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The main objectives of the project: 
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Objectives 

To analyse the response of durum wheat to different 

soil tillage and N fertilization level in termes of: 

Productivity N uptakes 

And agronomic, environmental and economic 

nitrogen efficiency 

ENVIRONMENT 

YIELD PROFIT 



MATERIALS & 

METHODS 



TWO EXPERIMENTAL SITES IN TUSCANY 

1. CIRAA Center for Agro-Enviromental 

Research E. Avanzi, San Piero a Grado, Pisa 

 

2. CATES Center for Agricultural Technologies 

and Extentsion Services (Tuscany Region), 

Cesa, Arezzo. 
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CIRAA silty clay loam soil  

CATES clay soil 

Site 2014 2015 

CIRAA (mm) 1560 913 

CESA (mm) 924 632 

Site 2013-2014 2014-2015 

CIRAA (mm) 780 350 

CESA (mm) 580 450 

- Precipitation from sowing to harvest 

- Total annual precipitation 



MATERIALS AND METHODS 

 Yield component at harvest (fresh and dry); 

 Wheat plant height; 

 Number of spikes; 

 Thousand grain weight; 

 Harvest Index; 

 N content of above-ground organs (Kjeldhal method); 

 N uptakes; 

Treatments: 

• Soil tillage:  

ploughing (30 cm)  

minimum tillage (10 cm)  

•  N fertilization:  

N0 = 0 kg N ha-1 

N1 = 110 kg N ha-1 

N2 = 170 kg N ha-1 

 

Fertiliser split Amount of fertiliser (kg) 

Sowing (urea) N1= 78; N2=78 

Tillering (nitrate ammonium) N1= 110; N2=200 

Stem elongation (urea) N1= 80.4; N2=145.7  

CIRAA CATES 

Sowing date 
26 November 2013 

4 November 2014 

3 December 2013 

8 January 2014 

Harvest date  
30 June 2014 

 6 July 2015  

4 August 2014 

 8 July 2015  

DETERMINATIONS: 



Materials and methods 

Index Unit Calculated as….. Notes 

Agronomic efficiency AE kg kg-1N AE  = (GYNX -  GYNO)  / NX 

 

GY = Crop Yield;  

NX = N fertilisation  

Nitrogen Utilization 

Efficiency 

NUTE 
kg kg-1 NUTE = GYNX / TNUNX GY = Grain Yield;  

TNU = Total above-

ground N uptake  

Nitrogen Harvest Index  NHI  % NHI = GNUNX  /  TNUNX 

 

TNU = Total ab0ve-

ground N uptake  

GNU = Grain N 

uptake 

Physiological  Efficiency  PE  kg kg-1 

 

PE = (GYNX – GYN0 ) /  TNUNX  - TNUN0 

 

Apparent Recovery Fraction  RF  % RF=  (TNUNX – TNUN0)  /  Nx 

Nitrogen Economic 

Efficiency 

NEE € €-1 NEE = (GYNX -  GYNO)* grain price / 

                   (NX - NO ) *   N selling price 

 

 

N EFFICIENCY PARAMETERS 



RESULTS 



RESULTS 

 ISTAT DATA 

Mean 2014 - 2015 

Grain Yield 

(t  ha-1) 

Arezzo 2.8 

Pisa 3.0 

Toscana 3.2 

- 30% - 10% 
- 50% 

(Seddaiu et al., 2016) 

N level  

(kg ha-1) 

Grain Yield 

(t  ha-1) 

N 0 1.4 

N  90 3.0 

N 180 3.8 

(Seddaiu et al., 2016) 

Soil tillage Grain Yield 

(t  ha-1) 

Conventional 2.8 

Minimum 2.7 

HI = 0.6 
HI= 0.5 

HI= 0.5 
HI= 0.5 

HI= 0.5 

HI= 0.5 

HI= 0.5 

Soil tillage Site N fertilisation level 
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- 20% 
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N level 

 (kg ha-1) 

Grain  

Yiled 

(t ha-1) 

Total N 

uptakes 

(kg  ha-1) 

N 0 2.3 64 

N 50 2.5 72 

N 100 2.9 87 

N 150  3.0 91 

(Lopez-Bellido et al., 2001) 

Protein content (%13 Umidity) 

N0 = 10.2 

N1 = 12.1 

N2 = 13.9 



RESULTS 

N level 

  

AE NUtE NHI PE RF (%) NEE 

kg grain 

kg-1 Nfertiliser 
kg grain  

kg-1 N uptake 

kg Ngrain kg-1 

N uptake 

kg grain 

kg-1 N uptake 

kg N uptake 

kg-1 Nfertiliser 

€ €-1  

N0 53.7a 84.5 

N1 13.6 48.6b 83.8 58.3a 25.3a 4.6a 

N2 11.5 43.5c 84.0 36.3b 17.1b 2.2b 

- 10% 

- 10% 
- 32% 

N level 

AE NUtE NHI PE RF 

kg kg-1 kg kg-1 % kg kg-1 % 

N0 44 73 

N140 9.3 36 71 19 49 

N210 9.0 31 65 16 56 

Other studies 

Source: Delogu et al., 1998 

N level 

AE NUtE NHI PE RF 

kg kg-1 kg kg-1 % kg kg-1 % 

N0 36 75 

N50 7.2 35 75 23 24 

N100 6.6 33 73 20 25 

N150 4.9 32 72 21 19 

Source: Lopez-Bellido et al., 2001 

Increase of grain yield per kg 

of N supplied 
Kg of grain yield per kg of N 

above-ground  uptake 

% of total N above ground uptake 

represented by grain N uptake 
Conversion of N uptaken to grain  The increase of N uptake per kg of 

N supplied 

The increase of Gross Production 

per �€ invested in fertilisers 



CONCLUSION 

 Durum wheat Yields were affected by: (i) the pedo-climatic 

characteristics varying of about 30% between the sites, (ii) soil 
tillage intensity (± 10%) and (iii) N rate;  

 

 Under low-input condition (N1, 110 kg N ha-1), durum wheat 

achieved satisfactory yield level as N2 (170 kg N ha-1) with 

higher nitrogen efficiency and lower N2O emissions (-50%) 

(Bosco et al., 2016 under submission).  

 

 Further investigations are in progress to complete the N 

balance, the analysis of energy efficiency and the evaluation of 

economic aspects for this experiment.  



Thanks for your attention! 
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LIFE+ IPNOA Project improved flux prototypes 
 for N2O emission from agriculture 
LIFE11 ENV/ IT/ 000302 
www.ipnoa.eu 

West Systems s.r.l. opera nel settore 

delle scienze geologiche e ambientali 

fornendo sia servizi di consulenza 

ambientale che progettazione e 

realizzazione di  strumentazione. West Systems è coordinatore 

del progetto Life+ IPNOA ed è responsabile della 

progettazione e realizzazione della strumentazione. 

della biologia vegetale, delle 

biodiversità e della valutazione della sostenibilità degli agro 

ecosistemi. Nel progetto IPNOA, SSSUP si è impegnato nel 

monitoraggio delle emissioni di protossido di azoto presso 

CIRAA e CATES e nello sviluppo di analisi di scenario. 

Il gruppo BioAtm di ECG (unità di 

INRA 

e la AgroPArisTech School) si 

-atmosfera di una 

serie di contaminanti chimici e biologici con potenziale 

basata su approcci sperimentali e modellazione numerica. Nel 

progetto Life+ IPNOA, INRA è stato responsabile della fase 

di cross-validation dei due prototipi. 

La Regione Toscana

promuovenpolitiche per lo sviluppo sostenibile dei 

territori rurali della Regione. Nel progetto Life+ 

IPNOA la Regione Toscana coordina le attività per 

la redazione di un manuale di buone pratiche 

agricole per la riduzione delle emissioni di protossido di azoto 
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Cumulated N2O flux  
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Tillage: n. s.  

N fertilization: p<0.001 

 

N level % N-N2O N added 

N1 0.5 

N2 1.5 

y = 269.48e0.006x 
R² = 0.8159 
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EMISSION FACTOR OVER THE GROWING SEASON 


