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Causes of yield stagnation in Danish 
winter wheat

National grain yields in winter wheat in Denmark have been stagnating since 1990. There are 
many causes for this, including changes in fertilizer rates and management and frequency of 
wheat cropping.
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The national grain yield of win-
ter wheat in Denmark has incre-
ased from 43 dt/ha in the 1960s 
to 71 dt/ha after 2000. Before 
1970 the national yield in Den-
mark was comparable to yields 
in the Netherlands, surpassing 
the yield in Belgium and the UK 
by 4 dt/ha, Germany by 8 dt/ha 
and France by 12 dt/ha. During 
the 1980s and the 1990s growth 
in the Danish national yields 
were lagging behind and the or-
der changed. Since the turn of 
the millennium national yields 
of winter wheat in Denmark ha-
ve been surpassed by yields in 
the Netherlands and Belgium by 
11 dt/ha, and furthermore Da-
nish yields were overtaken by 
yields in Germany and the UK, 
and caught up by the French na-
tional yields.

The average annual yield in-
crease was 0.8 dt/ha during the 
past four decades, but the incre-
ase has been uneven, and clo-
se to zero particularly since the 
end of the 1990s. This is a cau-
se of concern, not only for the 
farmer’s organizations in Den-

mark, but also for the society in 
general, since increasing grain 
yields is precondition for further 
growth in agricultural produc-
tion of both food and bioener-
gy. However, stagnating yields 
is not a Danish issue only, but a 
phenomenon that has been ob-
served in other north-western 
European countries since 2000 
as well.

The aim of this study was 
to identify changes in environ-
mental conditions, breeding 
progress or agricultural practic-
es that may explain the stagnat-
ing yields. The analyses includ-
ed effect of soil type, climate 
and external factors, breed-
ing and genetics, fertilization, 
crop protection, crop rotation, 
technology and farm manage-
ment. Technology was treated 
in relation to soil tillage and soil 
compaction, but also involved 
considerations on farm manage-
ment. In general, the analyses 
were limited to datasets that en-
abled yield changes over time to 
be attributed to specifi c causes, 
and the opportunity for interpre-

tation is often restricted due to 
simultaneous infl uence by sev-
eral inseparable factors.

The estimated effects of 
changes in environmental and 
management factors on winter 
wheat grain yield over the pe-
riod 1990 to 2006 are summa-
rized in Table 1.  A few factors 
have increased the yield poten-
tial, in particularly breeding, 
but several factors have had a 
negative impact on grain yield 
of winter wheat (Table 1). The 
reductions in nitrogen fertiliser 
use and the way that this restric-
tion has been imposed are esti-
mated to have reduced yields by 
up to 3.1 dt/ha. Animal manure 
is now being applied to a large 
part of the wheat area causing 
crop damages, and there are also 
some estimated long-term soil 
compaction effects of this affec-
ting grain yield. There has been 
a trend towards a higher pro-
portion of winter wheat in the 
crop rotations, increasing the 
frequency of wheat after wheat, 
which increases yield losses 
from takeall and maybe orange 
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wheat blossom midge. An in-
crease in use of reduced tillage 
systems is also assumed to ha-
ve reduced grain yields if com-
bined with poor crop rotations 
with a high proportion of wheat. 
A reduction in general consump-
tion of fungicides is assumed to 
largely outweigh the benefi ts of 
more effi cient fungicides.

In total these factors should 
have resulted in increases in 
grain yield of winter wheat of 
7.0 to 10.0 dt/ha over the period 
1990 to 2006. In reality the yield 
only increased by approximate-
ly 3.1 dt/ha. This gap between 
achieved and estimated yield in-
creases may partly be explained 
by the low cereal grain prices 
during this period, which is like-
ly to have reduced management 
intensity, in particular by redu-
cing number of working hours 
and costs of consumables. Such 
effects of management intensi-
ty were not properly accounted 
for in the estimates in Table 1. 
The increased frequency of win-
ter wheat cropping with a ten-
dency to continuously cropping 

may be an overlooked issue as a 
poor crop rotation signifi cantly 
increases the negative impact of 
weeds, pests and diseases, e.g. 
occurrence of take-all in crop 
rotations having a high frequen-
cy of wheat giving yield losses 
of up to 25%.

The national winter wheat 
grain yields in Denmark incre-
ased by 0.18 dt/ha/year over the 
period 1990 to 2009. An analy-
sis of these yields showed an an-
nual yield increase of 0.30 dt/
ha, when yields were corrected 
for effects of climatic variation. 
A similar analysis based on da-
ta from normally treated plots 
from more than 6000 fi eld ex-
periments on winter wheat in 
Denmark over the period 1992 
to 2008 showed climate-cor-
rected annual yield increases of 
0.71 and 0.47 dt/ha for sandy 
and loamy soils, respectively. 
This higher annual yield incre-
ase indicates a more careful ma-
nagement in the controlled fi eld 
experiments than at the national 
scale.

The distance between yields 

obtained in well-conducted fi eld 
experiments carried out in well-
managed fi elds and the yields 
obtained in practice expressed 
by the national average is signi-
fi cant. Some part of this gap bet-
ween potential and actual yields 
may be explained by changes in 
factors that have negative im-
pact on the yield of winter wheat 
(Table 1), but there is still a dif-
ference of 9 dt/ha. In 2008 the 
national average yield was 79 
dt/ha, or 8 dt/ha more than the 
average of the past decade, in-
dicating that the yield increase 
obtained by breeding still can be 
realised in practice, when other 
conditions such as climate and 
price expectations are favou-
rable.

Some of the estimated cau-
ses of yield losses will likely 
persist, in particular those re-
lated to reductions in nitrogen 
fertilizer rates, application of 
manure to a larger proportion 
of the wheat area and the higher 
frequency of wheat after wheat 
in the rotations. However, such 
effects would not be expected to 
increase in the future, and this 
means that the persistent yield 
increases from breeding should 
turn up more clearly in the na-
tional grain yields. This requires 
a continuous and persistent ef-
fort on improving crop manage-
ment at the farm and fi eld level. 
Higher grain yields in the future 
may also require increases in ni-
trogen fertiliser rates, especial-
ly if protein concentrations in 
grain are to be maintained.  ■
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Table 1. Estimated effects of environmental, genetic and management factors on yield of 
winter wheat during 1990-2006 (17 years). Factors not estimated to have any effect on yield 
are not shown. Positive values show increased yield and negative values show decreases.

Change in wheat yield (dt/ha)
Climate -2.0
CO2 2.7
Breeding 15.3
Nitrogen rate restrictions -2.1 to -3.1
Application of animal slurry -1.2
Improved fungicides 5.0 to 6.0
Focus on net yield in crop protection -4.0 to -5.0
Take-all (more monoculture) -3.0
Orange wheat blossom midge -0.5
More reduced tillage -0.2
Soil compaction -1.0
Sum of all factors 7.0 to 10.0
Observed national yield increase 3.1


