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Nitrate leaching was 90% lower from willow than from a traditional grain crop even when intensively fertilized 
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Summary: Comparing 6 fertilizer levels in a commercial SRC willow on coarse sandy soil showed that: 1) fertilizer 
levels between 0 and 320 kg N/ha caused only insignificant differences in nitrate leaching between treatments. 2) 
Mean leaching was more than 90% lower than from a neighboring spring barley field. 3) Willow responded positively 
to fertilization, and the best treatment doubled dry matter yield compared to no fertilization. 4) Split fertilization in 
both production years caused higher yield than only fertilizing in the year of harvest. It is concluded that proper 
fertilization in willow is important to optimize biomass yield. Still, willow can contribute to fulfill aims of reducing 
agricultural losses of nitrogen to the aquatic environment. 

Purpose: It has been shown previously that nitrate leaching from SRC willow fertilized at recommended levels is low. 
However, from a practical point of view it would be more convenient for the farmer to fertilize only in the year of 
harvest and not in the tall crop in years between harvests. The question is whether high fertilizer levels in one 
application will ensure both good growth and low nitrate leaching.  

Approach: A field established in 2009 under commercial conditions on a coarse sandy soil and not fertilized in the year 
of establishment was used for the experiment. In 2010 six fertilizer treatments were applied in a fully randomized 
block experiment with three replicates. Fertilizer treatments were: 1) unfertilized, 2) 120 kg N/ha mineral fertilizer, 3) 
240 kg N/ha mineral fertilizer, 4) 160 kg total-N/ha pig slurry, 5) 320 kg total-N/ha pig slurry, and 6) 120+120 kg N/ha 
mineral fertilizer in year 2010 and 2011. Treatments 1-5 were only fertilized in 2010. Two suction cups were installed 
at 1.4 m depth in each plot, and soil water was extracted regularly for nitrate measurements. Similar measurements 
were done in a neighboring field grown with spring barley and a catch crop of winter rape. The barley was fertilized 
with animal manure and mineral nitrogen at 204 kg total-N/ha in 2010 and 183 kg total-N/ha in 2011. The COUP 
model was applied to calculate a water balance for the experiment and to calculate total annual leaching. The willow 
was harvested in January 2012 and dry matter yield was determined for the growth in years 2010 and 2011. 

Scientific innovation and relevance: The direct land use change from annual grain crops into perennial energy crops 
can reduce nitrate leaching, and contribute to fulfill the Water Framework Directive. More precise data on the 
comparison between annual and perennial crops and on the effects of management, especially fertilization, are 
needed to include the perennial energy crops in environmental regulation. 

Results: Mean annual nitrate leaching from the 6 willow treatments was 8 kg N/ha, which was much lower than the 
annual leaching of 105 kg N/ha from barley. Although small differences appeared between fertilizer levels (6-12 kg 
N/ha leached annually) and years (15 kg N/ha leached in year 2010-2011, and 2 kg N/ha in year 2011-2012), there was 
no significant difference in nitrate leaching between fertilizer treatments in willow. Unfertilized willow produced 3.9 
t/ha dry matter annually, treatments fertilized in 2010 produced a mean of 5.5 t/ha, and the split application of 
fertilizer in year 2010 and 2011 promoted a production of 7.8 t/ha. 

Conclusions: Fertilizing willow strongly increased productivity on a coarse sandy soil. This was not followed by a 
significant increase in nitrate leaching. Nitrate leaching was reduced more than 90% in the willow field compared with 
a traditional agricultural crop (barley with catch crop).  The findings support that perennial energy crops can be 
optimally fertilized to maximize yield and still contribute to fulfill goals of reducing nitrogen losses from agriculture.  
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