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Abstract  
Introduction. Intercropping of annual crops with woody species has shown to be a great ecologically 
sustainable alternative to conventional agricultural systems. Besides ecological benefits, intercropped 
systems may be more efficient in terms of productivity and resource capture. Trees can help intercrops 
acquire nutrients by different mechanisms; absorption of nutrients from deeper soil layers outside the root 
zone of agricultural crops or absorption of nutrients in chemical forms that are not available for crops, 
and fixation of atmospheric nitrogen (Cannell et al. 1996). Aim of our research is to investigate barley 
productivity and nitrogen use efficiency in an intercropped system with common walnut (Juglans regia). 
Materials and methods. The trial was set up in Eastern Croatia near city of Đakovo. It consisted of a barley 
monoculture plot and an intercropped walnut orchard. The orchard was 12 years old with a distance 
between tree rows of 8 m and barley was sown in strips of 6 m width from October 2019 until June 2020. 
At harvest, plant samples were collected form 0,5 m2 subplots where the plants were cut at the soil level 
and grain and straw were weighted separately for determination of yield and harvest index. Harvest index 
was calculated as ratio of barley grain yield and total aboveground biomass. From dried samples, 
nitrogen concentration was determined by Kjeldahl digestion method. Nitrogen uptake (whole plant) 
and nitrogen use efficiency (NUE) were calculated as follows: 
N-uptake (kg ha-1) = N% * DM/100      eq. 1 
NUE (kg kg-1) = Grain Yield/Nuptake                   eq. 2 
Results. Barley yield in monoculture plot was 7383.86 kg ha-1 and in intercropped orchard 7094.59 kg ha-
1 (per cropped area). Since intercropped orchard had generally better soil properties than monoculture 
plot, this yield reduction is probably due to shading effect by walnut trees. However, harvest index (HI) 
was significantly greater in intercropped orchard and accordingly had significantly lower total 
aboveground biomass. This observation suggests that barley in intercropped orchard allocated more 
assimilates to grains in expense of biomass production. Since HI strongly depends on water availability, 
this improved reproductive/yield efficiency could be a result of improved microclimatic conditions in 
intercropped orchards (Gosme et al., 2016). Furthermore, strong correlation was found between HI and 
NUE (r=0.81, p<0.01). Although barley in monoculture plot has taken up more N in kg ha-1, intercropped 
barley had better NUE in terms of producing more grain yield per N taken up. Also, intercropped barley 
had higher grain N content than monoculture barley, which is a result of better N remobilization. This high 
N content, however, is negatively correlated with the final grain yield due to the dilution effect. This 
observation could be connected with shading by walnut trees and it is in accordance with results 
obtained by Artru et al. (2016) and Dufour et al. (2012) who found the highest grain protein content in 
wheat grown in continuous/uniform shade. In conclusion, our results show that intercropping may improve 
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harvest index and nitrogen use efficiency of crops as well as possibly produce more nutritious food without 
high inputs. 
 
Table 1. 

System Grain Yield  
kg ha-1 

Total 
biomass  
kg ha-1 * 

Harvest 
index (HI) * N % in grain * N uptake 

kg ha-1 
NUE  

kg kg-1 

Monoculture 7383.86 17400 0.44 0.74 177.27 43.60 
Intercropped 7094.59 12107 0.59 1.09 159.74 46.61 

*stiatistically significant difference obtained from ANOVA, p < 0.001 
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