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Año (desde 1900)
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In Catalonia… 
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Lower price  

General farmer belief… 

Barley yields are higher, or its components had more 

stability, than wheat in severe stress conditions… 
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(Adapted from Ryan, et 

al., 2008 Adv. Agron. 

97, 273-319) 

Lopez-Bellido (1982) defined a similar 

situation for the south of Europe  

for Syria 

and WANA 

region 
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An environmental index from 28.1 to 39.3 mg was explored 

for the species 

Grain weight variation was explained by both Maximum Grain Filling 

Rate and Duration of Grain Filling for the three species 
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Durum wheat presented the highest range explored of 

Grain Filling Rate and Duration of Grain Filling 

Mean ± SD 
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Bread wheat had similar or more stability than barley in 

terms of MGFR and DGF  
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Naturally, the problem with lack of yield stability are the 

cases in which yield is low (on the other end we see the 

same characteristic as favourable and call it 

“responsiveness”).  

 

Identifying traits to select for so that newer cultivars may 

maintain responsiveness when the environmental 

condition is better than average while reducing yield 

penalties in stressful conditions,  
 

and/or 
 

Designing strategies to reduce the penalty imposed by 

water stress on yield … but these strategies may not include 

irrigating in Mediterranean conditions, as opportunities to have 

good quality water available are more than limited  
 

would be instrumental for breeding and management 



As there are only limited or no possibility of increasing 

irrigation, N fertilization may be a way to increase the 

efficiency in use the limited water and to capture more 

resources (fertilizing water-stressed crops may sound 

anti-intuitive) 
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N fertilization allow increasing grain yield at a particular 

level of evapotranspiration decreasing differences between 

maximum and actual yields 

Evapotranspiration 
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Adapted from French and Schultz, 

(1984) Aust. J. Agric. Res 35; 743-765 
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Field experiments in Agramunt 

(Catalonia, Spain) 

We rent farmer fields,  and we 

sown, and grew the crops using 

the usual farm work practices and 

farmer’s machines  

Experiments 
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Cultivars 
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A wide range of N fertilization   

0 to 200 Kg N ha supplied 
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Exp. Specie  Sowing date Nitrogen 

(KgN ha-1) 

Water regime 

Initial  water  

content            (mm) 

 Initial N (1m depht)  

( Kg   N   ha 
-1 

) 

I 
Barley 

Bread wheat 
16-Nov-04 0 and 200 

Rainfed  

Irrigated 

II 
 Barley  

 Durum wheat 

 Bread wheat 

28-Nov-05 0-50-100 and 150 Rainfed  

Irrigated 

IV 
Barley  

Durum wheat  

Bread wheat 

22-Feb-07 0 and 150 Rainfed 

III 
 Barley 

 Durum wheat 

 Bread wheat 

06-Nov-06 
0-75 and 150 

Rainfed 

Irrigated 

83 34 I 
240 115 II 
201 150 III 
153 143 IV 
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Picture by CM Cossani 
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 Simulated experimental conditions: 

      - Anza and Soissons 

      - Agramunt, Catalonia (NE Spain) 

      - 17 continuous growing seasons (1989-2007) 

Simulation of attainable yield: 

- N availability at sowing:  

50, 100, 150, 200, and 250 kgN ha-1  

- Water availability: rain-fed conditions 

Simulation of potential yield: 

- N availability: non limiting 

- Water availability: non limiting 
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promedio de los años simulados  

los tres años con mayor diferencia de rendimientos 

los tres años con mayor diferencia de rendimientos 
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Red de 16 experimentos (localidades x años) con fertilizaciones con N 

en trigo y cebada en condiciones de secano en diferentes áreas de la 

cuenca del Mediterráneo  

Marruecos 

Jordania 

Italia 

España 
Proyecto WatNitMED 
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Merchouch Experimental Station 2007 
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Prueba piloto en campos de agricultores en Túnez 
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• As expected, inter-annual variation in yield was large in the 

Mediterranean conditions, whether it is seen at the level of State 

(Spain), country (Catalonia), province (Lleida), County (Urgell), 

location (Agramunt), or experimental plots 

• Variability in yield (and components) was similar in barley and 

wheat, and in both species yield penalties are very large when the 

year is severely stressful (gap between actual and potential yield 

as large as 7-8 Mg ha-1, with potential yields lower then in other, 

non-Mediterranean regions 

• It might be feasible to mitigate the penalties imposed by water 

stress through manipulating N fertilization more accurately 

(particularly in countries in which cereal production is not 

subsidized; even though it might seem unsound to apply N when 

the main constraint is water availability (in real crops the Liebig’s law of 

the minimum doesn’t seem apply as compensations among resources through 

plant acclimations may take place determining that the interplay among factors 

is what does really counts as shown mainly with models by Sadras [2004, 

2005] and empirically by Cossani et al. [2010]). 

Final remarks 
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