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ranges from 216.52 to 369.78 kg CO2eq/ha. In the analysis of agricultural inputs, medium-sized farms emit
the most GHGs (26.71%), then the largest (25.41%) and finally the smallest (19.50%). In this study these
emissions ranged from 18.28% in the largest farms to 24.05% in medium farms. In addition, the results of this 
work show that enteric fermentation is responsible for most of the emissions in the analyzed sheep farms,
followed by animal feed. Other emissions have less influence. To conclude, the results (table 1) reflect
that the pasture system has the capacity to act as carbon sinks through pastures, organic fertilizers and
animal grazing (urine and manure). It is therefore important to include soil carbon sequestration in LCA
because it has the capacity to mitigate emissions and reduce CF.
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Enteric fermentation CH4 9,92 65,35 8,31 59,83 9,67 60,97 9,32 62,55
Total manure management 0,82 5,40 0,64 4,61 0,73 4,60 0,74 4,97
Total soil management 1,45 9,55 1,22 8,78 1,42 8,95 1,37 9,19
Total On-Farm Emissions 12,20 80,37 10,17 73,22 11,81 74,46 11,43 76,71
Total Feeding 2,90 19,10 3,34 24,05 2,90 18,28 3,05 20,47
Total fertilisers - - 0,19 0,37 0,66 4,16 0,23 1,54
Total seeds - - 0,05 0,36 0,05 0,32 0,03 0,20
Electricity - - - 0,00 0,003 0,02 0,001 0,01
Total Fuel 0,06 0,40 0,13 0,94 0,41 2,59 0,17 1,14
Total Off-farm Emissions 2,96 19,50 3,71 26,71 4,03 25,41 3,48 23,26
TOTAL CF kg CO2eq/FU 15,18 100 13,89 100 15,86 100 14.90 100
Total Kg CO2eq/ ha 1140,52 - 975,86 - 1045,63 - 1061,91 -
CO2 stored >150 ha 150-350 >350 Total
Total Kg CO2eq pasture 194834,07 360755,08 1094956,55 475171,69
Total kg CO2eq manure-soila 25444,87 55285,89 112942,39 57266,26
Total kg CO2eq manure-
soil/ha 413,81 287,31 302,97 343,93

Total kg CO2eq/ha 3697,78 2165,15 2848,46 2974,57
Total CO2 sequestration (kg
CO2eq ha/year)b 369,78 216,52 284,85 297,46

Total CO2 sequestration (kg
CO2eq FU/year)b 5,83 3,95 6,71 5,42

a The conversion factor for N to C is 13/4 and 44/12 for C to CO2
b Annual C sequestration of 10% is considered

Figure 1. Technical indicators, GHG emissions per FU and Carbon sequestration (kg CO2eq/year) of the studied
farms. (from: prepared by the authors)
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Abstract 

Introduction 

More frequent decision of farmers to switch from crop production to fruit production (such as walnuts), 
brought out the question: can we still grow crops within the alleys while waiting for fruit yields? And what 
would be the shading effect from walnut canopy on crop yields? Although we can expect lower crop 
yields several ecological beneficial aspects can be observed by intercropping in walnut orchards. 
Combining permanent woody species with agricultural crops can positively influence the microclimate
conditions, which can improve the plant resistance to stress conditions such as more recent climatic 
extremes (drought, flooding), better use of the production area, positive influence on soil fertility, 
diversity of production in one vegetation, protection against plant disease, pests and weeds, better use 
of nutrients and water in soil as well as increased biodiversity (Quinkenstein et al., 2009). The aim of the 
research is to investigate the shading effect in intercropped systems of walnut orchard and agricultural 
crops and its effect on crop yields. 

Materials and methods 

The field trial was set up in eastern Croatia (city of Đakovo) in an 11-yr old walnut orchard where walnut 
alleys are 8 meter wide. The field trial consisted of three plots - control plot of wheat without walnuts, 
walnut orchards with intercropped wheat and a walnut orchard without intercropped wheat. Within the 
alleys a 6m strip was sown with winter wheat in October 2017 and buckwheat in end of May 2019. 
During the vegetation period during 2018 and 2019 climatic conditions were observed on a stationary 
meteorological station (temperature, humidity, precipitation, solar radiation, wind speed and direction) 
at the same time on several occasion (November 2018, April 2019, June 2019, July 2019, September 
2019, November 2019) the solar radiation was measured in canopy shade and direct sunlight (middle of 
the alley) during the clear days without clouds. Crop yields were determined at the harvest (wheat 
beginning of July 2018 and buckwheat beginning of September 2019).    

Results and discussion 

There is a significant difference in solar radiation throughout a vegetation period, in canopy shade as 
well as in direct sunlight. In direct sunlight, middle of the row, the highest solar radiation was measured 
during the summer months (June and July) when the solar radiation was in range of 100000 - 120000lux 
on a clear day. In canopy shade highest solar radiation was measured during the month without the 
leaf (November) when solar radiation was in range of 17000 – 42000 lux. In relative numbers, in 
November, 85% of solar radiation passes through the canopy, In April 30%, in October 20% and in 
summer months (June and July) in range of 6 – 8 %. Although only 6% of solar radiation passes through 
the canopy shade it is still amount of light that is above minimum requirement for wheat. Furthermore by 
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that time (June), winter crop such as winter wheat is already fully developed and need for light is not of 
such importance anymore and the shade reduces evapotranspiration during these humid months. On 
the other hand, buckwheat at that time (June and July) is in its development stage. Buckwheat 
vegetation is around three months, so from June till September. 

The yield results of both crops (winter wheat and buckwheat) have shown statistically lower yields in 
intercropped orchard compared to control plot. However, the winter wheat, whose vegetation period 
does not overlap with the walnut vegetation period, had only 11% reduction in yield while buckwheat 
whose vegetation was overlapping with walnut had 28% yield reduction in intercropped walnut 
orchard. Such findings confirm the importance of light (Dufour et al., 2013; Talbot et al. 2014). Although, 
the yields are statistically lower, the reduction in yields is not that severe and further investigation of 
other parameters that might be influencing crop yields is necessary.  

Figure 1.  Solar radiation in walnut orchard 
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