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Nitrogen (N) leaching from spring barley with and without undersown Italian ryegrass was studied
in Jokioinen, south-western Finland during five years (summer 1993–spring 1998) in 1.7 m deep
lysimeters (∅ 0.9 m) filled to 1.1 m with clay, silt, sand and peat soil. Tillage was performed in mid-
October or in May, before sowing of the barley and ryegrass for the next season. In the second, third
and fourth years of the experiment, total N leaching from barley without undersown ryegrass was 15,
7.9, 32 and 38 kg ha-1y-1 in clay, silt, sand and peat soil, respectively. Undersowing reduced N leach-
ing by 52, 31, 68 and 27%. The reduction in N leaching from clay and sand when barley was under-
sown with ryegrass was nearly the same as the increased total uptake of N (barley + ryegrass). In
sand soil, ryegrass was able to diminish the NO

3
-N concentration of the drainage water well below

the limit for acceptable drinking water. Spring tillage reduced N leaching only on peat soil (16%).
Slight competition between the main and the undersown crop was indicated by lower N contents of
the barley yield.
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Introduction

Nitrogen (N) leaching from cultivated soil tends
to be greatest in unfrozen and unvegetated peri-
ods, when crop uptake of N does not deplete the
soil of nitrate N (NO

3
-N) or ammonium N (NH

4
-

N) mineralized from soil organic N and crop res-
idues or derived from fertilizers (Nielsen and

Jensen 1985, Martinez and Guiraud 1990). The
unvegetated period is especially long with spring
cereals, which occupy about 60% of the cultivated
area in Finland (Yearbook of Farm Statistics
1999). In southern Finland, the leaching risk is
highest during three months in autumn after har-
vest (from mid-August to mid-November) and one
month in spring (April), when the runoff volumes
are higher due to lower evapotranspiration (au-
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tumn) and excessive water flow through the soil
during the final phase of snowmelt (spring).

To protect Finnish lakes and coastal waters
from eutrophication, and groundwater from high
N concentrations, the N load from agriculture
should be reduced by 50% by the year 2005 rel-
ative to the load in 1990–93 (Ministry of Envi-
ronment 1998). One way to decrease N leaching
in spring cereal cultivation might be planting of
catch crops, which keep the soil covered by
growing plants and take up (catch) N during au-
tumn. In the Nordic countries, where the grow-
ing period after cereal harvest is especially short,
the low temperature in autumn limits the growth
and uptake of residual N if the catch crop is sown
after cereal harvest. In contrast, establishing the
catch crop in spring by undersowing enables
immediate uptake of residual N by the catch crop
after harvest of the main crop (Breland 1996b,
Karlsson-Strese et al. 1998).

A fast growing grass like ryegrass undersown
as a catch crop, has a high potential to reduce N
leaching (Hansen and Djurhuus 1997, Aronsson
and Torstensson 1998) or the risk of leaching,
as deduced from decreased soil mineral N con-
tent in late autumn (Andersen and Olsen 1993,
Beck-Friis et al. 1994, Wallgren and Lindén
1994, Känkänen 1995, Breland 1996b, Lyngs-
tad and Børresen 1996). However, the compe-
tion between the main crop and the catch crop
for light, water and nutrients during the grow-
ing season may retard the growth of the main
crop.

Tillage initiates mineralization processes in
the soil, leading to the release of inorganic N,
mainly in the form of NO

3
-N. Early autumn

ploughing has been reported to increase mineral
N content of soil in late autumn (Lindén and
Wallgren 1993, Wallgren and Lindén 1994,
Känkänen and Nykänen-Kurki 1997, Stenberg
et al. 1999) and thereby to increase the risk of
leaching during the following winter and spring.
Hence, a second advantage of undersowing the
catch crop instead of establishing it after har-
vest is that no extra tillage is needed after harvest
of the main crop, and the stimulation of N miner-
alization by early autumn tillage is avoided.

In Finland, the use of catch crops to prevent
N leaching has so far been restricted to a few
horticultural crops in a limited area. To date,
there have been no direct measurements of the
effectiveness of catch crops in reducing N leach-
ing in Finland, where both N leaching and the
potential of the catch crop to take up residual N
are lower than, for example, in southern Swe-
den or Denmark. Lack of knowledge about the
effectiveness of catch crops in diminishing N
losses to watercourses has probably been one of
the reasons for the only minor adoption of the
practice.

The aim of the lysimeter experiment report-
ed here was to estimate the potential of under-
sown Italian ryegrass to reduce N leaching from
different soils (clay, silt, sand and peat) in south-
ern Finland. Italian ryegrass was chosen as the
catch crop because of earlier findings of its effi-
ciency in reducing mineral N content of the soil
in autumn (Breland 1996b, Lyngstad and Børre-
sen 1996). The effect of postponing tillage until
spring was also investigated.

Material and methods

The experimental set-up
The experiment was carried out in a lysimeter
field established in 1981 at the Agricultural Re-
search Centre at Jokioinen, south-western Fin-
land (Jaakkola 1984). The annual precipitation
in the area is 600–700 mm, and the soil is frozen
and snow-covered from November to April (Ta-
ble 1). The lysimeter field is surrounded by a
steel net to a height of 2 m, which results in a
slightly thicker snow accumulation on the lysim-
eters. This, together with heat flow from the un-
derlying water sampling corridor (7–12°C),
caused the annual frozen period to be about 20
days shorter in the lysimeters than in the field.
There were two blocks of 40 lysimeters (80
lysimeters in total), which had been packed in
1981, layer by layer (0–20, 20–40, 40–80 and
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80–115 cm) to their original bulk density. Be-
low 115 cm there was a 50 cm layer of sand.
The four soils (clay, silt, sand and Carex peat),

described in Table 2, had been randomized to
the sets of 10 lysimeters within each block sep-
arately.

Table 1. Total precipitation (of which irrigation in parenthesis), maximum amount of water in snow in spring, dates of snow
cover and frost and maximum depth of frost during the experiment.

Year Total Max. water in Snow Frost ** Max.frost Frost ***
precipitation * snow ** cover ** date depth ** date
mm mm date cm

1993/94 597 (26) 84 14.11–10.4 22.10–28.4 57 7.11–16.4
1994/95 655 (48) 73 18.12–15.4 4.11–18.4 28 14.11–18.4
1995/96 653 (41) 113 16.11–18.4 1.11–22.4 48 5.12–24.4
1996/97 714 (44) 80 12.12–1.4 14.12–2.5 30 16.12–24.4
1997/98 731 (53) 45 24.11–30.3 23.10–30.4 45 13.12–20.4

1980–1999 644 97 20.11–10.4 15.11–21.4 39

* Values for precipitation measured at Jokioinen meteorological station, 1 km away from the lysimeters, values for
irrigation measured in the lysimeters.

** Measured at Jokioinen meteorological station.
*** Measured in clay lysimeters.

Table 2. Particle size distribution, pH and organic C in experimental soils.

Depth, cm Soil type

Clay Silt Sand Peat

Org. C, % 0–20 3.6 2.7 3.1 14.4
pH (H

2
O) 0–20 5.8 6.0 5.9 5.6

20–40 5.8 6.5 6.0 4.7
40–80 6.6 7.0 6.2 4.8
80–115 7.0 7.0 6.3 5.2

Particle size distribution (%)

<0.002 mm 0–20 46 17 13 62
20–40 58 17 4 –
40–80 54 24 6 –
80–115 54 16 9 –

0.002–0.02 mm 0–20 15 62 8 8
20–40 13 66 3 –
40–80 14 64 3 –
80–115 18 51 4 –

0.02–0.06 mm 0–20 17 14 16 3
20–40 16 13 11 –
40–80 22 10 12 –
80–115 20 30 16 –

0.06–0.2 mm 0–20 10 3 42 11
20–40 9 2 65 –
40–80 9 1 69 –
80–115 7 3 67 –
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The main variables in the experiment were
the use of undersown ryegrass as a catch crop
and the time of tillage, as follows:

Treatment No Undersowing, Undersowing,
U

0
U

1

Autumn tillage, T
1

U
0
T

1
U

1
T

1

Spring tillage, T
2

U
0
T

2
U

1
T

2

The four undersowing-tillage combinations
were completely randomized to 10 lysimeters
within each soil separately, so that there were 2
or 3 lysimeters within each block assigned to
each treatment combination.

The experiment lasted for five years (sum-
mer 1993–spring 1998) with the fifth year (sum-
mer 1997–spring 1998) being an after-effect
year. Italian ryegrass (Lolium multiflorum Lam.
cv. Turgo) was undersown each year in spring
barley (Hordeum vulgare L. cv. Pohto) during
the four years 1993–1996. Primary tillage was
performed manually with a spade to a depth of
20 cm, either in the middle of October (T

1
) or in

May just before seed bed preparation and sow-
ing of the next crop (T

2
). The depths of seed bed

preparation, fertilizer placement and barley sow-
ing were 10, 7 and 5 cm, respectively. Seeds of
the ryegrass were broadcast and covered with 1
cm of soil. The distance between the circular
rows of the fertilizer and seeds was the same as
in standard farming practice in Finland with fer-
tilizer placement (6–7 cm). Soil surrounding the
lysimeters was fertilized and sown in the same
way as in the lysimeters, but without undersow-
ing of ryegrass.

The amount of fertilizer N, P and K was 90,
25 and 50 kg ha-1y-1 for the mineral soils and 45,
16 and 37 kg ha-1y-1 for the peat soil. Amount of
seeds for barley was 450 germinating seeds m-2

and for undersown ryegrass 10 kg ha-1. In 1997
the lysimeters were sown with a mixture of
meadow fescue (Festuca pratensis Huds.) and
timothy (Phleum pratense L.) (26 kg ha-1), with-
out fertilization.

Grain and straw of barley, harvested between
15 August and 11 September, were weighed, and
straw was returned to the lysimeters after small

samples were taken for N analysis. Ryegrass
yield in the treatment with autumn tillage (U

1
T

1
)

was determined in the middle of October and the
hay material was returned to the lysimeters ex-
cept for small samples taken for N analysis.
Unfertilized hay was cut in autumn, but the yield
was not measured.

All water that percolated through the lysim-
eters as drainage was collected and weighed in
plastic containers. The annual number of water
samplings was 8–13, each sampling represent-
ing approximately 24–31 mm of drainage. Sam-
ples for water analysis were collected from the
plastic containers into polythene bottles and
stored in darkness at +4°C before the analysis
for total solids (TS), total N (Tot-N), nitrate N
(NO

3
-N) and ammonium N (NH

4
-N).

TS and Tot-N were determined in unfiltered
samples and NO

3
-N and NH

4
-N in filtered sam-

ples (Nuclepore 111106-PC, pore size 0.2 µm).
TS was determined as evaporated residue after
drying at 105°C. For the determination of Tot-
N, inorganic and organic compounds were ox-
idized to nitrate in alkaline solution under pres-
sure (200 kPa, 120°C, 0.5 h). The concentration
of NO

3
-N was determined colorimetrically (520 nm)

by reducing the nitrate to nitrite with hydrazine
sulfate and adding sulfanilamide and N-(1-naph-
thyl)-ethylenediamine dihydrochloride as rea-
gents. NH

4
-N was analysed colorimetrically (660

nm) in a slightly alkaline solution with the use
of hypochlorite, salicylate and sodium nitroprus-
side as reagents. The colorimetrical measure-
ments were carried out with a Lachat Quick
Chem autoanalyser.

The leaching losses were first calculated on
a yearly basis for the five years starting from
spring sowing: 1993/94 (8 May1993–6
May1994), 1994/95 (7 May1994–8 May1995),
1995/96 (9 May1995–13 May1996), 1996/97 (14
May1996–13 May1997) and 1997/98 (14
May1997–27 May1998). The losses are present-
ed below for three periods: (I) the first year
(1993/94), (II) the three following years (primary
experimental years: 1994/95, 1995/96, 1996/97)
and (III) the after-effect year (1997/98) when all
lysimeters were under hay. The first year was
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studied separately because previous studies had
shown that treatments have a delayed effect on
the quality of the percolating water. Grain and
straw yields were determined on a yearly basis
from 1993 to 1996. Within each of the two
blocks, the data were reduced by calculating
means of the values (leaching losses, yield) of
the 2–3 lysimeters.

Statistical analyses
The experimental design was a split-plot design,
where the whole-plot treatments (soils) were in
a randomized complete block design with two
blocks, and the split-plot treatments (undersow-
ing and tillage time combinations) were rand-
omized to the subplots (lysimeters) within each
whole plot separately. Furthermore, after reduc-
tion of the data as explained above, repeated
measurements were made for each subplot from
three or four different periods. Statistical analy-
ses of the data were based on the following mixed
model for a split-split-plot design:

Y
ijklm

= µ + b
i
 + S

j
 + e

ij
(1) + T

k
 + U

l
 + TU

kl
 + ST

jk

+ SU
jl
 + STU

jkl
 + e

ijkl
(2) + P

m
 + e

im
(3) + SP

jm

+ e
ijm

(4) + TP
km

 + UP
lm

 + TUP
klm

 + STP
jkm

+ SUP
jlm

 + STUP
jklm

 + e
ijklm

(5)

where Y
ijklm

 is the response for the block i,
soil j, tillage time k, use of undersowing l and
period m; µ is the overall mean; b is the random
block effect; S, T, U and P are the fixed effects
of soil, tillage time, use of undersowing and pe-
riod; TU, ST, SU, SP, TP and UP are the two-
factor interactions of the fixed effects, STU,
TUP, STP and SUP are the three-factor interac-
tions and STUP is the four-factor interaction of
the fixed effects; and e(1),…,e(5) are the random
error terms. All random variables were assumed
to be independent and normally distributed with
zero means and constant variances. The models
were fitted by using the residual maximum like-
lihood (REML) estimation method. The degrees
of freedom were approximated by a Satterthwaite
procedure (Verbeke and Molenberghs 1997).
Accordances of the data with the distributional

assumptions of the models were checked by
graphic plots. The residuals were checked for
normality using a box plot. Furthermore, the re-
siduals were plotted against the fitted values.
Such a plot should have the appearance of a ran-
dom scatter of points if the assumptions of the
model are adequate (Yandell 1997). Planned
comparisons between means were made by two-
sided t-type tests. The MIXED procedure (Lit-
tell et al. 1996) and UNIVARIATE and PLOT
procedures (SAS Institute Inc. 1990) of the SAS/
STAT software were used in the analyses.

While the yield and N content of the yield
were distributed normally, the response varia-
bles Tot-N, NO

3
-N, NH

4
-N and TS were distrib-

uted non-normally. We therefore used a square-
root transformation for Tot-N and NO

3
-N and a

logarithmic transformation for NH
4
-N and TS.

Results

Leaching of N
The treatments did not have any effect on drain-
age volume, which was 20% lower in sand soil
than in clay and peat soils, and very low in silt
soil, especially in the first three years of the ex-
periment. Evaporation was clearly greater from
silt soil than from the other soils, so that the water
discharge and, consequently, the leaching of
NO

3
-N were reduced (Table 3). The higher drain-

age volumes in the final two years were due to
higher precipitation (Table 1).

Undersowing reduced the concentration of
NO

3
-N in drainage water mainly from the sec-

ond year onwards, after about 220, 275 and 320
mm of cumulative drainage from clay, sand and
peat soil, respectively. Without undersowing, the
average NO

3
-N concentrations in the primary

experimental years, weighted by the drainage
volume, were 4.5, 5.2, 12 and 12 mg l-1 in clay,
silt, sand and peat soil, respectively. Undersow-
ing reduced the concentrations by 54, 5.5, 69 and
31%.
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Table 3. Leaching of nitrate N (NO
3
-N) and total N (Tot-N), loss of total solids (TS) and drainage from

different soils during the first year, second to fourth years (primary experimental years) and fifth year
(after-effect year). Treatments: U

0
T

1
 = no undersowing, autumn tillage; U

1
T

1
 = undersowing Italian rye-

grass, autumn tillage; U
0
T

2
 = no undersowing, spring tillage; U

1
T

2
 = undersowing Italian ryegrass, spring

tillage.

Soil Treatment NO
3
-N* Tot-N* TS* Drainage

kg ha-1y-1 kg ha-1y-1 kg ha-1y-1 mm

First year 1993/94
Clay U0T1 1.2 1.6 188 217

U1T1 0.5 0.7 193 205
U0T2 1.8 2.3 197 237
U1T2 0.5 0.8 217 215

Silt U0T1 5.3 5.6 115 69
U1T1 1.5 1.7 28 21
U0T2 2.7 3.1 70 57
U1T2 1.9 2.0 37 24

Sand U0T1 6.4 8.0 264 191
U1T1 2.9 4.1 235 178
U0T2 4.7 6.3 266 188
U1T2 5.4 7.0 298 165

Peat soil U0T1 4.3 5.6 566 143
U1T1 4.1 5.5 576 166
U0T2 8.5 10.1 371 188
U1T2 1.1 2.0 478 169

Second to fourth years 1994/95–1996/97
Clay U

0
T

1
11.8 13.1 340 296

U
1
T

1
7.0 7.9 317 314

U
0
T

2
16.4 17.8 366 327

U
1
T

2
6.1 6.9 334 328

Silt U
0
T

1
7.7 8.6 133 99

U
1
T

1
3.6 3.9 71 48

U
0
T

2
6.7 7.2 168 122

U
1
T

2
6.4 7.0 124 83

Sand U
0
T

1
32.3 35.5 561 274

U
1
T

1
8.5 10.3 349 239

U
0
T

2
25.0 27.9 452 225

U
1
T

2
8.3 10.3 373 237

Peat soil U
0
T

1
36.3 41.1 1195 272

U
1
T

1
27.6 31.2 1436 298

U
0
T

2
31.9 35.6 1517 314

U
1
T

2
21.9 24.9 1476 329

After-effect year 1997/98
Clay U

0
T

1
19.3 20.6 494 385

U
1
T

1
21.3 23.1 496 376

U
0
T

2
20.0 22.2 462 411

U
1
T

2
20.4 22.3 513 442

Silt U
0
T

1
10.5 11.3 324 189

U
1
T

1
6.3 6.8 247 151

U
0
T

2
14.2 15.6 388 223

U
1
T

2
5.6 6.4 344 229

Sand U
0
T

1
39.0 44.5 513 295

U
1
T

1
16.6 19.0 443 280

U
0
T

2
35.3 39.2 648 334

U
1
T

2
23.8 27.1 541 336

Peat soil U
0
T

1
131.0 144.3 2576 444

U
1
T

1
96.0 104.9 2544 463

U
0
T

2
117.8 129.8 2528 492

U
1
T

2
102.5 113.7 2612 578

* Estimated means (square root of NO3-N and Tot-N leaching, logarithm of TS loss), which are trans-
formed back to the original scale.
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In clay and sand soil, undersowing of rye-
grass efficiently reduced the NO

3
-N concentra-

tion in the third and fourth years (Fig. 1). In sand

soil the after-effect of the previous experiment
was clear at the beginning of the first experi-
mental year when the NO

3
-N concentration was

Fig. 1. Concentration of nitrate nitrogen (NO
3
-N, mg l-1) in drainage water from eight representative lysimeters with differ-

ent soils and treatments during five experimental years (fifth year with hay). NO
3
-N concentration limit for acceptable

drinking water (WHO 1993) is denoted by dashed line. Note the different scales on the y-axes.
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rather high. After that, concentration decreased
to under 3 mg l-1 in all treatments, reflecting the
minor losses of N from the lysimeters covered
by ley in 1992. The effect of undersowing on
NO

3
-N concentration was less in silt and peat

soil, but the concentration was lowered in most
cases (Fig. 1).

The effect of treatment on NO
3
-N leaching

varied with soil type and experimental period
(F

18,22.9
=5.32, P<0.001 for treatment*soil type*

experimental period interaction), mainly because
of differences in the concentration of NO

3
-N in

the drainage water. NO
3
-N leaching losses were

significantly reduced by undersowing, with the
largest reductions in sand soil (Fig. 2). In the
primary experimental years the reduction was
7.6, 2.2, 20 and 9.4 kg ha-1y-1 in clay, silt, sand
and peat soils, respectively. Nitrate was the main
form of N lost; on average 86% of Tot-N in lea-
chate was NO

3
-N, the rest being mainly organic

N. Loss of NH
4
-N was very low in all treatments

and soils, with an average of 0.08 kg ha-1y-1

(0.0050.257 kg ha-1y-1).
Undersowing also decreased Tot-N leach-

ing significantly (P<0.053), except in sand soil
in the first experimental period (t

32.4
=1.35,

P=0.19) and clay soil in the after-effect year
(t

32.4
=-0.55, P=0.59). In the primary experi-

mental years, Tot-N leaching decreased by 52,
31, 68 and 27% in clay, silt, sand and peat,
respectively (Table 3). The reduction in Tot-N
leaching in the sand soil was 21 kg ha-1y-1.
Leaching was extremely high in peat soil in
the last experimental year (average 123 kg ha-1),
partly due to low crop uptake of N caused by
failure of the hay to establish.

Spring tillage reduced the leaching of NO
3
-

N and Tot-N only in the peat soil and only dur-
ing the primary experimental years (t

32.1
=1.94,

P=0.06 and t
32.4

=2.08, P=0.05, respectively). On
peat soil, NO

3
-N concentration of drainage wa-

ter was reduced by 22%, on average, and Tot-N
leaching was reduced by 5.9 kg ha-1y-1 (16%)
(Table 3). Except in the first year, spring tillage
increased the loss of TS by 44–81 kg ha-1y-1 in
silt soil, and in the after-effect year it increased
it by 117 kg ha-1y-1 in sand soil.

Loss of TS in the drainage water was on av-
erage 321, 127, 392 and 1303 kg ha-1y-1 in clay,
silt, sand and peat soils, respectively. The high-
er TS loss from peat soil was clearly due to dis-
solved organic matter, which also coloured the
water brown. Undersowing decreased the TS loss
in silt (t

34.8
=4.42, P<0.001) and sand (t

34.8
=3.17,

P<0.005) soils in the primary experimental years.
Differences in the loss of TS were mainly due to
the different amount of drainage – the greater
water flow in the last two years leading to larger
losses (Table 3).

Yield and N uptake of barley and
Italian ryegrass

Average grain yield without undersown ryegrass
was 4670, 5620, 4900 and 5880 kg ha-1y-1 dry
matter (DM) in clay, silt, sand and peat soil, re-
spectively. Although the grain yields with un-
dersowing appeared slightly lower in clay and
silt soil (1 and 6%, respectively) and higher in
sand soil (2%), the differences were not signifi-
cant. On peat soil, undersowing reduced the grain
yield in the first year (by 1034 kg ha-1, t

9.9
=3.69,

P<0.005). The average N content of the barley
grains without undersowing was 16, 14, 16 and
18 mg g-1 DM in clay, silt, sand and peat soil,
respectively. With undersowing the correspond-
ing average N contents were 5, 2, 6 and 8% low-
er. The decrease was significant (P<0.05) in clay
and peat soil in three years and in sand soil in
one year. Spring tillage reduced grain yield sig-
nificantly (t

9.05
=4.88, P<0.001) only in clay soil,

by 560 kg ha-1y-1. Tillage time did not affect N
content of the yield.

In mineral soils, undersowing reduced the
total N uptake of barley (grain + straw) on aver-
age by 5–8% (5–8 kg ha-1y-1)(Table 4). N uptake
by the ryegrass shoot was 3.7–41.7 kg ha-1y-1,
with the lowest values on clay and the highest
on peat soil. On clay and silt soil with under-
sowing, N uptake of ryegrass was about twice
as large as the reduction of the N uptake of bar-
ley (Table 4). On sand soil the N uptake of rye-
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Fig. 2. Leaching of nitrate nitrogen (NO
3
-N, kg ha-1y-1) during the first year, second to fourth years (primary experimental

years) and fifth year (after-effect year with hay) from lysimeters with pure barley (no undersowing) and undersowing Italian
ryegrass. NO

3
-N leaching and 95% CI (segment of lines) are estimated means of square root, transformed back to the

original scale. The P values are for the difference between undersowing and no undersowing. Note the different scales on
the x-axes.
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grass was four times the reduction. The reduc-
tion in N leaching from clay and sand when bar-
ley was undersown with ryegrass was nearly the
same as the increased total uptake of N (barley
+ ryegrass). Compared with mineral soils, N
uptake of barley grain and straw in peat soil was
31–36% and 39–46% higher, respectively. Un-
dersowing reduced the N uptake of barley in peat
soil by 10% (14 kg ha-1y-1), but N uptake by rye-
grass was much higher than the reduction (25
kg ha-1y-1). In contrast to clay and sand soils, the
reduction in Tot-N leaching from peat soil due
to undersowing was less than the increase in to-
tal N uptake.

Discussion

Undersowing
The growing period of the ryegrass between har-
vest of barley and soil freezing was only about
2–2.5 months. Still, undersowing of ryegrass re-

duced the concentration of NO
3
-N in drainage

water in all soils, with the largest effects on sand
soil. The much lower Tot-N leaching from sand
soil due to undersowing of Italian ryegrass shows
that undersowing a catch crop has great poten-
tial for diminishing N leaching in southern Fin-
land. The finding is in accordance with the re-
sults of Scandinavian studies where ryegrass was
planted as catch crop on sandy and loamy soils:
large reductions were found in NO

3
-N concen-

trations of soil water (Hansen and Djurhuus
1997, Stenberg et al. 1999) and reductions of 18–
83% were recorded in N leaching (Table 5)
(Lewan 1994, Sjödal Svensson et al. 1994, Uh-
len et al. 1996, Hansen and Djurhuus 1997,
Aronsson and Torstensson 1998). The average
N uptake of ryegrass shoots measured in our ex-
periment agrees with Danish experiments where
the N content in unfertilized undersown ryegrass
shoots was 16 kg ha-1 (Andersen and Olsen 1993)
and 23 kg ha-1 (Jensen 1991) and the N content
of roots 5.5 kg ha-1 before ploughing in early
December (Jensen 1991).

If N leaching is to be reduced, catch crops
must (1) increase the amount of N stored in soil

Table 4. N uptake of barley grain, barley straw and Italian ryegrass, and total uptake of N (grain + straw
+ ryegrass), Tot-N leaching and the difference (U

0 
-U

1
) in N uptake and leaching from treatments without

undersowing (U
0
) and with undersowing (U

1
) of Italian ryegrass, average for four years (1993/94–

1996/97).

Soil type Treatment N uptake Tot-N leaching
kg ha-1y-1 kg ha-1y-1

Grain Straw Ryegrass Total

Clay U
0

75.7 20.6 96.3 12.1
U

1
71.2 19.4 10.3 100.9 5.7

U
0 
–U

1
4.5 1.2 -4.6 6.4

Silt U
0

78.3 20.3 98.5 7.0
U

1
72.4 18.0 15.6 106.1 4.5

U
0 
–U

1
5.9 2.3 -7.6 2.5

Sand U
0

77.2 20.3 97.5 25.6
U1 73.9 18.6 18.6 111.1 9.1
U

0 
–U

1
3.3 1.7 -13.6 16.5

Peat U
0

104.6 29.7 134.2 30.8
U1 94.8 26.0 24.7 145.6 22.0
U

0 
–U

1
9.8 3.7 -11.4 8.8
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Table 5. Change in Tot-N leaching (%) due to undersowing of ryegrass as a catch crop compared with cultivation of spring
cereals without undersowing. Catch crop: I = Italian ryegrass, P = perennial ryegrass. Method of study: L = lysimeters, C =
ceramic cups, F = field experiment.

Catch Duration Method Soil type Change in Tot-N Country Reference
crop of study, leaching, %

years

Autumn tillage Spring tillage

I 2 F sandy loam -81 Sweden Sjödahl Svensson et al. 1994
I 4 F sandy loam -83 * Sweden Lewan 1994
P 3 C sandy loam no effect** Sweden Stenberg et al. 1999
P 3 F sandy soil -40 – (-50) Sweden Aronsson and Torstensson 1998
P 2 L loam -71 Norway Uhlen et al. 1996
P 2 L loamy sand -71 Norway Uhlen et al. 1996
P 5 C coarse sand -37 -58 Denmark Hansen and Djurhuus 1997
P 4 C sandy loam -18 -49 Denmark Hansen and Djurhuus 1997
I*** 2 L calcareous -67 France Martinez and Guiraud 1990
I 4 L clay -41 -61 Finland this study
I 4 L silt -58 -7 Finland this study
I 4 L sand -69 -58 Finland this study
I 4 L peat -23 -34 Finland this study

* control treatment was stubble cultivated in autumn and ploughed in spring
** poor establishment and growth of catch crop during two out of three years
*** sowing after harvest of the main crop (intercropping)

as organic N, (2) increase the amount of harvest-
ed N or (3) reduce the need for fertilizer N input
(Thorup-Kristensen 1994). The first alternative
is the most likely one for undersown ryegrass.
However, while taking up and adding N to the
organic N pool of the soil, the catch crop may
also gradually increase the N mineralization po-
tential of the soil. In Sweden, Lewan (1994) ob-
served that the amount of NO

3
-N in the soil was

reduced in the catch crop treatment, but increased
during the fourth year when no catch crop was
grown. Aronsson and Torstensson (1998) showed
that there is an enhanced risk of N leaching af-
ter incorporation of catch crops, especially when
the establishment of a new catch crop fails or
crop uptake of N is small. In the present experi-
ment, the after-effect period was too short to al-
low discovery of long-term effects of undersow-
ing on N leaching. Moreover, the hay of the af-
ter-effect year was unfertilized, which probably

served both to reduce N leaching and to moder-
ate the differences between the treatments.

In several studies undersowing has slightly
decreased the yield of the main crop (Kauppila
1985, Andersen and Olsen 1993, Beck-Friis et
al. 1994, Nykänen-Kurki and Känkänen 1995,
Breland 1996a, Lyngstad and Børresen 1996).
Here the barley yield was not reduced. Italian
ryegrass grew slowly until the main crop har-
vest, after which growth became vigorous. Dur-
ing the slow initial growth, competition for light,
water and nutrients between the barley and catch
crop was probably minimal. In Norway, Lyngs-
tad and Børresen (1996) found that cover crop
residues interfered with establishment of the
grain crop for the next season. In our experiment,
however, manual operations in the lysimeters
probably allowed thorough and uniform incor-
poration of the ryegrass residues into the top-
soil, even in the spring-tilled lysimeters.
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The somewhat lower N contents in barley
grains and straw with undersowing indicated some
competition between the ryegrass and barley,
which may be explained by pre-emptive compe-
tition of ryegrass as described by Thorup-Kris-
tensen (1993). By decreasing the mineral N con-
tent of the soil in autumn, the catch crop reduces
the amount of mineral N available for the suc-
ceeding crop. Similar observations of lower N
contents of the main crop have been made by
Lewan (1994) and Lyngstad and Børresen (1996).

Tillage time
A number of Scandinavian studies have shown
that delaying tillage operations until spring de-
creases the N leaching risk (Beck-Friis et al.
1994, Lyngstad and Børresen 1996, Djurhuus
and Olsen 1997, Stenberg et al. 1999). We found
no clear changes on mineral soils. However, the
results might have been different if the autumn
ploughing had been done a month earlier, be-
cause late autumn tillage decreases N leaching
risk (Lindén and Wallgren 1993, Känkänen and
Nykänen-Kurki 1997, Stenberg et al. 1999). In
our case, tillage was possible in the middle of
October because it was done manually with a
spade, but such late tillage would not always be
possible under field conditions.

The effect of postponing soil tillage to spring
depends on soil temperatures in winter. The dif-
ference between autumn and spring tillage will
clearly be less in areas of cold winters where
soil temperature stays well below zero and pre-
vents N mineralization. Sørensen and Thorup-
Kristensen (1993) concluded that in areas where
the soil is often frozen during winter, catch crops
do not need to overwinter but can be incorporat-
ed in late autumn without risk of increased ni-
trate leaching. On the other hand, if temperatures
are fluctuating near zero, mineralization may not
be negligible. Van Schöll et al. (1997) found in
a laboratory experiment that after a ten-week
incubation at 1ºC, 20% of the total organic N in
catch crop material was mineralized. Thus the
larger N leaching from autumn-tilled peat lysim-

eters of the present study was probably due to
the much higher mineralization potential of the
peat than the mineral soil.

Spring tillage reduced the grain yield in clay
soil, in accordance with observations in other
studies (Mikkola 1989, Wallgren and Lindén
1994, Känkänen and Nykänen-Kurki 1997). Ar-
onsson and Torstensson (1998) assumed that if
plant material is incorporated in spring, increased
N mineralization occurs too late to be fully avail-
able for the main crop. Känkänen and Nykänen-
Kurki (1997) recommended late autumn plough-
ing when considering both the N leaching risk
and the grain yield of the following crop.

Lysimeter vs. field conditions
A comparison of the N leaching in clay lysime-
ters and the same clay soil in the field 2 km away
(0.5 ha plots, 2% slope) suggested that N leach-
ing was probably enhanced in the lysimeters. On
the field site, N leaching from continuous bar-
ley cultivation without undersowing was 7–17
kg ha-1y-1 (Turtola and Jaakkola 1985, Turtola
and Lemola 2000), which was about 80% of the
amount leached from the clay lysimeters. N
leaching in the lysimeters may have been in-
creased by both the shorter period of frost and
the absence of surface runoff. Some surface run-
off always exists in field conditions, varying with
the hydraulic conductivity of the soil and the
slope of the field, but it was prevented in the
lysimeters, leading to above-normal drainage
volumes. On the field plots mentioned above, the
proportion of surface runoff ranged between 10
and 90% of total runoff (surface runoff + drain-
age), depending on the nature of the subsurface
drainage system (Turtola and Paajanen 1995). In
spring, particularly, the surface runoff during
snowmelt may leach only small amounts of N.
Thus the leaching losses of N and the effects of
treatments may be somewhat greater in lysime-
ters than in the field conditions. On silt soil, in
contrast, high capillarity reduced drainage and
N leaching from the silt lysimeters probably
more than in the field, where water rising from
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the groundwater may prevent the soil profile
from drying completely during dry periods in
summer.

The 220 mm of drainage required before the
effect of the treatments was detected in the NO

3
-N

concentration of the drainage indicates a rather
non-preferential movement of water through soil
profiles in the clay lysimeters. A more uniform
movement of water in the clay lysimeters than
in the clay soil profile in the field is also sup-
ported by (1) the much lower loss of TS in drain-
age from lysimeters than in drainage water from
the same type of clay in the field (Turtola and
Paajanen 1995) and (2) absence of large cracks
or drain trenches in the lysimeters. It is also pos-
sible that high NO

3
-N concentrations in drain-

age in the first and second year may have been
partly levelled off by the ‘groundwater’ storage
of about 180 mm in the sand layer at the bottom
of all lysimeters.

Conclusions

Considering the effects desired in real field con-
ditions, i.e. low concentrations of N in drainage
water from spring cereals, the results of our
lysimeter experiment are encouraging. They sug-
gest that undersowing Italian ryegrass would be
particularly effective on sandy soils, without
negative effects on spring grain yield. Postpon-
ing primary tillage to spring is not as effective
as undersowing in reducing N leaching.
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SELOSTUS
Italian raiheinä aluskasvina vähentää typen

huuhtoutumista ohranviljelyssä
Riitta Lemola, Eila Turtola ja Christian Eriksson

Maatalouden tutkimuskeskus

Savi-, hiesu-, hieta- ja turvelysimetreissä tutkittiin
aluskasviksi kylvetyn Italian raiheinän ja muokkaus-
ajan vaikutusta typen huuhtoutumiseen ja pääkasvi-
na kasvaneen ohran satoon Jokioisissa vuosina 1993–
1996. Kivennäismaille annettiin vuosittain lannoite-
typpeä, -fosforia ja -kaliumia 90, 25 ja 50 kg ha-1 ja
turvemaalle 45, 16 ja 37 kg ha-1. Jälkivaikutusvuon-
na 1997 kaikkiin lysimetreihin kylvettiin timotei-nur-
minata -siemenseos ilman lannoitusta.

Aluskasvi vähensi typen huuhtoutumista jo en-
simmäisenä koevuonna, jolloin huuhtoutuminen oli
kuitenkin pientä johtuen koetta edeltäneestä lannoit-
tamattomasta nurmesta. Varsinaisena koejaksona (2.,
3. ja 4. vuosi) kokonaistypen huuhtoutuminen vähe-
ni savella 52 %, hiedalla 68 %, hiesulla 31 % ja tur-
vemaalla 27 %. Huuhtoutuneesta kokonaistypestä oli
nitraattityppeä 86 %. Typen huuhtoutuminen väheni
määrällisesti eniten hietamaalla (21 kg ha-1y-1). Hie-
tamaalla valumaveden nitraattityppipitoisuus ylitti
juomavedelle asetetun raja-arvon (11,3 mg l-1) viljel-
täessä ohraa ilman aluskasvia. Aluskasvi sen sijaan
esti nitraattipitoisuuden nousun haitallisen korkeak-

si. Aluskasvin viljely ei pienentänyt ohran jyväsatoa,
mutta se alensi jyvien typpipitoisuutta. Pitkäaikais-
vaikutusten selvittämiseen koejakso oli liian lyhyt.

Perusmuokkaus tehtiin lapiolla 20 cm syvyyteen
joko syksyllä lokakuun puolivälissä tai keväällä juu-
ri ennen kylvöä. Kevätmuokkaus ei vähentänyt typen
huuhtoutumista, mikä todennäköisesti johtui syys-
muokkauksen myöhäisyydestä. Tällöin syksyllä maa-
han muokattujen kasvinjäänteiden ja maan orgaani-
sen aineksen sisältämä typpi ei ehtinyt mineraloitua
ennen maan jäätymistä ja aiheuttaa typen huuhtou-
tumista kevätvalunnan aikana. Muokkauksen siirtä-
minen kevääseen pienensi jyväsatoa savimaalla.

Tulosten perusteella Italian raiheinää voidaan
suositella aluskasviksi erityisesti hietamaille vähen-
tämään typen huuhtoutumista kevätviljoilta. Kun nur-
mi perustetaan suojaviljaan, typen huuhtoutuminen
voi vähentyä perustamisvuonna lähes aluskasvivilje-
lyä vastaavasti. Myöhäinen syysmuokkaus näyttää
kevätmuokkauksen veroiselta keinolta vähentää typen
huuhtoutumista.
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