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Abstract – Organically managed fields are highly attractive for wild animals of open agricultural landscapes because of a high percentage of
green covered fields; for example, by green manures, catch crops and underseeds. Forage legumes are the main source of nitrogen in organic
farming. Forage legumes are also important habitats for wild animals. The main ecological disadvantage is frequent mowing of forage crops.
Increasing the time without disturbance in favour of wild animals may also decrease crop productivity and increase weed pressure. Here, we
studied the effect of modified mulching dates on yield, nitrogen fixation and weed colonisation of lucerne green manure under pannonian site
conditions during two vegetation periods in Eastern Austria. We compared a natural treatment, where the first mulching took place two weeks
earlier and the second mulching two weeks later than in a conventional treatment with the latter. While in the first year the shoot dry-matter
yield (–1.5 t ha−1), nitrogen yield and the amount of fixed nitrogen (–44 kg N ha−1) in lucerne were significantly lower in the natural than in
the conventional treatment at the first cut, no differences could be detected in the second year. The seasonal amount of nitrogen fixation as well
as the percentage of N derived from the atmosphere (Ndfa) at both cuts did not differ between the treatments. The natural treatment also had no
disadvantageous effects on weed coverage. Our results show that prolonging the period without disturbance in lucerne crops had no adverse
agronomic effects with only one exception: the 14-day shorter development period in the natural treatment at the first cut decreased shoot yield
and nitrogen fixation compared with the conventional treatment in the first year, when weather conditions were humid before the first cut and
dry afterwards. We therefore recommend shifting mulching dates and prolonging cutting intervals in lucerne on organic farms under pannonian
site conditions in favour of wild animals.

Lucerne / nitrogen fixation / nature conservation / mulching regime / wild animals / weed pressure

1. INTRODUCTION

Forage legumes are the main source of nitrogen for non-
legumes in crop rotations of organic farming. The yield and
product quality of following cereals depend on the N (nitro-
gen) gain by biological nitrogen fixation of the forage legumes
(Wivstad et al., 1996). Lucerne (Medicago sativa L.) is the
most important perennial forage legume in the crop rotation
used in organic farming systems under warm and dry climatic
conditions like in eastern Austria. In stockless organic farm-
ing, mulched lucerne crops, when the green manure is left
on the soil surface (“mulching”), can symbiotically fix 159–
230 kg N ha−1 per year (Loges et al., 1999; Pietsch et al.,
2007). Crop management aims at optimising the N gain by
biological nitrogen fixation and the N delivery to following
crops (de Kruijff et al., 2008).

* Corresponding author: gabriele.pietsch@boku.ac.at

Organic farming has less negative impacts on the environ-
ment than conventional farming (Stolze et al., 2000; El-Hage
Scialabba and Hattam, 2002) and contributes to species rich-
ness by supporting and integrating biodiversity into and along-
side the cultivated land (van Elsen, 2000; Hole et al., 2005;
Petersen et al., 2006). Organically cultivated land is highly at-
tractive for wild animals of the open agriculture landscape be-
cause a higher percentage of the fields is green covered by fal-
lows, catch crops and underseeds than on conventional farms.
Forage legumes comprise up to 30% of the organic crop ro-
tation and therefore play a crucial role in nature conservation
(Stein-Bachinger et al., 2005).

Especially lucerne provides excellent habitats due to its
nesting cover, abundant insects, perennial growth pattern and
feeding opportunities for many species, among them song-
birds, swallows, quails, migratory birds, rabbits and deer.
Stein-Bachinger and Fuchs (2004) confirmed the importance
of forage production (legume and legume-grass mixtures) for
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ground-breeding birds compared with other crops. The main
disadvantage for wild animal species is frequent mowing of
lucerne, which often destroys nests and eggs and disturbs in-
cubating hens of ground-breeding birds (Berdahl et al., 2004;
Putnam et al., 2001).

The Marchfeld region in eastern Austria is one of the most
important regions of intensive crop production in the country.
It is characterised by large cultivation units and a small share
of landscape elements like hedgerows, field margins or fal-
lows. The intensive agriculture here causes many environmen-
tal problems, especially groundwater pollution by nitrate and
pesticide inputs, along with declining soil fertility and ecosys-
tem diversity (Hadatsch et al., 2000). Only a few farms follow
organic farming guidelines in this region. The first seasonal
cut of perennial lucerne is typically the most productive, often
providing 40–50% or more of the total forage yield per season
(Latheef et al., 1988). Usually, the first cut of lucerne crops
sown in the preceding year takes place in late May to mid-June
in the Marchfeld region. At this time, young ground-breeding
birds are not fully fledged and young hares are in the fields
(Stein-Bachinger and Fuchs, 2004). A single mulching event
during the sensitive reproduction periods of the key species
(e.g. brown hare or skylark) is detrimental (Kelemen-Finan
and Frühauf, 2005). High mortality rates and decreased repro-
ductive success of ground game (e.g. brown hare) and ground-
breeding birds were observed in the Marchfeld region through
the common practice of chaffing and mulching lucerne crops
between late May and mid-June (Kelemen et al., 2003). A de-
layed first cut and prolonging the mulching intervals of for-
age legumes across the breeding season – a minimum inter-
val of seven weeks between the first and second cuts – im-
prove the reproductive success of ground-breeding birds, e.g.
skylarks (Kelemen-Finan and Frühauf, 2005; Stein-Bachinger
et al., 2005). In the northern Great Plains (USA), for exam-
ple, nesting success of waterfowl, pheasants and other upland
nesting birds was greatly improved when haying was delayed
from June to July or later (Berdahl et al., 2004). Other bene-
ficial effects on reproductive success of wild animals can be
obtained by increasing the cutting height, using special har-
vesting techniques, and including structural features such as
unmown strips (Stein-Bachinger et al., 2005).

The dry-matter (DM) yield of lucerne increases with ad-
vancing maturity, but the forage quality, e.g. crude protein,
is reduced (Frame et al., 1998; Lloveras et al., 1998; Sheaf-
fer et al., 2000; Stein-Bachinger and Fuchs, 2004; Veronesi
et al., 1981). The question remains whether dry-matter and N
yield as well as nitrogen fixation capacity of lucerne crops are
also influenced by a mulching date adapted to a nature con-
servation management in the dry Marchfeld region. This may
also affect their pre-crop value in organic crop rotations. The
present study was carried out in the frame of a research project
(Kelemen-Finan and Frühauf, 2005) analysing the effects of
agriculture on key species (brown hare, grey partridge, sky lark
and quail) of open agricultural landscapes in the Marchfeld re-
gion. Despite their differing habitat requirements, these four
key species showed a positive effect of variously structured
and managed fallow habitats and a high affinity to lucerne. Our
objective was to study the agronomic consequences of shift-

ing the mulching date of lucerne crops with respect to nature
conservation. We tested if lucerne crops under two differing
mulching regimes – optimised with respect to nature conser-
vation with a prolonged period without disturbance between
the first and second cuts versus managed according to conven-
tional practice – (i) produce the same amount of above- and
below-ground dry matter, (ii) have the same N content and N
yield, (iii) fix the same amount of atmospheric nitrogen and
(iv) have the same effect on weed coverage.

2. MATERIALS AND METHODS

2.1. Trial sites and experimental procedure

The experiment was conducted on an organically managed
field of the University of Natural Resources and Applied Life
Sciences Vienna, Austria. The trial site is located in the March-
feld area, approx. 5 km east of Vienna in Raasdorf (48◦ 14’ N,
16◦ 35’ E) at an altitude of 150–160 m above sea level. The
Marchfeld climate is characterised by hot, dry summers with
little dew, and cold winters with little snow. The long-term av-
erage (1971–2000) annual precipitation is 520 mm; the mean
annual temperature is 9.8 ◦C. The soil is a Calcaric Phaeozem
(WRB, 1998) from Loess with a silty loam texture, organic
carbon contents of 2.2% in the Ap horizon, and a pH value
of 7.6 measured in a 0.01 M CaCl2 suspension at a soil-to-
solution ratio of 1:2.5.

Farm management is without livestock, so no organic ma-
nures were applied and all plant material remained on the field,
corresponding to a green manure system. Crop rotation dur-
ing the experimental period was summer barley / catch crop
(2003) – lucerne (2004, first year of production) – lucerne
(2005, second year of production). In 2004, lucerne, cv. Si-
tel (seeding density 25 kg ha−1), and related reference crops
for estimating biological nitrogen fixation (see Sect. 2.3) were
sown in April and cut two times per year according to the de-
velopment stage of the lucerne crop (Tab. I). Two treatments
– two lucerne crops differing in their mulching date – were
tested in a completely randomised block design on 5.4 × 5 m
plots in four replicates on the same trial in the two experi-
mental years. Related reference crops for estimating biologi-
cal nitrogen fixation of the lucerne crop were placed on ad-
jacent plots of the same size, respectively. Lucerne managed
according to conventional practice (conventional treatment =
CT) was cut at the blooming state (Tab. I). In the natural treat-
ment (NT), the first mulching date was two weeks earlier and
the second mulching date was two weeks later in both years
to prolong the period without disturbance. Treatments were
the same in the first (2004) and the second year of production
(2005) (Tab. I). The trial ended with the second cut in July
2005.

Weed colonisation was very low at the experimental farm in
Raasdorf. Therefore, the effect of the modified mulching sys-
tem on weed density was tested on farmers’ fields in the vicin-
ity (see Sect. 2.4). Weather data were assessed by the gauging
station of the Institute for Agronomy and Plant Breeding, Uni-
versity of Natural Resources and Applied Life Sciences Vi-
enna, in Raasdorf.
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Table I. Maturity stage, plant height and weather conditions of lucerne treatments in the first (2004) and second (2005) years of production.
Treatment NT: natural treatment lucerne system, CT: conventional treatment lucerne system; maturity stages (KDC according to Buhtz et al.,
1990): 51 = early bud, 57 = late bud stage, 61 = early bloom, 65 = late bloom, 70 = green pod; sum of temperature/precipitation: from start of
vegetation period (early April) to first cut and from first to second cut.

Date Cut . Treatment Maturity stage (KDC) Plant height (cm) Sum of Temp. (˚C) Sum of Precipitation (mm)
1st year (2004)
5 July 1 NT 61 60–70 1244 189
19 July 1 CT 65 70–85 1507 197
23 Aug. 2 CT 51 25–30 752 10
6 Sept. 2 NT 57 25–30 1266 34
2nd year (2005):
23 May 1 NT 57 40–55 505 70
7 June 1 CT 65 60–80 779 86
11 July 2 CT 65 30–35 635 99
25 July 2 NT 70 30–35 1203 121

2.2. Sampling methods and analysis

Above-ground dry matter (DM) biomass production of
lucerne and reference crops was determined by hand-
harvesting 2 × 0.5 m2 per plot of shoots (cutting height 5 cm
above soil level) and stubbles, and drying an aliquot at 105 ◦C
to constant weight. For statistical analysis, mean values per
plot were calculated. On the rest of the plot, all plant mate-
rial remained on the field, corresponding to a green manure
system. At the second cut, below-ground biomass (two layers:
0–30 cm and 30–60 cm) was derived from samples taken with
a root auger (10 cm in diameter, 60 cm deep, with four repli-
cates per plot), and roots were subsequently separated from
soil by a hydropneumatic elutriation system (Gillison’s Vari-
ety Fabrication Inc., USA) through a 760-µm mesh sieve. In
2005, lucerne shoots were separated into leaves and stem, and
biomass proportion and N content were determined separately.
Part of the plant material was dried at 60 ◦C for 48 h, ground to
a fine powder, and analysed for N content and 15N isotope ra-
tios in the Competence Centre for Stable Isotopes (University
of Göttingen) with an isotope ratio mass spectrometer: Ther-
moQuest Finnigan DELTAplus or Finnigan MAT 251.

2.3. Biological nitrogen fixation

The biological nitrogen fixation of the legumes was esti-
mated by the 15N dilution method (Chalk, 1985) using a low-
level, large-scale application of 15N-enriched fertiliser (ac-
cording to Reiter et al., 2002). The plant-available soil N pool
was enriched with 0.1 kg 15N ha−1 by applying a labelled fer-
tiliser (1 kg N ha−1 as potassium nitrate, 10 at.% 15N) ten
days after sowing. To calculate the amount of N fixed from the
legume, a reference crop for each of the two lucerne treatments
was cultivated. A grass mixture consisting of false oat (Ar-
rhenatherum elatius), red fescue (Festuca rubra), cocksfoot
(Dactylis glomerata) and perennial ryegrass (Lolium perenne)
(seeding density 25 kg ha−1; grass species with 25% area pro-
portion in the mixture) served as a reference crop. The per-
centage of legume N content derived from the atmosphere
(Ndfa) was calculated using the isotopic differences between

the legume and the reference crops as described by Fried and
Middelboe (1977; Eq. (1)).

%Ndfa =

(
1 − atom%15 Nexcesslegume

atom%15 Nexcessreference crop

)
× 100 (1)

atom%15N excess = atom%15N (legume or reference crop) – 0.3663
The equation for calculating the amount of N from Nfix at

the first cut was:

NfixC1(kg ha−1) = NSC1 (kg ha−1) x

(
%NdfaSC1

100

)
(2)

where
NfixC1 = amount of N from Nfix in the legume shoots at the
first cut.
%NdfaSC1 = nitrogen derived from the atmosphere in the shoot
at the first cut.
NSC1 = DM yield of legume shoots x shoot N content at the
first cut.

The Nfix at the second cut was calculated by summing the
amount of N from Nfix in shoots, stubbles and roots at that
time according to Pietsch et al. (2007). The seasonal nitrogen
fixation value (Nfix total) is the sum of Nfix at the first and
second cuts.

2.4. Weed colonisation

To reliably test whether shifting the mulching date influ-
ences the weed colonisation of the crop, four organic lucerne
fields in the Marchfeld region (Lassee) with similar condi-
tions but more weed coverage than in Raasdorf were selected.
Lucerne was established in spring as a pure crop on fields.
Each field was divided into two parts, differing in mulching
date (for treatments see Tab. I). On every field and treatment,
three 25-m2 plots were selected. On every plot, weed abun-
dance was visually estimated at each cut (June, August) with
the method of Braun-Blanquet (1964). We used a modified
Braun-Blanquet scale with cover degree 1 divided into 1a, 1b
and 1m and cover degree 2 divided into 2a and 2b (Dierschke,
1994). The fieldwork was carried out in summer 2004.
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2.5. Statistical analysis

Data for biological nitrogen fixation, dry-matter and N
yield, N content and leaf/stem biomass proportion were anal-
ysed statistically by a two-way analysis of variance (ANOVA;
P < 0.05) with the factors ’treatment’ and ‘block’. For the fac-
tor ‘treatment’, significance from the table of variances was
used. For pairwise comparisons of the means of the factor
’block’, a Tukey test was used. Additionally, an alternative
model, a special form of covariance analysis with the factor
‘treatment’ and the ‘block’ number as a covariate, was ap-
plied. This approach was suggested by Moder (1998) to im-
prove the test efficiency by gaining additional degrees of free-
dom for estimating the error variance. It improved the test ef-
ficiency in most cases. When not mentioned in the text, the
factor ‘block’ had no significant effect on the tested traits.
To statistically analyse differences in weed pressure between
natural and conventional treatments, only weed species occur-
ring on at least two fields were used. In a first step, the cover
degrees were transformed into numerical values according to
Dierschke (1994) to calculate the mean coverage of each weed
species of the three plots per field and treatment. In a second
step, the calculated mean coverage of each weed species was
retransformed into the Braun-Blanquet classes. Due to differ-
ent weed species composition, all calculations were done for
each field separately. Using Fischer’s exact test (significance
level P = 0.05) we compared the frequencies of the occu-
pied Braun-Blanquet classes of the two treatments, combining
all weed species. This analysis was done for the first and sec-
ond cuts in 2004. All statistical analyses were carried out with
SPSS 12.0.

3. RESULTS AND DISCUSSION

3.1. Weather conditions

The temperature course from August to November 2004
and from May to July 2005 was above the long-term average
(data not shown). On the other hand, the annual precipitation
was below the long-term mean values in both vegetation pe-
riods (2004: –36 mm; 2005: –107 mm). Weather conditions,
especially precipitation, differed considerably in the two ex-
perimental years: while from April to June (sowing to first cut)
2004 the precipitation was higher than in the respective period
in 2005, from July to August (between first and second cuts)
it was lower in the first than in the second year of production
(Fig. 1).

3.2. Development and biomass production

Because of the cold and wet conditions in spring 2004,
lucerne was sown in mid-April. After 81/95 days, the plants
were in early bloom (natural treatment) / full bloom stage
(conventional treatment) in July (Tab. I). In the second pro-
duction year (2005), the plants naturally had an advantage in
development: the period from the beginning of the vegetation

0.0

0.5

1.0

1.5

2.0

2.5

3.0

NT CT NT CT

Start - first cut
First cut - second cut

    2004                                               2005

Treatment

Precipitation (day mm-1)

Figure 1. Different precipitation conditions (precipitation per day in
mm) in the two production years in Raasdorf: decrease in the first
year, 2004, and increase in the second year, 2005, from the start (be-
ginning of vegetation period: 15 April) – first cut period and from first
cut – second cut period of lucerne treatments (NT: natural treatment,
CT: conventional treatment).

period in April to the first cut was only 38–53 days. Therefore,
the accumulated sum of temperature and precipitation at the
first cut in 2004 was twice that of 2005 (Tab. I).

At the first cut in 2004, the shoot dry-matter yield of the
later-mulched conventional treatment reached 4.6 t ha−1 and
is significantly higher than that of the earlier-mulched natural
treatment treatment (3.2 t ha−1). No differences between the
treatments were found in shoot dry-matter yield at the first cut
in 2005 (Tab. II). Precipitation was higher from April to July
2004 than in 2005. The plants received an average precipita-
tion rate of 2.2 mm per day from the start of the vegetation
period to the first cut in 2004, whereas in 2005 it rained only
1.7 mm per day (Fig. 1). More humid conditions in summer
2004 effected a longer development period (by 14 days) in the
conventional treatment, which is reflected in the higher shoot
dry-matter yield of this treatment. In summer 2005, the condi-
tions from April to the first cut were too dry to show an advan-
tage in the biomass yield of the later-mulched conventional
treatment. Besides, minor deer damage in the later-mulched
conventional treatment at the first cut reduced shoot biomass
development.

In 2005, the period between the first and second cuts
showed a higher precipitation rate than in 2004 (2.4 versus
0.4 mm day−1, Fig. 1). This was reflected in a slightly higher
shoot dry-matter yield of the later-harvested natural treat-
ment at the second cut, but the difference was not significant
(Tab. II). In 2004, the period before the second cut was too
dry to show a differentiating effect on the two treatments. This
agrees with the results of Stein-Bachinger et al. (2001), who
found no differences in yield between the common and later
forage cut treatment because extremely dry conditions up to
seven weeks after the first cut caused almost no biomass in-
crease. In both production years, the period from the first to the
second cut was 63 days in the natural treatment and 35 days
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Table II. Dry matter (DM) yield of lucerne shoots, stubbles and roots in the first (2004) and second (2005) years of production. Root yield
0–60 cm, Residues: stubbles and roots; NT: natural treatment, CT: conventional treatment; SD: standard deviation. Mean values in one column,
cut and year with the same letter do not differ significantly (P < 0.05).

Year Treatment Shoot yield t DM ha−1 Stubble yield t DM ha−1 Root yield t DM ha−1 Residue yield t DM ha−1

1st cut 2nd cut Total 2nd cut
2004 NT 3.19 b 1.21 a 4.40 b 0.60 a 4.78 a 5.38 a

SD ± 0.25 0.20 0.41 0.09 3.36 3.35
CT 4.64 a 1.41 a 6.05 a 0.74 a 8.76 a 9.50 a

SD ± 0.30 0.27 0.53 0.18 3.34 3.25
2005 NT 3.08 a 1.64 a 4.72 a 0.91 a 11.11 a 12.02 a

SD ± 0.57 0.93 1.22 0.01 1.63 1.62
CT 2.42 a 1.09 a 3.51 a 1.07 a 10.57 a 11.64 a

SD ± 0.76 0.24 0.60 0.30 0.69 0.97

in the conventional treatment. Nevertheless, plants in the first
year, 2004, were in earlier maturity stages after this period than
in 2005 (Tab. I). The low precipitation between the two cuts
(Fig. 1) limited water supply and impaired the phenological
plant development in the two treatments. Water stress typically
slows maturation of forages (Buxton, 1996). Martiniello et al.
(1997) also described the influence of limited water supply on
the plant development in an early cut treatment of lucerne.

At the second cut, the lucerne residues reached 5.38 (natu-
ral treatment) / 9.5 (conventional treatment) t DM yield ha−1 in
2004 and 12.02 (natural treatment) / 11.64 (conventional treat-
ment) t DM yield ha−1 in 2005. The differences between the
treatments (Tab. II) were not significant in both years of pro-
duction (significant between-‘block’ differences in DM root
yield and DM residue yield in 2005). Lucerne mulched at the
early maturity stage for nature conservation showed a signifi-
cantly lower herbage production compared with the later ma-
turity stage in the conventional treatment at the first cut in
the more humid first production year. Other authors also de-
scribed higher lucerne yields at later cutting dates compared
with early harvesting (Latheef et al., 1988; Avice et al., 1997;
Martiniello et al., 1997; Lloveras et al., 1998). The length of
the interval between the two cuts had no visible influence on
the herbage production at the second cut in our study. In con-
trast, Avice et al. (1997) found that a longer spring regrowth
period positively affected subsequent shoot regrowth during
summer. Leach (1968) also demonstrated that later-harvested
lucerne had a more rapid rate of regrowth. Short regrowth cy-
cles in a lucerne grazing system reduced annual shoot yield
compared with long regrowth cycles in two experimental years
(Teixeira et al., 2007). Contrary to our study, the lucerne plants
were irrigated in both those field experiments. We conclude
that increasing the length between two cuts positively influ-
enced yield only when soil moisture conditions were optimal
for plant growth. The total forage dry-matter accumulation
could be attributed mainly to stem dry-matter accumulation.
The greater leaf/stem biomass proportion of the natural treat-
ment at the first cut (1.26, not significant) and of the conven-
tional treatment at the second cut (1.86; significant differences
in factors ‘treatment’ and ‘block’) indicated that the propor-
tion of lucerne stems increased with preceding development
in the second year of production (Tab. III; no data in first year
of production). The leaf/stem biomass proportion decreases as

Table III. Nitrogen (N) content and leaf/stem biomass proportion in
lucerne shoots in the second year (2005) of production. NT: natural
treatment, CT: conventional treatment; SD: standard deviation. Mean
values in one column, cut and year with the same letter do not differ
significantly (P < 0.05).

Year Treatment Leaf/stem N content %
biomass proportion
1st cut 2nd cut 1st cut 1st cut 2nd cut 2nd cut

Leaf Stem Leaf Stem
2005 NT 1.26 a 1.66 b 4.30 a 1.43 a 4.48 a 1.60 a

SD ± 0.17 0.17 0.19 0.19 0.13 0.29
CT 1.04 a 1.86 a 4.12 a 1.33 a 4.63 a 1.75 a

SD ± 0.23 0.21 0.06 0.16 0.21 0.13

plants mature (Martiniello et al., 1997; Sheaffer et al., 2000;
Lamb et al., 2003). Sheaffer et al. (2000) found the highest
leaf yield in an early flower and the highest stem yield in the
late flower cut regime. Nevertheless, leaf yield was higher than
stem yield in both treatments and both cuts in our study.

3.3. Nitrogen content and nitrogen yield

The N content of lucerne shoots ranged from 2.9 to 4.6%
N and did not differ between the treatments in both years and
at both cuts (Tab. IV; significant between-‘block’ difference in
shoot N content at the second cut in 2004). The greater shoot
dry-matter yield of the conventional treatment at the first cut
in 2004 corresponds to an increased shoot N yield (136 kg N
ha−1) compared with the natural treatment (92 kg N ha−1). No
between-treatment differences in shoot N yield were recorded
at the second cut in 2004 or both cuts in 2005 (Tab. IV). In
lucerne leaves, we found 4.1–4.6% N, and in the stem about
1.3–1.8% N, but there were no differences between the treat-
ments (Tab. III; significant ‘block’ effect for leaf N content at
the second cut in 2005).

In the second year of production, the N content in the total
herbage (leaves and stems) decreased with the preceding ma-
turity of plants, but the difference between the treatments was
not significant (Tab. IV). Declines in crude protein (CP) con-
centration and general nutritive quality of forages as the plants
mature are well documented (Sheaffer et al., 2000; De Santis
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Table IV. Nitrogen (N) content and nitrogen yield in lucerne shoots at the first and second cuts and in stubbles and roots at the second cut in
the first (2004) and second (2005) years of production. St: Stubbles, R: Roots 0-60 cm, NT: natural treatment, CT: conventional treatment; SD:
standard deviation. Mean values in one column, cut and year with the same letter do not differ significantly (P < 0.05).

Year Treatment Shoot Residues
N content Nitrogen yield N content Nitrogen yield

% kg N ha−1 % kg N ha−1

1st cut 2nd cut 1st cut 2nd cut Total St R St R Total
2004 NT 2.88 a 3.36 a 92 b 41 a 133 b 2.70 a 2.17 a 16 a 114 a 131 a

SD ± 0.42 0.62 16 9 18 0.46 0.24 5 85 85
CT 2.93 a 2.91 a 136 a 41 a 177 a 2.08 a 1.89 b 16 a 175 a 191 a

SD ± 0.13 0.64 9 11 12 0.18 0.07 5 78 76
2005 NT 3.49 a 4.27 a 108 a 68 a 176 a 2.64 a 1.51 a 24 a 169 a 193 a

SD ± 0.12 0.33 19 34 45 0.24 0.09 2 13 13
CT 3.41 a 4.55 a 82 a 50 a 131 a 2.60 a 1.59 a 27 a 166 a 194 a

SD ± 0.18 0.09 24 11 17 0.30 0.16 7 20 26

et al., 2004). Maturity influences forage quality more than any
other factors (Buxton, 1996). A later first cut increased for-
age yield, but the crude protein content decreased significantly
(Stein-Bachinger et al., 2001). The leaf N contents were two
to three times higher than stem N contents at all growth stages.
As plants grow they have a higher proportion of structural
tissues (stem), which contain little nitrogen (Lemaire et al.,
1992). Thus, the N yield in shoot biomass should decrease as
plant biomass increases. In our study, this was not the case be-
cause shoot N content was not reduced significantly in either
year. The N content of roots at the second cut in 2004 was
significantly higher in the natural treatment (2.17% N) than
in the conventional treatment (1.89% N). The stubble biomass
contained the same amount of N in both treatments and years,
leading to similar stubble N yield (Tab. IV). The total amount
of N in the lucerne residues at the end of the vegetation period
was 131–194 kg N ha−1.

In the second year of production (2005) at the first cut we
also determined biomass yield and N content of roots (data
not shown). The N contents were significantly higher in the
conventional than the natural treatment (2.1% versus 1.6% N
at 0–60 cm depth). Values in the root biomass (0–30 cm depth)
were 214 kg N ha−1 in the conventional and 136 kg N ha−1 in
the natural treatment. Because of the longer spring growing
period, the former plants accumulated more N reserves here.

Generally, lucerne shoot regrowth is largely determined
by the root TNC (total non-structural carbohydrates) level
(Volenec, 1999). Recent work suggests that regrowth after
shoot removal may depend more on the availability of N re-
serves in roots and crowns than of C reserves (Kim et al., 1993;
Avice et al., 1996, 1997). Full bloom cuts allowed greater au-
tumn regrowth than late bud cuttings, possibly due to higher
root reserve accumulation during the mid-season cuts (Gossen
et al., 1994). The N and starch storage of frequently cut tap-
roots was smaller than of plants with a 45-day defoliation in-
terval (Avice et al., 1997). A six-week regrowth period was
generally required to fully restore root N content (Lemaire
et al., 1992).

In our study, the cutting interval between the first and sec-
ond cuts was shorter in the conventional versus the natural
treatment (65/93 days). The longer regrowth period of the lat-

ter allowed the plants to take advantage of radiation, temper-
ature and precipitation (Tab. I). On the other hand, roots in
the conventional treatment had greater N reserves before re-
growth. Nevertheless, the shoot biomass yield of both treat-
ments did not differ at the second cut in 2005. We therefore
assume that regrowth duration and root N reserve amounts
in lucerne had opposite effects on shoot regrowth, cancelling
each other out.

3.4. Biological nitrogen fixation

At the first cut in 2004, nitrogen fixation was significantly
higher in the conventional than in the natural treatment (109
versus 65 kg N ha−1; Fig. 2). This reflects the increased shoot
dry-matter yield of the former and the role of yield in calculat-
ing biological nitrogen fixation. The shoot dry-matter yield of
the natural treatment was just slightly higher (not significant,
see Tab. II) than of the conventional treatment at the first cut in
2005. Nevertheless, nitrogen fixation was significantly higher
in the natural than conventional treatment (73 versus 60 kg N
ha−1; Fig. 2). In both production years, nitrogen fixation did
not differ significantly between the treatments at the second
cut (Fig. 2).

The seasonal amount of nitrogen fixation is more impor-
tant for supplying N to the following crops than Nfix of a
single cut. In total, 200–265 kg N ha−1 in 2004 and 228–
260 kg N ha−1 in 2005 were fixed from the atmosphere by
lucerne: the treatments did not differ from one another. The
yield-independent Ndfa value reached 66–75% in the first and
60–72% in the second year of production; again, treatment
made no difference (Tab. V).

The nitrogen fixation process in root nodules may require
as much as 50% of the photosynthates produced by legume
plants (e.g. cowpea; Pate and Herridge, 1978); this process is
highly dependent on a continuous supply from the shoot for
energy to support nodule function and growth (Ta and Faris,
1987). Defoliation removes most of the photosynthetic area
of lucerne (Avice et al., 1996). Due to a shortage of stored C
(Avice et al., 1996) and the competition between vegetative
regrowth and nodules for reserve carbohydrates and current
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Figure 2. Comparison of natural treatment (NT) and conventional treatment (CT) lucerne systems in terms of biological nitrogen fixation (kg
N ha−1) at the first and second cuts in 2004 and 2005. Error bar: standard deviation. Mean values with the same letter do not differ significantly
(P < 0.05).

Table V. Seasonal amount of N from biological nitrogen fixation
(Nfix total = sum of Nfix at cuts 1 and 2) and nitrogen derived from
the atmosphere (Ndfa) of lucerne at the first and second cuts in the first
(2004) and second (2005) years of production, NT: natural treatment,
CT: conventional treatment; SD: standard deviation. Mean values in
one column, cut and year with the same letter do not differ signifi-
cantly (P < 0.05).

Year Treatment Nfixkg ha−1 Ndfa%
Total 1st cut 2nd cut

2004 NT 200 a 66 a 75 a
SD ± 86 6 10
CT 265 a 73 a 67 a

SD ± 62 5 7
2005 NT 260 a 60 a 72 a

SD ± 29 1 6
CT 228 a 63 a 69 a

SD ± 28 8 4

photosynthates, defoliation strongly reduces nitrogenase ac-
tivity during the first 14 days of regrowth (Cralle and Heichel,
1981). After defoliation of forage legumes, N reserves are re-
quired to initiate new shoot growth (Kim et al., 1993). Sev-
eral weeks before net photosynthesis peaks at the flowering
stage, the specific activity of N fixation by cowpea (Vigna un-
guiculata L.) nodules was reduced while nodule mass was still
increasing (Herridge and Pate, 1977). Assuming similar pro-
cesses in lucerne, our data confirm (Ndfa, Tab. V) that plants
mulched at later maturity stages (conventional treatment at the
first cut and natural treatment at the second cut) fixed the same
percentage of N from the atmosphere as plants mulched at
earlier maturity stages (natural treatment at the first cut and
conventional treatment at the second cut). This means that the

yield-independent Ndfa value was not affected by the plants’
maturity stage at harvest. An earlier study at the experimental
station in Raasdorf (Pietsch et al., 2007) revealed similar Nfix
and Ndfa values in a perennial green manure lucerne system
(Nfix: 159–211 kg N ha−1; Ndfa: 48–56%) like in the present
study. The Nfix in kg ha−1 depends on the produced biomass
yield. Accordingly, we estimated a significantly higher Nfix in
the conventional (versus natural) treatment at the first cut in
2004, when its shoot dry-matter yield was also higher.

The higher Nfix at the first cut and the lack of a difference
between treatments at the second cut reflect weather condi-
tions in 2004. These results can only be expected in vegeta-
tion periods with sufficient water supply until the first cut and
with drier conditions between the first and second cuts (sce-
nario 2, Tab. VI). In all other scenarios (scenario 1, 3 and 4,
Tab. VI), the natural treatment should reach the same amount
of fixed nitrogen as the conventional treatment. The results
from 2005, with weather conditions described in scenario 3,
confirm this interpretation. We conclude that the natural treat-
ment of lucerne has no disadvantages compared with the con-
ventional treatment in three out of four weather scenarios re-
garding biological nitrogen fixation. Therefore, the pre-crop
effect of lucerne, which is important in an organic crop rota-
tion to provide the subsequent crops with N, should be similar
in most cases.

3.5. Weed colonisation

According to the defined requirements (occurrence on at
least two fields), 11 out of the 36 recorded weed species
were used to compare the influence of mulching date on
weed coverage: Amaranthus retroflexus L., Chenopodium al-
bum L., Chenopodium hybridum L., Cirsium arvense L.,
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Table VI. Effects of weather conditions on the amount of biological nitrogen fixation (Nfix, kg ha−1) of lucerne in a natural (NT) and a
conventional treatment (CT) system – 4 scenarios.

Weather conditions until 1st cut

Weather
conditions from
1st to 2nd cut

Dry Humid
Dry Scenario 1: Nfix Scenario 2: Nfix (= 2004)

Cut 1: NT � CT Cut 1: NT < CT
Cut 2: NT = CT Cut 2: NT = CT
Total: NT = CT Total: NT � CT

Humid Scenario 3: Nfix (= 2005) Scenario 4: Nfix
Cut 1: NT � CT Cut 1: NT < CT
Cut 2: NT � CT Cut 2: NT � CT
Total: NT = CT Total: NT = CT

Table VII. Frequencies of occupied classes at the first cut and second
cut in 2004. NT: natural treatment, CT: conventional treatment.

Braun-Blanquet Field A Field B Field C Field D
classes NT CT NT CT NT CT NT CT
1st cut
0 1 1 - - 0 4 - -
r 3 3 2 2 4 1 1 1
+ 0 2 2 4 - - 2 0
1a 2 0 1 0 3 2 2 2
1b - - 1 2 - - 0 2
1m - - 2 1 1 0 - -
2a - - 1 0 0 1 1 0
2b 1 0 - - - - 0 1
3 0 1 - - - - - -
Fischer’s exact test - significance

0.487 0.867 0.099 0.463
2nd cut
0 2 0 2 0 1 0 - -
r 3 3 2 3 2 4 1 2
+ 0 1 1 0 1 0 1 0
1a 1 2 0 3 - - 1 0
1b - - 1 0 - - - -
1m 1 1 - - - - 0 1
Fischer’s exact test - significance

0.755 0.145 0.429 1.000

Galium aparine L., Papaver rhoeas L., Polygonum convolvu-
lus L., Silene noctiflora L., Stachys annua L., Stellaria media
L. and Viola arvensis Murray. On each of the four fields, Gal-
ium aparine, Stellaria media and Chenopodium album were
common. The weed coverage was generally low and differed
slightly between the fields (Tab. VII). Neither at the first nor
second cut in 2004 were significant differences in weed cov-
erage found between the natural and the conventional treat-
ment in any field. This agrees with the results of Latheef et al.
(1988), who reported no consistent differences in weed cover-
age in lucerne forage at the first cut among different cut man-
agement regimes.

The weed coverage at the second cut is clearly lower (max.
Braun-Blanquet class is 1m) than at the first cut (max. Braun-
Blanquet class is 3; Tab. VII). Based on the lack of difference
in weed coverage between the natural and conventional treat-
ments at the second cut, lucerne can apparently outcompete

the weeds independently of the first mulching date. Generally,
the optimum timing for mechanical weed control is influenced
by the crop’s competitive ability (Turner et al., 1999) and the
growth stage of the weeds (Pullen and Cowell, 1997). For the
investigated lucerne fields, it can be shown that the different
weed growth stages in the earlier natural treatment cut and the
later conventional treatment cut has no influence on weed pres-
sure throughout the vegetation season. Furthermore, an earlier
mulching date reduces the risk of weed seeding and has com-
petitive advantages for the crops regarding water, nutrient and
light resources. Therefore, lucerne could be mulched earlier
than common practice at the first cut without disadvantages
for weed control.

4. CONCLUSION

Shifting the mulching dates of lucerne – optimised with
respect to nature conservation by prolonging the time with-
out disturbance – has no overall disadvantageous effects on
lucerne productivity and provides the same amount of N for
following crops compared with the conventional practice in or-
ganic farming under pannonian site conditions. The shoot dry
matter, N yield and the amount of fixed nitrogen in lucerne
were lower in the earlier-mulched natural treatment at the first
cut in the first year of production. Nonetheless, both the sea-
sonal amount of nitrogen fixation and the percentage of N de-
rived from the atmosphere (Ndfa) did not differ between the
treatments. A two-weeks-earlier mulching date at the first cut
and two-weeks-later mulching date at the second cut of the
natural treatment do not negatively affect weed pressure. We
therefore recommend shifting mulching dates and prolonging
cut intervals in lucerne to protect important wildlife species at
organic farms in the Marchfeld region.
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