
Abstract

Post-harvest residues of narrow-leafed lupin/oat mixtures are
a valuable source of biological nitrogen for the following crop
plants, including winter cereals. Hybrid winter rye, which is
increasingly popular in Germany and Poland, positively responds
to cultivation at good sites. The objective of the research was to
determine the effect of the biomass of the post-harvest residues of
narrow-leafed lupin, oat and their mixtures on yield performance
and amount of nitrogen accumulated in hybrid winter rye grain.
The following two factors were examined in an experiment: factor
I - forecrop mixtures: narrow-leafed lupin - pure stand 100%, oat
- pure stand 100%, narrow-leafed lupin 75% + oat 25%, narrow-
leafed lupin 50% + oat 50%, narrow-leafed lupin 25% + oat 75%;
factor II - forecrop harvest date: the stage of narrow-leafed lupin
flowering, the stage of narrow-leafed lupin flat green pod. The
results demonstrated that oat and narrow-leafed lupin/oat mixtures
containing 25 + 75% and 50 + 50% of the respective components
and harvested at the stage of narrow-leafed lupin flat green pod
supplied the greatest amount of post-harvest residue biomass, and
narrow-leafed lupin harvested at the aforementioned stage accu-
mulated the most nitrogen. Hybrid winter rye following the fore-
crop of narrow-leafed lupin/oat mixture containing 50 + 50% of
the respective components and harvested at the stage of narrow-
leafed lupin flat green pod produced the highest grain yield. 

Introduction
Maincrop leguminous plants are a valuable animal feed, and

their post-harvest residues may support nitrogen biological stabil-
isation, and are more environmentally-friendly than mineral fer-
tilisers (Jensen and Hauggaard-Nielsen, 2003; Herridge et al.,
2008). However studies by Mayer et al. (2003), Tripolskaja and
Sidlauskas (2010) as well as Nemeikšiene et al. (2010) demon-
strated that legume biomass applied in winter wheat cultivation
may lead to mineral nitrogen leaching during the autumn-winter-
early spring period due to rapid mineralisation of nitrogen-rich
biomass. To prevent this negative phenomenon, legume/cereal or
legume/grass mixtures should be recommended for cultivation.
Such biomass is characterised by a wider C:N ratio, which slows
the mineralisation of incorporated post-harvest residues compared
with legumes grown in pure stand. As a result, there is a more reg-
ular supply of biological nitrogen for the following crop plant dur-
ing the whole growing season, which prevents N leaching into
deeper soil strata, and takes care of the soil environment (Lewan,
1994; Arlauskiene and Maiksteniene, 2008; Nemeikšiene et al.,
2010). There have been many European studies in which clover
was strip-sown into cereals in order to develop a double-cropping
system which makes it possible to reduce mineral nitrogen fertilis-
er reliance (Sarunaite et al., 2013). 

It seems that hybrid winter rye will positively respond to cul-
tivation at good sites. Poland and Germany are leaders of hybrid
winter rye production and new technologies are developed in both
the countries to intensify the production of this crop. F1 cultivars
produce superior yields compared with population cultivars
(Peter, 2005). However, there is a lack of research on the cultiva-
tion of this species after a forecrop of legume/cereal mixtures.
Hence the need arises to conduct such studies. The aim of the
research reported here was to determine the influence of post-har-
vest residue biomass of narrow-leafed lupin, oat and their mix-
tures on yield performance and amount of nitrogen accumulated in
hybrid winter rye grain.

Materials and methods
A field experiment was conducted in the years 2010-2012 at

the Zawady Experimental Farm (52o03’39’’ N, 22o33’80” E) of
Siedlce University of Natural Sciences and Humanities. The
experimental soil was Stagnic Luvisol, its reaction was neutral and
it contain average amounts of available phosphorus, potassium
and magnesium. Humus content was 1.38%. The experiment was
a split-block arrangement with three replicates. Two factors were
investigated: I - the forecrop of narrow-leafed lupin grown in pure
stand 100%, oat grown in pure stand 100%, narrow-leafed lupin
75% + oat 25%, narrow-leafed lupin 50% + oat 50%, narrow-
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leafed lupin 25% + oat 75%; II - forecrop harvest date: the stage of
narrow-leafed lupin flowering, the stage of narrow-leafed lupin flat
green pod. The seeding density were as follows: narrow-leafed
lupin 312 seeds m–2, oat 196 grains m–2, narrow-leafed lupin 234
seeds m–2 + oat 49 grains m–2, narrow-leafed lupin 156 seeds m–2

+ oat 98 grains m–2, narrow-leafed lupin 78 seeds m–2 + oat 147
grains m–2. Winter rye preceded the mixtures in all the study years.
Phosphorus and potassium fertilisers were applied in autumn at the
rates expressed on an elemental base related to soil chemical com-
position, that is 35.2 kgּha–1 P and 99.6 kgּּha–1 K.

In spring, seed sowing was preceded by nitrogen application at
the rate of 30 kgּha–1, N being applied to all the plots excluding
narrow-leafed lupin grown in pure stand. Additional nitrogen
inputs of 50 and 30 kgּha–1 were applied to, respectively, oat and
narrow-leafed lupin/oat mixtures at the stage of stem elongation.
Narrow-leafed lupin cv. Zeus and oat cv. Zuch were seeded in early
April as described for factor I. The plants were harvested in late
June (stage of narrow-leafed lupin flowering) and early July (stage
of narrow-leafed lupin flat green pod). After the forecrop harvest,
post-harvest residues of narrow-leafed lupin/oat mixtures were
collected from an area of 1 m2 and to the depth of 30 cm in each
plot in order to determine dry matter yield. The post-harvest
residue dry matter was used to determine total nitrogen content by
Kjeldahl method. 

Hybrid winter rye cv. Brasetto F1 was sown at the rate of 98
grains m–2 in mid-September. Phosphorus and potassium fertilis-
ers, were applied pre-plant at the rates adjusted to soil availability,
that is 60 kgּha–1 P and 90 kgּha–1 K. Nitrogen fertiliser amount
was split into two rates of 40 and 60 kgּhּa–1 applied, respectively,
after the cereal resumed growth in the spring, and at the stage of
stem elongation. Hybrid winter rye was harvested in late July.
Grain yield was measured in each plot and its average samples
were collected to determine total nitrogen by means of Kjeldahl
method. Moreover, thousand grain weight was determined. 

The tested characteristics were subjected to analysis of vari-
ance in a split-block design following the model: yijl=n + ai + gi +
eij

(1) + bl + ejl
(2) + abil + eijl

(3), where a = 1, 2; b = 1, 2…5; n = 1, 2,
3 (number of replicates); yijl - value of the examined characteristic;
ai - effect of the i-th level of factor A; gj - effect of replicates
(blocks); eij

(1) - error 1 associated with the interaction: factor A x
replicates; bl - effect of the l-th level of factor B; ejl

(2) - error 2 asso-
ciated with the interaction: factor B x replicates; abil - affect of the

interaction: A x B; eijl
(3) - random error. Comparison of means for

significant sources of variation was achieved by means of Tukey’s
test at the significance level of P≤0.05. All the calculations were
performed in STATISTICA, version 12.0, and MS Excel. 

Results
The amount of post-harvest residues supplied by narrow-leafed

lupin/oat mixtures was significantly affected by the experimental
factors and their interaction (Table 1). The greatest amount of the
residues was produced by oat and narrow-leafed/oat mixtures con-
taining 25 + 75% and 50 + 50% of the respective components.
Only the 75 + 25% mixture and narrow-leafed lupin produced the
lowest quantity of the residues. Harvest date had a significant
effect on the amount of post-harvest residues supplied by narrow-
leafed lupin/oat mixtures. More residues were associated with nar-
row-leafed lupin/oat mixtures harvested at the stage of narrow-
leafed lupin flat green pod compared with the narrow-leafed lupin
flowering stage. An interaction was confirmed, which indicated
that more post-harvest residues were supplied by oat and narrow-
leafed lupin/oat mixtures containing 25 + 75% and 50 + 50% of the
respective components harvested at the stage of flat green pod
compared with narrow-leafed lupin grown in pure stand or mixed
with oat and harvested at the flowering stage.

Statistical analysis demonstrated a significant effect of the
experimental factors and their interaction on the amount of nitro-
gen supplied to soil with the incorporated biomass of post-harvest
residues of narrow-leafed lupin/oat mixtures (Table 2). The great-
est nitrogen amount was supplied by narrow-leafed lupin and nar-
row-leafed lupin/oat mixtures containing 75 + 25% and 50 + 50%
of the respective components. The residues of oat and narrow-
leafed lupin/oat mixture containing 25 + 75% of the respective
components supplied the soil with the lowest amount of nitrogen.
Harvest date significantly influenced the amount of nitrogen sup-
plied with the biomass of legume/cereal post-harvest residues
entering the soil. More nitrogen was supplied by residues of nar-
row-leafed lupin/oat mixtures harvested at the stage of narrow-
leafed flat green pod compared with the flowering stage. An inter-
action was confirmed: the greatest amount of nitrogen was sup-
plied to the soil with the post-harvest residues of narrow-leafed
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Table 1. Amount of dry matter of forecrop residues of narrow-leafed lupin/oats mixtures (means across 2010-2011), tּ⋅ha–1.

Forecrop - mixtures I                                                            Forecrop harvest date II                                                                       Means
                                                        Stage of narrow-leafed lupin                               Stage of narrow-leafed lupin 
                                                                         flowering                                                             flat green pod                                        

Narrow-leafed lupin - pure stand 100%                              4.83                                                                                                 5.72                                                            5.28
Oat - pure stand 100%                                                            5.66                                                                                                 6.93                                                            6.30
Narrow-leafed lupin 75% + oat 25%                                    5.04                                                                                                 5.97                                                            5.51
Narrow-leafed lupin 50% + oat 50%                                    5.37                                                                                                 6.48                                                            5.93
Narrow-leafed lupin 25% + oat 75%                                    5.51                                                                                                 6.69                                                            6.10
Means                                                                                         5.28                                                                                                 6.36                                                               -
ANOVA                                                                                                                                   P-value                                                                                                                 HSD0.05

Forecrop-mixture I                                                                                                             <0.001                                                                                                                    0.69
Forecrop harvest date II                                                                                                   <0.001                                                                                                                    0.32
Interaction: IxII                                                                                                                   <0.001                                                                                                                    0.78
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lupin harvested at the flat green pod stage, and by narrow-leafed
lupin/oat mixtures containing 75 + 25% and 50 + 50% of the
respective components and harvested at the aforementioned
growth stage. The lowest nitrogen supply was associated with oat
residues harvested at the stage of narrow-leafed lupin flowering. 

Hybrid winter rye grain yield was significantly influenced by
the experimental factors and their interaction (Table 3). The high-
est grain yield was recorded in plots where the post-harvest
residues of narrow-leafed lupin/oat mixture containing 50 + 50%
of the respective components had been incorporated into the soil.
Hybrid winter rye grain yields were lower following an incorpora-
tion of post-harvest residues of narrow-leafed lupin/oat mixture
containing 75 + 25% of the respective components, and narrow-
leafed lupin grown in pure stand, the yields reaching a satisfactory
level. An incorporation of oat residues as well as residues of nar-
row-leafed lupin/oat mixture containing 25 + 75% of the respec-
tive components contributed to the poorest yield performance of
hybrid winter rye. Forecrop harvest date had a significant effect on
the grain yield of hybrid winter rye, the yield being higher when
narrow-leafed lupin mixed with oat was harvested at the flat pod
stage than flowering stage. An interaction was confirmed, which
indicated that the highest winter rye grain yield was produced after
an incorporation of narrow-leafed lupin/oat mixture containing 50
+ 50% of the respective components harvested at the stage of nar-

row-leafed lupin flat green pod, it being the lowest after oat har-
vested at the narrow-leafed lupin flowering stage. 

Statistical analysis revealed a significant effect of the experi-
mental factors and their interaction on the thousand grain weight of
hybrid winter rye (Table 4). The highest thousand grain weight was
recorded for hybrid winter rye following the forecrop of narrow-
leafed lupin/oat mixtures containing 50 + 50% and 75 + 25% of the
respective components. When rye followed narrow-leafed lupin,
thousand grain weight was the same as the value for rye following
narrow-leafed lupin/oat mixture containing 75 + 25% of the
respective components, it being significantly lower in the remain-
ing experimental units. Harvest date had a significant impact on
the thousand grain weight of hybrid winter rye. The weight was
significantly higher for rye following narrow-leafed lupin/oat mix-
tures harvested at the stage of narrow-leafed lupin flat green pod
compared with the flowering stage. An interaction was confirmed:
the highest thousand grain weight was determined for hybrid win-
ter rye following narrow-leafed lupin/oat mixtures containing 50 +
50% and 75 + 25% of the respective components harvested at the
stage of narrow-leafed lupin flat green pod, and the mixture com-
posed of 50% legume + 50% cereal component and harvested at
the stage of narrow-leafed lupin flowering, the weight being the
lowest after oat regardless of the harvest date.

The amount of total nitrogen accumulated in the grain of

                   Article

Table 2. Nitrogen amount introduced into the soil with incorporated residue biomass of narrow-leafed lupin/oat mixtures (means across
2010-2011), kg⋅ha–1.

Forecrop - mixtures I                                                            Forecrop harvest date II                                                                       Means
                                                        Stage of narrow-leafed lupin                               Stage of narrow-leafed lupin 
                                                                         flowering                                                             flat green pod                                        

Narrow-leafed lupin - pure stand 100%                             115.4                                                                                               137.1                                                          126.3
Oat - pure stand 100%                                                            72.9                                                                                                 81.7                                                            77.3
Narrow-leafed lupin 75% + oat 25%                                   104.7                                                                                               121.4                                                          113.1
Narrow-leafed lupin 50% + oat 50%                                    95.3                                                                                                110.2                                                          102.8
Narrow-leafed lupin 25% + oat 75%                                    84.2                                                                                                 98.7                                                            91.5
Means                                                                                         94.5                                                                                                109.8                                                              -
ANOVA                                                                                                                                   P-value                                                                                                                 HSD0.05

Forecrop-mixture I                                                                                                             <0.001                                                                                                                    10.4
Forecrop harvest date II                                                                                                   <0.001                                                                                                                     4.1
Interaction: IxII                                                                                                                   <0.001                                                                                                                    12.9
                                                                                                        

Table 3. Grain yield of hybrid winter rye (means across 2011-2012), tּ⋅ha–1.

Forecrop - mixtures I                                                            Forecrop harvest date II                                                                       Means
                                                        Stage of narrow-leafed lupin                               Stage of narrow-leafed lupin 
                                                                         flowering                                                             flat green pod                                        

Narrow-leafed lupin - pure stand 100%                              9.06                                                                                                 9.87                                                            9.47
Oat - pure stand 100%                                                            8.04                                                                                                 8.75                                                            8.40
Narrow-leafed lupin 75% + oat 25%                                    9.85                                                                                                10.61                                                          10.23
Narrow-leafed lupin 50% + oat 50%                                   10.74                                                                                               11.90                                                          11.32
Narrow-leafed lupin 25% + oat 75%                                    8.86                                                                                                 9.57                                                            9.22
Means                                                                                         9.31                                                                                                10.14                                                              -
ANOVA                                                                                                                                   P-value                                                                                                                 HSD0.05

Forecrop-mixture I                                                                                                             <0.001                                                                                                                    0.51
Forecrop harvest date II                                                                                                   <0.001                                                                                                                    0.28
Interaction: IxII                                                                                                                   <0.001                                                                                                                    0.59
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hybrid winter rye was significantly affected by the experimental
factors and their interaction (Table 5). The highest amount was
accumulated by the grain of rye following narrow-leafed lupin/oat
mixtures containing 50 + 50% and 75 + 25% of the respective
components. Total nitrogen accumulation following narrow-leafed
lupin differ insignificant from the value recorded for hybrid winter
rye following narrow-leafed lupin/oat mixture containing 75 +
25% of the respective components, it being significantly lower in
the remaining plots. Harvest date had a significant effect of the
amount of total nitrogen in hybrid winter rye grain. More total
nitrogen was accumulated in the grain of rye following narrow-
leafed lupin/oat mixtures harvested at the stage of narrow-leafed
lupin flat green pod compared with the flowering stage. A signifi-
cant interaction was confirmed: the highest amount of total nitro-
gen was accumulated by hybrid winter rye grown after the fore-
crop of narrow-leafed lupin/oat mixture containing 50 + 50% of
the respective components and harvested at both the developmen-
tal stages examined in the study, it being the lowest after oat
regardless of the harvest date.

Discussion
Post-harvest residues of legumes and their mixtures with cere-

als or grasses are a valuable source of biological nitrogen for the
following crop plants (Bergvist, 2003). Modern agriculture aims at
limiting mineral nitrogen inputs to the advantage of biological
nitrogen which does not pose a threat to the environment
(Hauggaard-Nielsen et al., 2012). The present study demonstrated
that the post-harvest residues of narrow-leafed lupin/oat mixtures
grown for green matter are a valuable biological nitrogen source
for crop plants. Also Thorsted et al. (2006) as well as Arlauskiene
and Maiksteniene (2008) found that, due to biological transforma-
tion, the incorporated biomass becomes a nitrogen source for crop
plants in the following year. In the experiment reported here, the
highest amount of post-harvest residues was supplied by oat as
well as the narrow-leafed lupin/oat mixture containing 25 + 75%
of the respective components. Buraczyńska et al. (2011), who
grown field pea, spring triticale and their mixtures, reported that
the greatest amount of post-harvest residues was supplied by
spring triticale grown in pure stand and mixed with field pea (25 +
75% of the respective components). High biomass production of
grass and cereal biomass has been reported by Watson et al.
(2002), Arlauskiene and Maiksteriene (2008), Nemeikšiene et al.
(2010) as well as Sarunaite et al. (2013). In the present study, the
post-harvest residues of narrow-leafed lupin grown in pure stand
supplied the soil with the lowest biomass amount. Also research by
Bergvist (2003) and Panagiotis (2015) demonstrated that, com-
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Table 4. Thousand grain weight of hybrid winter rye (means across 2011-2012).

Forecrop - mixtures I                                                            Forecrop harvest date II                                                                       Means
                                                        Stage of narrow-leafed lupin                               Stage of narrow-leafed lupin 
                                                                         flowering                                                             flat green pod                                        

Narrow-leafed lupin - pure stand 100%                              35.0                                                                                                 35.6                                                            35.3
Oat - pure stand 100%                                                            33.4                                                                                                 34.1                                                            33.8
Narrow-leafed lupin 75% + owies 25%                               35.2                                                                                                 35.9                                                            35.6
Narrow-leafed lupin 50% + oat 50%                                    35.8                                                                                                 36.4                                                            36.1
Narrow-leafed lupin 25% + oat 75%                                    34.5                                                                                                 35.0                                                            34.8
Means                                                                                         34.8                                                                                                 35.4                                                               -
ANOVA                                                                                                                                   P-value                                                                                                                 HSD0.05

Forecrop-mixture I                                                                                                             <0.001                                                                                                                     0.6
Forecrop harvest date II                                                                                                   <0.001                                                                                                                     0.3
Interaction: IxII                                                                                                                   <0.001                                                                                                                     0.8

Table 5. Total nitrogen accumulated in the grain of hybrid winter rye (means across 2011-2012), kgּ⋅ha–1.

Forecrop - mixtures I                                                            Forecrop harvest date II                                                                       Means
                                                        Stage of narrow-leafed lupin                               Stage of narrow-leafed lupin 
                                                                         flowering                                                             flat green pod                                        

Narrow-leafed lupin - pure stand 100%                             172.1                                                                                               184.6                                                          178.4
Oat - pure stand 100%                                                           131.9                                                                                               141.8                                                          136.9
Narrow-leafed lupin 75% + oat 25%                                   182.2                                                                                               192.0                                                          187.1
Narrow-leafed lupin 50% + oat 50%                                   193.3                                                                                               209.4                                                          201.4
Narrow-leafed lupin 25% + oat 75%                                   155.1                                                                                               160.8                                                          158.0
Means                                                                                        166.9                                                                                               177.7                                                              -
ANOVA                                                                                                                                   P-value                                                                                                                 HSD0.05

Forecrop-mixture I                                                                                                             <0.001                                                                                                                    14.8
Forecrop harvest date II                                                                                                   <0.001                                                                                                                     9.2
Interaction: IxII                                                                                                                   <0.001                                                                                                                    16.4
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pared with cereals or grasses, legumes supply the lowest amount of
biomass, which is due to the fact that the rooting system of legu-
minous plants is not as well developed at that of grasses. In the
experiment reported here, harvest date significantly affected the
amount of dry matter supplied with the post-harvest residues of
narrow-leafed lupin mixed with oat. Significantly more post-har-
vest residues were supplied by narrow-leafed lupin/oat mixtures
harvested at the stage of narrow-leafed lupin flat green pod com-
pared with the flowering stage. A possible explanation is that
plants harvested at a later date have more time to produce more
root matter, which translates into a greater amount of biomass in
the form of post-harvest residues.

The post-harvest residues of legumes and their mixtures with
cereals are a valuable source of biological nitrogen for the follow-
ing plants (Buraczyńska et al., 2011). In the present work, the
highest nitrogen amount was introduced into the soil with the post-
harvest residues of narrow-leafed lupine grown in pure stand,
which is consistent with findings reported by Bergvist (2003),
Thorsed et al. (2006), Sarunaite et al. (2013) and Panagiotis
(2015). It should be emphasised that residues of legume/cereal
mixtures are a source of a substantial nitrogen amount (Lemola et
al., 2000; Kǎnkǎnen and Eriksson, 2007; Kramberger et al., 2009;
Buraczyńska et al., 2011). In the present study, residues of the nar-
row-leafed lupin/oat mixture containing 75 + 25% of the respec-
tive components proved to be the richest source of total nitrogen.
The performance of oat residues was the worst in this respect,
which was due to the fact that non-legumes contain less total nitro-
gen and so their supply of this nutrient for the following crop is
lower, the finding confirmed by Kǎnkǎnen and Eriksson (2007)
who demonstrated that grasses supplied the following crop with
the lowest nitrogen amount. In the research reported here, the har-
vest date of narrow-leafed lupin/oat mixtures significantly influ-
enced total nitrogen amount supplied to the soil with post-harvest
residues. More nitrogen was supplied by narrow-leafed lupin/oat
mixtures harvested at the stage of narrow-leafed lupin flat green
pod compared with the flowering stage. The possible explanation
is the fact that plants harvested earlier in the growing season con-
tain more nitrogen but its supply is lower because less biomass of
post-harvest residues has been produced compared with plants har-
vested at a later date, which is consistent with findings reported by
Utomo et al. (1992), Clark et al. (1998) and Mechri et al. (2016).

German research demonstrated that hybrid winter rye cultivars
produce superior yields compared with population ones (Miedaner
et al., 2014; Laidig et al., 2017). However, the hybrid cultivars per-
form better when grown at good sites. In the study reported here,
post-harvest residues of narrow-leafed lupin mixed with oat posi-
tively affected the grain yield of hybrid winter rye, the highest
yield performance being observed following an incorporation of
the post-harvest residues of the narrow-leafed lupin/oat mixture
containing 50 + 50% of the respective components. A high rye
grain yield was also obtained after the 75 + 25% mixture when it
was harvested at the stage of narrow-leafed lupin flat green pod.
Buraczyńska et al. (2011) reported the highest winter wheat grain
yield following an incorporation of post-harvest residues com-
bined with straw of a spring triticale/field pea mixture containing
25 + 75% of the respective components, and after the ploughing
down of field pea residues and straw. Undersown legumes in stud-
ies by Kǎnkǎnen et al. (2001), Kǎnkǎnen and Eriksson (2007) as
well as Nemeikšiene et al. (2010) positively affected cereal grain
yield. In the work reported here, the grain yield of hybrid winter
rye was the lowest after an incorporation of oat residues. 

Also Buraczyńska et al. (2011) found that the post-harvest
residues of spring triticale harvested for grain contributed to a
decline in winter wheat grain yield compared with field pea
residues. Kǎnkǎnen and Eriksson (2007) as well as Nemeikšience
et al. (2010) obtained lower cereal grain yields following under-
sown grasses. It ought to be explained by the fact that legumes and
their mixtures with cereals or grasses have a narrower C:N ratio,
which leads to a more rapid decomposition of the incorporated bio-
mass and, as a result, release more nitrogen available for the fol-
lowing crop which can produce higher yields. In the experiment
reported here, the harvest date of narrow-leafed lupin/oat mixtures
significantly affected the yield performance of hybrid winter rye.
A higher grain yield was recorded following an incorporation of
the residues of narrow-leafed lupin mixed with oat and harvested
at the stage of narrow-leafed lupin flat green pod compared with
the flowering stage. This is possibly due to the fact that narrow-
leafed lupin/oat residues incorporated at an earlier developmental
stage mineralise more rapidly, and the following plant is unable to
fully utilise the released mineral nitrogen which is lost due to
leaching into deeper soil strata, and pollutes the soil environment.
Better results can be obtained after ploughing down of
legume/cereal post-harvest residues at a later developmental stage,
that is at the stage of legume flat green pod.

In the experiment reported here, the thousand grain yield of
hybrid winter rye was the highest when the cereal was grown at a
good site, that is after narrow-leafed lupin/oat mixtures containing
50 + 50% and 75 + 25% of the respective components. Also
Buraczyńska et al. (2011) found the highest thousand grain weight
of winter wheat, and superior grain yield as well, when the cereal
followed a spring triticale/field pea mixture containing 25 + 75%
of the respective components. It was due to the fact that the good
site which was rich in biological nitrogen positively affected the
yield performance and grain fill of the winter cereal.

The present work demonstrated that grain of hybrid winter rye
takes up various nitrogen amounts depending on the forecrop. The
greatest amount of total nitrogen was determined in the grain of
winter rye following the spring triticale/field pea mixture contain-
ing 75 + 25% of the respective components, which agrees with
findings reported by Buraczyńska et al. (2011) who found that the
highest nitrogen amount in the grain of winter wheat following
field pea grown for seed and a spring triticale/field pea mixture
containing 25 + 75% of the respective components. A positive
effect of legumes on nitrogen uptake by cereal yield has also been
reported by Kǎnkǎnen and Eriksson (2007), Herridge et al. (2008),
Nemeikšiene et al. (2010) and Hauggard-Nielsen et al. (2012).
This follows from the fact that post-harvest residues of legumes
contain much nitrogen compared with non-leguminous plants, the
nitrogen being made available for the following crop after miner-
alisation. The work reported here demonstrated that narrow-leafed
lupin/oat mixtures containing 75 + 25% and 50 +50% of the
respective components positively affected nitrogen accumulation
in hybrid winter rye grain. More total nitrogen was determined in
the grain after hybrid winter rye followed narrow-leafed lupin
mixed with oat and harvested at the flat pod stage compared with
the flowering stage. This can be explained by the fact that post-har-
vest residues of narrow-leafed lupin/oat mixtures accumulated
more nitrogen at the flat pod stage than the flowering stage of nar-
row-leafed lupin. As a result, the cereal recovers the nitrogen fixed
by legumes from the air, which reduces the risk of N leaching
(Nykänen et al., 2009; Nemeikšiene et al., 2010).
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Conclusions
Oat and narrow-leafed lupin/oat mixtures containing 25 + 75%

and 50 + 50% of the respective components harvested at the stage
of narrow-leafed lupin flat green pod supplied the greatest amount
of post-harvest residue biomass, and narrow-leafed lupin harvested
at this stage accumulated the most nitrogen in its residues.

Cultivation of hybrid winter rye following the narrow-leafed
lupin/oat mixture containing 50 + 50% of the respective compo-
nents and harvested at the stage of narrow-leafed lupin flat green
pod contributed to the best grain yield performance of the cereal.

The greatest thousand grain yield and the highest amount of
total nitrogen in the grain of hybrid winter rye were recorded fol-
lowing narrow-leafed lupin mixed with oat at the respective com-
ponent proportions of 50 + 50%, regardless of the harvest date.
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