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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 sfill grow crops within the alleys while waiting for fruit yields¢ And what
would be the shading effect from walnut canopy on crop yields2 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 Bakovo) in an 11-yr old walnut orchard where walnut
alleys are 8 meter wide. The field frial 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 ém 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 (femperature, 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 é% 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 fime (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 evapofranspiration during these humid months. On
the other hand, buckwheat at that fime (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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