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Introduction

The increasing concern about environmental protec-
tion and the challenge of environmentally sound utili-
zation of natural resources force farmers to take care of 
optimal utilization of crop residues, among which the 
residues of field pea (Pisum sativum L.) can play an im-
portant role.

After ploughdown of crop residues, their organic mat-
ter is subjected to mineralization. During this process, nu-
trients are released. In legumes, N mineralization takes 

place intensively shortly after ploughdown [1]. In peas, 
a large amount of biologically fixed N [2-4] is of great 
importance. The total amount of nitrogen left in harvest 
residues on the field can exceed 100 kg ha-1. Due to early 
harvesting and low C/N ratio in harvest residues, inten-
sive N mineralization during early stages of the decompo-
sition of pea residues may occur [4]. If mineralized N is 
not taken up by the succeeding crop, N can be leached to 
lower soil layers.

Crops harvested in summer are traditionally [23] fol-
lowed by catch crops. They can be used for forage, or 
are grown as catch crops for taking up nitrogen during 
the autumn and mild winter periods, aiming to contribute 
nitrogen to the succeeding main crop. One of the catch *Corresponding author; e-mail: branko.kramberger@uni-mb.si
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crops utilizing the retained soil N and at the same time 
preventing its leaching [5, 6] is Italian ryegrass (Lolium 
multiflorum Lam.), which, owing to its high forage value 
[7], is also very useful as a forage crop.

After grain pea harvesting, plant residues also contain 
grains dispersed and left in the field for different reasons 
(different cultivars, late harvesting, harvesting machines 
etc.). These grains can also be utilized as seeds for a catch 
crop to be grown in the late summer months and in the 
autumn.

The high costs of a catch crop for forage production 
can be reduced by the introduction of minimal tillage and 
by simultaneous sowing of the catch crop seeds [8], and 
by lowering the sowing rates of drilled catch crops, owing 
to the utilization of the remaining seeds in the pea stubble 
[9]. Consequently, our experiment aimed at investigating 
the effects of low sowing rates of drilled Italian ryegrass 
into pea stubble on the autumn herbage yield of mixtures 
(ryegrass/pea), on the amount of N taken up by herbage 

yield, and on soil NH4-N and NO3-N content during au-
tumn and winter.

Material and Methods

Soil, Site and Experimental Design

Field experiments were conducted from July 2002 to 
March 2003 and from July 2004 to March 2005 at Mar-
tjanci near Murska Sobota, Slovenia (46° 41’ N, 16° 12’ 
E, 192 m a. s. l.). The yearly mean air temperature of the 
area is 10.2°C, the mean monthly minimum is in January 
(-0.4°C), and the average monthly maximum is in July 
(20.5 °C). The average annual rainfall in the area is ~ 800 
mm. The average precipitation is relatively equally dis-
tributed over the whole year [10]. The average monthly 
air temperatures and amounts of monthly precipitation 
during the experiment are presented in Table 1. The sum 

Table 1. Average monthly air temperature (°C at 2 m) and monthly amounts of precipitation (mm) during the experiments [25].

Month Average monthly air temperature Monthly precipitation

March 2002 7.2 20.2

April 2002 9.8 91.3

May 2002 17.5 74.1

June 2002 20.6 85.2

July 2002 21.5 121.2

August 2002 19.9 84.8

September 2002 14.4 45.7

October 2002 10.6 88.3

November 2002 8.4 31.0

December 2002 0.4 65.7

January 2003 -3.5 31.8

February 2003 -3.0 18.3

Average March 2002 – February 2003           10.3 ∑ March 2002 – February 2003           757.6

March 2004 4.3 77.3

April 2004 10.7 65.6

May 2004 13.5 67.8

June 2004 18.0 154.6

July 2004 19.8 36.3

August 2004 20.0 97.8

September 2004 14.4 61.5

October 2004 11.8 98.6

November 2004 4.6 38.7

December 2004 1.0 43.1

January 2005 -0.9 9.0

February 2005 -1.6 52.7

Average March 2004 – February 2005            9.6 ∑ March 2004 – February 2005          803.0
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of temperatures above 0°C was calculated as the sum of 
mean daily temperatures of the air during the experimen-
tal period.

Experiment 1

The soil of the field in which the experimental work in 
the years 2002-03 was done, was district brown soil, with 
a pHH20 of 6.20 at a soil depth of 0-20 cm. P2O5 content 
of the soil was 19 mg and K2O content 20.1 mg per 100 
g of dry soil (ammonium lactate extraction). After field 
pea (Pisum sativum L. cv. ‘Sponsor’) for grain production 
harvested by combine, 12.5 (s.e.m. = 14.7) pea grains m-2 
were retained as a part of the crop residue in the pea stub-
ble. Immediately after pea harvesting (on 3 July 2002), 
Italian ryegrass (Lolium multiflorum Lam, cv ‘Lipo’) was 
drilled into the pea stubble at three different sowing rates 
(Treatment A = 10 kg ha-1, Treatment B = 20 kg ha-1, and 
Treatment C = 30 kg ha-1). Sowing rates were chosen ac-
cording to the sowing rate (20 kg ha-1) that had already 
been recommended for drilling [9]. The plots were 10 by 
30 m. The experimental design was a randomized com-
plete block, with four replicates. Drilling was done si-
multaneously with minimal tillage, which was performed 
with a special machine. Rotovating mixed the upper 5 cm 
soil layer, the pea residue, and the drilled Italian ryegrass. 
Italian ryegrass/pea mixtures were grown without apply-
ing any fertilizer or manure, or using any herbicides. One 
week before pea harvesting, the soil contained 45.4 kg 
NH4 + NO3-N(0-60 cm) ha-1, and three weeks after drilling, 
when the Italian ryegrass was at the very early tillering 
stage of growth, the soil contained 59.1 kg NH4 + NO3-
N(0-60 cm) ha-1 (Table 2). The measurement of soil mineral 
N content three weeks after drilling was made according 
to the findings that legume N can be quickly mineralized, 
perhaps even before the succeeding crop has a high de-
mand for it [11].

The first cut was performed on 5 September 2002. At 
this time the Italian ryegrass was in late tillering, whereas 
in peas pods green grains were filling. After the first cut, 

it was mostly the Italian ryegrass alone that continued to 
grow. The second cut was on 11 November 2002. Herb-
age yield was obtained by cutting catch crops to a stubble 
height of 5 cm and weighing the yields from 1m2 subplots 
(nine replicates from each plot). Soil samples for mineral 
N(0-30cm; 30-60cm) (Nmin) were taken from the plots in Septem-
ber at harvesting, in November 2002, and in March 2003.

Experiment 2

Owing to very unfavourable growing conditions, it 
was impossible to continue (i.e. repeat) the field experi-
ment in the period from July 2003 to March 2004. Conse-
quently, a continuation of this experiment as Experiment 
2 was conducted from July 2004 to March 2005. This ex-
periment was located in the same village, but on another 
field with a pHH20 of 6.90 at a soil depth of 0–20 cm. The 
P2O5 content of the soil was 24.4 mg and K2O content 
29.0 mg per 100 g of dry soil (ammonium lactate extrac-
tion). The different years and soil types in the second ex-
periment provide the rationale using the term ‘different 
environments’ (see the chapter Results and Discussion). 
The average air temperatures in the year 2004 were much 
lower than in the year 2002 (Table 1). Therefore, pre-crop 
field pea (cv’ Sponsor), grown (as for Experiment 1) in 
rotation after maize, was harvested not earlier than the be-
ginning of August, and the Italian ryegrass (Treatments A, 
B and C) was drilled into pea stubble not earlier than 13 
August 2004. The experimental design, plot size and drill-
ing were the same as described in the previous paragraph. 
Before the pea harvesting the soil contained 51.7 kg NH4 
+ NO3-N(0-60 cm) ha-1, and at the end of August, when the 
Italian ryegrass was in very early tillering, the soil con-
tained 62.5 kg NH4 + NO3-N(0-60 cm) ha-1 (Table 2). Because 
of heavy thunderstorms at the end of July there were more 
pea grains among the crop residue than in the year 2002. 
Therefore, the pea plant population was thinned by hand to 
12.5 plants m-2. Owing to the late sowing date and colder 
weather than in 2002 (Table 1), only one cut (on 15 Octo-
ber) was performed in 2004, when the ryegrass was in late 

Table 2. Soil NH4-N and NO3-N contents (kg ha-1) before and three weeks after drilling.

Soil layer
Before drilling Three weeks after drilling

NO3-N NH4-N NO3 -N NH4-N

Experiment 1

0 – 30cm 17.2 4.1 21.6 6.0 

30 – 60 cm 19.5 4.6 28.2 3.3 

0 – 60 cm 36.7 8.7 49.8 9.3 

Experiment 2

0 – 30 cm 20.5 1.9 27.0 1.3 

30 – 60 cm 26.3 3.0 30.1 4.1 

0 – 60 cm 46.8 4.9 57.1 5.4 
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tillering and the peas pods were swelling. Soil samples for 
Nmin (0-30cn; 30–60cm) determination were taken from the plots 
in October at the time of harvesting, in November 2004 
and in March 2005.

Analyses

Soil samples were frozen immediately. Later, soil 
samples were analyzed for NH4-N and NO3-N (Nmin) by 
colorimetric methods analysis after extraction with 2 M 
KCl [24].

Dry matter yield was obtained by drying samples at 
70°C for 24 h in a forced-draught oven, and weighed. In 
the subsamples, organic matter content was determined 
after ashing at 500°C. The herbage was analyzed for N 
content by Kjeldahl methods. ‘In vitro’ organic matter di-
gestibility was determined using the two-stage technique 
of Tilley and Terry [26]. Net energy for lactation (NEL) 
was calculated using equation [7]:

NEL (MJ) = 0.6 x (1 + 0.004 x (q – 57)) x metabolize 
energy (ME) (MJ).

Analyses of variance were carried out on yield, its com-
ponents, nitrogen uptake by plants and Nmin (0-30, 30-60, 0-60 cm), 
separately for each experiment. An F-ratio with P ≤ 0.05 
was regarded as statistically significant.

Results and Discussion

Soil Mineral Nitrogen

In both experiments different sowing rates (treatments) 
of Italian ryegrass drilled into the pea stubble significantly 
affected NO3-N and NH4-N contents in the 0–60 cm soil 
layer at the first cut after summer drilling (Table 3). Gen-
erally, the lowest contents were obtained by Treatment C 
and, on account of the lowest sowing rate, the highest soil 
N contents were obtained as predicted by Treatment A. 
Because of N uptake by catch crops, the values of NO3-N 
content in November were generally lower than at first 
cut, and the lowest were in March of the next year. On the 
contrary, in both experiments the values of NH4-N con-
tent in November and in March were slightly higher than 
at the first cut (Table 3), which could be the result of N 
mineralization to NH4 only, while on account of low tem-
peratures, mineralization was not continuing to NO3, as is 
the process explained by Killhan [27].

In Experiment 1 (Table 3), where intensive uptake 
of soil N was effected during the vigorous growth of the 
catch crop, differences among treatments in NO3-N con-
tent were highest at the first cut (23.6 kg ha-1 at the Treat-
ment A; 8.1 kg ha-1 at the Treatment C) and diminishing 
until March of the next year when differences were no 
longer significant. In Treatment A of the second experi-
ment the soil NO3-N content remained high in November 
and even in March of the next year, when soil NO3 content 
differed significantly between Treatments A (43.1 kg ha-1) 

and B and C (32.9 kg ha-1), which means that N uptake 
by Treatment A during the late autumn did not increase to 
the level of N uptake of Treatments B and C.

What is notable are the differences in soil N content 
between experiments, where values of NO3-N content and 
consequently of total mineral N are much higher in Ex-
periment 2, while values of NH4-N content are higher in 
Experiment 1. Higher values of NH4-N content in Experi-
ment 1 could be explained by lower soil pH value [12], 
while differences in NO3-N content could be caused by 
different environments and consequently by very different 
growth of catch crops, which resulted in different uptake 
of soil N (Table 4). In Experiment 2, the NO3-N content 
(61.0 kg ha-1) and total mineral N content (64.8 kg ha-1) at 
first cut in Treatment A were even higher than three weeks 
after drilling (57.1 kg ha-1; 62.5 kg ha-1). This means that 
N mineralization was higher than soil N removal by the 
ryegrass/pea mixture of this treatment.

As shown in Table 3, the NO3-N content in the  
0–30 cm soil layer was generally lower than in the 30–60 
cm layer at first cut. But until March of the next year the 
content of NO3-N in the 30–60 cm soil layer generally 
decreased below the values for the upper layer. The re-
sults can be explained by intensive nitrogen absorption by 
Italian ryegrass and by field pea. Italian ryegrass/pea mix-
tures in the first cut and Italian ryegrass after the first cut 
were effectively taking up released nitrogen. Therefore, 
despite mineralization, the content of NO3 in the 0–30 
cm soil layer did not increase over the values observed 
three weeks after drilling. The exception was Treatment 
A in Experiment 2, where the very low sowing rate of 
drilled Italian ryegrass (10 kg ha-1) was too low to pro-
duce enough effective catch crops for sufficiently early 
effective N absorption. Effective NO3 absorption from the 
top soil layer could result in the prevention of downward 
NO3 movement and a lowering of NO3-N content in the 
30–60 cm soil layer. This explanation is in agreement 
with Thorup-Kristensen [13], who stressed that early N 
uptake from the upper soil layers reduces the downward 
movement of NO3. In their experiments Italian ryegrass 
reduced NO3 content in the 1–1.5 m soil layer by approx-
imately 50%, even though it would have had very few 
roots in this soil layer.

Herbage Yield and Nitrogen Uptake

Owing to very favourable growing conditions in the 
year 2002, the previous crop, field pea for grain produc-
tion, which yielded 3250 kg of dry grain and 3780 kg of 
straw ha-1, was harvested at the beginning of July. The 
favourable growing conditions also continued through the 
summer and autumn. More than 340 mm of precipitation 
was equally distributed over the period from the beginning 
of July to the end of October, and the sum of temperatures 
above 0°C in this period exceeded 2000°C. Consequently, 
in Experiment 1 the sum of temperatures above 0°C from 
the date of drilling (3 July) to the date of the first cut (5 
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Table 3. Effect of sowing rates of drilled Italian ryegrass into minimally cultivated pea stubble on the soil NH4-N and NO3-N contents 
(kg ha-1) in soil layers 0-30 cm, 30–60 cm and 0–60 cm. 

Nmin in soil layer
Treatment 

A B C

Experiment 1

1st cut 

NO3-N

0 – 30 cm 10.8a 8.5b 4.0c

30 – 60 cm 12.8a 8.9b 4.1c 

0 – 60 cm 23.6a 17.4b 8.1c

NH4-N

0 – 30 cm 8.8a 9.9a 4.8b

30 – 60 cm 6.1a 6.4a 4.0b

0 – 60 cm 14.9a 16.3a 8.8b

November

NO3-N

0 – 30 cm 10.8a 6.8b 7.9b

30 – 60 cm 7.8 5.4 8.6 

0 – 60 cm 18.6a 12.2b 16.5ab

NH4-N

0 – 30 cm 13.3a 11.5a 7.9b

30 – 60 cm 6.6 7.4 5.5 

0 – 60 cm 19.9a 18.9a 13.4b

March

NO3-N

0 – 30 cm 8.3 8.3 9.0

30 – 60 cm 6.6 5.5 6.2

0 – 60 cm 14.9 13.7 15.2

NH4-N

0 – 30 cm 8.6 9.7 10.4

30 – 60 cm 7.5a 7.4a 5.5b

0 – 60 cm 16.1 17.1 15.9

Experiment 2

1st cut 

NO3-N

0 – 30 cm 27.4 23.6 23.5

30 – 60 cm 33.6 28.8 26.3

0 – 60 cm 61.0a 52.4b 49.8b

NH4-N

0 – 30 cm 1.3 0.9 1.3

30 – 60 cm 2.5 a 2.7a 1.8b

0 – 60 cm 3.8 3.6 3.1

November

NO3-N

0 – 30 cm 26.7a 16.4b 20.6ab

30 – 60 cm 28.3a 20.3b 16.8b

0 – 60 cm 55.0a 36.7b 37.4b

NH4-N

0 – 30 cm 3.3ab 4.5a 2.5b

30 – 60 cm 3.7 4.0 4.1

0 – 60 cm 7.0 8.5 6.6

March

NO3-N

0 – 30 cm 23.5a 17.8b 17.1b

30 – 60 cm 19.6 15.1 15.8

0 – 60 cm 43.1a 32.9b 32.9b

NH4-N

0 – 30 cm 4.5 4.5 5.0 

30 – 60 cm 3.3 2.8 3.8

0 – 60 cm 7.8 7.3 8.8

Means followed by different letters in the same row are significantly different (P ≤ 0.05, Tukey HSD test).
A – 10 kg of drilled Italian ryegrass; B – 20 kg of drilled Italian ryegrass; C – 30 kg of drilled Italian ryegrass into minimally cultivated 
pea stubble.
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September) was 1280°C and from the date of the first cut 
to the date of the second cut (11 November) was 730°C. 
As a result of favourable growing conditions, yields from 
all treatments in Experiment 1 exceeded 2.5 t herbage DM 
ha-1 in the first cut and 1.1 t ha-1 in the second cut. Dif-
ferences in amounts of herbage DM yield between Treat-
ments A and B were not significant (Table 4), but herbage 
DM yields of Treatment C were significantly higher (3.29 
t ha-1 in the first cut and 1.49 t ha-1 in the second cut) than 
that of Treatments A and B. In Experiment 1, pea seeds 
left on the field after pea harvesting contributed 40% of 
the herbage DM yield of the first cut (Table 4). Differ-
ences among the Treatments in pea content in botanical 
composition were not significant, but the Treatments dif-
fered significantly in the content of ryegrass and other 
plants (weeds), where the higher seeding rate of drilled 
Italian ryegrass (30 kg ha-1) resulted in a higher proportion 
of ryegrass in the yield and a lower proportion of weeds. 
After the first cut, only Italian ryegrass continued to grow 
and was the only composition of the second cut yield. 
Yields from the first cut were high enough to be used for 
forage. Despite the different botanical compositions of the 
Treatments, we did not find statistically significant differ-
ences (P ≤ 0.05) among them in net energy for lactation, 
in ‘in vitro’ organic matter digestibility or in crude protein 
content (Table 4). Nitrogen uptake by herbage yield dif-
fered significantly among the Treatments and was highest 
in Treatment C (128.4 kg ha-1 = sum of the first cut and the 
second cut).

In Experiment 2 the average air temperatures during the 
spring and early summer of the year 2004 were much lower 

than in the year 2002 (Table 1). The previous crop of Exper-
iment 2, pea for grain, which yielded 2350 kg of dry grain 
and 3800 kg of straw ha-1, was harvested in August. Owing 
to the later drilling of Italian ryegrass into minimally cul-
tivated pea stubble than in the year 2002, and also because 
of the colder autumn, only one cut of the catch crop was 
obtained in Experiment 2. The sum of temperatures above 
0°C from the date of drilling (13 August) to the date of har-
vesting (15 October) was only 950°C. This was lower than 
the sum of temperatures for the first cut in the year 2002, 
which resulted in an earlier cut, if we take into account the 
growth stage of the catch crop at harvesting. Consequently, 
the highest forage dry matter yield obtained by Treatment 
C was only 1.62 t DM ha-1, and differed significantly from 
Treatments A (1.39 t DM ha-1) and B (1.34 t DM ha-1). Pro-
portions of pea in the botanical composition were between 
0.40 and 0.47 and proportions of ryegrass were between 
0.45 and 0.53. However, differences in botanical compo-
sition among the Treatments were not significant, as they 
were not significant among them in the components of for-
age quality, which was generally higher than in Experiment 
1 (Table 4), especially if we take into account crude protein 
content. Owing to the low herbage DM yields, nitrogen up-
take by herbage yield was only between 49.0 (Treatment B) 
and 55.2 kg N ha-1 (Treatment C).

Discussion

Differences among Treatments A, B and C in soil 
NO3-N and NH4-N and the diminishing of differences in 

Table 4. Effect of sowing rates of drilled Italian ryegrass into minimally cultivated pea stubble on nitrogen uptake by herbage, herbage 
dry matter yield, and on botanical composition and forage quality of the yield of first cut of Italian ryegrass/pea mixtures.

Sowing 
rate

First cut yield Second cut yield

Botanical composition
DMY CP IVOMD NEL N

uptake DMY N uptake 
Ryegrass Pea Other 

plants
Experiment 1 

A 0.39b 0.42 0.19a 2.60b 186 0.68 5.1 77.4b 1.18b 26.8b

B 0.55a 0.41 0.04b 2.83b 175 0.71 5.4 79.2b 1.30b 30.6ab

C 0.56a 0.38 0.06b 3.29a 167 0.73 5.4 87.9a 1.49a 40.5a

Experiment 2

A 0.50 0.46 0.04 1.39b 226 0.73 5.3 50.2ab - -

B 0.45 0.47 0.08 1.34b 229 0.74 5.2 49.0b - -

C 0.53 0.40 0.07 1.62a 213 0.74 5.4 55.2a - -

Means followed by different letters in the same column for the same treatment in the experiment are significantly different (P ≤ 0.05, 
Tukey HSD test).
DMY – dry matter yield (t ha-1); CP – crude protein content (g kg-1DM); IVOMD – ‘in vitro’ organic matter digestibility; NEL – net 
energy for lactation (MJ kg-1 DM): N uptake – nitrogen uptake by herbage yield (kg ha-1).
A – 10 kg of drilled Italian ryegrass; B – 20 kg of drilled Italian ryegrass; C – 30 kg of drilled Italian ryegrass into minimally cultivated 
pea stubble.
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soil mineral N content among Treatments from the 1st cut 
to March show that the mineralized N in the soil cannot 
be taken up fast enough and in high enough amounts by 
drilling low sowing rates of Italian ryegrass into the pea 
stubble. The number of tillers of Italian ryegrass at early 
growth stages and the number of pea plants were too low to 
uptake all available N in the soil. However, at later growth 
stages, with the formation of many new tillers of Italian 
ryegrass, the catch crop is dense enough to uptake more 
mineralized N. The differences among treatments with 
low and high sowing rates therefore diminished through 
late autumn and early spring. Undoubtedly, the catch crop 
accumulates the mineralized N released from the crop res-
idues after harvesting, which has been reported by many 
researchers [2, 4, 13]. Therefore we did not include the 
treatment without catch crop in the experiment.

Our experiment was based on utilizing pea grains left 
on the field after harvesting for a catch forage crop mixture 
of Italian ryegrass/pea. Such a mixture can be successfully 
obtained only by drilling Italian ryegrass into minimally 
cultivated pea stubble. This is why different tillage sys-
tems and comparisons to no tillage were not studied in the 
experiment. Some researchers [14, 15] did not find strong 
influences of tillage on mineral soil N, but others proved 
that different tillage systems [16, 17] and the time of till-
age can have strong effects on soil nitrogen mineralization 
[18] and soil moisture content in a dry summer [19]. On 
the other hand, Herzog and Konrad [16], showed that till-
age effects on Nmin and NO3 concentrations in the soil are 
hardly detectable if the tillage is combined with the catch 
crop, owing to the uptake of mineralized N. However, N 
uptake is affected by different tillage systems [20].

Since Italian ryegrass develops the majority of its roots 
in the upper layers of the soil, it is at first sight not appro-
priate for N uptake from lower soil layers. More appropri-
ate are considered to be plants with rapid lengthening of 
roots and deeper root systems, e.g. cruciferous crops [13] 
such as winter rapeseed (Brassica napus), fodder radish 
(Raphanus sativus) and white mustard (Sinapis alba). 
However, in our experiments and in the experiments car-
ried out by Thorup-Kristensen [13], the Italian ryegrass 
nevertheless reduced the N content in the lower soil lay-
ers. The reason for this lies in its fast growth after sowing 
and early N uptake from upper soil layers, which reduce 
the downward movement of NO3 and thereby reduce the 
NO3 concentrations below its rooting depth. The sowing 
rate of Italian ryegrass in Thorup-Kristensen’s experiment 
was 20 kg ha. On the basis of the results of our experi-
ment, it can be concluded that the Italian ryegrass sown 
at the sowing rate of 30 kg ha-1, at early growth stages 
takes up even more N and prevents its downward move-
ment to an even larger extent. This is in agreement with 
Thorup-Kristensen’s [13] report stating that when catch 
crops are grown to prevent N leaching losses, it is im-
portant that they are able to decrease the soil NO3-N pool 
to very low levels. However, if compared to cruciferous 
crops, the Italian ryegrass, in addition to having a high 
forage value, in the climatic conditions of Central Europe 

can be a more appropriate catch crop because of its good 
wintering (taking up N from soil in mild winter periods). 
From the organic farming point of view, it also has an 
advantage over cruciferous crops because no application 
of insecticides is required for its production, which, how-
ever, it is often necessary to use against Phyllotreta sp. for 
cruciferous crops sown in late summer in some areas of 
Central Europe.

Nevertheless, high N uptake in our experiment can-
not be ascribed only to Italian ryegrass as the catch crop, 
since our results are obtained by mixtures of drilled Ital-
ian ryegrass and self reseeded peas. As reported by Ilgen 
and Stamp [21], the main root length of pea sown as a 
catch crop can be as long as the main root lengths of mus-
tard and radish or even longer with a high nitrogen sup-
ply. From this point of view, it seems that such Italian 
ryegrass/pea mixtures could be very effective in soil N 
uptake after grain pea harvesting.

In the case of the relatively early sowing date of 
drilled Italian ryegrass (beginning of July), the first cut of 
the Italian ryegrass/pea mixture in optimal growth condi-
tions should be performed as early as the beginning of 
September. This is the only way to achieve maximal ex-
ploitation of the self-reseeded pea plants and the growth 
potential of drilled Italian ryegrass for economically effi-
cient utilization of forage yield [22]. On stockless organic 
farms, catch crop yield cannot be utilized as forage. In 
such cases, the catch crop can be intended only for dry 
matter production and for taking up N during the autumn 
and mild winter periods, in order to prevent N leaching. If 
cut in September, the herbage yield should be composted 
or mulched. In the latter case the yield would remain in 
the field. It is a question of to what extent the Italian rye-
grass would be able to take up the further mineralized N 
from the remaining pea residue and mineralized N from 
additional decomposing organic matter from the mulched 
catch crop. If only autumn or spring ploughdown is per-
formed, it can be estimated that a different dynamic of 
dry matter and N accumulation would be achieved. This 
would almost certainly result in different NH4-N and NO3 
-N contents in the soil. In order to avoid N leaching, it is 
undoubtedly better that at least part of the catch crop yield 
is removed from the field and, if at all possible, used for 
forage.

Our experiments were executed in three extremely 
different meteorological years. In the first year (Ex-
periment 1) growing conditions were very favourable 
for catch crop production. In the second year drought 
accompanied by high temperatures destroyed pea as a 
main crop and consequently we could not continue the 
experimental work. And finally, owing to lower air tem-
peratures than in the previous years, in the third year the 
pre-crop was harvested not earlier than in the middle of 
August (Experiment 2). Late catch crop sowing and low 
temperatures during the autumn as well resulted in low 
catch crop herbage yields and low mineralized soil N up-
take by plants. On the other hand, the later sowing date 
and lower temperatures are obviously the main reason, 
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that simple calculation of net mineralization (N taken up 
by herbage + soil Nmin at the end of experiments – soil 
Nmin at the beginning of experiments) shows much lower 
soil N mineralization in Experiment 2 than in Experi-
ment 1. However, data on net N mineralization are not 
presented in the tables, because two items of important 
data for the net N mineralization calculation were not 
measured (i.e. N concentration in roots of cover crops 
and N leaching).

In this part of Europe unpredictable and very change-
able weather during the summer months causes troubles 
in planning catch crop production. Consequently, farmers 
must continuously adapt catch crop management to actual 
conditions. Our experiments have proved that with a suf-
ficiently high sowing rate of drilled Italian ryegrass into 
pea stubble and minimal tillage it is possible to utilize pea 
grains dispersed as residue after harvesting for a very pro-
ductive catch crop forage mixture (Italian ryegrass/pea), 
which also efficiently takes up large amounts of miner-
alized N from the soil. However, results are more sig-
nificant for favourable growing conditions. For practical 
catch crop management and for environmentally sound 
farming, further research is necessary in the field of opti-
mising catch crop production after pea for grain as main 
production, which left a large amount of organic N in the 
field. Research should also include other catch crops for 
forage (not only Italian ryegrass), combined with different 
tillage systems.
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