 38 mixed dairy and crop
farming systems (MFS) in Brittany, and for various farm types from the literature.

Results and discussion

Interests of RNE

As shown in Figure 1, NUE was highly influenced by the nature of outputs: crop farms
were always more efficient than animal farms. Within animal productions, pigs were
more efficient than dairy cows, and dairy cows than beef cattle. RNE calculation
allowed comparing different farming systems. In all types of production, some farms
were over 80% of their efficiency potential, while some others were far from it. From
these results, it was clear that some farms had a large margin of efficiency
improvement. An important interest of RNE was to compare mixed dairy and crop
farming systems producing variable quantities of animal and crop products. In our 38
MEFS sample, there was a strong correlation between NUE and crop output. RNE gave
supplementary information, as some farms presenting similar efficiency had very
different RNE due to the different share of animal and crop products.

Limits of the method

To calculate theoretically attainable efficiency, we used the highest attainable
efficiency value that we found for each N flux. Therefore, we did not take into account
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that forages usually present a higher N efficiency than grain crops; that animals have
different efficiency depending on their feed; or that manure losses are depending on its
nature. It therefore gives an idea of the highest attainable efficiency, not considering
the particularities of each farm.

In order to calculate attainable efficiency, the maximal values of all fluxes were
assumed to be independent. This assumption is questionable due to pollution
swapping: low losses in one compartment can result in higher losses in the following
compartments. This might lead to an overestimation of potentially attainable
efficiency. However, as we use the same calculation method for all farms, this bias
does not prevent the comparison of farming systems

Table 1: Auainable efficiency for the main nitrogen fluxes in farming systems,
Flux A."f”.“”’” Source
efficiency
| Feed to cattle milk | 0.36 | Chase, 2004
Feed to beef cattle [ 0.21 Watson and Atkinson, 1999
| Feed 1o pig 0.41 | Cederberg and Flysijt, 2004
| Crop to feed 0.86 Jarvis and Aarts, 2000
e o 0.95 Rotz, 2004
harvested crop
Soil to harvestable | ; g5 Powell et al.. 2010
crop
Excretion 1o soil 0.93 Jarvis and Aarts, 2000
N fertilizer 0.99 IPPC Bureau, 2007
production
1.00
0.90 O crops
—+—pig
0.80 o dairy
070 - |~ ®= beef
0.60
0.50
040
0.30
0.20

0.10
0.00
NUE RNE
Figure 1: graphical comparison between Nitrogen Use Efficiency (NUE)
and Relative Nitrogen Efficiency (RNE) for various farming systems

Conclusions
Relative N efficiency proved to be a useful tool to evaluate the gap between actual and
potential N use efficiency of farming systems. It also allowed comparisons of different
farming systems, which is especially interesting when comparing farming systems that are
close but not comparable, such as specialized and mixed dairy farms. However, it is
important not to forget that the choice of productions systems remains a major way to
improve N efficiency at the global scale.
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Nitrate (NO3) leaching is a major issue in sandy soils intensively cropped to
potato. Due to their shallow root systems, potatoes are generally cropped in light
textured soils. Studies conducted in the North eastern part of the U.S. (Maine, New
York) and Canada (Ontario) showed that only 45 to 60% of the N applied at planting
at rates of 160 to 225 kg N ha—1 was recovered by tubers (Bouldin and Selleck 1977;
Cameron et al., 1978). Modelling could help optimizing N fertilization strategies in
time and space and reduce nitrate losses to the environment. Lack of input data is an
important barrier for the application of classical process-based models to simulate soil
nitrate content (NC). Alternative approaches using empirical relationships between NC
and surrogate variables could be considered for operational purposes. This study
evaluates a multivariate adaptive regression splines (MARS) model to simulate the NC
daily seasonal dynamic in the 0-40 cm soil layer of potato fields. Input candidates
were chosen for known relationships with NC: temperature, rainfall, leaf area index
(LAI), day of year, and day after planting. Results were compared to field data
collected between 2004 and 2012 in experimental plots under potato cropping systems
on two farms in the Province of Québec, Canada. Training and validation of the
models were operated on independent plots.

Materials and methods

The NC was measured from 26 rainfed agricultural plots in 2004, 2005, 2010, 2011,
and 2012 located on two farms in eastern Canada. Composite soil samples were
collected in each plot down to a 40-cm depth (2 layers of 20 cm each) in early spring
before planting, every 2 weeks during the cropping season and after harvest. The
meteorological data were aggregated at a daily time-step from in-situ micro-
meteorological stations (Parent and Anctil, 2012) from planting to harvest. An
averaged LAI value was obtained weekly from 12 plants in each plot during the
growing season and biweekly during senescence, using a LICOR LAI-2000
instrument. MARS models were built using the ARESIab toolbox ver.1.5.1 (Jekabson,
2013) for Matlab. MARS builds a model in two stages: a forward and a backward pass
(Friedman, 1991; Garcia Nieto et al., 2012). The available 26 field plots were split into
training and validation datasets using a self-organizing feature map (Kohonen, 1982)
to ensure statistical homogeneity. 65% of them (17) were selected to train the model
while the remaining 9 were used for validation.

Results and discussion

The most performing model was a 5-input MARS model built with cumulative LAI,
cumulative rainfall, cumulative temperature, the day of year and the day after planting.
The mean absolute error after final optimisation was 49.3 mg NO3 kg-1 on validation
(i.e. 26.9% of the mean NC value of validation samples), which is satisfactory
considering the intrinsically complex nature of NC (Fig.1). The variable explaining
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largest variance was the [LAI, suggesting the importance of local heterogeneity of NC.
It also suggests that, as a growth indicator, LAI integrates many factors responsible for
local heterogeneity of NC such as cultivar induced variability. As compare to a
multiple linear regression, the proposed approach allowed to explain 54% more
variance. The inclusion of the LAI as input variable adds a spatial dimension to the
model. Map of simulated NC, coupled with N fertilization grids based on NC, would
allow the mapping of N recommendation rate. This mapping is required for an
effective variable rate N application.
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Agricultural practices can be considered as good if they positively affect the
efficiency of resource use, soil fertility, C sequestration, or farm economic profitability
(Costantin et al, 2010). Not all effects go in the same direction, and some drawbacks
can be acceptable (e.g. a slight decrease in yield) if other advantages are met (e.g. a
reduction in costs, or an increase in SOM). Farmers need a tool which helps them to
quantify expected changes on target indicators, tailored on specific farm characteristics
and pedo-climatic conditions, so that they can choose on the basis of their own specific
objectives (Easterling, 2003). An EU-funded project, Catch-C (Www.catch.eu) is
analyzing the effects of different soil management options on productivity, climate
change mitigation and soil quality using long-term field experiments (LTEs) across
Europe, partly run by the project partners, and partly collected from international,
national and technical literature. Data from over 350 LTE studies were collected and
analyzed. This work presents preliminary results on the effects of a series of good
management practices on crop yield, N uptake and surplus.

Materials and Methods

Multi-years averages of crop yields, N uptake and field N surplus (supply-removal)
from more than 100 LTEs across Europe were analyzed. Agricultural practices
considered were the use of crop rotations, harvested catch crops, crop used as green
manures, no- and minimum tillage, organic fertilization with farmyard manure (FYM),
bovine slurry or compost, and crop residues management. Yield obtained using each
practice were divided by those obtained when the practice was not adopted, in the
same conditions. The indicator obtained, a relative ratio (RR), is greater than 1 when
the practice increased yield. N uptake was also analyzed using RR, while N surplus
was examined using the difference between the practice and reference treatment
(DIFF). A negative value indicates a reduction in surplus.

A multiple linear model using climate, soil type and duration of practice (4 levels
each), and crop (12 types) as nominal factors was performed to evaluate which
conditions mostly affected the performance of a practice.

Results and Discussion

The table reports main results obtained on yield. Data on N uptake and N surplus are
here discussed but not shown.

In more than 80% of the cases, a crop grown in a rotation outyielded the crop grown
in a monoculture, and the average increase in yield was 5%. Best performances were
obtained in Western Europe climate, sand or loam soils, wheat or grain maize, and in
long-lasting experiments (10-20 years). N uptake was also increased and N surplus was
reduced. In 60% of the cases, the use of a harvested catch crop (both leguminous and non-
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leguminous) resulted in a yield increase of the main crop and best results were obtained in
Eastern Europe, soils other than silt, barley, maize or minor cereals, and in long-lasting
experiments. N uptake was also increased in 80% of cases, and consequently N surplus
was reduced. Little or no effect of green manure on yield and N uptake was observed, in
all pedo-climatic conditions explored. This means that the performance of green manuring
could not be predicted on the basis of the considered factors.

A reduction in yield and N uptake is to be expected when no tillage is applied,
but on average this reduction was limited to 4%. Silt soils performed best. Similar but
less encouraging results on yield and N indicators were obtained using minimum
tillage (defined as non-inversion tillage at a shallower depth than ploughing).
Furthermore, the performance of this technique on yield was not influenced by the
factors here considered, whereas N uptake was increased and N surplus was reduced in
Western Europe. When organic and mineral fertilizers were applied at the same N rate,
similar crop yield and N uptake were observed. However, the performance of organic
fertilizers depended on the soil type (best results in coarse-textured soils), climate (the
colder, the better) and duration of practice (more than 5-10 years). Incorporation of
crop residues caused a reduction in yield (probably because of N immobilization)
especially in badly-structured soils, in all crops. Quite surprisingly, burning cereals
straw positively affected yield and N uptake, while reducing N surplus, although
observations were mostly located in Western Europe and sandy soils.

Table. Statistics of KR of yicld and factors that affected RR

Good practice n. | mean | min Max %o of cases >1 factors

Crop rotation 27| 1.05 0.81 1.34 B81.5 crop, climate, soil, duration
catch crops 41 | 1.03 075 | 1.58 63.3 crop, climate, soil, duration
EIEEN DEne 8 [ 100 [064 | 1.30 50.0 -

no tillage 36 | 096 | 068 | 1.31 40.0 soil

i tillage 97 | 097 | 054 1.52 35.1 -

FYM 60 054 043 | 145 48.3 climate, soil

shurry 370598 0.52 1.58 48.6 s0il

compost 21 | 095 [069 | 167 42.9 climate, crop, duration
incorporating crop residues | 35 | 093 0.40 1.16 48.6 s0il, duration

burning crop residues 9 103 (101 1.06 100.0 -

Conclusions

When assessing farm-compatibility of good management practices several aspects
have to be considered. Promoting productivity, climate change mitigation, and soil
quality at the same time can sometimes be difficult to achieve.

LTEs provide plenty of information that rarely is aggregated, compared and well
exploited (Olesen et al, 2006; Merbach and Deubel, 2008). Nitrogen management
interacts with most other farm practices. In order to reach a higher N use efficiency, a
simultaneous and complete analysis of many interactions must be considered. Only when
this is done it is possible to identify bottlenecks and potentially overcome the social and
economic barriers that slow the adoption of good practices for an efficient N use.
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Conservation tillage and crop rotation have spread during the last decades
because promotes several positive effects (increase of soil organic content, reduction
of soil erosion, and enhancement of carbon sequestration) (Six et al., 2004). However,
these benefits could be partly counterbalanced by negative effects on the release of
nitrous oxide (N20) (Linn and Doran, 1984). There is a lack of data on long-term
tillage system study, particularly in Mediterranean agro-ecosystems. The aim of this
study was to evaluate the effects of long-term (>17 year) tillage systems (no tillage
(NT), minimum tillage (MT) and conventional tillage (CT)); and crop rotation (wheat
(W)-vetch (V)-barley (B)) versus wheat monoculture (M) on N2O emissions.
Additionally, Yield-scaled N20O emissions (YSNE) and N uptake efficiency (NUpE)
were assessed for each treatment.

Materials and Methods

The experiment was located in “Canaleja” field station (Madrid, Spain) on a sandy
clay loam soil (Calcic Haploxeralf) under rainfed conditions. The experimental design
was a three-replicated split-plot. Tillage was the main factor (plot) in a randomized
complete block design and subplots (as secondary factor) were W, V, B and M, in a
complete randomized design. Crops were sown at the beginning of November and
harvested on 18th June. All subplots were fertilized with 70 kg N ha-lyear-1, except
vetch ones, split in two applications (at seeding and spring). Nitrous oxide emissions
were sampled periodically by Static Closed Chamber method (Abalos et al., 2012) and
quantified by Gas Chromatography. Cereal N content was quantified by Elemental
Analysis.

Results and Discussion

Nitrous oxide cumulative fluxes were similar between tillage treatments. Conversely,
significant differences (P < 0.05) were found among crops, i.e. M showed higher N2O
fluxes than cereals in rotation (Table 1). These results highlight the importance of the
type of residue from the previous crop (wheat for M, vetch for B and fallow for W),
that seems to be responsible for the differences observed among crops fertilized with
the same N rates (Malhi and Lemke, 2007). Fluxes of N2O for legume non-fertilized
crop were not significantly different to low N input fertilized cereals (Jensen et al.,
2012). Yield-scaled N20O emissions were greater in M than in W (Table 1), regardless
tillage system. However, B and V showed similar YSNE values for all tillage
treatments.

According to NUpE, there were not significant differences for tillage systems
and crops. Nevertheless, cereals in rotation showed higher values than M in all tillage
treatments, whereas lower values in conservation tillage (MT and NT) were obtained

109



in comparison with CT (Table 1). Mean Emission Factor (kg N20O ha-1 kg N min
applied-1) in all treatments was around 0.1%, lower than IPCC default value (1%)
because of climate, soil conditions and land management (rainfed and low N input)
(Aguilera et al, 2013). Conclusion Taking into account N2O emissions, yields and N
efficiency, rotation is a good alternative to improve sustainability of crops.
Nevertheless, tillage treatments showed high variability, and is necessary to consider
the best combination of both factors.

Table 1 Effect of tillage treatments and crop on N20O cumulative emission, NUpE and
YSNE.

o N,O cumulative emission NUpE YSNE
Filect {mg N-N,Om™) (kg Nyt kg Nmin piea” x 100) | (mg N-N,O kg grain™)
Tillage x crop ns ns ns
Tillage ns ns ns
CT 18.4 125 519
MT 18.5 102 61.2
NT 17.4 102 71.1
S.E. 1.8 10 8.5
Crop i ns i
M 23.1a 92 81.0a
W 15.4b 116 41.8b
B 14.8b 120 =
v 19.0 ab = -
S.E. 1.6 11 7.0

Within a column, means followed by the same letter are not significantly different
according to Fisher’s LSD at a 0.05 probability level. *P< 0.05; ** P< 0.01; ns=not
significant
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Pastures represent one of the most important ecosystems covering a major fraction
of European landscapes. They are important for agricultural production and biodiversity
conservation. However, their response to increasing tropospheric ozone (Os;) and
increasing nitrogen (N) availability, two of the main drivers of global change, is still
uncertain. Annual species predominate in the dehesa traditional agro-forestry systems.
The dehesas currently cover 3.5-4 million hectares in the Iberian Peninsula sustaining
livestock farming, agriculture and timber production. Previous studies with individual
species have shown that N fertilization counterbalances O; effects on plant senescence
and on flower biomass production when plants are exposed to moderate
O; concentrations (Sanz et al., 2007, 2011). The response of the whole community is
expected to be more than the sum of responses of individual plants, thus experiments
with annual communities are needed to understand changes that could be occurring at
field level. An experiment was carried out to study the interactive effects of O; and N
fertilization on a simplified annual community composed of six representative species.
The experiment was performed in an Open Top Chamber (OTC) facility located in the
Spanish central plateau (Santa Olalla; 450 m.a.s.l;; 40°3°N, 4°26°W). Plants were
exposed to four Ostreatments: charcoal-filtered air (CFA), non-filtered air (NFA),
non-filtered air supplemented with 20 ppb O; (NFA+) and non-filtered air
supplemented with 40 ppb O; (NFA++). Additionally, three nitrogen fertilization
treatments were established aiming to reach N integrated doses of “background”, +20
or +40 Kg N ha™'. Ambient air chamberless plots (AA) were considered to evaluate the
chamber effect. A mixture of six species of three representative families, were sowed.
The study was carried out during two growing seasons in 2011 and 2012. Ozone
significantly induced visible injury and reduced pasture total green biomass by 14%
and 25% in NFA+ and NFA++ treatments respectively compared with CFA (Figure
1). The total senescent biomass increased 40% in NFA+ and NFA++. Nitrogen
fertilization partially was counterbalance Ojinduced effects on green biomass only
under moderate Os concentrations but not with high O; levels. On the other hand,
O; exposure reduced the fertilization effects of N additions. Ozone also affected
canopy gas exchange decreasing gross primary production through reducing net
ecosystem CO, exchange and increasing soil respiration. Besides, soil N,O emissions
increased with Os exposure while N fertilization significantly enhanced NO emissions.
Interestingly, increasing N availability was not enough to significantly affect the yield
or gas exchange rates of the annual pasture. The background soil N content of the soil
(30 kg Nmin ha™) seemed to be enough to cover the N nutritional demand of the
pasture. In fact, natural annual pastures usually grow in low fertile soils (Vazquez de-
Aldana, 2008). Other nutrients, such as phosphorus, could be limiting plant
development in this type of ecosystems. Despite the low responsiveness to N, a
significant interactive response between N and O3 was detected in green and total
aboveground biomass production. Also increasing N availability affected quality
parameters such as C/N ratio, crude protein and lignin, neutral or acid detergent fiber
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(NDF or ADF), real food values (RFV) of some annual pasture species individually.
NDF is inversely related to voluntary forage intake, and ADF is inversely related to
forage digestibility of ruminants traditionally raised in this ecosystem. O; exposure
also altered some quality characteristics of these annual community (Table 1).
Therefore, both O3 and increasing N availability seem to be affecting pasture growth
and quality affecting livestock production on these extensive breeding areas.

Table 1. Nutritive quality parameters (meanstse) depending on Os;and N treatments in a
simplified annual community in 2012. NO=N background, N20=N background+20 Kg N ha
"and N40=N background+40 Kg N ha™. Statistical results of differences among treatments using
the Univariate Tests of Significance ANOVA (p) considering a split-plot design and the Tukey
test (HSD); comparisons between each treatment with the control were analysed with the
Dunnett test (D). Different letters indicate significant differences among Oj; treatments obtained
with the HSD test.

Treatment CiN NDF ADF LIGNIN RFV
P HSD D p HSD D p HSD D P HSD D p HSD D
Nitrogen ns <01 ns ns ns ns
Ozone <01 <005 <01 ns ns <005 <0005 ns ns <005 <005
Nitrogen x Ozone ns ns ns ns ns
FA 16,6420,48" 48,19£1,27 46,8122,01" 4,60:0,80 101, 442272
o ‘NF}\ 16,3820 69™ 49,1341,59 45,0842,58” 50141,11 100,1945,47"
© | NFA+ 16,090,43" 50,3040,60 41,2842 70° 3,0040,77 105,2744,24"
NFA++ 18,8920,88° 48,0320,94 39,5412,77° 3,17£0,86 1129544 54"
NO 18,14£0,61 49,4120,80 44273190 3,91£0,66 103,0543,52
N ‘N?O 17,1820,55 48,3310,98 43,75:2,05 3,9040,72 106,09£3,57
N40 16,30:0,41 48,85:0,79 44,2742,20 4,21:0,78 103,963 42
600 COAF
EANF
EANF+ a
500

y WANF++ I a
= T
400 ~L— a 4

Nitrogen treatments

Fig 1. Green biomass for the different O3 and N treatments at the second harvest. FA= charcoal
filtered air, NFA= non filtered air, NFA+= non filtered air supplemented with 20 nl I of O,
NFA-++=non filtered air supplemented with 40 nl I"" of O5. NO= soil N background, N20=20 Kg
N ha™'; N40=40 Kg N ha™". Different letters indicate significant differences among means (mean
+ se).
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The water shortage reduces the uptake and utilization of nutrients by crops due to
less demand and availability for root uptake. Due to drought N from fertilizers
broadcast applied during growth is often not effectively utilized. When top soil
resources are exhausted nitrate shifted during winter to deeper layers is effectively
depleted from moist soil by relatively sparse roots. It suggests possible strategy to
manipulate distribution of nitrate in a soil profile for better utilization by a crop.
However, the accumulation of nitrate in deep layers also increases the risk of leaching.
The aim of the study was to examine the impact of nitrate content manipulation in
subsoil layers under differentiated water supply, using crop model.

Materials and Methods

Model CERES-Wheat (Jones et al. 2003) was calibrated (Haberle 2007) and validated
with data from field experiments with winter wheat (7riticum aestivum L.) in Prague-
Ruzyne. In the experiment, the wheat at low (N1) and high N levels (N2) was grown
under three water regimes differentiated from anthesis: Stress (S), ample water (Ir) and
rain-fed treatments (R) (Haberle and Svoboda 2007, Haberle et al. 2008, Raimanova
and Haberle 2010). In the experiments root, soil moisture and Ny, distributions, N
uptake and grain yield were observed. Daily meteorological data from six wheat
season (2003-2009) modified according to S and Ir water supplies were used. Two
levels of N, in 0-150 cm soil zone (mostly in 0-45 cm) at autumn, high (195 kg
N/ha) and medium (110 kg N/ha), were simulated. Three systems of fertilization were
simulated: 1) the standard spring application of 200 kg N/ha in calcium nitrate (CAN)
divided to three doses (30-100-70) (treatment SPR), 2) the application of 200 kg N/ha
at autumn, before sowing (AUT), and 3) 30 kg N/ha at early spring and the
(hypothetical) injection of 170 kg N/ha in CAN at the start of April to depth of 60 cm
(INJ) were simulated. The yield, the content of grain N (as the indicator of grain
quality), root depth and distribution in soil, water and nitrate contents and
distributions, and indicators of N and water availability for the wheat crop were
simulated.

Results and Discussion

Water stress reduced yields on average of years to 72-79 % (medium N,,;,) and 82-84
% (high Np,) of control (R). Ir increased yields by 4-9% in comparison with R,
similarly to impact of the water regimes observed in the field experiments. The SPR
reduced grain yield to 63-73 % of AUT and INJ yields under medium N;,. Under
high N, reduction reached only 4-5%. S treatment increased grains % N in all
fertilization treatments (6-18 %), ample water supply reduced it by 1-2 %. SPR
fertilization reduced grain N significantly under medium N, in all water regimes,
average values were 2.62 %, 2.47 % and 2,18 % in AUT, INJ and SPR systems. At
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high N, level the effect was weaker, average grain N contents were 2.75 %, 2.74 %
and 2.58 % in AUT, INJ and SPR systems. Autumn fertilization increased nitrate
content down to 60 cm at spring but the downward shift was (somewhat unrealistic)
low, probably due to high water capacity of the soil and low precipitation. Stress and
irrigation did not modify nitrate content in subsoil (under 60 cm) at harvest, the
differences were evident in shallow layers. The simulation of leaching needs to be
better calibrated. Without fertilization nitrate was depleted to low contents, 39-40 kg
N/ha in the whole profile, under all water regimes. The model simulated that with
nitrate fertilization at autumn at medium and high N, 78-91 kg and 143-156 kg of
nitrate N per ha were left at harvest. INJ fertilization systems increased (14-18 kg
N/ha) and reduced (26-28 kg N/ha) residual nitrate content under medium and high
Niin, T€Sp., in comparison with AUT. SPR strongly increased residual nitrate, on
average by 82 kg N/ha under medium N, in agreement with the impact on yield, and
slightly reduced the content under high N,;;,. Rooting depth was slightly reduced by
post-anthesis stress (by 13 cm) in comparison with ample water supply (Ir) while we
observed the same or slightly higher depth under stress. Simulated effect of N,;;, and N
rate was negligible, in agreement with results of our previous field experiments at the
site.

Conclusions:

The simulation study and the results of field experiments with induced water stress
suggest that manipulation of nitrate distribution in root zone is worth of further study
as the strategy for effective nitrogen utilization under post-anthesis drought and
reduction of residual nitrate content.
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Vegetative cover established after harvest of a spring cash crop and allowed
grow over the fallow period can significantly reduce nitrate leaching by accumulating
nitrogen in its biomass (Hooker at al., 2008). In order to replace fertiliser N inputs to
subsequent crops, the N accumulated must be mineralised in the soil sufficiently early
in the growing season of the subsequent crop to be of benefit to that crop. In many
instances the effect of non-leguminous covers, particularly natural regeneration, on the
N nutrition of the subsequent crop can be small (Hackett, 2012). In addition to
accumulating residual N from the soil, use of leguminous cover crops can lead to
accumulation of N through biological nitrogen fixation. Little work has been carried
out examining the potential of leguminous cover crops under Irish conditions. The
objective of this work was to determine the effect of leguminous cover crops on yield
and N nutrition of succeeding spring barley under typical Irish conditions.

Materials and Methods

A split-plot spring barley experiment with four replications was carried out in two
seasons, 2012 and 2013 on a light textured soil at the Crops Research Centre, Oak
Park, Carlow, Ireland. Main plot factor was vegetative cover type, sub-plot factor was
N rate (0 kg N/ha, 120 kg N/ha). Six vegetative covers were included four of which
were legumes; hairy vetch (Vicia villosa Roth., cv. Ostaat Dr. Baumanns), peas (Pisum
sativum L., cv. Arkta), white mustard (Sinapsis alba L, cv.), lentil (Lens culinarisL. cv.
Lentifix), grass pea (Lathyrus sativus L., cv. Nfix) and natural regeneration (NR weeds
and volunteer cereals from the previous crop). Vegetative covers were sown on 25
August 2011 and 28 August 2013. The covers were subsequently incorporated by
ploughing and spring barley sown on 20 February 2012 and 5 March 2013. Of the 120
kg N /ha applied to the N treatments, 30 kg N/ha was applied at sowing and the
remainder at the mid tillering stage of crop growth. All other inputs were applied
according to standard farm practice uniformly across the trial areas. At crop maturity
grain yield, grain protein and grain N accumulation were determined. Results were
analysed using ANOVA.

Results and Discussion

Visual inspection of the growth of the cover crops indicated that growth in the first
season was much greater than in the second season. In the second season extensive
damage due to slug and bird grazing meant that growth of all covers was very low.
Grain yield, protein content and grain N accumulation results are presented in Table 1.
N application significantly increased barley grain yield, protein content of the grain
and grain N accumulation in both seasons. There was a significant effect of cover type
on grain yield, protein and grain N in 2012 but not in 2013. However the effect of
cover type in 2012 on yield and protein content was influenced by N application.
Where no fertiliser N was applied hairy vetch, peas, lentil and grass pea significantly
increased yield by 3.3 t/ha, 1.9 t/ha and 1 t/ha respectively compared to the NR
treatment, while mustard had no significant effect on yield compared to the NR
treatment. Where fertiliser N was applied hairy vetch and peas increased yield
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significantly compared to the NR but yield increases were lower than where no
fertiliser was applied (0.49 t/ha and 0.32 t/ha respectively). A response to N inputs
greater than 120 kg N/ha would be expected on this site. These results suggest that
leguminous cover crops can supply N at a time where it can be used for yield
formation in spring barley to crops that have received sub-optimal amounts of fertiliser
N. They also suggest that leguminous cover crops can give yield benefits greater than
the current practice of using NR on land during the fallow period between spring
crops. For protein in 2012 there was no significant difference between cover types
where no fertiliser was applied with the exception of grass pea, which gave a
significantly lower protein content than the other covers. Where fertiliser was applied,
hairy vetch gave a significantly greater protein content than peas which in turn gave a
significantly greater protein content than lentil, with all three being significantly
greater than the NR treatment. Grass pea and mustard had similar proteins to the NR
treatment where no fertiliser was applied. There was no significant interaction between
cover type and N application for grain N accumulation in 2012. Hairy vetch, peas and
lentil significantly increased grain N uptake compared to the NR treatment by 36.8,
22.8 and 11.1 kg N/ha respectively, averaged over N rates. There was no significant
difference between grass pea, mustard and the NR respectively.

Table 1. Effect of cover type and N application on grain yield, protein content and grain
N accumulation of spring barley over two seasons.

Cover type Yield Protein Grain N
(t'ha @85% DM) (% @100%DM) {kg N/ha)
2012 N +N N +N -N +N
Hairy vetch 6.91 870 875 11.17 8252 132.08
Peas 5.56 8.51 8.79 10.24 66.63 118.61
Lentifix 4.62 834 8.00 9.54 33.85 108.26
Nfix 4,06 812 8.16 9.20 45.09 101.51
Mustard 3.38 7.86 8.76 9035 42,70 96.93
NE 3.62 802 3.63 907 42.47 98.96
LsD Cover type 0283 0.408 4.534
(5%) N application  0.155 0128 1.950
CxN 0.411 0338 ns

2013
Hairy vetch 371 796 789 11.16 39.82 120.89
Peas 4,13 797 3.09 11.41 45.45 123.38
Lentil St 804 8.34 11.32 44,81 123.78
Grass pea 3.70 802 8.27 10.95 41.62 119.44
Mustard 3.64 820 2.04 10.99 3o.ge 122.67
NE 3.60 776 776 11.09 37.97 116.93
LSD  Cowvertype ns i ot
(5%)  Napplication  0.165 0.168 2,020

CxN ns ns ns

Conclusion

Leguminous winter covers have the potential to supply significant amounts of N to
spring barley on sandy soils under Irish growing conditions. However the effect varies
between seasons, which appears related to the amount of growth achieved by the cover
crop. Further work is required to determine if the supply of N from a leguminous
cover can be predicted with sufficient confidence to allow reductions in fertiliser N.

Hooker, K.V, et al. 2008. J. Environ. Qual. 37, 138-145
Hackett, R. 2012. Proc. 17th Nitrogen Workshop Wexford, Ireland, pp. 88-89.
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Clover-grass leys provide essential input of external nitrogen (N) by biological di-
nitrogen fixation to crop rotations in low input agro-ecosystems such as organic farming.
While aboveground biomass is generally removed as fodder and only a proportion of its
N will return to the field as manure, N in stubble and belowground N (BGN) provide the
major benefit to subsequent non-legumes. BGN is defined as root N plus the N derived
from rhizodeposition (NdfR) and comprises a large variety of N compounds lost from
living plant roots and root turnover (Wichern et al. 2008). Those compounds can directly
be used by soil microorganisms and are rapidly turned over. Generally it is assumed that
at the end of a vegetation period 45-60% of red clover NdfR is stabilized in soil organic
matter (SOM), whereas the remainder will be recovered as dissolved N, microbial N and
N transferred to associated grasses. The objectives of our study were 1) to determine the
stabilization of NdfR by red clover in different soil density fractions and ii) to evaluate
the influence of different fertilisation histories on the stabilization of NdfR in a long term
field experiment using "°N labelling methods.

Material and methods

We studied during 2011 and 2012 the NdfR inputs by red clover as well as the
stabilization in SOM fractions in a two component grass (Lolium perenne L.)-clover
(Trifolium pratense L.) mixture using "N leaf labelling- and density fractionation-
methods (based on Sollins et al. 2009). In spring 2011 the red clover-ryegrass mixture
was planted in microplots (PE tubes with 39 cm diameter, 0-25 c¢cm soil depth),
situated in the clover-grass ley of the DOK long term field experiment (Basle,
Switzerland) comparing organic and conventional cropping systems since 1978 (DOK
experiment: bio-Dynamic, bio-Organic, Konventionell) (Méder et al. 2002). Four
DOK treatments were selected: Control with zero fertilization (NON), bio-organic
with regular (ORG2) and half (ORG1) dose manure fertilisation and conventional with
regular mineral fertilization (MIN2). To determine NdfR 11 clover plants were "N
leaf-labelled after each cut with "N enriched urea. In October 2011 and 2012 the soils
of the microplots were excavated, physically recoverable roots were removed by hand
and separated into clover and grass roots. The soil was extracted two times with 0.05
M K,SO, to remove roots and dissolved N in the first step and microbial N in the
second step. The remaining soil was separated into four fractions comprising two
particulate- and two mineral associated-organic matter fractions by density
fractionation with sodiumpolytungstate. Roots and soil fractions were analysed for N
content and "N and the amount of NdfR stabilized in the different soil fractions was
calculated according to Janzen & Bruinsma (1989), assuming that the NdfR had the
same isotopic composition as the roots. For NdfR inputs see Mayer et al. 2014 in the
same proceedings.
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Results and discussion

After 6 (2011) and 18 (2012) months of meadow use the percentage of red clover
NdfR in the respective fractions (%NdfR) decreased from the lightest [< 1.65 g cm™]
to the heaviest fractions [2.25-2.55 g cm™] and [> 2.55 g m™] (fractions [< 1.65] >
[1.65-2.25] > [2.25-2.55] = [>2.55] g cm”, table la). From 2011 to 2012 %NdfR
increased in all fractions and in the bulk soil due to an accumulation of NdfR inputs. In
2011 no differences could be found between the treatments whereas in 2012 %NdfR in
fraction [2.25-2.55] and [>2.55] g cm™ and in the bulk soil was significantly lower in
NON compared to the remaining treatments. In contrast to %NdfR the largest
proportion of NdfR (g m™) in the respective fraction was found in the clay-rich
fraction [2.25-2.55] g em™ (fractions [2.25-2.55] > [1.65-2.25] > [< 1.65] > [< 2.55] g
cm”, table 1b) which was the fraction with the largest absolute soil N amount (N
amount: fractions [2.25-2.55] > [1.65-2.25] = [< 2.55] > [< 1.65] g cm™). The
stabilisation in the clay-rich fraction, [2.25-2.55] g cm™ was already observed after 6
months in 2011. This indicates a fast stabilization of major amounts of NdfR via
microbial incorporation and subsequent sorption of amino acids and proteins from
microbial residues to the active sites of clay minerals (Miltner et al. 2009). From 2011
to 2012 amounts of NdfR increased in all fractions except the heaviest (data not
shown). Also the relative proportion of fraction [2.25-2.55] g cm™ decreased whereas
the relative proportion of fraction [1.65-2.25] g cm™ increased significantly.

Table 1a) Percentage of red clover N derived from rhizodeposition in soil density fractions after
six (2011) and 18 months (2012) of clover-grass establishment in different DOK cropping
systems and b) proportion of amounts of NdfR in the respective fraction

a) percentage of N derived from rhizodeposition b) proportion of NdfR in fraction
(total =100%)
fraction | <%.65 1.6572.25 2.2572.55 >2.55 bulksoil <1.65 1.6572.25 2.2572.55 »>2.55

treatment 2011 2011
NON 6%"%  1.4%"%  07%" 0.5%" 0.9%"° 25%"° 18%"° 48%"* 8% "°
MIN2 4% "% 1.8%" 142%™ 0.8%"  1.4%" [ 18%"° 24% " 51%™*  10%"*
ORG1 5% ™%  1.8%"™* 1.0%"% 0.6%"* 1.2%"= 20% " 23% " 48% "= 10% ™=

ORG2 4% 2.0%™  1.2%"%  0.9%"  1.5%"® 16%"* 27% " 46" 11%"*

2012 2012
NON [36%"™  12%"* %" 2%° 5%° 18%"® 30% " 46% "™ 6% "
MINZ [46%"%  16%"° 5% 3% 8% 26% " 30%"° 40%"* 5% "
ORG1 |37%"™  16%"%  5%° 3%* 8% 47958 349" 43%" 6% "*
ORGZ |36%"™*  14%"* 5% 3%? 8% 23%"* 33% " 38% "= 6% "=

Levels not connected by same letter are significantly different (least significant difference p < 0.05)

Conclusions

Large amounts of NdfR were rapidly stabilized in the clay-rich fraction after 6 months.
With increasing duration of the clover-grass ley amounts of NdfR increased in density
fractions whereas the relative proportion of clay-rich fraction decreased, the relative
proportion of the nearest lighter fraction increased. Effects of fertilisation history on
stabilisation of NdfR were small and stabilisation was mainly driven by input.

Janzen HH, Bruinsma Y 1989. Soil Biol. Biochem. 21, 189-196.
Mader P, et al. 2002. Sci. 296, 1694-1697.

Miltner A, et al. 2009. Organic Geochem. 40, 978-985.

Sollins P et al. 2009. Biogeochem. 96, 209-231.
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From a literature review (Qin et al., this issue) it became clear that in fruit tree
cropping systems the efficiencies of water use and nitrogen use in drip-fertigated
situations are still low. This is due to, for example, erratic rainfall events, and lack of
knowledge in water and N demands. Conducting a large number of field trials for
perennial crops is time-consuming and costly. Therefore, the objective of this study
was to use a combined soil-crop model in testing several pre-defined fertigation
strategies to determine which strategies are good and which should be avoided.

Materials and Methods

A 3D model describing water movement and N transport in the soil including uptake
by roots (FUSSIM3D; Heinen and de Willigen, 1998) was sequentially coupled to the
FAO crop model AquaCrop (Steduto et al., 2008; 2012). Average climatic conditions
for the south of Spain were imposed. Different fertigation scenarios were considered
including the following factors: 1) three levels of water supply, 2) three levels of N-
supply, 3) five partitionings (see below) of N-supply during the growing season, 4)
three soil types, and 5) two time-windows of application (continuous or in pulses). A
total yearly N-demand of 200 kg/ha was assumed which was distributed over the
growing season according to a bell-shaped pattern. The partitionings considered were
3-2-1,2-2-2, 1-2-3, 2-3-1, 1-3-2, where, ¢.g., 3-2-1 means that in the first period 3/6th
of the total supply is delivered, in the second period 2/6th, and in the third period
1/6th. The five partitionings did not exactly match this bell-shape as it was assumed
that in most cases the exact N-demand distribution over time is unknown. Fertigation
scenarios were judged based on predicted yields, and predicted N-losses from the soil
as denitrification and leaching from the bottom of the root zone.

Results and Discussion

Modelled yields ranged between 33 to 43.5 ton/ha/yr where the highest value was the
assumed maximum yield possible for oranges under the considered circumstances. N-
uptake, N-leaching from the root zone and denitrification increased with increasing N-
supply. More irrigation led to wetter conditions in the soil and consequently to more
leaching and denitrification. Not surprisingly the worst scenarios were those with too
low or too high water and/or N-supply with respect to the total demand. Good results
were obtained for strategies where the N-supply matches the N-demand curve most
closely. Table 1 presents the ranking of several scenarios based on either yield or
losses to the environment, or to a combination of both.
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Table 1. All scenarios with a N-supply of 200 kg/ha, put in order of the highest yield, the
lowest N-leaching from the root zone, the lowest denitrification, the lowest total N-loss
and two overall ranks, respectively. In the first overall rank the same weight is given to
yield (Y), N-leaching (L) and denitrification (D), in the second overall rank Y, L, D are
multiplied with a weight of 6, 2 and 1 respectively. The best three scenarios per category
are green and the worst three are red.

Summed ranks

Individual ranks

# F_irr Portion Yield (Y) Leach (L) Denit (D) L+D Y+L+D 6Y+2L+D
1 /100 3-2-1
2 100 1-2-3
3 100 2-2-2
4 80 3-241
5 80 1-2-3
6 80 222
7 3-2-1
8 120 123
9 120 222
10 100 3-21P
11 100 1-2-3P
12100 2-2-2P
13 100~ 1-3-2
14 100 2-3-1
Conclusions

The best fertigation strategy ideally results in: 1) high crop yields, 2) low N-leaching
losses, 3) and low denitrification losses. The most dominant factor in the scenario
simulations was the supplied N-amount. Judged by yield alone, it was smart to supply
100% irrigation and divide the N-supply according to the 2-3-1 or the 3-2-1
fractionation. Judged by total N-loss, the worst fertigation strategies that can be chosen
were to either apply the N in short pulses or to supply most of the N in the last period.
Lowest total N-losses were obtained when N was applied through fertigation evenly,
according to the N-demand pattern, or applying most of the N in the first period in
combination with a low irrigation amount.
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WATER AND NITROGEN INTERACTIONS IN ORANGE
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Sustainable orange production requires quantitative insights in the interactions
between water and nitrogen use in crop yield, and in water and nitrogen use
efficiencies. Here, we report on a review and meta-analysis of studies about water and
nitrogen use in orange production.

Materials and Methods

We used the Web of Science database for literature search. Publications with reports
on orange yield, water and nitrogen use were selected for the meta-analysis. In order to
compare water and N saving potentials between regions, we used maximum yield,
median water use efficiency (WUE) and median nitrogen use efficiency (NUE) as the
reference targets. For statistical analysis, we used quantile regression via R (version
3.02).

Results and Discussion

There were large variations between regions. Orange yields ranged between 2 and 93
ton/ha. Water inputs ranged between 500 and 4000 mm per year, and N inputs from 20
to 350 kg/ha. As a result, WUE and NUE varied also widely, from 0.1 to 7.9 kg/m’
and from 10 to 1950 kg/kg N, respectively. On average, water and N inputs could be
reduced by 16% to 30% and by 26% to 47%, respectively, without severe reduction in
yield, while maintaining median level of WUE and NUE (Table 1). Overall, yield
responded positively to both water and N inputs, but there was a negative water times
N input interaction. WUE responded negatively to water input but positively to N
input; NUE responded positively to water input but negatively to N input. Water and N
interactions were significant in yield, but not in WUE and NUE. Optimizing water and
N inputs in orange production is complicated by erratic rainfall events, and by lack of
knowledge on water and N demands by orange trees.

Conclusions

Current water and N use in orange production are not yet fully optimized because of
complexities in synchronizing water and N supply to the plant demand simultaneously.
There is still a great potential for improving WUE and NUE in orange production.
Reducing water and N inputs to the optimal levels is the first step towards increased
WUE and NUE. The impacts of different water and N management (e.g. fertigation)
strategies need to be tested further.
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Table 1. Water and N saving potentials in targeting maximum yield, median WUE and
median NUE in different regions. Maximum yield, median WUE and median NUE were
listed in green columns and set as the production targets (i.e. T1, T2 and T3). Maximum
input for water and N were listed in red columns. Accordingly, water and N saving
potentials for each specific targets were listed in blue columns, as relative of maximum
water or N input. For example, water saving potential for maximum yield is calculated
as: saving potential = (water input for maximum yield — maximum water input) /
maximum water input.

T1 T2 T3 Maximum input T1 T2 T3 T1 T2 T3
Region Yield WUE NUE Water N Water saving potential N saving potential
(towha)  (kg/m3)  (kg/kg N) (mm) (kg/ha) (%) (%)

. Spain - 62 56 223 1276 260 -38 -51 -44 42 -42 -8
Iran 27 2.1 137 1188 150 -6 -37 -12 0 0 0
FL.USA 93 35 318 2297 336 =20 -29 -20 -17 -58 -17
Uruguay 83 38 313 1877 192 -22 -15 -42 0 0 0
Brazil 57 4 320 1153 260 0 -14 -14 -62 -62 =62
Cook Islands 72 19 163 3924 351 -45 -53 -36 1} =52 1}
Australia 62 32 345 1348 255 -12 -31 -31 -61 -61 -61
AZUSA 20 0.7 108 1970 204 0 -12 -12 =33 -67 -67
Israel 77 34 255 1946 320 0 -31 -4 -47 -0 23
Mean 61 31 243 1887 259 -16 -30 24 -29 -47 -26
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Increased incidence of drought, as predicted under climate change, highlights the
need to design grassland management systems for forage production that are adapted
to future climate scenarios. Compared to monocultures, simple grassland mixtures can
result in increased yields, greater stability in response to disturbance (i.e. drought),
reduced invasion by weeds and improved nutrient retention (Hooper et al., 2005; Finn
et al., 2013). In particular, the interaction between species with and without the ability
for symbiotic N, fixation (SNF) increases yield benefits (Nyfeler et al., 2011). This
study assessed the effect of summer drought on the N yield of monocultures and
mixtures with experimentally varied legume proportions. We used measurements of
SNF to reveal how legumes and non-legumes adjust their N nutrition in response to
these factors.

Materials and Methods

In August 2010, monocultures and mixtures were sown in 66 plots at Ténikon research
station, Switzerland in a completely randomised design with 3 replicates. Four species
were selected based on their ability for symbiotic N, fixation, two legumes (7rifolium
repens L and Trifolium pratense L) and two non-legumes (Lolium perenne L and C
intybus L). Plots were sown to consist of four monocultures, six binary communities
(50% of two species), and one equi-proportional community (25% of each of four
species). Using rainout shelters, half of the plots were subjected to a drought treatment
of 10 weeks of rain exclusion in 2011. Plots received 145 kg N ha™ yr”' split over five
applications. We used the isotope dilution method to quantify SNF: A solution of
double "N labelled (98 Atom%) ammonium nitrate was injected at 5 cm depth in a 50
x 50 cm sub plot within each 3x5 m plot. At the end of the drought treatment, the sub-
plots were harvested at 6 cm height and separated into component species, and
samples were dried and subjected to "°N and total N analysis. The remainder of the
plot was harvested with a plot harvester and a subsample taken for DM and total N
analysis. We used the following model (based on Nyfeller et al., 2011) to assess the
effect of drought and legume proportion (Legume):

y = a + ByDrought + ByLegume + PyLegume’ + PyLegume-Drought +
Bs'Legume®Drought

Results and Discussion

Total N P/ield was reduced under drought conditions (p < 0.001) by on average 17 kg N
ha” cut” (Fig. 1a). The reduction was highest in non-legume stands (61%) and lowest
for the mixed and pure legume stands (23% and 18%, respectively). The N yield from
SNF was not affected by drought (Fig. 1d), which could be attributed to the higher
percentage of legume N derived from SNF (%SNF) under drought compared to control
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conditions. Total N yield of the sward was strongly linked to the sown legume
proportion (p < 0.001), and the N yield ranged from 19.5 kg N ha™ to 82 kg N ha™ for
swards with legume proportion of 0 and 1, respectively (Fig. 1a). The N yield in mixed
swards (legume proportion 0.5) was higher than expected from the proportional
contributions of the non-legumes and legumes, indicating that positive mixing effects
(overyielding) were occurring, as evident from the highly significant non-linear legume
effect (Fig. 1a). For mixed swards containing 50% legumes, the overyielding was on
average 26%. The overyielding could be mainly attributed to the higher than expected
N uptake by non-legumes in mixed swards (Fig. 1b), indicated by a highly significant
(p< 0.001) non-linear relationship between legume proportion in the sward and N yield
of non-legumes. This may be the result of the competitive advantage of non-legumes to
take up N, which can lead to ‘nitrate sparing’ (Nyfeler et al., 2011). At the same time,
legumes maintained their N yield by increasing the %SNF. This fits well with other
evidence that legumes regulate their activity of SNF to close the gap between their N-
demand for growth and the availability of N from non-symbiotic sources. In conditions
with low availability of soil N (i.e. drought conditions and swards with a high
proportion of non-legumes), legumes were mainly depending (90-98%) on SNF,
whereas in condition with higher soil N availability (i.e. non-drought conditions and
swards with a high proportion of legumes) the %SNF was down to 60%.

a) Whole sward ) Non-legumes c) Legumes dj SNF
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Fig. 1. Total N vield (kg N cut!ha!) (a), non-legume N vield (b), legume N vield (¢) and N vield
from SNF (d) as affected by the legume proportion under control (open diamonds and dashed lines)
and drought (solid diamonds and lines) conditions during the second harvest of the drought period.
Data points represent the treatment mean (= SE). Regression lines are based on the model indicated
above (Materials and Methods), with Leg = legume proportion. |

Conclusions

The combination of legumes and non-legumes in simple grassland mixtures
maintained their positive effect on N yield under drought conditions. Measurement of
SNF provided valuable insights into the processes behind the observed resistance to
drought.
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Nitrogen (N) is one of the major plant nutrient affecting the crop yield and
quality. Intensified agricultural production can not be thought without fertilization and
irrigation. On the other hand, N management and efficient use of N fertilizers are also
vital from the economical and environmental standpoints. Considering pre and post
harvest soil profile mineral nitrogen (Nmin) as nitrate-nitrogen plus ammonium-
nitrogen (NO3-N + NH4-N) in fertilizer recommendations can be an approach in N
management. Akarsu Irrigation District (AID, 9,495 hectares) in the Seyhan Plain of
southern Turkey is under intensive irrigated agriculture with excess use of N fertilizers
(Qualiwater, 2010). Based on the results of limited soil and plant analysis, soil Nmin
level in the region’s soils is hardly covered in the fertilizer recommendations.
Therefore, the objective of this research was to determine the pre and post harvest
Nmin values in the rooting depth between 2007-2009 to be used in fertilizer
recommendations as a readily available N source to main crop corn.

Materials and Methods

The study area (9,495 ha) is located in the Mediterranean coastal region comprising
the most intensively cropped and irrigated area of Turkey. A Mediterranean-type
climate prevails in the region. The soils of the location are mainly alluvial, relatively
uniform, deep and high in clay, mostly smectite, calcium carbonate (20-35%), and pH
(7.5-8.5), but low organic matter (0.8-1.2%), and deep cracks are common during the
dry summer season. The cropping pattern of the district was dominated by wheat
(Triticum aestivum), corn (Zea mays L.), citrus (Citrus sinensis L.), cotton
(Gossypium hirsutum L.) and vegetables during the study years. Double cropping
(wheat-corn or —cotton) is a common practice in the area. Based on the digitalized
cropping-pattern maps, over 70% of the total irrigated land was covered by wheat and
corn in the years under the study. Fertilization practices in the AID were obtained
through farmer’s interviews. Nitrogen fertilizer application rates to the crops varied
between 70 to 340 kg N ha-1, with an average of 245 kg N in these 3 years. Based on
the cropping pattern, N fertilizer application continues year-around except a few
months in early fall when no crops are fertilized in the field. Preplant and post-harvest
soil samples from the depths (0-30, 30-60 and 60-90 cm) of 54, 56 and 23 main crop
corn fields in these respective years were processed, and analyzed for NO3 and NH4
to calculate Nmin in the profile. Soil NO3 and NH4 concentration values in each depth
were converted to kg NO3-N ha-1 and kg NH4-N ha-1, and added up (NO3-N + NH4-
N) for the 0-90 cm rooting depth.

Results and Discussion

Based on the local cropping pattern, wheat, corn and citrus are the major crops of the
Akarsu ID. Distribution and growth of the other crops, i.e. cotton, vegetables, melons,
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legumes and fruit trees vary year to year. The survey data, specifically collected for
this research, indicated that application rates of N fertilizers to these crops are
exceedingly high compared to the recommended rates; for example, 195 kg N for
wheat, 340 and 320 kg N for main and second crop corn and 180 kg N h-1 for citrus.
The most N fertilizers were applied during fall, winter and spring as preplant treatment
and side dressing without considering pre existing soil Nmin. Since the wheat and corn
growth is slow during late fall and early spring, vital amount of soil and fertilizer N
accumulate in the profile as more than plant use. Post harvest soil Nmin values after
the main crop corn showed that approximately Y4 of the fertilizer applied remained in
the 0-90 cm depth as residual N or readily plant available (Table 1). These post harvest
Nmin values closely agree with the preplant values. Therefore, up to 71 to 94 kg Nmin
ha-1 were hold or equilibrated in the rooting depth as readily available residual N.
Similar pre plant values in the area were also reported earlier for wheat (Ibrikci et al.,
2001).

Table 1. Preplant and post harvest Nmin values (kg Nmin ha™) in the main crop corn
fields in 2007, 2008 and 2009.

Depth 2007 2008 2009

(cm) Preplant Post Harvest Preplant Post Harvest Preplant Post Harvest
0-30 27.8 34.6 33.8 37.9 27.8 25.1
30-60 422 30.4 42.8 39.7 34.0 27.7
60-90 6.2 5.8 6.8 6.9 32.0 25.5
Total 76.2 70.8 83.3 84.5 93.8 78.3

* The numbers are average of 54, 56 and 23 corn fields in 2007, 2008 and 2009 respectively

Residual soil profile Nmin after corn is an excellent available source of N to
wheat. This amount is not only economically important but also important for being a
safe source to seeds at germination. If the rotation continues as corn-corn, there is
average of about 13 and 9 kg N ha-1 increase in the profile Nmin from post harvest
until next year’s corm planting (september to march). Most probably, the increment is
a result of N mineralization either from the soil organic matter or from the plant
residues incorporated into the soil. However, when each horizon’s data was evaluated,
it is not easy to withdraw a conclusion about consistent increments or declines
between the post harvest and preplant periods.

Conclusions

Considerable amounts of preplant and post harvest Nmin values (71 to 94 kg Nmin ha-
1) exist in the rooting the depths of irrigated corn fields. Readily plant available this N
source needs to be used in fertilizers recommendations not only for crop production
but also for environmental protection and the farmers’ economy.

Ibrikci H, et al. 2001. J. Plant Nutr., 24, 1871-1883.
Qualiwater Project. 2010. Final report of FP6 Project..
http://www.iamz.ciheam.org/qualiwater/contenidos/reports.htm
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In Poland, triticale grain is mainly used for fodder purposes. For this reason, the
nutritional and digestibility value of the triticale grain is important. The aim of the
research is to determine the effects of cultivation and variety on the content of
essential amino acids in winter triticale grain under monoculture conditions.

Materials and methods

The effect of two technologies — integrated and intensive for nutritional value of winter
triticale Pizarro and Pigmej varieties was studied in the IUNG-PIB Experimental
Station in Pulawy. As a forecrop, winter wheat was cultivated. The study was
conducted on soils classified with a good wheat complex valuation class I1la and IIIb.
The technologies differed inter alia with the level of mineral fertilisers and chemical
plant protection against weeds, diseases and pests. The integrated technology dose of
potassium fertilisers and phosphorus were determined based on the content of these
components in the soil. The total dose of nitrogen was determined on the basis of the
expected yield, soil conditions and knowledge of the field, also taking into account the
type of cropping and fertilisation. Clarification into the individual doses of nitrogen
was made on the basis of soil and plant tests. The amount of the first dose was
specified on the basis of mineral nitrogen (N min) test. The size of the second dose
was corrected and based on the assessment of nutritional status of plants through plant
tests. Spraying in the integrated production technology was used after the pathogens
threshold. At the stage of full grain maturity, the yield per hectare was specified. The
grain samples were collected to determine the content of protein, fibre, fat, ash and
alkylresorcinols and the content of essential amino acids in the triticale grain.

Results and Discussion

Under intensive technology, winter triticale grain yield increased by 4% compared to
the grain yield obtained in integrated technology (Table 1). Researchers Zawislak and
Adamiak (1997) demonstrated a lack of significant effect on intensifying the
production of an increased yield of triticale in terms of cereal monoculture. In studies
of Nierobca et al. (2008), triticale yielded best in medium intensive and intensive
technology. The used technologies of cultivation have an impact on the content of
essential amino acids in the studied grain triticale cultivars. It was at a higher
percentage of carbohydrates and fat in the grain of triticale that are cultivated under
intensive technology. Triticale grain of integrated technology contained more fat than
grain from the integrated technology. In terms of the integrated technology, they had a
significantly higher proportion of valine, isoleucine, leucine and phenylalanine in the
protein. Research done by Stankiewicz (2005) indicated that the use of herbicides in
the cultivation of triticale did not cause a significant change in the composition of
amino acids in the grain. The Pigmej variety yielded about 15% higher and had a
higher content of carbohydrates, fat and alkylresorcinols than the Pizarro variety. In
contrast, amino acid content in the grain of the Pigmej variety was lower than the
Pizarro variety, except for arginine. Significant differences in the content of lysine and
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methionine were found between genotypes in the research done by Fernandez-Figares
et al. (2000). In the author’s own research, the Pizarro variety had a higher lysine
content, while the methionine content was similar in both cultivars.

Tablel. The influence of technology production and varish = on fodder value of winter

triticals.
Trais Technoloz v production Vanatizs
intezrated  intensive | LEDL | Pizaro Bigme) | LBDg
Grainwidd [tha’) 611 6.34 (.21 378 6.67 (.87
Contznt in srain
Protein %t dm) 159 1.62 ns 164 1.57 ns
Fibra (%o d.m) 143 127 0.11 138 132 s
Carbohyadrates (3o d.m) | 14.3 18.0 301 14.0 1.2 481
Fat (% d.m) 191 2.10 012 192 2.08 013
Ash edm.) 172 1.76 s 1.79 1.42 (.03
alldresorcinols 307 205 n 27 328 365
(me k™)
Aminoacid (gl=™)
Threcnone 358 3.51 n 360 345 011
Valina 4865 4.5 (.10 466 4352 012
Izolzucine 3.86 372 (.11 3.81 3.77 mn
Lzueine 726 7.14 012 725 717 ns
Phermylalanine 511 4.82 0.17 457 5.06 s
Histidine 267 2.58 s 261 2.64 s
Lyzine 379 3.78 s 350 3.67 021
Arginine 4549 404 s 434 5.00 o222
Mathionine 1497 215 015 207 2.06 n
Cysteine 195 2.13 0.17 210 196 010

ns — non-significant differences

Conclusions

1. The intensive technology of cereal cultivation in monoculture conditions
contributed to an increase in the content of certain amino acids such as methionine,
cysteine and decreased content of valine, isoleucine, leucine and phenylalanine,
compared to the integrated technology.

2. Grain from intensive technology is characterised by a higher content of
carbohydrates and fat as well as a lower fibre content.

3. Variety Pizarro contained a higher amount of alkylresorcinols content
threonone, valine, lysine and cysteine, but had a lower content of arginine in the
protein than grain from the Pigme;j variety.

Fernandez-Figares, Marinetto J., Royot C., Ramos J.M., Garcia del Moral L.F. 2000. J. Cereal
Sci. 32.249-258.

Nierdbca P., Grabinski J., Szelezniak E., 2008. Acta Sci. Pol., Agricultura 7(3),73-80.
Stankiewicz Cz. 2005. Acta Sci. Pol., Agricultura 4(1), 127-139
Zawis$lak K., Adamiak E., 1997. Zesz. Nauk AR, Szczecin, Rolnictwo 65, 539-544
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World livestock production systems can be classified in mixed and landless
production systems and in pastoral systems. Mixed and landless systems are high input
systems relying on a mix of concentrates (food crops) and roughage, consisting of
grass, fodder crops, crop residues, and other sources of feedstuffs. Pastoral systems are
low input systems depending almost exclusively on grazing and with low external
inputs like synthetic fertilizers. Pastoral systems have a share of circa 18% in the
global production of meat from beef as well as from sheep and goat (Bouwman et al.,
2005).

This paper deals with biological nitrogen fixation (BNF) in grasslands as source
of nitrogen instead of synthetic nitrogen fertilizers and with sustainable use of low
input agricultural systems.

Materials and Methods

Published nitrogen balance sheets for dairy and sheep farms are used in this study.
Balance sheets are only useful and interpretable when the system boundaries are given.
For this study only external inputs and outputs like synthetic fertilizer, purchased
animal feed, produced milk and meat and so on are taken into account. Farm grown
forages internally used as feed and animal manure internally used as organic fertilizer
are considered as internal entries which do not enter the balance sheet. Biological fixed
nitrogen by forage legumes is considered as an entry on the balance sheet because
when the fixed nitrogen becomes part of the farm soil system it is not distinguishable
from synthetic nitrogen fertilizer. In this way it contributes in the same way as
synthetic nitrogen fertilizer to nitrogen losses to the air and groundwater.

Results and Discussion

Nitrogen balance sheets for 6 dairy farms with varying nitrogen inputs of fertilizer and
BNF are presented in Table 1. Farms in Ireland (1 and 2) and The Netherlands (3 and
4) show that use of BNF can replace fertilizer consumption and the table reveals that
the nitrogen use efficiency (NUE) per hectare is equal for farms 1 and 2 respectively
farms 3 and 4. Likely due to the higher stocking rates the farms with fertilizer (2 and
4) have 16-18% higher output of milk and meat per hectare in comparison with the
BNF farms (1 and 3). The low input farm in New Zealand (5) shows a high NUE
whereas the high input farm (6) has a moderate NUE. BNF by forage legumes offers
good opportunities for reducing fertilizer consumption and as a side effect reduces the
environmental costs of fertilizer production. Nevertheless forage legumes have some
limitations in the management of production, conservation and utilization (Rochon et
al., 2004; Peyraud et al., 2009).
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Table 1. Nitrogen balances for different farming systems. Nitrogen input, product (meat
and milk) and surplus in kg N per hectare, stocking rates per hectare and NUE calculated
as product/input.

No Stocking N ferti BNF N-  Total N N- N- NUE
rate perha  lizer feed input product surplus
1 Ireland 1.75 cow 80 88 27 205 67 138 0.33
2 Ireland 2.1 cow 180 9 32 232 79 153 0.34
3 The Netherlands 1.9 cow 16 176 47 279 69 210 0.25
4 The Netherlands 2.2 cow 208 0 85 333 80 253 0.24
5 New Zealand 3.3 cow 0 160 0 165 78 87 0.47
6 New Zealand 4.4 cow 410 40 41 496 114 382 0.23
7 New Zealand, 980 mm 20 sheep 0 130 0 140 18 122 0.13
8 Australia, 200 mm 1 sheep 0 5 0 7 1 6 0.14
9 Australia, 700 mm 10 sheep 0 130 0 136 11 125 0.08

Sources: 142 = Humphreys et al., 2008; 3+4 = Schils et al., 2000; 5-9 = Ledgard, 2001

Nitrogen balance sheets for 3 sheep farms in New Zealand (7) and Australia (8
and 9) are characterized by the absence of fertilizer and external feed. This means that
variability in rainfall has a direct impact on the amount of BNF per hectare and
subsequent on the stocking rates of sheep. The NUE of the sheep farms is lower
compared to the dairy farms because the conversion of feed into meat is less efficient
compared to the conversion of feed into milk. In pastoral farming systems, pasture
production normally exceeds animal demand in the spring—summer period. Animal
output and NUE of these farming systems will increase by conserving forage in
spring-summer time for use during the following winter (Hou et al., 2008). In
rangelands, plant and animal output together with NUE will increase when stocking
rates are adapted to carrying capacities (Oliva et al., 2012).

Conclusions

Forage legumes offer good opportunities for reducing nitrogen fertilizer consumption
but have some limitations in the management of production, conservation and
utilization. Animal output and nitrogen use efficiency of rangelands will increase when
stocking rates are adapted to carrying capacities and when the surplus of summer
forage is conserved for the winter.

Bouwman AF, Van der Hoek KW, Eickhout B, Soenario I 2005. Agric. Syst. 84, 121-153.
Hou FJ, Nan ZB, Xie YZ, Li XL, Lin HL, Ren JZ 2008. The Rangeland J. 30, 221-231.
Humphreys J, O’Connell K, Casey 1A 2008. Grass Forage Sci., 63, 467-480.

Ledgard SF 2001. Plant Soil 228, 43-59.

Oliva G, Ferrante D, Puig S, Williams M 2012. The Rangeland J. 34, 285-295.

Peyraud JL, Le Gall A, Liischer A 20009. Irish J. Agric. Food Res. 48, 115-135.

Rochon JJ, et al. 2004. Grass Forage Sci. 59, 197-214.

Schils RLM, Boxem T, Jagtenberg CJ, Verboon MC 2000. Neth. J. Agric. Sci. 48, 305-318.
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Nitrogen (N) released from soil organic matter (SOM) and plant residues is an
important source of available N in permanent grasslands. Inorganic fertiliser application
can alter root biomass and quality and therefore change the input and turnover of SOM. It
has been shown, that low inorganic N fertilisation increased litter decomposition and high
inorganic N fertilisation inhibited litter decay, but that also the litter quality plays an
important role in influencing these processes. However, interactions of inorganic
fertilisation and mineralisation processes in grassland soils are not well understood.
Objectives of the present study were to (i) determine the potential carbon (C) and N
mineralisation and the soil microbial biomass (MB) of grassland soils which have received
different levels of inorganic and organic fertilisation, to (ii) evaluate the contribution of
roots to C and N mineralisation and to (iii) determine the evolution of CO, and N,O in
relation to inorganic fertilisation status.

Materials and Methods

Investigations were done in a fertilisation field trial on permanent grassland (Lolium
perenne L.) in Kleve (51.8°N, 6.2°E, 20 m a.s.l.). Design consists of various inorganic
(calcium ammonium nitrate — CAN) and organic fertiliser (cow slurry) treatments from 85
to 340 kg N ha™ in 4 replicates, and a plot without fertiliser addition. Total amount of
fertiliser was applied in 4 steps throughout the growing season. Gas fluxes of the different
treatments were measured in sifu before each of 4 cuts using a portable photo-acoustic
measuring device (INNOVA 1412i). Soil samples were taken at the same time for
extractable organic and inorganic C and N fractions and the MBC and N. Microbial
biomass estimated by chloroform-fumigation extraction (Brookes et al., 1985) including a
pre-extraction step (Mueller et al., 1992). In a short term incubation, we investigated the
effect of contrasting inorganic fertilisation rates and the presence of coarse roots on C and
N mineralisation and MB under optimal conditions. Soil samples were collected and roots
were separated manually. Soil samples were incubated either with or without roots.
Evolution of CO, was measured every 2 to 7 days.

Results and Discussion

The evaluation of the short term incubation experiment provides a net N immobilisation in
all treatments. The lowest amounts of mineralised N were detected at low external N
levels. However, the amount of the added fertiliser and the immobilisation showed no
linear correlation. In particular the mineralised N stagnated after 170 kg N ha (CAN) at a
level of 25 mg N kg soil. A small effect of roots was detected, as we found a lower
immobilisation of N in the presence of roots. Increasing inorganic fertiliser application
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reduced the MBC. An addition of roots entails a lower microbial biomass. Soil respiration
within the incubation (fig 1) shows the relation of inorganic N-fertiliser amount and soil
respiration is not linear. Highest cumulative CO,-C fluxes were detected at lower external
N. At increasing fertiliser amendment, cumulative flux decreased, which corresponds to
the decrease in MBC. In contrast to the incubation experiment, gas fluxes in the field
showed an increased soil respiration also at higher external N input (fig 2). This was due to
the fact, that in the field CO, emissions are composed of root respiration and rhizodeposit
influenced microbial respiration. Rhizorespiration was affected by increasing fertiliser N
input, as reflected by an increased above-ground biomass and N yield, which may result in
an increased root respiration and root exudation.
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Fig.1: Cumulative carbon dioxide fluxes of fertiliser treatments with and without roots at the end
of the imcubation experiment (Error bars indicate SD, n=5).
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Fig. 2: Soil respiration and N20 release in the field october 2013 (Error bars indicate STD; n=%).

In the field, N,O emissions increased with increasing amount of slurry addition, even
though soil respiration did not increase. In contrast, increasing inorganic N addition did not
increase N,O emissions significantly. This indicates that not only available N influences
N,O release, but also available C has to be present in sufficient amounts as it is in slurry.

Conclusions

At low inorganic N availability microbes tend to mineralise more organic matter, whereas
at high inorganic N availability microbes tend to use more of the available inorganic
nitrogen for their metabolism and mineralise less organic matter. This behaviour is also
reflected in different gas emissions within the incubation experiment. Furthermore, in situ
measurements deliver differences in the gas emissions which can be reduced to existing
rhizosphere processes in the field.

Brookes PC, Landman A, Pruden G, Jenkinson DS 1985. Soil Biol Biochem 17, 837-842.
Mueller T, Joergensen RG, Meyer B 1992. Soil Biol Biochem 24, 179-181.
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Adequate nitrogen (N) fertilization is essential for sugar beet crop management,
because excess N decreases sugar rate and extractable sugar. In France, the N balance
sheet method is widely used to forecast N fertilizer requirements of sugar beet crop
(Machet et al 2007). The balance is made on the inorganic N pool in the soil rooting
zone, during the growth cycle of crops; it enables to determine the amount of N-
fertilizer necessary to fit soil N supplies to crop requirements. Soil N supplies take into
account the N contribution of organic products and catch crops. In many cases, before
establishment of sugar beet crop, various organic products are spread, particularly
vinasses and mandatory introduction of catch crops bounded to the regulation.
Vinasses are coproducts from sugar refinery. They are used as organic fertilizer for the
conventional and biological cultures and meet the criteria of the NF standard U42-001-
2. The objective of this study was to estimate the N effect of vinasse in interaction with
catch crops, in field conditions on annual experiments. The results allowed to test the
decision-making tool AzoFert® in conditions of vinasses application and presence of
catch crops in winter.

Materials and Methods

Field experiments were set up each year between 2005 and 2013 in northern France.
Soils are deep loamy soils with high water content. The climatic contexts and cultural
systems are similar. In all situations, the preceding crop is winter wheat with buried
straw. The five different experimental treatments (with four randomized replicates)
are: Control treatment without vinasse and with or without a catch crop; Spreading of
vinasse in August after winter wheat harvest, followed or not by a catch crop;
Spreading of vinasse in spring before sugar beet sowing.

Vinasses are spread at a mean rate of 3.3 t.ha™'. Total N content is 22 kg N ton™
vinasse (equivalent to 73 kg N ha™). Catch crop is a white mustard, Sinapsis alba,
sowed just after wheat harvest. Sugar beet is sowed in March. For each treatment, N
response curve is set up, with 0 (control), 40, 80, 120 and 160 kg N ha™ as ammonium
nitrate. Optimal N rate is determined as the lower rate which allows to reach the
statistically highest sugar yield. The changes in soil nitrate and ammonium are
followed at different dates (August, November and February) until 120 cm depth (four
layers of 30 cm). Catch crops are sampled each year, in November, before their
burying in the soil by ploughing. Dry matter and nitrogen (N) and carbon (C) contents
are determined on above and below-ground biomasses. In October, sugar beet crop is
sampled on control treatments, to determine N and C contents in the tops and roots.
Roots yield, sugar content, sugar yield and qualitative criteria on roots as glucose and
alpha-amino N are determined after harvesting on every treatment.

Results and Discussion

Residual mineral N in the soil after wheat harvest is on average 34 kg N ha'. Between
August and November, evolution of the mineral N pool is similar in the plots with
catch crops, with or without spreading of vinasse. The amount of mineral N decreases
to reach a minimal value, on average 17 kg N ha™, at time the catch crop is destroyed.
In the control treatments without catch crop, mineral N pool is higher than in the
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control treatments with catch crops. During autumn, the extra mineral N due to vinasse
addition is on average 11 % of vinasse-N applied with a high variability between the
years (0 to 27 %). At the end of winter, mineral amounts increase because N supplies
(mineralization of soil OM, wheat residues, catch crop residues and vinasse) are higher
than N leaching losses. This increase is more important in treatments with catch crops.
In bare soils treatments (without catch crop in autumn), leaching losses are similar
with or without vinasse addition, about 14 kg N ha™ and a concentration of water
drainage at 90 cm depth of 60 mg N I"'. With a catch crop, N leaching losses reach 3
kg N ha” and the N concentration in water is calculated with Burns model at 14 mg N
I (Justes et al 2012).
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Figure 1 : Evolution of Nitrogen soil contents for different treatments between the beginning and the end
of winter

The mean aerial biomass of the catch crops is 1.7 t DM ha™ in treatments without
vinasse compared to 2.3 t DM ha-1 with vinasse. Catch crop N is 40 and 59 kg N ha™'
without or with vinasse, respectively, representing an apparent recovery of vinasse-N
by catch crop of, on average, 20 % added N (3 % to 28 % depending of the year). The
apparent recovery of vinasse-N by sugar beet crop, measured on the control treatment
(withouth mineral fertilization), reach 56 % added N (SD = 20) and 49 % added N (SD
= 30) for August and spring vinasse spreadings, respectively. N response curves show
that the N optimal doses measured on the experiments agree with the rate of
fertilization proposed by the decision-making tool AzoFert®.

Conclusions

The experiments set up during the period 2005-2012 allow to build up a significant
database on N fertilization management of sugar beet crops. It contributes to a better
knowledge of the dynamics of N in response to different scenario of vinasse spreading
and intercrop management, particularly the establishment of catch crops. These results
contribute to improve the relevance of AzoFert® tool for the N fertilization of sugar
beet crops.

Justes E et al 2012. Synthése du rapport d’étude, INRA (France), 60 p.
Machet JM, et al. 2007. Proc. 16th Int. Symp. Int. Scientific Centre Fert., Belgique.
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Nitrogen (N) is usually the limiting nutrient in organic agriculture, but some of
the problems with N availability may be solved through the judicious use of green
manure and composted farmyard manure. Therefore, there is a need to determine the
N mineralization of organic materials incorporated into the soil along the crop rotation
in order to synchronize the release of N with crop requirements. The laboratory
incubations will probably not reflect the rates of mineralization which occur in the
field due to soil perturbations (storing, mixing and sieving) and the lack of temperature
and soil moisture fluctuations (Lomander et al., 1998). Incubation of soil in buried soil
cores are intended to closely resemble the fluctuating environmental conditions in the
field. Here, the N mineralization determined by field and laboratory incubation was
assessed for fertilizers incorporated into the soil to improve fertilizer
recommendations.

Materials and methods

A field crop rotation with a cover crop of rye (S. cereal L.) consociated with hairy
vetch (V. sativa L.) over the autumn and winter, followed by potato (Solanum
tuberosum L.) and lettuce (Lactuca sativa L.) was set up on a sandy loam soil, as a
randomized block design with four replicate plots per treatment. Treatments
incorporated before planting potato included: (i) green manure (GM); (ii) and (iii) GM
with 20 and 40 t ha-1 of compost (C20 and C40); (iv) and (v) GM with 1 and 2 t ha-1
of a commercial organic fertilizer (OF1 and OF2), and (vi) a reference treatment (T0)
without fertilizers. The compost was collected from a pile of cow manure aged for 7
months with an N content of 19.8 g kg-1, and an ammonium and nitrate content of 69
and 134 mg kg-1 respectively. The organic fertilizer was based on poultry feathers,
fermented and granulated, and had a total N content of 118.7 g kg-1, and an
ammonium and nitrate content of 7272 and 2.1 mg kg-1 respectively. The field
incubation was carried out during the potato and lettuce crops (196 days). Five core
samples of soil were buried for periods of 14 days in micro-perforated polyethylene
bags and other five were frozen. The difference between the amount of inorganic N in
frozen and incubated samples was used to calculate N mineralization in each plot. In
the laboratory incubation the fertilizers were freeze-dried and grounded using a 2 mm
sieve. The amounts of compost, organic fertilizer and cover crop used in the
incubation were equivalent to 25, 1.2 and 40 t ha-1 respectively. The soil moisture was
adjusted to 60% of soil water—holding capacity and subsamples of 50 g of dry soil
equivalent were incubated for 196 days at 25°C. The evolved CO2 trapped in a NaOH
solution and N mineralization were calculated. Two models of N mineralization were
fitted to the results.



Results and discussion

Potato yield was not statistically different between the treatments OF1 and OF2 (36
and 42 t ha-1 respectively) and C40 (36 t ha-1). However, lettuce yield increased
significantly (P< 0.05) for treatments C20 and C40 (18 and 19 t ha-1 respectively)
compared to all other treatments. Lettuce yield increased with compost application
compared to the organic fertilizer because the organic N in the organic fertilizer was
fast mineralized during the previous potato crop, probably due to its low C/N ratio
(3.9) and high content of soluble C and N (42704 and 36585 mg kg-1 respectively),
which increased the microbial activity releasing a high amount of mineral N in a short
period of time. On the other hand, the application of 40 t ha-1 of compost caused N
immobilization for 72 days, probably due to the increase in available C for microbial
biomass, promoting the N remineralization during the period of potato as well as
lettuce growth. A positive correlation was found between the sum of mineralized N
and potato yield (R2= 0.90; P< 0.05), so field incubation is probably a good indicator
to predict fertilization (Yan et al., 2006). In laboratory incubation, the applied organic
N mineralized in compost (12 %) was much lower compared to the applied organic N
mineralized with 20 and 40 t ha-1 compost in the field incubation (73 and 50%
respectively) (Table 1). Probably the increasing soil respiration by incorporation of rye
and vetch (4049 mg C-CO2 kg-1) indicating high microbial activity in the field
increased N mineralization in compost. The storage conditions of compost before
laboratory incubation may also lead to a decrease in N mineralization. Jost et al.
(2013) reported that cow faeces microbial characteristics revealed higher impacts on
plant N uptake than soil microbial properties, thus the changes of microbiology in
frozen samples of fresh compost can decrease N mineralization (Wu et al., 2001).

Conclusions

The proper management of composted farmyard manure combined with rye and vetch
can increase organic vegetable crop yields in a horticultural rotation. The field
incubation was more effective to predict fertilization according to the potato and
lettuce yields than laboratory incubation.

Jost DI, Joergensen RG, Sundrum A 2013. Biol. Fertil. Soils 49, 61-70.
Lomander A, Katterer T, Andren O 1998. Soil Biol. Biochem.30, 2023-2030.
Wu L, Ma LQ 2001. J. Environ. Qual. 30, 222-228.

Yan DZ, Wang DJ, Sun RJ, Lin JH 2006. Pedosphere 16, 125-130.

Table 1. Model equation of mineralized N (mg kg DM) and applied organic N mineralized (%)
(Org;;N) in compost and organic fertilizer.

Fertilizers *No N, Kk, K Orguia N (%)
Field incubation

* 20 t ha' Compost 58 0.0001 0.0001 73

* 40 tha” Compost 80 -0.01 0.0014 50

* 1 tha' Organic fertilizer 57 0.006 0.00005 72

*# 2 t ha' Organic fertilizer 104 0.009 0.6 61
Laboratory incubation

* Compost 12 0.3 0.001 12

** Organic fertilizer 61 0.057 0.9 61

_'N,,, =N, [I-cxp(-k.l—k;tz)] and **N,, = N, [I-E:xp(—kn)l + Ng [l-cxﬁ(-k?lﬁj\_i:,, represents accumulated
mineralized N; k, and k; are mineralization constant rates; *Ny and **N; . N+ N, represents the amount
of potentially mineralizable N.
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In Denmark silage maize substitutes the labor-intensive forage crops such as
grass and grass-clover. The period after harvest is often with bare soil and coincides with
high drainflow season, increasing the amount of nitrogen (N) leaching. Catch crop extends
the growth season to avoid bare soil during autumn and winter, thus to minimize N
leaching. Spring-sown catch crop (intercropping) may establish better than autumn-sown,
but may also compromise yield due to competition. In the North China Plain (NCP) no bare
soil period exists after maize harvest because winter wheat is sown. This traditional annual
crop rotation receives more than 600 kg N ha™ urea fertilizer to ensure high yields. Studies
show deteriorating N effect on the soil and water environment in the NCP (Ju et al., 2009).
The aim was to use field measurements and model simulation to quantify N losses from
maize fields under current and alternate management in Denmark and in the NCP.

Materials and Methods

In Denmark, maize was sown after grass-clover each year from 2009 to 2011 on sandy
loam and coarse sand soils. Maize was grown as monocrop or intercropped with red fescue
catch crop, at 20, 80 and 140 kg N ha”'(N20, N80 and N140 respectively). In the NCP,
maize-winter wheat crop rotation was studied in 2012-2013 on silty loam soil at 0, 200, 400
and 600 kg N ha™ fertilizer rates (NO, N200, N400 and N600). At both sites, soil water
content and crop growth were measured throughout growing season; soil NO;-N was also
periodically measured. For the Danish site, daily NO;-N concentrations were calculated by
interpolation between measuring dates according to Lord and Shepherd (1993). These were
multiplied with DAISY-simulated daily water percolation to obtain accumulated (annual)
N leaching. Similarly, N leaching for NCP site was obtained after calculation of water
percolation with the water balance method (Moreno et al., 1996). Field measurements were
used to calibrate the DAISY model for soil water, crop growth and N leaching.

Results and Discussion

In Denmark in 2009, N leaching was affected by both catch crop and fertilizer rate and was
strongly related to soil type. On sandy loam, intercropped maize resulted in about 23%
lower N leaching compared to monocrop (Fig. 1a). N leaching reduction was largest at
N20, which had similar yield and N content as N80 and N140, implying that mineralized
organic N from the previous grass-clover sufficed for both maize and catch crop.In a
similar study in North Germany, Kayser et al. (2008) also found organic N mineralization
after grass-clover sufficed for high maize monocrop yields without N fertilizer even for two
years, and adding fertilizer N only contributed to N leaching. On coarse sand, N leaching
was overall high and the catch crop was able to diminish it to a large extent. There was
about 50% reduction in N leaching from intercropped maize compared to monocrop.
However, yields were reduced by about 15% (Fig. 1b) due to competition and lack of soil
N. Adding 60 kg N ha™ (N140) to the recommended fertilizer rate (N80) diminished yield
loss, while the catch crop offset N leaching. The presented offset in N leaching on coarse
sand for N140 (Fig. 1a) was in 2009, although in 2010-2011 it was to a lesser degree.
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Fig. 1. Field-measured nitrogen leaching (a) and maize yields (b) from different management treatments in Denmark.
Annual values refer to April 2009-April 2010.Values in brackets are harvested N (kg N ha-1). N80 is the recommended

fertilizer rate (80 kg N ha-1) for maize after grass-clover on sandy soils.
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Fig. 2. Field-measured nitrogen leaching and simulated ammonia volatization (a) and measured crop yields (b) from
different management treatments in the NCP. Annual values refer to June 2012-June 2013.Values in brackets are
harvested N (kg N ha-1). N600 is the annual fertilizer rate (600 kg N ha-1) used by most farmers in the NCP.

In the NCP, N leaching and NHj; volatization due to use of urea were the main N
losses from the system. Both responded dramatically to fertilizer rates (Fig. 2a). Respective
N leaching for NO, N200, N400 and N600 treatment was 1, 2, 33 and 76 kg N ha™ and
volatization 0, 14, 58 and 87 kg N ha''. NH; volatization was simulated assuming that
increased amount of urea increases soil pH and thus leads to higher percentage-wise losses.
There were no significant differences for maize and winter wheat yields between N200 to
N600 fertilizer rates (Fig. 2b). The NO treatment showed relatively high yields, implying
high organic N mineralization, especially during maize season when both temperatures and
precipitation are high. There is also additional N source to the system from atmospheric
deposition (100 kg N ha™) that should be considered (Ju et al 2009). DAISY simulations
for the NCP showed that not only the rainy maize season affects N leaching, but also the
dry wheat season during which water transports significant amounts of accumulated NO;-N
downwards to the deep soil layers.

Conclusions

Intercropping is a promising measure to reduce N leaching from maize fields in Denmark.
On sandy loam previously cropped with grass-clover, lower N leaching was achieved with
N20 fertilizer rate without yield decrease. On coarse sand, higher fertilizer rate (N140) was
required to compensate for competition, while catch crop offset the N leaching. In the NCP,
annual fertilizer rate of 200 kg N ha' drastically reduced the N losses from the system
without significant yield loss, compared to higher rates 400-600 kg N ha™ commonly used.
The optimum rate is somewhere between 200 and 400 kg N ha™ and should be investigated
in details. Also, long-term effect of decreased N input to the maize-winter wheat system
should be studied to assess if yields are compromised.

Ju, X.T. et al., 2009. Proc. Nat. Acad. Sci. USA, 106(9), 3041-3046.

Kayser, M., Seidel, K., Muller, J., Isselstein, J., 2008. Eur. J. Agron., 29(4), 200-207.
Lord, E.L., Shepherd, M.A., 1993. J. Soil Sci., 44(3), 435-449.

Moreno, F. et al., 1996. Agric. Water Manage., 32(1), 71-83.
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3,4-dimethylpyrazole phosphate (DMPP) is a nitrification inhibitor with highly
favourable properties. It has undergone thorough toxicology and ecotoxicology tests and
application-technology experiments, and has been shown to have several distinct
advantages compared to the currently used nitrification inhibitors. DMPP has high
efficiency in inhibiting soil nitrification and increasing N fertilizer efficiency, crop yield
and fruit quality and it has also no toxicological effects. The aim of this research was to
evaluate the effect of 3,4-dimethylpyrazole phosphate (DMPP) on yield, fruit quality and
SPAD values in young leaves of strawberry plants in soil growing system.

Materials and methods

The experiment was carried out in Huelva (Spain) in a greenhouse from October 2012 to
June 2013 on one strawberry (Fragaria x ananassa Duch.) cultivar ‘Candonga’. A
completely randomized block design (4 treatments x 1 cultivar) with 3 replications was
established. The treatment were: T1: 100% NOVATEC® Solub 21 (21% N-NH,", 0.8 %
DMPP, 60% SO5), T2: 75% NOVATEC" Solub 21 (21% N-NH,", 0.8 % DMPP, 60% SOs)
+ 25% Ammonium Nitrate 34% N-(NH,;NO3), T3: 25% NOVATEC” Solub 21 (21% N-
NH,', 0.8 % DMPP, 60% SO;) + 75% Ammonium Nitrate 34% N-(NH,NO;), T4: 100%
Ammonium Nitrate 34% N-(NH;NO;). Ripe fruits from each treatment were harvested
through the experimental period (early and late crop cycle). The total marketable fruit yield
(sum of early and late production) from 1% of January to the 31% of May in g per pots (10
plants per plot) was recorded weekly during the harvest. The early marketable fruit yield was
recorded from 1% of January to 31% of March in g per pots. The main effects of DMPP on
yield (fruit weight), fruit quality and SPAD values in young leaves of strawberry plants were
evaluated.

Results and Discussion

The highest values of fruit weight (20.15 g fruit") and (19.56 g fruit") were observed in
treatment T2 and T1 respectively (Table 1). There was fruit weight increment resulted from
treatment with DMPP. Several studies have demonstrated that DMPP increases crop yield
in other crops such as barley, maize and wheat (Linzmeier et al., 2001; Pasda et al., 2001).
During early crop cycle significant differences in fruit size between treatments were
recorded. The highest values of fruit size (29.51 mm) and (29.71 mm) were observed in
treatment T1 and T2 respectively (Table 1). Fruit weight increment resulted from treatment
with DMPP might be due to the fruit size increment. There were significant differences
between treatments (T1, T2) and T3 and T4 (control). The values of fruit size in late crop
cycle were higher than in early crop cycle. However, there were not significant differences
between treatments (Table 1). Respect to TSS and TA registered during the early and late
crop cycle there were not significant differences between treatments (Table 1). The values
of TSS and TA in late crop cycle were higher than in early crop cycle. The highest values
of TA (3.23 %) were observed in treatment T1 (Table 1). The lowest values of firmness
were registered in treatment T1 (282.42 g cm™), T2 (295.51 g cm™) and T3 (292.86 g cm™)
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respectively (Table 1). Respect to AsA and during late crop cycle there were not significant
differences between treatments. The highest value (58.68 mg AsA 100 g") was observed in
treatment T1. AsA increment resulted from treatment with DMPP might be due to the fruit
size increment. AsA increment could be influenced by DMPP. The lowest values of AsA
were registered at the end of late crop cycle (week 26) (45.02 mg AsA 100 g'). AsA
contents of strawberry fruit can be variable among cultivars. SPAD values followed
different tendencies during the total crop cycle. There was a change in SPAD values with
time. An increase was observed from week 13 to week 19 after planting and there was a
decrease in SPAD values from week 22 to week 27 due to the end of crop cycle (data not
shown). Results suggested that ‘Candonga’ cultivar yield was affected by treatment and
crop cycle (weeks). There were significant differences between T1 treatment and others
treatments. SPAD values were higher in tretament T1 (56.31) (Figure 1). The highest
values were registered in weeks 13, 15, 19 and 22 (early crop cycle) (data not shown). In
‘Candonga’, it seems there is some beneficial effect of treatment with DMPP during early
crop cycle on the increment of SPAD, in particular after week 14. In this same, more
intensive green colour of leaves as a result of enhanced chlorophyll content was observed
with DMPP. During early crop cycle significant differences in fruit size between treatments
were recorded. Therefore, fruit size increment resulted from treatment with DMPP might
be due to the SPAD values increment.

Conclusions

Cultivar type is the most important factor that is involved on the determination of the post-
harvest quality and shelf-life. Therefore, more research is required with different strawberry
cultivars in order to confirm the results obtained so far. In early crop cycle fruit weight
increment resulted from treatment with DMPP might be due to the fruit size and SPAD
values increment. In Candonga, it seems there is some beneficial effect of treatment with
DMPP during early crop cycle. In this same, the possible effects on fruit quality of DMPP
that have not been evaluated need to be elucidated. In conclusion, the study of fruit size,
firmness and SPAD values recorded during early and late crop cycle revealed effect of
treatment in strawberry soil growing system.

Table 1. Fruit weight and fruit quality recorded during crop cycle.

Treatments  Fruit weight’ (g fruit®) Fruit Size® (mm) Total zoluble zolids (mg ke') Tiiratable acidity (TA) Firmness (g cm?) Vit C (mg A=A 100 )

Tl
7
T3

Raly st L ookt T porditio ¥ Late ion  Early jon  Late Late

19564282 21644612 29514752 31653192 60220572 73421592 274x04la  323:069a 28242=3356b 23108+4515b 5868+1053a
2015+396a 2139+461a 29713452 3079+318a 63220722 TM=2154a  276:040a 185:056a  29551=3147b 23328+3410ab 5308+719a
1846+304a 2225+511a 2655+£222b 3181+302a 6532119a T46:146a 295+07la  310:08la  29286=2894b 23375+3432ab 5605+1205a
T4(Contral) 18313452 22.05:468a 2637+210b 3LT7+415a 612+122a 693:128a 27240292 31120622 310.03:3060a 2573633532 35383+1393a

Significance NS NS ' NS NS NS NS NS 5 * NS

NS: effect of treatment not significant. Values followed by the same letter are not statistically different according to Duncan test, at 0.05.
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Fig. 1. Effect of 3.4-dimethylpyrazole phosphate

(DMPP) on SPAD values in young leaves of

strawberry plants in soil growing system. Values are

mean = SD.
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Hard wheat (BAF in the French classification) is a key crop for bread wheat
chain because its good technological qualities partially correlated to its high grain
protein content (GPC). GPC is the main contractual criteria for quality grading and
results from a tradeoff between carbon and nitrogen nutrition. Grain Yield (GY) is
known to be negatively correlated with GPC among genotypes although nitrogen and
water supply strongly influence this relationship (Oury et al., 2003). In the center of
France, pedoclimatic conditions allow growers to reach high GPC. However to
maintain production in this territory, grain collecting firms (GCF) have promoted more
intensive cultural practices, especially higher fertilization rates, leading to high nitrate
levels in ground waters and in water catchments. We analyzed the management
practices of the BAF supply chain from growers to the industries in order to identify
the main challenges for N reductions in cropping systems and leverage points in the
wheat chain.

Materials and Methods

Surveys were carried out with various stakeholders in the BAF supply areas of 3 GCF
(figl) in order to analyze (i) determinants of quality criteria and the supply
management strategy for GCF, (ii) the management of wheat production in 69 farms.
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Figure 1 : Quality management from the final product to the grain
surveys; —p common characteristics; - - p- according to the structure; GPC: Grain Protein Content; PC: Protein Content; GY: Grain Yield;
GCF: Grain Collector Firms

Results and discussion

BAF grown in these supply areas is mainly for industrial use (frozen pastry-making,
bread-making for typical special bun or sandwich breads). Standard making-processes
involve very strict requirements so as to have both homogeneous quantity and quality.
To supply flour of standard and constant quality, millers impose specifications to GCF
with respect to the variety and GPC. GCF implement coordination tools in order to
respond to market demands while fulfilling both agricultural and industrial capacities.
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These tools include both the terms of commitments and the instruments of technical
and commercial management. The payment system considers both GY and GPC. In
this area, soils are heterogeneous and useful water reserves vary from 60 mm to 210
mm. Therefore drought stress can begin during May for the lowest water reserves
whereas wheat flowering generally occurs at the end of the month: this leads to high
GPC but low GY (5-6 t/ha). However, to meet bread chain requirements, growers try
to reach both high GPC (14 — 17%) and high GY (6.5-8t/ha). To reach such yields,
BAF is grown either on deep soil or on low water reserve soils with irrigation during
drought conditions. To compensate the dilution of proteins resulting from GY
increase, growers use a lot of inputs, notably nitrogen fertilizers: 220 to 260 kg/ha. The
level of N fertilization is calculated by the balance method: total N requirement is the
product of the target yield by N need per unit yield (b). b depends on the variety and is
correlated with its potential GY, it varies between 2.8 and 3.2. However, for BAF, a
higher b value is used (bq) to reach the GPC targets (3.9-4.1 for Courtot and Galibier).
This leads to use more nitrogen than needed to achieve the target yield and can
potentially result in a strong increase of soil N-NO3 content at harvest (Comifer,
2013). Current regulations are implemented under Nitrate Directive and aim to modify
and control growers’ practices, but our results show that these current regulations do
not achieve their objectives because of the bq value. Four leverage points could be
considered but face a lot of resistance in the wheat chain. Firstly, reducing yield to
reach GPC with less N is difficult because it would lead to a decrease in growers’
income and a reduction of the quantity of grain available to collectors. Secondly,
reducing quality targets has to be examined: (i) as GPC are often higher than the
14.5% target, could GCF modify their bonus for the highest GPC? (ii) Could industries
further adapt their process to lower and more variable protein content? The third
leverage point is upstream in the wheat chain. As BAF is a small market only a few
varieties are available and often old. Some work has already shown that bread making
qualities depend not only on GPC but also on gluten composition. New varieties with
lower GPC but good qualities are now available but are not well known by the
stakeholders of the supply chain. Finally, the last leverage point could be in the way
grain quality is tested for: GPC is easy to measure at all the chain stages but is far to be
enough to predict bread making qualities as shown by the multiple other controls at the
mill and fabrication stages. Finding quick but more predictive tests appears as a major
issue.

Conclusion

To address environmental issues, the management tools currently used are mostly
technical, aiming at a modification of farmer practices on a given crop and have
showed their limits. Alternative agroecological practices exist but can lead to less
homogeneous products in quantity and quality. The determinants of cultural practices
overpass the farm scale and also depend of the whole supply chain management.
These determinants construct a technological regime and a lock-in situation that
hinders the development of agroecological innovations. Breaking out of these lock-in
situations requires acting simultaneously on different leverage point as shown for other
supply chains (Meynard et al., 2013).

Comifer 2013. Calcul de la fertilisation azotee. 159p.
Meynard JM, et al. 2013. Rapport d’etude, INRA, 226p.
Oury FX, et al. 2003. J. Genet. Breeding. 57, 59-68.
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Clover-grass leys provide essential input of external nitrogen (N) by biological
di-nitrogen fixation to crop rotations in low input agro-ecosystems as organic farming.
While above ground plant parts are generally removed as fodder and only a proportion
of its N will return by manures, N in stubble and below ground N (BGN) provide the
major benefit to subsequent non-legumes. BGN is defined as root N plus N derived
from rhizodeposition (NdfR), the latter comprising the release of all kinds of N
compounds from living plant roots and its turnover (Wichern et al. 2008) and therefore
can partly be taken up by associated grass in clover-grass mixtures (Oberson et al.
2013). The objectives of our study were 1) to determine the BGN inputs by red clover
including NdfR and the N transfer to associated grasses and ii) to evaluate the effect of
fertilization history in a long term field experiment using '°N labelling methods. The
effects of agricultural management on the ratio of BGN to total N (Nt) and
determining factors will be presented.

Material and methods

We studied the BGN inputs by red clover (Trifolium pratense L.) and the transfer of
clover N to the associated ryegrass (Lolium perenne L.) in a two component clover-
grass mixture using "°N leaf labelling methods during 2011 and 2012. The red clover-
ryegrass mixture was established in micro-plots (PE tubes with 39 cm diameter, 0-25
cm soil depth), situated in the clover-grass ley of the DOK long term field experiment
(Basle, Switzerland) comparing organic and conventional cropping systems since 1978
(DOK experiment: bio-Dynamic, bio-Organic, Konventionell) (Mader et al. 2002).
Four DOK treatments were selected: Control with zero fertilization (NON), bio-
organic with regular (ORG2) and half (ORG1) dose of manure fertilization and
conventional with regular mineral fertilization (MIN2). To determine BGN inputs 11
clover plants were leaf labelled with "°N enriched urea after each cut. In October
2011and 2012 the soils of the micro-plots were excavated, physically recoverable
roots were removed by hand and separated into clover and grass roots. The plant
material and the remaining soil were analysed for N content and '°N. The amount of
NdfR as well as the transfer to associated grass was calculated according to Jansen and
Bruinsma (1989) assuming that the NdfR had the same isotopic N composition as the
roots. The proportion of clover N derived from symbiotic di-nitrogen fixation (%Ndfa)
was determined using the '°N natural abundance approach.

Results and discussion

Over the whole growing period the total amount of assimilated N of the clover-grass ley
increased from the unfertilized treatment NON to MIN2 and ORG1 to ORG2 rangin%
from 21 to 48 g m™ after 3 months, 30 to 67 g m™ after 6 months and 83 to 164 g m"
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after 18 months of clover-grass ley cultivation (Table 1 a-c). Clover N contributed
predominantly to N, throughout the whole growing period. The relative contribution
was lowest in MIN2 and largest in ORG2 and ORG1. The amount of BGN (g m?) was
lowest in NON and highest in ORG2 during the whole ley, whereas the proportion of
BGN in % of N; was highest in NON after 3 months, nearly 50%, and tended to be
higher after 6 and 18 months. The highest average proportion was found at the
beginning of the clover-grass ley decreasing to a minimum after 6 months. After 18
months BGN constituted between 24% and 30% of N,. However, that was only 50% to
60% of the proportion found by Hoegh-Jensen et al. (2001). Clover N contributed
distinctly to the N uptake of associated grass. The benefit for grass was lowest in the
beginning and constituted 13% to 41% of grass N after 3 months. Significant
differences were found between ORG2 with a maximum of 41% and NON and
ORGlwith a minimum of 13% and 18% respectively. Towards the end of the growing
period the proportion of N derived from clover (%Ndfc) increased to a level of 41% to
51%, but differences between treatments decreased. Oberson et al. (2013) found similar
%Ndfc after 2 years in the DOK clover-grass ley, but not at the beginning where we
found relevant %Ndfc after 3 months. At the beginning of the clover-grass ley the
%Ndfa showed in tendency a differentiation with lower %Ndfa for MIN2 and NON
and higher %Ndfa for ORG2 and ORG11, whereas significant differences were found
only between MIN2 and ORG1. After 6 months the differences were almost balanced
and increased after 18 months to more than 95% in all treatments.

Conclusions

BGN inputs constituted one fourth to one third of clover-grass ley-N after two
vegetation periods. The absolute BGN inputs doubled from the beginning to the end of
the growing period. Malnourished plants invested absolutely less N below ground but
relatively more. Corresponding to increasing BGN inputs, associated grass benefited
from clover N over time and received up to 50% of its N from clover. Although the
percentage of clover was lowest in the mineral fertilised treatment the proportion of
clover N found in grass was comparable to the other treatments, indicating that clover
plants in this treatment transfer absolutely more N to the associated grass.
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Duration Ratio

clover-grass | treatment [8::"]] [::‘N]l _::':‘ clover N :| %Ndfa % Ndfe
ley AR | grassn

a)3months | NON 2 ¢ 10 % | 49% * 6.1 | 75% = | 13% ®
(sl MIN2 370 | 14w | 37w | 32 ¢ 6o c [ 2a%
sampling

after 2. cut ORG1 35 ¢ 12 % [ 34% ¢ 8.5 *| 98% » 18% *©
2011) ORG2 48 » 19 39% = | 105 » | 92% | 41% *
b) 6 months | NON 30 < 70 | 22% == 70 5| 88% x| 36% ns
{zoll MINZ sob | 11 | 21% se| 43 5| 83% | 45% ns
sampling

aftar 4 ok ORG1 53 b g [ 16% | 111 *| 97% ax| 37% ns
2011) ORG2 67 1 1 @ 17% 0| 117 * | 94% x| 48% ns
c)18 NON 83 ¢ 2% *® 30% "t 9.2 +| 98% | d1% 2
months (soil | p