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Cover crops can be used to reduce leaching and erosion, introduce variability into crop rotation and
fix nitrogen (N) for use by the main crops. In Finland, undersowing is a suitable method for estab-
lishing cover crops in cereal cropping. The effect of annual undersowing on cereal grain yield and
soil mineral N content in spring was studied at two sites. Red clover (Trifolium pratense L.), white
clover (TrifoliumrepensL.), amixture of red clover and meadow fescue (Festuca pratensis Huds.),
and westerwold ryegrass (Lolium multiflorum Lam. var. westerwoldicum) were undersown in spring
cereals in the same plots in six successive seasons, and their effects on cereal yield were estimated.
Annual undersowing with clovers increased, and undersowing with westerwold ryegrass decreased
cereal grainyields. The grain yield was only slightly lower with a mixture of red clover and meadow
fescue than with red clover alone. Westerwold ryegrass did not affect soil mineral N content in spring
and the increase attributable to clovers was small. The mixture of red clover and meadow fescue
affected similarly to pure red clover. Soil fertility was not notably improved during six years of
undersowing according to grain yield two years | ater.
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i tumn and winter. Legumes can fix nitrogen (N)

|ntr0dUCt|0n to the benefit of other cropsin the rotation. Un-

dersowing also introduces diversity into crop

Growing cover crops after harvesting the main rotations when the rotation of main crops re-
crop can reduce leaching and erosion during au- mains unchanged. In areas with long growing
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seasons, cover crops can be sown after harvest-
ing the main crop, but when the post-harvest
period before winter is short, dry matter produc-
tion is likely to be low (Vos 1992). Hence, un-
dersowing in cereals is a suitable method for
establishing a cover crop on northern latitudes
(Jensen 1991, Alvenas and Marstorp 1993).

I ntercropping promotes competition (Gliess-
man 1986), and undersowing is a form of inter-
cropping. The extent of competition dependson
several things in cultivation technique, and is
largely influenced by the undersown species
(Trenbath 1976), which is studied here. Varia-
bility in growing conditions results in consider-
able variation in biomass production among sites
and years. In addition to the competitive effect
on the main crop, an undersown crop can affect
the growth of the subsequent crop (Brandt et al.
1989). These two effects of undersowing have
usually been studied separately, whereas the
combined effect of annual undersowing has been
studied less. Moreover, because of the obvious
sensitivity of undersown crops to the weather
(Nilsdotter-Linde et al. 1995), long-term exper-
iments are needed to allow a more accurate un-
derstanding of the effects of undersowing.

Theresidual N effect of cover crop is affect-
ed by many factors, and soil mineral N content
before the start of the growing season can tell
only part of the effect on the subsequent crop.
Net N mineralisation during the growing season
isessential (Franciset al. 1994), affected by same
factors as affecting the growth of the succeed-
ing crop: soil type, fertility and structure, weath-
er and cultivation practices. The release of N
from plant material can take longer than one
growing season (Jensen 1992). Differences in
soil mineral N, decomposition rate of incorpo-
rated plant material and competition in the crop
are not easily separable when the effect of re-
petitive undersowing on grain yield is assessed.
Furthermore, N fertilisation is implicated when
the effect of plant biomass on the succeeding
cereal grain yield is measured, for instance Ba-
daruddin and Meyer (1990) found both increas-
ing, decreasing and insignificant effect of N fer-
tilisation on grain yield after legumes.
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Our aim was to investigate how annually re-
peated undersowing affects spring cereal grain
yields and soil mineral N content at sowing un-
der different N fertilizer regimes.

Material and methods

The experiments were established in 1991 at the
Hame Research Station in Palkane (61°20'N,
24°13'E) and at the Laukaa Research and Elite
Plant Station (62°25'N, 26°15'E).The soils were
classified at both ends of the trial areas accord-
ing to the soil taxonomy (the names and the con-
ventional abbreviations of the Finnish names of
the soil typesin top soil are given in parenthe-
ses). At Palkéne the soil was Aquic Eutrocryept,
fine (sandy loam, KHt) and Oxyaquic Cryopsam-
ment (loamy sand, KHt) in the ends of field. At
Laukaa the soil was Typic Cryaquept or Typic
Cryaquent (silt loam, He) and Typic Cryaquent
or Typic Cryaquept (silt loam, Hs), respectively
(Yli-Halla et al. 2000).

The experiments were designed as split-plot
trials with N rates as the main plot (size 6 m x
20 mand 7.5 m x 20 m at Palkéne and Laukaa,
respectively), arranged in arandomized complete
block design with three replicate blocks. The
split-plot treatments (five undersowings) were
randomized among the subplots (6 m x 4 m and
7.5m x 4 m at Palkéne and Laukaa, respective-
ly) within each main plot.

Red clover (TrifoliumpratenseL.), white clo-
ver (TrifoliumrepensL.), mixture of red clover
and meadow fescue (Festuca pratensis Huds.)
(R.C. & M.F.), and westerwold ryegrass (Lolium
multiflorum Lam. var. westerwoldicum) were
undersown in spring cereals in same plotsin six
successive seasons, 1991-1996. In one treatment
(control) there was no undersowing. In 1997 and
1998, spring barley without undersowing was
grown on all plotsto measure the residual effect
of long-term undersowing. The seed rate for red
clover, white clover and westerwold ryegrass
was 6, 6 and 10 kg ha? of viable seed, respec-
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tively. In the mixture the seed rates for red clo-
ver and meadow fescue were 3 and 6 kg ha?,
respectively.

The sowing was done when the soil moisture
was appropriate for sowing of spring cereals,
which fell between 17 and 31 May. The seedbed
was prepared with an S-tine harrow to 4-5 cm
and 3—4 cm depth at Palkéne and Laukaa, re-
spectively. Spring barley was sown in 1991 and
1994, spring wheat in 1992 and 1995 and oatsin
1993 and 1996 using a combined drill adjusted
to those depths. The seed rates for barley, wheat
and oats were those normally used in Finland,
450, 500-650 and 500 seeds per m?, respective-
ly. Undersowing was done across the cereal rows
to about 2 cm depth at Palkéane and 1 cm at Lau-
kaa using a combined drill at Palkéne and an
Oyjord experimental sower at Laukaa. Under-
sowing was done after cereal sowing in the same
day or in the next day, except five days later in
1993 and four days later in 1995 at Pélkéne. The
row distance of both cereals and undersown
crops was 12,5 cm. The plots that were not un-
dersown remained undisturbed during this phase.
The trial areas were rolled with a continental
Cambridge roller before and after undersowing.

All cover crop treatments were combined
with N treatments consisting of N rates of 0, 30,
60 or 90 kg N ha™. Fertiliser N was applied at a
depth of 7-9 cm at the time of sowing, and the
N level was unchanged in each plot in every year.
Phosphorus and potassium were applied sepa-
rately to the entire experimental area according
to recommendations before sowing the cereal.

After harvesting the cereal crop in August or
September, straw residues were collected from
thetrial area. The cereal crop was harvested leav-
ing the stubble as high as possible, to ensure
minimal damage to the undersown crop.

Soil was ploughed in late October in 1991—
1996 to ensure a sufficiently long growing sea-
son for the undersown crops. In 1992 at L aukaa
ploughing was not done until 7 December, after
early snow cover had melted. In 1997 plough-
ing was done in late September/early October,
the normal ploughing time in Finland.

Plant samples (0.25 m? per plot), including
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above ground material of the undersown crop,
were taken at cereal harvest and before autumn
ploughing. Plants were cut with scissors at the
base. Root samples from the 0—25 cm soil layer
were taken immediately before autumn plough-
ing. The root samples were taken manually with
a steel box and a spade (25 cm x 25 cm surface
area) during the first three years and mechani-
cally with a tractor borer (12.5 cm x 12.5 cm
surface area) in later years. Roots were washed
manually in first three years and in later years
with a hydropneumatic root washer (Smucker et
al. 1982). Organic matter was separated with
forceps. Shoot and root samples were dried in
an oven (2 hours at 105°C and overnight at
60°C), and dry matter, nitrogen contents (%) and
yields (kg ha™) were measured. M easured above
ground material included only biomass from
undersown crops, but root biomass from other
plants than cover crops was not sorted out from
root samples. Shoot and root samples were tak-
en in all undersowing years, except at Palkane
in 1992 because of early snow cover andin 1993
because of almost total failure of cover crop es-
tablishment. N yields of undersown crops are
presented here as background information. The
samples from the separate replicates were mixed
and statistical analysis was consequently not
possible.

Soil samples were taken before sowing in
1992-1998 from the 0-30 cm soil layer. Soil
from 16 cores was mixed. At Palkane however,
samples from separate replicates were mixed in
1992, 1993 and 1995, and results from those
years were not included in the statistical analy-
sis. The soil samples were extracted with 2 M
KCI. The nitrate (NO,-) and ammonium (NH,")
N contents of the extracts were analysed with a
scalar autoanalyser (air segmented flow analys-
er, photometric detection) and converted into
mineral N kg ha.

Cereal crops were harvested with a combine
harvester (18 and 22,5 m? per plot) when at
growth stage 92 (Zadoks et al. 1974). After the
cereals had been dried in an air stream (+40°C)
and sorted, grain yield was measured and cal cu-
lated as kg ha at 15% grain moisture.
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Table 1. Mean air temperature (°C), temperature sum (dd °C as 0 °C base temperature) and precipitation sum (mm) in
periods between end of soil frost, sowing, harvest, ploughing and beginning of soil frost.

Mean air temperature Temperature sum Precipitation sum
period? 1 2 3 4 1 2 3 4 1 2 3 4
Pakéne
1991 15.0 9.1 4.8 1544 245 269 234 50 118
19922 95 151 7.4 - 266 1722 199 - 8 302 82 -
1993 152 121 49 - 122 1592 107 - 1 268 57 -
1994 71 149 8.7 4.1 42 1461 487 49 4 155 178 30
1995% 95 150 8.1 - 43 1874 317 - 28 210 74 -
1996 88 144 6.7 32 133 1529 316 106 19 172 69 130
1997 87 163 8.0 33 122 1885 137 109 12 285 25 68
1998 89 135 71 1563 7 300
Laukaa
1991 145 8.7 15 1250 481 95 247 118 79
19922 76 140 1.9 - 166 1585 238 - 6 270 150 -
1993 132 119 26 - 159 1385 138 - 7 230 60 -
1994 58 154 70 -16 111 1233 525 19 28 140 232 24
1995 84 151 7.8 28 236 1461 350 47 59 172 114 11
1996 78 137 54 0.8 155 1454 232 98 20 257 49 173
1997 66 165 117 -04 106 1300 537 72 28 m 117 93
1998 9.8 128 137 1340 6 333

9 Period 1 isend of soil frost —sowing, period 2 is sowing — harvest, period 3is harvest — ploughing, period 4 is ploughing

— beginning of soil frost

2 Ploughing was done after day of the beginning of soil frost

Temperature and precipitation sums were
measured in four periods of each year when the
soil remained unfrozen (Table 1). Rainfall dis-
tribution inside periods varied considerably. Ear-
ly summer was very dry at both sites in 1992
and exceptionally rainy at Palkénein 1995. Ear-
ly autumn, before and after cereal harvest, was
dry in 1993 at Laukaa and in 1996 at both sites.
The temperature sum (>0°C) from harvest to
ploughing was normally higher in years when
barley was sown because of earlier harvest time.
Ploughing was done after the first soil frostsin
1992 and 1993 at both sites, and in 1995 at
Palkéane.

The effect of undersowing on grainyield was
studied in four periods: 1) the first year of un-
dersowing, 2) additional years of undersowing
(annual means were used in statistical analysis),
3) the first year after the last undersowing year,
and 4) the second year after the last undersow-

ing year. For studying the effect of undersowing
on soil mineral N at the beginning of the grow-
ing season, periods 2, 3 and 4 were examined.

For analysis of grain yield the following
mixed model was used:

Yijk|m:/'l+sl +bj(i)+ Fk+s:ik+e|jk+ U| +SUi| + FUkI
+ SFUikI +fijkl + Pm+ SPim+ gijm+ FPkm
+SFP, +h. +UP_+SUP, +0

ikm ijkm
+s.

+FUP,_+SFUP.

iklm 1jkim

ijim

where Y”.klm isthe responsefor sitei, block j, fer-
tiliser rate k, undersowing | and period m; i is
the overall mean; b is the random block effect;
S, F, U and P are the fixed effects of site, ferti-
liser, undersowing and period, respectively; SF,
SU, FU, SP, FP and UP are the two-factor inter-
actions of the fixed effects and SFU, SFP, SUP
and FUP are the three-factor interaction and

SFUP is the four-factor interaction; e, f, g, h, o
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and s are the random error terms. The random
variablesb, . .. 9, hy0 Oy @S, Were
assumed to be independent and normally distrib-
uted with zero means and constant variances.
Furthermore, the error vectors s, = (S, S
Sjuzr Sjus) fOr grainyield were assumed to be in-
dependent and multivariate normal with zero
means and unstructured covariance matrices .
The experiments were anal ysed separately when
the response variable was soil mineral N, because
it had unequal dispersions at different sites. The
model, distribution assumption and covariance
structure were otherwise similar to that above
except that termsrelated to the sitewere removed
and there were three periods. The models were
fitted by using the residual maximum likelihood
(REML) estimation method. The degrees of free-
dom were approximated through the method of
Kenward and Roger (1997). Graphical plotswere
used to check the fit of the data with the distri-
butional assumptions of the models. The residu-
als were checked for normality using box plots
(Tukey 1977). In addition, the residuals were

plotted against the fitted values. In the analyses
PROC MIXED (Littell et al. 1996) of the SAS/
STAT software was used.

For grain yield and mineral N planned com-
parisons between means were made using 95%
confidence intervals (95% CI). If the 95% CI
does not include zero the difference between
meansis statistically significant at the 5% level.

Results

N yields of undersown crops

The N yieldswere higher at Palkane than at Lau-
kaa, especially for white clover and westerwold
ryegrass. The N yield of red clover, white clo-
ver and R.C & M.F. decreased, and that of west-
erwold ryegrassincreased with increasing N fer-
tilisation (Table 2). The above-ground biomass
N content was on average 3-3.6% in red and

Table 2. Total N yield in shoots and roots of cover cropslate in autumn after undersowing in spring cereal's
the previous spring, depending on N fertilisation. The yeilds are as an average of al six years with cover
crops at Laukaa, and al years except 1992 and 1993 at Palkéne.

crop N fertil. Palkane Laukaa
kg hat N yield, kg ha? N yield, kg ha*
shoots roots shoots roots
red clover 0 30 41 29 36
30 18 25 25 33
60 19 21 18 22
90 16 21 13 16
white clover 0 56 43 44 15
30 46 33 30 11
60 50 25 23 8
90 43 30 20 10
red clover 0 19 41 25 27
30 17 17 20 23
60 21 27 13 12
90 9 20 11 15
westerwold ryegrass 0 16 15 6 3
30 24 18 6 2
60 30 18 8 2
90 30 23 9 5
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white clover, 2.8-3% in R.C. & M.F. and 1.8—
2.5% in westerwold ryegrass. The root N con-
tent was on average 1.7-2.8% in red and white
clover, 1.3-2.7% in R.C. & M.F. and 0.9-1.1%
in westerwold ryegrass, the values being some-
what higher at Laukaa than Palkéne.

Growth of undersown crops varied among
years and sites. In 1993 at Laukaa the N yields
were only 3-5 kg ha! before autumn ploughing,
when high rates of N fertiliser application were
used on red clover, whiteclover and R.C. & M.F,,
and when low N fertilisation was used on west-
erwold ryegrass. The highest N yields were re-
corded at Palkane in 1995, 160 kg ha™ in white
clover with O N and 115 kg ha™ in westerwold
ryegrass with 90 N.

Grain yields

There was a statistically significant interaction
between undersown crop and period (F, ,, =
3.59, P<0.001). Although the grain yield levels
were often substantially different between the
two sites, the effect of the undersown crop was
usually similar. Ingeneral, N fertilisation did not
influence the effect of an undersown crop, al-
though in period 2 there was some evidence of
differences.

Grain yields in different periods

In period 1, the estimated grain yield without
undersowing was 2840 kg ha? (standard error
of means, SEM: 150 kg ha™). Undersowing did
not have astatistically significant effect on grain
yield of spring barley, not even in westerwold
ryegrass, where the estimated mean yield was
207 kg ha? (95% CI from —64 to 479 kg ha)
lower than without undersowing (Fig. 1).

In period 2, the estimated grain yield with-
out undersowing was 3140 kg ha? (SEM: 134
kg hal). Undersown cloversincreased, and rye-
grass decreased, the average cereal grain yield
as compared with no undersowing. Theincrease
in grain yield was 290 kg ha? (95% ClI, from
100 to 477 kg ha?), 280 kg ha? (95% CI from
86 to 464 kg ha?), and 250 kg ha™* (95% CI from
60 to 438 kg ha?) in red clover, white clover
and R.C. & M.F., respectively. The decrease in
westerwold ryegrass was 230 kg ha? (95% ClI
from 42 to 420 kg ha?). There was no statisti-
cally significant interaction between the ex-
perimental site, crop, N fertilisation and period
(Fs 045 = 1.26, P=0.189). However, at Laukaa
there were practically significant differences
between the effect of leguminous crops with
different N fertilisations. The increase of the
grainyield in red clover, white clover and R.C.

4500
4000
3500 | || ! + Ly ]l FiglEsimaedmengranyidd
4 11 T B | T T 117 T (kg hat, al N levels) of cereds
3000 T4 1L | T and 95% confidence intervals
© 2500 * l without undersowing (1) and with
g | undersowing of red clover (2),
< 2000 white clover (3), mixture of red
1500 clover and meadow fescue (4), and
westerwold ryegrass (5). Period
1000 1 =thefirst year of undersowing,
period 2 = additional five years of
500 undersowing, period 3 = the first
0 I e e S e [ S I year after the last undersowing
12345 12345 12345 12345 year, period 4 = the second year
period 1 period 2 period 3 period 4 after the last undersowing year.
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& M.F. as an average was 710, 460, 330 and
250 kghatatON, 30N, 60 N and 90 N, respec-
tively.

In period 3 the estimated grain yield of spring
barley in crop 1 was 3310 kg ha™* (SEM: 138 kg
hat). Undersown clovers increased the average
cereal grain yield as compared with no under-
sowing in preceding years. Theincreasein grain
yield was 400 kg ha (95% CI from 190 to 609),
320 kg ha* (95% CI from 111 to 530), and 230
kg hat (95% CI from 25 to 444) in crops 2, 3
and 4, respectively. The estimated yield in crop
5 (3370 kg ha?) was similar to that in crop 1.

In period 4, the estimated grain yield in crop
1 was 3370 kg ha* (SEM: 137 kg ha?). The es-
timated grain yield of spring barley in other
crops (3400-3460 kg ha?) did not differ statis-
tically significantly or practically from that of
crop 1.

Mineral N

At Palkane, the mineral N content at sowing in
spring was similar in all undersowing treatments
(F, 245 = 1.83, P=0.156), and there was no sig-
nificant interaction between undersown crop and
period (F, ,;, = 1.76, P=0.136). However, only
results from years 1994 and 1996 were included
in the statistical analysis, because samples from
separate replicates were mixed in other years.
According to all sampled years, white clover
showed a tendency to increased mineral N con-
tent in 1995 and 1996.

At Laukaa there was a statistically signifi-
cant interaction between N fertilisation, crop and
period (F,, ,,, = 2.49, P = 0.012). In period 2
(data from 4 years) undersowing had an effect
on soil mineral N at all N fertilisation levels. N
fertilisation had no effect on soil mineral N
(about 16 kg ha?! ) when no undersowing was
done. However, the effects of different under-
sown crops differed among N fertilisation lev-
els(Fig. 2). At ON, red clover, white clover and
R.C. & M.F. increased the average mineral N
content as compared with no undersowing. At
30N and 60 N, red and white clover, and at 90 N,
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white clover increased the average mineral N
content as compared with no undersowing.

In period 3, white clover at O N fertiliser lev-
el was the only cover crop that increased the
content of mineral N in the soil (Fig. 2).

In period 4 the effects of undersown crops
varied among N rates 0, 30 and 60 N (Fig. 2).
The mineral N content in the soil after Wester-
wold ryegrass was lower at 0 N, but higher at
60 N as compared with no undersowing. The
mineral N content after white clover at 30 N was
lower, and after R.C. & M.F. at 60 N higher than
after no undersowing.

Discussion

Because of the short post-harvest period before
winter, cover crops can be established success-
fully in cereal cropping in Finland only by un-
dersowing. If sown after amain crop, an air tem-
perature sum (>0°C) of 500 is considered nec-
essary for sufficient cover crop establishment
and growth (Schroder et al. 2001). During the
experiments presented in this paper, this sum was
reached between harvest and ploughing only
once, and in some years the sum was only alit-
tle above 100. While enabling establishment of
a reasonable cover crop in autumn, undersow-
ing caused competition during growth of the
main crop as earlier reported by Kvist (1992) and
Beck-Friis et al. (1993). However, when used
repeatedly, the residual effects and competition
caused by undersown crops are confounded.

The cover crop yields were small in years
with little precipitation in early summer or early
autumn or with low temperatures between har-
vest and ploughing. This is in agreement with
Kunelius et al. (1992), Nilsdotter-Linde et al.
(1995), Ohlander and Bergkvist (1995), Ohlsson
(1995) and Schroder et al. (1997). A long-term
experiment such as reported here provides re-
sults over an extended period and allows inter-
pretation of the effects of regular undersowing
in crop rotation.
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Fig. 2. The differences and 95% confidence intervals between estimated means of soil mineral N (0-30 cm, kg ha?) in
spring at sowing at Laukaa, when undersowing with different crops (2-5) are compared with cereal cropping without
undersowing. The O point corresponds the amount of min N without undersowing in each period, and negative value means
that this amount is smaller than the compared one. Undersown crop 2 = red clover, 3 = white clover, 4 = mixture of red
clover and meadow fescue, and 5 = westerwold ryegrass. Period 2 = additional five years of undersowing after thefirst year,
period 3 = thefirst year after the last undersowing year, period 4 = the second year after the last undersowing year.

Westerwold ryegrass tended to decrease the
grain yield of spring barley during the first year
of the experiment, although limited data contrib-
uted to weak statistical significance. The grain
yield decrease was about the same as was con-
sidered in advance to be a practically significant
difference, that is 200 kg ha™. The other under-
sown crops did not notably affect thegrainyield
inthefirst year. Competition between speciesis
however obvious, as reported by Gliessman
(1986). Kunelius et al. (1992) reported that red
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clover decreased grain yield of barley, but rye-
grass reduced the grain yield much more. Con-
trastingly, Nilsdotter-Linde et al. (1995) report-
ed that undersown grasses did not cause any sig-
nificant reduction in spring barley grain yield.
Undersown legumes have been reported to both
decrease (Brandt et al. 1989) and increase (Hartl
1989) theyield of main crops, but no effectswere
found here in the first year of the experiment.
Kauppila (1983), Dachler and Kochl (1994) and
Ghaffarzadeh (1997) reported minor effects on
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cereal grain yield in the undersowing year irre-
spective of undersown crop species.

During the following five years of the exper-
iment (period 2), not only competition, but also
effects caused by previous cover crop were ex-
pected. Such effects have been reported to be
positive after legumes (Kauppila 1983, Brandt
et al. 1989, Dachler and Kochl 1994, Ghaffarza-
deh 1997) and negative, negligible or positive
after grasses (Kénkanen et al. 1999). Although
competition effects and residual effects were
confounded here, the yield decreasing effect of
ryegrass was similar in this period to that in the
first year. Moreover, Beck-Friis et al. (1993)
found that repeated undersowing of Italian rye-
grass decreased cereal grain yields by 5% com-
pared with no undersowing. In contrast to the
results reported here, they also found that red
clover caused adecrease in theyield of the main
crop in some years. We established a positive
effect of legumes, also when repeatedly under-
sown. In other words, the positive residual ef-
fect was greater than the negative competition
effect caused by clovers, which isin accordance
with the negligible effect on grain yield found
for the first year of experimentation. The grain
yields were similar in a mixture of meadow fes-
cue and red clover asin a pure stand of red clo-
ver. Thiswasto some extent anticipated, because
our mixture was clover-dominated.

The effect of an undersown crop onthegrain
yield was similar irrespective of N fertilisation
of the main crop. However, there were signs of
a more substantial effect at 0 N when clovers
were undersown, obviously because of higher
amount of fixed N. Further, according to Ba-
daruddin and Meyer (1990) and Lindén and
Wallgren (1993), the positive effect of N rich
plant biomass is often reduced with increasing
N application to the subsequent crop. Borresen
(1994) reported Italian ryegrass to have nega-
tive after effect at low N application and posi-
tive at high N application. We found, however,
no differences in the effect of westerwold rye-
grass at different N rates, in spite of the fact that
the yield of the ryegrass increased with increas-
ing N fertilisation. Obviously both the ryegrass
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and the cereal benefit from N fertilisation, re-
sulting in similar relative competition between
the two species at different N rates.

The yield increasing effect of legumes was
clearly seen following six-years of undersowing,
but no long-term effects were established accord-
ing to grain yields in the second year after un-
dersowing. It appears that the effect of under-
sown clovers was only to contribute N; no other
positive effects on soil fertility were observed.
Borresen (1994) found undersown crops to in-
crease the soil aggregate stability, but at the par-
ticular sites of our study soil fertility could have
been adequate so that small amounts of biomass
did not have clear positive effects. However, this
was measured using grain yields and not by tak-
ing detailed soil nutrient and structure data. Cor-
respondingly no negative cumulative effectsfol-
lowing undersowing was found, either.

The residual effect of undersowing wester-
wold ryegrass on crop yields was negligible in
both successive years. This suggeststhat N yield
and content of ryegrass was too low for a posi-
tive effect on successive grainyield to be record-
ed, but was high enough to avoid yield decrease
through immobilisation, which was reported in
connection with decomposition of low N plant
residues by Christensen (1986) and Mary et al.
(1996). Schroder et al. (1997) found that the
higher N content of Italian ryegrassfollowing N
fertilisation resulted in higher successive crop
yields, whereas unfertilised ryegrass had no sig-
nificant effects. Westerwold ryegrass did not
cause pre-emptive competition, although Tho-
rup-Christensen (1996) reported that late incor-
poration could lead to N assimilation by cover
crop from a pool which might otherwise be
available for the subsequent crop. This suggests
that the grain yield decrease in years with un-
dersowing occurred merely as a result of com-
petition during the growth of the cereal crop.
However, it was not possible to separate the pos-
itive and negative effects that could have oc-
curred in the year of undersowing and succes-
sive years.

Similarly to (Wallgren and Lindén 1991,
Goffart et al. 1992, Breland 1994), who found
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an increase in the soil mineral N content after
legumes, soil mineral N content at sowing tend-
ed to be larger when clovers were undersown,
especially when it was white clover and N ferti-
liser application rate was low. However, normal-
ly the increase was less than 5 kg ha?, which
was considered as a practically significant dif-
ference. One reason for the small differences
might be that samples were taken from the 0—
30 cm soil layer only, especially considering that
soil at Palkane is vulnerable to leaching. Miner-
al N may have leached to deeper soil layers, sim-
ilarly to Thorup-Kristensen (1997), who found
that part of the N mineralised from a catch crop
was assimilated by succeeding plants from much
deeper soil layers than sampled here. However,
late autumn ploughing is even a more probable
reason for low min N, as Kénkénen et al. (1998)
found that delaying incorporation from early
September to late October of N-rich plant mate-
rial effectively decreased the mineralisation rate
and leaching risk in Finnish conditions. In this
study the mean air temperature in the period be-
tween ploughing and soil frost was near 0°C, and
ploughing was often done after the first soil frost.
Accordingly, mineral N content in spring only
partly explained the grain yield increase, and N
mineralisation during summer undoubtedly had
an impact, similarly to Francis et al. (1994).
There were similar amounts of min N in a
mixture of meadow fescue and red clover asina
pure stand of red clover. Apparently, our mix-
turewastoo clover-dominated to cause lower soil
mineral N contents due to the grass component,
likeit did in study of Kuo and Sainju (1998) on

legumi nous — non-leguminous mixtures. Further-
more, mineral N levels were similar with west-
erwold ryegrass as without undersowing. How-
ever, westerwold ryegrass evidently was not an
ideal catch crop, because the regrowth after ce-
real harvest was often poor. Italian ryegrass has
been shown to accumulate more N after harvest
of the cereal than westerwold ryegrass (Kéan-
kénen 2001).

Conclusions

The results suggest that annually repeated un-
dersowing with nitrogen-fixing clovers is in-
creasing cereal grain yields, because the posi-
tive residual effect is greater than the negative
competition effect caused by clovers. If acover
crop is established by sowing westerwold rye-
grass under a spring cereal, competition is de-
creasing grain yield of the cereal. When late au-
tumn ploughing is used in connection with un-
dersowing, the mineralisation of N from the un-
dersown crop seems to be in balance with the
needs of cereals in Finnish conditions. Howev-
er, amore effective catch crop than westerwold
ryegrass with vigorous growth in autumn should
be evaluated for its suitability for repeated un-
dersowing. If meadow fescue is used in a mix-
ture with red clover, the effect of the undersown
crop ismore similar to the effect of legumes than
that of grasses, asfar asgrain yield and soil min-
eral N content at sowing in spring are concerned.
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SELOSTUS

Aluskasveja voi kéyttaa toistuvasti viljan viljelyssé

Hannu Kankénen, Christian Eriksson, Mauri Rakkdldinen ja Martti Vuorinen
MTT (Maa- ja elintarviketal ouden tutkimuskeskus)

Sadonkorjuun jélkeisté typen huuhtoutumista voidaan
estéd kerédmalla typped tarkoitusta varten kylvetty-
jen kasvien avulla. Suomen kasvukausi ei ole riitté-
van pitkd maan vapaata typpea kerdavéan kasvuston
perustamiseen viljan puinnin jalkeen, vaan on kay-
tettéva aluskasveja. Ihanteellinen aluskasvi kilpailee
heikosti viljaa vastaan, mutta kasvaa voimakkaasti
viljan puinnin jalkeen. Apilat aluskasveina tuottavat
typped viljelykiertoon.

Tutkimuksessa selvitettiin, miten toistuva alus-
kasvien kayttd vaikuttaa viljojen jyvésatoon ja mine-
raalitypen madréén maassa kylvoaikaan. Kun aluskas-
veja viljelldan vuosittain samalla paikalla, viljan sa-
toon vaikuttavat samanaikaisesti kasvilajien valinen
kilpailu kasvustossa ja edellisen vuoden aluskasvi
esikasvina. Viljelyn monipuolistaminen aluskasvien
avulla voi pidemmalla aikavélilla myds parantaa
maan kasvukuntoa ja siten liséta viljasatoa.

MTT:n Laukaan ja Palkéneen tutkimusasemilla
viljeltiin puna-apilaa, valkoapilaa, puna-apilan ja nur-
minadan seosta sek& westerwoldin raiheindd kuusi
vuotta toistuvasti kevatviljan aluskasvina. Apilat lis&
sivét viljan jyvasatoa keskimaarin 250-400 kg ha?
toisesta koevuodesta |&htien. Edellisen vuoden api-
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lasta vapautui typpea viljan kayttoon, eika kasvava
apila kilpaillut voimakkaasti viljaa vastaan. Wester-
woldinraiheindn aiheuttama kilpailu pienensi viljan
jyvasatoayli 200 kg hat. Nurminadan merkitys puna-
apilan yhteydessa oli pieni, silla seos oli apilavaltai-
nen. Viimeisen vuoden jyvasatojen perusteella alus-
kasvien viljely ei oleellisesti parantanut koekenttien
kasvukuntoa.

Aluskasvien kéyttoon liittyvd myohdinen syys-
kyntd ilmeisesti edesauttoi aluskasvien typen vapau-
tumista sopivaan aikaan. Apiloiden toistuva viljely
aluskasveina onkin hyvin Suomen oloihin sopiva
menetelméa. Heinidkin voidaan viljell& toistuvasti
aluskasveina maan kasvipeitteisyyden lisddmiseksi ja
ravinteiden kerdamiseksi. Westerwoldinraiheinan si-
jaan tulisi kuitenkin kayttaa lajeja, jotka kil pailevat
vadhemman viljan kanssa ja kasvavat voimakkaammin
syksylla Téallaisten lajien toistuvan kayton merkitysta
maan ja viljojen typpitalouteen tulisi tutkia Typpi-
lannoituksen maaralla ei ollut suurta merkitysta alus-
kasvien vaikutuksen kannalta. Apiloiden vaikutus jy-
vasatoon ja maan mineraalitypen méaéraan naytti kui-
tenkin usein olevan voimakkain kun lannoitetyppea
e annettu.
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