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Impact of weather on yield components of winter rye over 30 years
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Abstract

This study examines the relationships between atmospheric influences and grain yields as well as yield components: crop
density (ears m−2), number of kernels per ear and kernel weight of winter rye. The study uses data of a long-term field
experiment at Berlin-Dahlem for the period between 1962 and 1996. The crop density and kernel number of winter rye were
positively influenced by warm and sunny weather in autumn. An early start of the growing season after winter was also
important for the satisfactory development of these components. Moderate temperatures prior to the beginning of shooting
prolonged the period of spikelet formation and led to an increased number of spikelets and finally to a high number of
kernels per ear. The kernel weight was negatively influenced by high temperatures and drought during the ripening stage. This
weather situation reduced the duration of the grain filling period and thus the kernel weight. The yield of winter rye increased
continuously from the mid 1980s as a result of a higher crop density and kernel number. Probably this is a positive climate
change effect. Particularly the higher temperatures in winter time and an earlier beginning of the growing season seem to be
favourable in this context. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

In Europe winter rye is the third most important
cool temperate cereal after wheat and barley (FAO,
1996). Particularly on sandy soils, it is the best adapted
crop. The grain is primarily used for the production
of bread flour, but also can be used for animal feed
and alcohol production. The growth period for win-
ter rye is at least 1.5 times longer than that for spring
cereals. In the north-eastern part of Germany it takes
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on average 187 days, excluding period of winter rest,
for the crop to mature (for 1962–1996 average date of
sowing: 30th September, standard deviations=6 day;
average date of maturity: 30th July,s=9 day). Com-
pared with spring cereals, the general advantage of
winter cereals is that the phenological stages such as
tillering, shooting, and flowering appear earlier in the
year during moderate temperatures, and plant devel-
opment in general runs slower. Winter cereals profit
much more by the precipitation during the winter pe-
riod than spring cereals do. The result is a higher and
more stable grain yield.

This is the second paper in the series which deals
with the impact of weather on yield formation of
cereals. While in the first paper the relationships
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between weather data and yield components of spring
cereals (barley, oats) were investigated (Chmielewski
and Köhn, 1999b), now the impact of weather on the
yield formation of winter rye is studied. The aim of
this investigation was to identify atmospheric condi-
tions which control the formation and reduction of
yield components.

2. Data and method

2.1. Crops and site parameters

For this study, the meteorological and agro-
nomic data were taken from the agrometeorological
long-term experiment at Berlin-Dahlem (latitude:
52◦28′′N, longitude: 13◦18′′E, altitude: 51 m) which
was established in 1953 by E. Tamm (Tamm et al.,
1965). The agrometeorological field consists of eight
single plots arranged around the weather station. Pota-
toes, winter rye, field beans, oats, sugar beet, maize,
spring barley and yellow lupins are grown on a per-
manent crop rotation. Management from year to year
(e.g. crop rotation, mineral and organic fertilization,
plant protection, soil tillage) has remained unchanged
since the start of the experiment. The amount of min-
eral fertilization (kg ha−1) applied for winter rye is
40 N, 21 P, 50 K which was typical at the time when
the field experiment started. The winter rye variety
cultivated in the field trial had to be changed only
once since 1962 (Petkuser Normal 1962–1987, Halo
since 1988). It was ensured that the characteristics
of variety (growth and development, yield formation,
maturity) did not change substantially (for detailed
description of the field experiment see Chmielewski
and Köhn, 1999a).

According to FAO the soil at Berlin-Dahlem is clas-
sified as an albic luvisol. The soil is a silty sand with
about 72% sand, 25% silt and 3% clay in the topsoil
(0–0.30 m). In the deeper layers the clay content in-
creases to more than 10%.

For the 1961–1990 standard period, average an-
nual air temperature was 9.3◦C (range: 8.1–10.9◦C)
and annual precipitation averaged 546 mm (range:
356–736 mm), with the highest monthly averages in
June (70 mm) and August (64 mm). The mean annual
climatic water balance (precipitation minus potential
evaporation calculated by the Penman formula) is

−78 mm. Positive monthly values in the long-term
average only appear between October and February.

For this study meteorological data of maximum and
minimum air temperature (Tx, Tn in ◦C), sunshine du-
ration (S in h), saturation deficit (D in kPa), precipi-
tation (P in mm) and potential evapotranspiration (EP
in mm) by Penman (1948) were chosen for the period
1962–1996. By using the available long-term pheno-
logical observations the growth period of winter rye
was divided into five phases taking into account the
generative development of the cereal crop:
• Phase 1: (av. 18/10–20/11) two-leaf stage to end of

growing season of year of sowing.
• Phase 2: (av. 21/11–14/03) winter rest.
• Phase 3: (av. 15/03–15/04) beginning of growing

season (after winter rest) to beginning of shooting.
• Phase 4: (av. 16/04–01/06) shooting to full bloom.
• Phase 5: (av. 02/06–20/07) full bloom to yellow

ripeness.
In Phase 1 the initiation of tillers and differentia-

tion of the growth apex (start of generative develop-
ment) begins (Limberg, 1972), in Phase 3 this process
continues with the further formation of tillers and
spikelets. Phase 4 is characterized by the formation of
floret primordia in the spikelets and, at the same time,
by the reduction of tillers and spikelets. At the end
of this phase a certain number of flowers is reduced
(Geisler, 1988). In Phase 5 the differentiation, growth
and maturity of kernels takes place.

In order to fix the time of winter rest (Phase 2),
the end and the beginning of the growing season was
calculated using the average daily air temperature (T).
The beginning of the growing season was defined as
the day of the year on which average daily air tem-
perature was≥5.0◦C, with the assumption that on the
following days (i) the sum of differences
∑

i

(Ti − 5◦C) > 0◦C (i = 2, 3...30)

remains positive. Correspondingly, the end of the
growing season was defined as the day of the year
on which the average daily temperature was<5.0◦C,
under the condition that
∑

i

(Ti − 5◦C) < 0◦C (i = 2, 3...end of the year)

The threshold of 5◦C is often used to fix the gen-
eral growing season for temperate plants. Reiner et al.
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(1979) recommended for winter rye a temperature
threshold of 3◦C. If we used this threshold for our cal-
culations in some years, mainly in the mild winters in
the nineties, it was not possible to find an objective
end of the growing season. For this reason we decided
to use the more common threshold of 5◦C. However,
it is known that winter rye can continue growing on a
reduced level at temperatures near freezing, therefore,
it can be expected that the weather during the so-called
winter rest also has some effects predominately on the
number of tillers and consequently on the yield.

For the statistical analysis all meteorological vari-
ables were averaged (Tx, Tn, D) or summed (S, P, EP)
over these developmental phases.

The agronomic data used in this study were the grain
yields of winter rye as well as the three yield compo-
nents: crop density (ears m−2), number of kernels per
ear and kernel weight. The grain yield of cereals is
determined by these three components (Heuser, 1932)
and can be calculated by the equation

YG = 10−5(DCKNKW)

whereYG is grain yield (t ha−1); DC is crop density
(ears m−2); KN is number of kernels per ear andKW
is kernel weight (mg).

For a shorter period of years, such parameters like
the maximum number of tillers (period 1982–1994)
and number of spikelets (period 1982–1997) were con-
sidered additionally.

The size of the samples used for the determination
of the yield components was increased in the life-span
of this long-term experiment from 1.5 m2 at the be-
ginning up to 4 m2 since 1982. The grain yield is as-
certained from two plots with an area of 25 m2 each.

2.2. Statistical method

The relationships between weather and crop yield
are described by factor analysis (Manly, 1986). In the
method presented here, a special transformation as re-
ported by Jahn and Vahle (1970) was calculated in
order to express the influence of weather by only a
single factor. The factor loading is a measure of the
influence of the meteorological variable on the crop
yield. Variables with the highest loadings have the
greatest influence on the respective yield component.
The loading of the dependent variable (C in Tables 3

and 4), in this case the grain yield (YG) or one of its
components (DC, KN, KW), characterizes the impact
of weather in the particular developmental phase. Its
square (Vphase) is the proportion of the variance of the
dependent variable that is accounted for by the factor.
An advantage of this method is the possibility to in-
vestigate the relationships between weather and yield
in its whole complexity.

In order to describe the atmospheric influence on
the formation of yield, the factor analysis was calcu-
lated for each yield component and the meteorologi-
cal parameters for the period 1962–1996. For this, six
meteorological variables in five developmental phases
(altogether 30 variables) were related to the yield pa-
rameters. Each time only eight factors were extracted,
which explain more than 80% of common variance.
In the next step the orthogonal factors were rotated in
such a way that all information could be represented
in a single factor (see Tables 3 and 4).

3. Results

3.1. Yield and yield components and their annual
variability

Among the cereal species grown in the field ex-
periment, winter rye had the highest yield stability
(Table 1, coefficient of variancev=17.6%). Also the
yield components (ears m−2, kernels per ear, kernel
weight) had a smaller variability than those of spring
barley and oats (Chmielewski and Köhn, 1999b). The
good water supply and moderate temperatures in win-
ter time and early spring are very favourable for the
growth and yield development of winter cereals in gen-
eral (high rate of tillering, long period of spikelet for-
mation). In years with cold winters, winter rye showed
a strong frost hardiness and was scarcely damaged by
winter killing. Moreover, winter rye is well adapted to
the sandy soil of this site.

Annual deviations of yields and yield components
(Fig. 1) demonstrate that in years with low yield (1962,
1969) or high yield (1990, 1996), crop density (DC)
and kernel number per ear (KN) always influenced the
yield formation significantly. In individual years (for
example in 1965 and 1994) the yield deficits only de-
pended on the number of kernels per ear. Regarding
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Table 1
Statistical parameters for the grain yields (YG in t ha−1) and yield components of winter rye, 1962–1996a

Yield component and grain yield DC KN KW YG

Average 385 31.1 35.8 4.22
Maximum 526 41.0 42.0 6.04
Year 1996 1990 1972, 1974 1990
Minimum 292 21.2 26.1 2.82
Year 1975 1969 1992 1962
s 59.4 5.0 3.8 0.74
v 15.4 15.9 10.7 17.6

a DC: crop density (ears m−2); KN: number of kernels per ear,KW: kernel weight (mg);s: standard deviation,v: coefficient of variation
(%).

crop density, it can be noticed that since 1988 only
positive deviations were ascertained. The reason might
be the fact that between 1988 and 1995 a series of
very mild winters (av. chilling unit — which is the

Fig. 1. Annual deviations of the grain yield (YG) and its compo-
nents.DC: crop density (ears/m2); KN: number of kernels per ear;
KW: kernel weight (mg) for winter rye, 1962–1996. The hatched
bars mark the years with the two highest and lowest grain yields
for the period.

sum of daily average air temperature below 0◦C over
the period 1 December to 28/29 February: 52◦C, for
1961–1990 standard period 138◦C) with an early be-
ginning of the growing season (av. beginning between
1988 and 1995: 24 February, for 1961–1990 standard
period: 15 March) were observed.

Generally high kernel weight (KW) did not compen-
sate for deficits in crop density and/or kernel number.
Only in 1974 a grain yield above the average could be
obtained solely by a very high kernel weight.

Maximum yields as a result of high crop density
and kernel number were realized in different ways
which underlines the complexity of yield formation.
So in the year with the absolutely highest grain yield
(1990; 6.04 t ha−1) a short and warm period before
winter (Phase 1) and after a very short winter rest an
extremely long period from the beginning of the grow-
ing season after winter time up to shooting (Phase
3) led to a large number of tillers and total spikelets
(Table 2). This produced a high crop density and
number of kernels per ear although there was a con-
siderable reduction of tillers (only 20% of maximum
number of tillers were productive) and spikelets (about
18% of spikelets were sterile) which took place in the
period after the beginning of shooting to full bloom.

In the year 1996, Phase 1 was short but above- aver-
age warm, thereby tillering was promoted intensively.
After a long winter period, Phase 3 was very short so
that the main period of tillering must have taken place
during the autumn. In addition the high and well dis-
tributed water supply in Phase 4 (169 mm, the highest
amount of rainfall since 1962) probably led to only
a moderate reduction of tillers. This is emphasized
by the high number of ears per plant. In consequence
1996 was the year with the highest number of produc-
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Table 2
Parameters of yield formation in the two years with maximum grain yield

Parameter 1990 1996 Average 1962–1996

Phase 1: Two-leaf stage — begin winter rest (day) 26 24 33
Mean temperature Phase 1 (◦C) 11.0 11.2 7.7
Phase 3: Begin growing season — begin shooting (day) 70 11 32
Mean temperature Phase 3 (◦C) 7.3 6.9 7.6
Phase 4: Begin shooting — full bloom 54 53 47
Mean temperature Phase 4 (◦C) 11.8 13.6 12.6
Total precipitation Phase 4 (mm) 44 169 73
Maximum number of tillers per m2 2362 – 1695a

Crop density (ears m−2) 480 526 385
Number of ears per plant 1.7 1.9 1.3
Total number of spikelets per ear 32.9 23.8 28.5b

Number of fertile spikelets per ear 27.1 21.3 23.2b

Number of sterile spikelets per ear 5.8 2.5 5.3b

Kernels per spikelet (total) 1.25 1.60 1.17b

Number of kernels per ear 41.0 38.1 31.1
Kernel density (kernel number per m2) 19,664 20,059 11,999
Kernel weight (mg) 30.7 29.1 35.8
Grain yield (t ha−1) 6.04 5.84 4.22

a Average 1982–1994.
b Average 1982–1997.

tive tillers since the beginning of this field experiment.
On the other hand the total number of spikelets was
strongly reduced because of the shortness of phases
1 and 3. The high kernel number only resulted from
posterior compensation processes of the plants which
is proved by the very small number of sterile spikelets
and the strongly above-average number of kernels per
spikelet. The kernel densityDK (the product of ker-
nels per ear and crop density) in both the years (1990
and 1996) showed similar values far above average.
The kernel weight of both the years was below aver-
age and had little impact on grain yield.

In years with low yields (1962, 1969) the yield for-
mation was very similar to each other. The period of
spikelet differentiation (phases 1 and 3) was cool and
of short duration due to a long winter rest. The re-
sult was a small number of productive tillers and a
strongly reduced number of kernels per ear. Unfortu-
nately in the early period of the field experiment the
number of tillers and spikelets was not determined;
therefore, statements about initiation and reduction of
these two parameters which are important for the crop
density and kernel number cannot be given for these
years.

The importance of the number of kernels per ear
(KN) for the grain yield of winter rye is proved by a

high correlation coefficient of 0.70 (Fig. 2). The kernel
density (KD), showed the closest relation to the grain
yield (correlation coefficientr=0.87). Based on the
data from 1982 to 1997 it could be verified that the
kernel number particularly depended on the number of
fertile spikelets (r=0.74) and less on the total number
of spikelets (r=0.63).

Fig. 2. Correlation between yield components and the grain yield
(YG) for winter rye, 1962–1996.DC: crop density (ears/m2); KN:
number of kernels per ear;KW: kernel weight (mg),DK : kernel
density (kernels/m2); YE: grain yield per ear (g). Correlation co-
efficients >0.33 are significant (p<0.05).
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Compared with the number of kernels per ear, the
crop density (DC) showed a little weaker relation to the
grain yield (r=0.53). The kernel weight was, in con-
trast to spring barley (Chmielewski and Köhn, 1999b),
not important for differences in yield. Accordingly the
grain yield per ear (YE) product of kernel number and
kernel weight had less influence on the yield than the
kernel density. Correlation coefficients between the
yield components (DC, KN, KW) were negative but
only that between crop density and kernel weight was
significant (r=−0.40).

3.2. The impact of weather on yield formation

Basis for a high crop density is a large number of
tillers before shooting (correlation coefficient between
maximum number of tillers and crop density in the
period 1982–1994:r=0.88). The tillering and in con-
sequence the crop density of winter rye were posi-
tively affected by warm (Tx: 0.71) and sunny (S: 0.40)
weather in Phase 1 in autumn (Table 3). Accordingly
a high saturation deficit was also favourable in this
developmental phase.

In mild winters (Phase 2) a large number of tillers
was produced because in such years the winter rest
was occasionally interrupted and plant growth went
on. In contrast sunny and cold winters with dry air
masses from East Europe which are related to high po-
tential evaporation (EP: −0.46) were not favourable.

Table 3
Factor loadings for crop density (DC) and for number of kernels per ear (KN) of winter rye, 1962–1996a

Phaseb DC KN

1 2 3 4 5 1 2 3 4 5

C 0.48c 0.40 0.20 0.43 0.32 0.47 0.30 0.43 0.27 0.34
Tx 0.71 0.39 −0.21 −0.47 0.06 0.66 0.19 −0.36 −0.08 0.18
Tn 0.53 0.39 −0.20 −0.50 −0.10 0.45 0.15 −0.35 −0.10 0.01
S 0.40 −0.28 0.11 0.49 0.42 0.42 0.00 −0.23 0.33 0.50
D 0.60 0.13 −0.23 −0.30 0.13 0.57 0.04 −0.27 −0.06 0.33
P −0.11 −0.21 0.17 0.22 −0.04 0.07 −0.19 −0.14 0.26 −0.13
EP 0.19 −0.46 −0.07 0.38 0.45 0.51 −0.29 −0.36 0.22 0.51
Vphase 23.5 16.3 4.1 18.1 10.1 21.8 8.8 18.3 7.3 11.6
Vcom 43.3 44.4

a C is the loading of the yield component;Vphase: the explained variance in the respective phase;Vcom indicates the explained common
variance from two-leaf stage to yellow ripeness. (Tx: maximum andTn: minimum air temperature in◦C; S: sunshine duration in h,D:
saturation deficit in kPa;P: precipitation in mm;EP: Penman potential evaporation in (mm).

b Phases: 1 two-leaf stage to end of growing season; 2: winter period; 3: beginning of growing season to shooting; 4: shooting to full
bloom; 5: full bloom to yellow ripeness.

c These values are significant (p<0.05).

Severe winters can lead to a reduction of tillers and
the number of plants. All cold winters (winters with
chilling units more than 290◦C) in the 1962–1996 pe-
riod (1962/1963, 1969/1970, 1984/1985, 1986/1987)
were related to a crop density below normal.

Mainly an early beginning of the growing season
and thereby a longer duration of the period until
shooting (Phase 3) promoted further tillering (e.g.
1989, 1990, 1992). In these years the maximum
number of tillers ranged between 1800 and 2600
tillers per m2 (average for the period 1982–1994:
1695 tillers m−2, s=399). The correlation between
the beginning of the growing season and maximum
number of tillers was also significant (r=−0.67; pe-
riod 1982–1994). After the beginning of shooting the
reduction of tillers starts. High maximum tempera-
tures from shooting to full bloom (Phase 4) inten-
sified the process of tiller reduction. In this period
also, the precipitation showed its highest loading.
According to Petr (1991) the reduction of tillers in
the stem elongation period depends more on total
rainfall than on temperature. However, in our ex-
periment the correlation coefficients between yield
components and rainfall are relatively low and not
significant, which could mean that, in the most years,
the moisture the plants need is obtained from the win-
ter reserve. Only in individual years (e.g. 1996) the
surplus in rainfall was reflected in a very high crop
density.
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The number of kernels per ear is influenced by
weather conditions in the time of spikelet and floret
formation and during the flowering period. A high
total number of spikelets was important for a high
number of fertile spikelets (r=0.91) and also the
basis for a large kernel number (r=0.63, both cor-
relation coefficients for the 1982–1997 period). This
confirms the results of Limberg (1981) who obtained
similar correlation coefficients for wheat varieties in
controlled-environment. The initiation of spikelets
starts in autumn (Phase 1). Before winter, warm (Tx:
0.66) and sunny (S: 0.42) weather promoted the dif-
ferentiation of the growth apex and the beginning of
spikelet formation (Table 3). Aufhammer (1966) also
showed that an earlier sowing of winter barley vari-
eties, i.e. higher temperatures in autumn, encouraged
the development of spikelet primordia. His investiga-
tions with winter rye indicated that an early sowing
date promoted the crop density and number of ker-
nels per ear (Aufhammer, 1973). In the following
spring, after the beginning of the growing season cool
temperatures until shooting (Phase 3) prolonged the
duration of this process and had a favourable effect
on the maximum number of spikelets and thus later
on the kernel number. Petr (1975) found in his trials
with winter cereal species comparable results: More
spikelets and florets were usually formed at temper-
atures lower than the long-term average. The slower

Table 4
Factor loadings for kernel weight (KW) and for grain yield (YG) of winter rye

Phasea Kw YG

1 2 3 4 5 1 2 3 4 5

Cb 0.34 0.35 0.36 0.46c 0.64 0.61 0.44 0.22 0.28 0.42
Tx −0.32 −0.16 0.02 0.12 −0.60 0.74 0.16 −0.10 −0.20 −0.08
Tn −0.41 −0.14 −0.06 0.23 −0.47 0.51 0.14 −0.18 −0.16 −0.25
S −0.05 0.15 0.24 −0.52 −0.16 0.37 −0.07 0.18 0.14 0.42
D −0.17 0.11 0.16 −0.10 −0.58 0.62 0.08 −0.01 0.23 0.04
P −0.09 0.03 −0.15 0.27 0.27 −0.14 −0.31 −0.03 0.36 −0.03
EP −0.11 0.10 0.26 −0.51 −0.13 0.27 −0.38 0.03 0.03 0.46
Vphase 10.8 5.0 3.4 18.3 21.0 37.6 19.6 5.0 8.0 17.9
Vcom 49.0 59.4

a Phases: 1 two-leaf stage to end of growing season; 2: winter rest; 3: beginning of growing season to shooting; 4: shooting to full
bloom; 5: full bloom to yellow ripeness.

b C is the loading of the yield component;Vphase: the explained variance in the respective phase;Vcom indicates the explained common
variance from two-leaf stage to yellow ripeness. (Tx: maximum andTn: minimum air temperature in◦C; S: sunshine duration in h;D:
saturation deficit in kPa,P: precipitation in mm;EP: Penman potential evaporation in mm).

c These values are significant (p<0.05).

and longer the period of differentiation of spike, the
higher was the number of spikelets. Consequently,
the beginning of the growing season was signifi-
cantly negatively correlated with the total number of
spikelets (r=−0.52).

In the period of shooting to full bloom (Phase 4)
no clear effects of weather on the kernel number were
discernible. The different developmental processes in
this phase are so complex and manifold that compen-
satory reactions of the plant to atmospheric conditions
are probable. In order to describe these complex pro-
cesses more detailed observations of the reduction of
spikelets, the initiation of floret primordia, their dif-
ferentiation as well as the later reduction of florets are
necessary (Kirby, 1974, 1988; Hay and Kemp, 1990;
Ewert, 1993). Finally, unfavourable weather condi-
tions during anthesis (i.e. rainy and cool weather) can
also lead to a high number of sterile florets (Geisler,
1988).

After flowering, the quantity of available assimi-
lates determines the size and weight of grains. Prereq-
uisite for a high kernel weight is the maintenance of
the assimilative leaf area as long as possible (Spiertz
et al., 1971). High temperatures and a strong evapora-
tive demand in the atmosphere led to a reduced grain
filling period (Römer, 1988) as well as to an acceler-
ated ageing of leaves and thus to a low kernel weight
(Table 4). The correlation between maximum temper-
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ature and the duration of this last developmental phase
wasr=−0.48.

Altogether it was possible to explain nearly 44%
of both the variability of crop density and number
of kernels per ear by atmospheric conditions. For the
kernel weight even it was possible to explain 49% of
the variability by weather fluctuations, because the fi-
nal process of grain filling is not as complex as the
initiation, differentiation and reduction of the other
yield-forming organs. As a result of this also the stan-
dard deviation ofKW was much lower than that for
the other two components (Table 1).

Finally, 59% of the variability of grain yields were
explained by the atmospheric influences (Table 4). The
main part of the yield variance was explained in the
very early developmental phase (two-leaf stage to the
end of growing season in the year of sowing). Also the
weather conditions in winter have to be considered. In
the following phases the yield forming processes are
very complex, so that the influence of weather on the
final grain yield is not clearly discernible.

The result that the atmospheric conditions during
the early developmental phases of winter rye are de-
cisive for the later grain yield confirmed the investi-
gations of Baumann (1956). Results from a long-term
winter rye experiment at Halle (Germany) also indi-
cated that warm and sunny weather in autumn were
favourable for high rye yields (Chmielewski, 1992).

4. Conclusions

Number of kernels and crop density play a central
role in the yield formation of winter rye. The kernel
weight, which is mainly genetically determined, is of
less importance for yield modification. Altogether the
influence of weather on the yield formation of win-
ter rye is weaker than that for spring cereals because
of the earlier appearance of developmental stages, the
longer duration of phenophases and the more reliable
water supply within those phases, which are important
for yield formation (for instance in the stem elongation
period). There are greater opportunities to compensate
for unfavourable weather effects during an earlier pe-
riod.

In contrast to spring cereals slightly increasing tem-
peratures due to a global warming could have positive
effects on the production of bearing tillers and num-

ber of kernels per ear and thereby on the yield level.
Particularly higher temperatures in winter time seem
to be favourable in this context. This may contribute
to the increase in rye yield started from the mid of the
1980s. By comparing the first (1962–1971) and last
decade (1987–1996) of the experimental period taken
into consideration in this publication, an increase in
yield of winter rye (+23%), crop density (+26%) and
kernel number (+15%) took place. The kernel weight
however was slightly reduced. It can be excluded that
this effect is a result of the technical progress in the
last decades. As described before (see chapter 2.1) the
management of the experiment from year to year and
the type of variety were not changed during the whole
course of the experiment. In comparison spring barley
and oats showed no clear modifications in yield and
yield components. Consequently the relative superior-
ity of winter rye was intensified during the last three
decades. But even after more than 45 years duration
of the field trial, it is difficult to ascertain if this effect
is real and is a result of climatic changes.
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