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Abstract

The current paper presents the effects of perennial grasses (7rifolium pratense L., Medicago sativa L.,
x Festulolium) as preceding crops for winter wheat and their aboveground biomass management methods
(removed from the field, mixed, mulched) on mineral nitrogen (N,,r) cOntent and dynamics in the soil
as well as on winter wheat grain yield and quality under organic farming conditions. Field experiments
were carried out at the Joniskélis Experimental Station of the Lithuanian Institute of Agriculture (LIA) on
an Endocalcari-Endohypogleyic Cambisol (CMg-n-w-can). Chemical analyses were done at the LIA’s
Laboratory of Chemical Research. Experimental evidence indicated that under mixed management of
the aboveground biomass of red clover and lucerne, when the herbage of the first cut had been used as
forage and that of the second and third cuts as green manure, the soil received 208.0-215.8 kg ha'! of
nitrogen. When all the herbage had been used as green manure (mulching method), the soil received
266.6-298.0 kg ha'! of nitrogen. The content of symbiotically fixed nitrogen in the biomass of legumes
accounted for the largest share (60.8—-83.6%) of the total nitrogen content, accumulated in the biomass.
Incorporation of the biomass of perennial grasses influenced an increase in N, content in the soil late
in the autumn and was 1.2-2.0 times or 9.6-39.0 kg ha™! higher compared to that prior to the ploughing
in of grasses. In spring, in most cases, the content of N in the soil (having removed the herbage
yield or having mulched all the herbage) tended to decrease compared with that measured late in the
autumn. The highest N, content was identified having used mixed management of the aboveground
biomass of legumes or having mulched all biomass of legumes and that of legume/festulolium mixture.
Winter wheat grain yield depended on the N, content in the soil late in the autumn and early in
spring (r = 0.632, » = 0.783 respectively; P > 0.05). Festulolium and its mixtures with legumes as pre-
crops reduced winter wheat yield compared with red clover. The application of the total aboveground
biomass as green manure (mulching) increased the grain yield by approximately 0.62 t ha™!, while part
of the aboveground biomass applied as green manure (mixed management) increased the grain yield
by 0.30 t ha!, compared to the treatment with the total herbage yield removed from the field. Protein
and gluten content in organically grown winter wheat grain as well as sedimentation index significantly
depended on the perennial grass pre-crop species and the aboveground biomass management method.
These parameters improved when wheat had been grown after a legume pre-crop and perennial grasses
had been used as green manure. Mixed management for clover and mulching for lucerne were found to
be the practices that secured a higher concentration of protein in winter wheat grain.
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Introduction

In recent years, the application of the EU
and national support aids as well as consumers’ in-
terest in safe food, have stimulated the development
of organic farming in Lithuania. Therefore, it is im-
portant to satisfy consumers’ expectations and of-
fer healthy products of the highest quality. Organic
farming, unlike conventional farming, has complex
relationships between different components of the
agro-system and the quantity and quality of the end
products depend on the functioning of the entire
system (Watson et al., 2002). German research-
ers have reported that the base of organic farming
should have multi-structural composition with legu-
mes (N, fixation — 83 kg ha™' per year), cattle (den-
sity — 1.4 LU ha") and production, oriented towards
the closed cycle of nutrient circulation (Kustermann
et al.,, 2010). Organic farming with appropriate
management sustained soil fertility, augmented soil
C (36% increase), enhanced N retention (50% de-
crease in nitrate N leaching) and improved N use
efficiency, compared to conventional or integrated
farming (Snapp et al., 2010).

Some researchers suggest that legumes that
can support biological N, fixation, offer a more en-
vironmentally sound and sustainable source of N
to cropping systems (Jensen, Hauggaard-Nielsen,
2003; Herridge et al., 2008). Many researchers have
indicated that one tone of biomass of dry legumes
(aboveground and underground) can approximately
bind 3040 kg of nitrogen from the air (Peoples
etal., 2009). This is one of the main nitrogen sources
in organic farms. Perennial legume grasses over-
take grain legumes by nitrogen fixation from the
atmosphere, increase productivity of crop rotation
plants, and improve soil properties (Watson et al.,
2002). Hence, the application of biomass of peren-
nial legumes in stockless organic farming, whose
area is growing, has been limited. The greatest chal-
lenge for such farms is management of the nutrient
supply (Watson et al., 2002). One of the nitrogen
sources for crop rotation plants is the aboveground
biomass used as green manure (Watson et al., 2002;
Arlauskiené, Maiksténiené, 2005).

Within the sequence of crops from legumes
to non-legumes, it is important to assess the syn-
chronic features of nitrogen release from the incor-
porated crops’ residues or green manure and need
for nitrogen of cultivated crops (Crews, Peoples,
2005). The intensity of the incorporated biomass
mineralization is indicated by mineral nitrogen
(N,,,,g) content and dynamics in soil. The amount
of nitrate accumulated in the soil during legume
cropping is susceptible to agronomic management

(Connor et al., 2010). Together with an increase in
N,,,, content in the soil, the yield of crops increases
(Crews, Peoples, 2005). The summarized data evi-
denced that crops can assimilate 4-33% of nitrogen
from legume residues during the first year (Peoples
et al., 2009). Micro-organisms also immobilize part
of nitrogen (8.2-10.6% of total N accumulated in
biomass) from the residues of legumes; nitrogen be-
comes available for plants after the wheat anthesis
growth stage (Mayer et al., 2003).

The N content of grain grown without N
fertiliser was highly significantly related to the
reserves of available N in the soil. Growing cere-
als in a leguminous living mulch bicropping could
potentially reduce the need for synthetic inputs in
cereal production while preventing losses of nutri-
ents and increasing soil biological activity (Burke
et al., 1998). The protein content is a purely quan-
titative analysis that may or may not be indicative
of protein quality. The quality of protein complex
in view of baking utilisation is partly characterised
by gluten quantity and quality and Zeleny’s sedi-
mentation test.

Research data on the effect of legume resi-
dues, incorporated into soil as well as aboveground
biomass on nitrogen leaching are controversial.
Compared with intensive application of mineral nit-
rogen fertilisers, inclusion of perennial legumes into
a crop rotation reduces the risk of nitrogen leaching.
Studies that have simultaneously compared the fate
of both sources of N suggest that in rain-fed agricul-
tures, crops recover more N from mineral fertiliser,
but a higher proportion of the legume N is retained in
the soil (Crews, Peoples, 2005). However, the find-
ings of foreign and Lithuanian researchers indicate
that incorporation of biomass of legumes for winter
wheat can lead to mineral nitrogen leaching during
the period of autumn—winter—early spring, due to
a rapid mineralization of biomass, rich in nitrogen
(Mayer et al., 2003; Tripolskaja, Sidlauskas, 2010).
Austrian scientists suggest that under the conditions
of warmer and longer autumn, N, content in the
0-150 cm soil layer can reach 100-200 kg ha™' (Fart-
hofer et al., 2003). Studies, carried out in Lithuania
on a sandy loam Luvisol, indicated that incorpora-
tion of green manure (lupine or clover aftermath)
for winter cereals increased the decomposition
rate of organic matter and nitrogen leaching to the
subsoil (25-100 cm) in October and November by
on average 24-63%, compared to stubble plough-
ing in (Tripolskaja, 2005). In heavy-textured soil,
incorporation of aftermath of perennial grasses (lu-
cerne and clover) as green manure did not increase
N, content in the 040 soil layer in spring, how-

inor;
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ever, a significant grain yield increase was obtained
(Arlauskiené, Maiksténiené, 2005). This enables us
to presume that mineralization of incorporated or-
ganic manures in clay loam soils is slower.

This article deals with the application of
the biomass of perennial legumes as green manure
using the mulch technology. The aboveground bio-
mass of perennial legumes is mulched in the soil
surface 2—4 times per growing season. The herba-
ge is cut, chopped and spread in order to use the
biologic nitrogen, bound by legumes more effi-
ciently, and to protect the environment from pol-
lution (Farthofer et al., 2003). Chopped biomass
of nitrogen-rich legumes rapidly mineralises, the
released nitrogen is bound by intensively growing
perennial grasses or is incorporated into the soil
organic matter (Schifer et al., 2001), which pre-
vents it from being leached. The present study was
aimed to analyze the effects of perennial legumes
and their aboveground biomass, managed as green
manure on the change of soil N as well as the
impact on winter wheat grain yield and quality un-
der organic farming conditions.

Materials and methods

Site and soil. Experiments were carried out
during 2007-2009 at the LIA’s Joniskelis Experi-
mental Station on an Endocalcari-Endohypogleyic
Cambisol (CMg-n-w-can), with a texture of clay
loam (clay particles <0.002 mm in Ap horizon
0-30 cm make up 27.0%), on silty clay with deeper
lying sandy loam. Parental rock is limnoglacial clay
on morenic clay loam at the depth of 70-80 cm.
Bulk density of the ploughlayer is 1.5 Mg m™, total
porosity 41-43%, air-filled porosity 15-17%. Agro-
chemical characteristics of the ploughlayer: pH, ., —
6.4, mobile P,O, and K O — 154 and 224 mg kg'' of
soil respectively, N, —0.135%, COrg —1.68%. Soil
and plant analyses were done at the Laboratory of
Chemical Research at LIA.

Experimental design and field management.
Research was conducted in the following sequence
of the crop rotation: barley + undersown perennial
grasses — perennial grasses — winter wheat. Factor
A: perennial grasses: 1) red clover (7rifolium pra-
tense L.) (control, aboveground biomass removed
from the field), 2) mixture of red clover and festu-
lolium (x Festulolium), 3) lucerne (Medicago sativa
L.), 4) mixture of lucerne and festulolium, 5) festu-
lolium. Factor B: management methods of above-
ground biomass of perennial grasses: 1) removed
from the field, 2) mixed management, 3) mulching.

In the first experimental year (2007), spring
barley (Hordeum vulgare L., cv. ‘Ula’) was under-

sown with perennial grasses in compliance with the
experimental design: red clover (cv. ‘Vyliai’, at a
seed rate of 7.5 million ha'), lucerne (cv. ‘Biruté’,
at a seed rate of 7.5 million ha™'), intergeneric hybrid
festulolium (cv. ‘Punia’, at a seed rate of 6.2 million
ha') and mixtures of both legume grasses with fes-
tulolium (seed rate ratio of legume to grass 2:1). In
the first treatment (B1) of application of the above-
ground biomass of perennial grasses, the grass was
cut twice at the beginning of flowering: on 10 06
2008 and 25 08 2008 and removed from field. In the
second treatment (B2), the aboveground biomass
was used under mixed management: the first grass
was cut at the beginning of flowering (10 06 2008)
and removed from the field, the second and third
cuts were taken during perennial grass inflorescence
growth stage (17 07 2008, 12 08 2008) and mulched
on the soil surface. In the third treatment (B3), the
grass was cut every 30—40 days four times (12 05
2008, 13 06 2008, 11 07 2008, 12 08 2008) and
mulched on the soil surface. Aboveground biomass
for green manure was cut by a self-propelled mow-
er, equipped with a mulching device, then chopped
and evenly spread on the plot. In the second half of
August, the plots of all treatments were disked and
2 weeks later were ploughed at the 25 cm depth. Be-
fore sowing, the field was cultivated and harrowed at
the same time. Winter wheat (7riticum aestivum L.,
cv. ‘Tauras’) was sown at a seed rate of 220 kg ha!.
Organic wheat cultivation technology was applied.

Soil analyses. Soil samples for the determi-
nation of N, (N-NH, + N-NO,) content were col-
lected from the 0—60 cm layer before ploughing in
of perennial grasses (28 08 2008), late in the autumn
(12 11 2008), early in spring after resumption of
wheat growth (08 04 2009) and after wheat harvest-
ing (11 08 2009). N, was determined: N-NH, by
spectrophotometric method, N-NO, by ionometric
method (ISO/TS 14256-1:2033).

Plant analyses. After each cut, the above-
ground biomass of perennial grasses was weighed.
To determine the root macro-fraction biomass of
plants, monoliths 0.25 x 0.25 x 0.24 m in size were
dug out in the plots of each treatment replicated
three times (Jlanuuckene, 1986). The roots were
washed, dried, and air-dry weight was determined.
Samples of the aboveground and underground bio-
mass were taken for the determination of dry matter
(dried to a constant weight at 105°C), nitrogen and
organic carbon. Elementar analyzer “Vario EL” and
“Carry 50” were used for the determination of nitro-
gen and carbon in biomass. Having determined nit-
rogen concentration in the biomass, we calculated
the amount of nitrogen, incorporated into the soil
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(kg ha'). Nitrogen content (N, kg ha') fixed from
the atmosphere in legume biomass was calculated
using the method of difference according to the fol-
lowing formula: N, = N (Herridge
et al., 2008).

Grain quality analyses. Grain protein con-
tent in dry matter was calculated by multiplying the
corresponding total nitrogen (by Kjeldahl) content
by a factor 5.7 (LST EN ISO 20483) using a semi-
automated N analyser “Kjeltec system 1002” (“Foss
Tecator” AB, Sweden). Sedimentation value was
measured by Zeleny (LST ISO 5529). Wet gluten
quantity (reported on a 14% grain moisture basis)
was extracted from the whole meal flour in an au-
tomated gluten washer and gluten index determined
by Perten (LST 1571 identical to ICC 155; “Glu-
tomatic 21007, “Centrifuge 2015”, “Perten Instru-
ments”, Sweden). Falling number (a-amylase activ-
ity) was determined according to Hagberg-Perten
method (LST ISO 3093), with the “Falling Number
15007 (“Perten Instruments”, Sweden).

Weather conditions. In 2008, during the
plant growing season (May—August), the average
daily air temperature and precipitation rate varied
a little compared to the annual average, except for
May, which was dry (precipitation level by 32.7 mm
lower) and August, which was wet (precipitation
level by 48.6 mm higher). Perennial grasses grew
well. Dry weather (precipitation level 6.5 mm) set-
tled in September. The month’s average daily tem-
perature was by 0.6°C lower compared to the annual
average. Therefore, wheat, sown after ploughing in
of grasses, emerged and developed slowly. Octo-
ber was warmer and wet (temperature was higher
by 1.8°C, precipitation rate exceeded annual level
by 29.3 mm). High precipitation during this period
(daily precipitation rate of 29.5 mm) might have in-
fluenced migration of nutrients from incorporated
green manure into deeper soil layers. In 2009, the
winter was warmer compared to the annual average:
the temperature during all months was by 1.8-2.5°C
higher than the annual average. The highest precipi-
tation was recorded in December. March was wet
and cold. Last days of March had a positive daily air
temperature, which was below +5°C. Vegetation of
winter wheat was resumed. It was warmer and dryer
in April and May, the period when winter wheat
reaches tillering and accumulates dry matter during
the process of intensive growth. Average daily air
temperature was by 2.2 and 0.6°C higher than annu-
al average; precipitation rate during the two months
was 47.6 mm lower. June and July were warm and
with excessive humidity (precipitation rate 80.9 and
107.6 mm, respectively); the mentioned above fac-
tors influenced winter wheat yield. Repetitive show-

legumes - festulolium

ery rains occurred in July; which might have been
responsible for the lower quality of winter wheat.

Results and discussion

Nitrogen content. The content of nitro-
gen incorporated into the soil was significantly
dependent on the species of perennial grasses and
aboveground biomass management method. The
soil received the highest nitrogen content with the
ploughed in biomass of pure legumes (Table 1).
Cultivation of legumes in mixtures with festulolium
tended to reduce the nitrogen content, incorporated
into the soil. Significantly (3.2 and 3.4 times) less
nitrogen was incorporated into the soil with the bio-
mass of pure festulolium compared to red clover
and lucerne, respectively.

When the aboveground biomass of red
clover had been used under mixed management,
the total amount of nitrogen incorporated was
215.8 kg ha'', while during the process of mulching
—298.0 kg ha'! N, respectively 8.5 and 11.7 times
more, compared to the plot with removed herb-
age. With the aboveground biomass of red clover
and festulolium mixture used under mixed manage-
ment and mulching, the soil received less nitrogen
compared to pure red clover sward with the same
management of the aboveground biomass. Lucerne,
during the first year of cultivation, formed a greater
root biomass, though the aboveground biomass in-
creased more rapidly only during the second half of
summer. As a result, after lucerne cultivation, the in-
corporated nitrogen content was lower compared to
that after red clover. Moreover, the effect of the bio-
mass management methods on the incorporated nit-
rogen content was different. When the aboveground
biomass of lucerne had been used under mixed
management, the total incorporated N content was
208.0 kg ha'', while in mulching treatment 266.6 kg
ha' N, or respectively 2.1 and 2.7 times more than
in the treatments with all herbage yield of lucerne
removed from the field. Cultivation of lucerne/fes-
tulolium mixtures and use of their aboveground bio-
mass under mixed management influenced the fact,
that the soil received by 36.2 kg ha! less nitrogen,
while after mulching by 14.9 kg ha! more compared
to pure lucerne sward with the same management of
the aboveground biomass. When the aboveground
biomass of festulolium had been used under mixed
management and mulched, the soil received 63.8
and 81.4 kg ha!, or 2.8 and 3.6 times more nitrogen,
respectively, compared with the treatment with all
festulolium herbage removed from the field. How-
ever, the total nitrogen, accumulated in festulolium
biomass, was removed from the soil.
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Table 1. Nitrogen content, incorporated into the soil with the biomass of perennial grasses and biomass

C:N ratio

Joniskelis Experimental Station, 2008

Management methods of perennial grasses (factor B)

Perennial grasses (factor A) removal from field mixed mulching
ke ha C:N kglia'l C:N kglia'l C:N
underground biomass 25.4 26.4 67.4 21.9 443 20.6
RC aboveground biomass 148.4 18.1 253.7 17.1
underground biomass 35.5 43.9 43.0 33.7 39.2 36.2
RCHF aboveground biomass 113.6 25.6 219.1 22.5
underground biomass 99.5 24.5 59.0 28.0 51.6 28.7
L aboveground biomass 149.0 16.6 215.0 14.8
underground biomass 79.6 42.6 51.0 443 86.4 38.5
L+F aboveground biomass 120.8 25.0 195.1 233
underground biomass 22.5 83.2 32.8 79.9 26.0 71.8
F aboveground biomass 31.0 36.1 55.4 43.1

Note. RC —red clover, F — festulolium, RC + F — red clover + festulolium, L — lucerne, L + F — lucerne + festulolium.

Carbon to nitrogen (C:N) ratio, which is
an indicator, describing mineralization of biomass
of perennial grasses, incorporated into soil, was
dependent on the species and plant part. Plant root
biomass analysis indicates that the highest C:N
ratio was in festulolium (71.8-83.2), the lowest
in pure legume (red clover 20.6-26.4 and lucerne
24.5-28.7) roots, irrespective of the aboveground
biomass management methods. Some researchers
(Madller et al., 2008) suggest that nitrogen content
in the biomass of plants, cultivated in mixtures with
legumes, increased, while C:N ratio of the root bio-
mass decreased. The C:N ratio of red clover mulch
was 17.1-18.1 and that of lucerne mulch 14.8-16.6.
When the mentioned legumes had been cultivated
in mixtures with festulolium, the C:N ratio of the
herbage mulch increased. This ratio in the mulch of
festulolium was the highest (36.1-43.1).

Summarized data indicate that lucerne an-
nually fixes from 300 to 600 kg ha!, red clover from
150 to 300 kg ha! of symbiotic nitrogen in their total
biomass (Lapinskas, 2008). Experiments, conducted
on a moderately heavy loam Cambisol, indicate that
one ha of lucerne can fix 245 kg ha! of atmospheric
nitrogen per year, while red clover up to 254 kg ha'!
(Kadziulien¢, 2001). Our research evidence sug-
gests that symbiotic nitrogen content, fixed from the
air by red clover was: if the aboveground biomass
was removed from field — 137.9 kg ha’, if mixed
management was applied — 182.4 kg ha’!, if mulch-
ing was applied — 191.4 kg ha''; meanwhile lucerne
—206.5, 204.4 and 251.9 kg ha’!, respectively. De-

pending on the aboveground biomass management
method, symbiotic nitrogen (N,) fixation efficiency
in red clover biomass was 60.8-83.4%, in lucerne
68.1-83.6%. Assessment of management methods
of the aboveground biomass of perennial grasses
showed that the symbiotic nitrogen content in plant
biomass was the highest when mulching of peren-
nial legumes had been used. Hence, this method of
the aboveground biomass management cannot be
assessed unambiguously, because reoccurring per-
ennial grasses could use mineralized nitrogen from
previously spread mulch. According to Hatch et al.
(2007), mulching of the aboveground biomass of
clover/grass led to reduction of relative part of fixed
nitrogen in biomass.

Dynamics of N, change. At the end of
summer, prior to the grass swards ploughing, the
content of N, _~was not high (27.1-40.6 kg ha')
in the soil layer 0—60 cm, while its highest content
was in red clover and lucerne cultivation treatments
(Table 2).

When legumes were cultivated in mixtures
with festulolium, Ninorg tended to decrease. Signifi-
cantly lower amount of N -was found after festu-
lolium, i.e. by on average 25.1% less compared to
that in the soil after red clover sward. Comparison
of individual perennial grasses’ management meth-
ods revealed that if the whole aboveground biomass
had been mulched in the soil surface, Nimrg tended to
increase (except for the plots of red clover), com-
pared to the respective data when herbage had been
removed from the field.
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Table 2. The amount of Niore in the 0—60 cm soil layer as affected by perennial grass species and aboveground
biomass management methods before grass swards ploughing
Joniskelis Experimental Station, 2008

Management methods of perennial grasses (factor B)

Perennial grasses (factor removal from field mixed mulching
A)
kel NO,/NH, kziﬁé%l NO, / NH, klzifféf-l NO, / NH,
RC 40.6 32 43.2 2.6 38.1 3.2
RC+F 33.8 2.9 41.2 1.8% 37.7 1.7%
L 34.5 2.7 37.8 2.6 38.5 4.8%
L+F 33.9 2.6 353 2.7 38.6 34
F 27.1% 23 33.6 1.9% 30.6 23
LSD,. A 5.79 0.67
LSD,, B 4.48 0.52
LSD,, AB 10.03 115

Notes. RC —red clover, F — festulolium, RC + F —red clover + festulolium, L — lucerne, L + F — lucerne + festulolium.

* — significant at p < 0.05.

The nitrate to ammonium nitrogen ratio
(NO, / NH,) in the soil was significantly influenced
by the species of perennial grasses, biomass man-
agement method and interaction between these fac-
tors. Averaged data indicated significantly lower
NO, / NH, ratio when festulolium as well as its
mixtures with red clover had been cultivated. The
lowest ratio was recorded when the aboveground
biomass had been used under mixed management,
while when it had been mulched, an increase was
observed. The highest nitrate (NO,) nitrogen con-
tent accumulated in the soil when lucerne herbage
biomass had been mulched.

Winter wheat was sown after perennial
grasses’ ploughing in. Late in the autumn (mid-
November), N, =~ was measured in the 0-60 cm
soil layer and the findings indicated that its con-
tent increased by 1.2-2.0 times or 9.6-39.0 kg ha’!,
compared to N, content determined at the end
of August (Table 3). The highest increase in N,
content, compared to that before perennial grasses’
ploughing in, was recorded: when herbage yield
had been removed from the field — after legumes;
aboveground biomass had been used under mixed
management — after mixture of festulolium and leg-
ume; the aboveground biomass had been mulched —
in all treatments of legumes and their mixtures with
festulolium. Research was performed on a silt loam
gleyic Cambisol and it indicated that the most inten-
sive decomposition during the first three months oc-

curred in the plant residues containing more nitrogen
(Velicka et al., 2006). The data considerably varied
between the treatments and replications, therefore
only the trends of change were identified. Literature
sources indicate that nitrogen content leached dur-
ing the autumn period depends on the precipitation
and soil type and fertility management, and ranges
from 4.2—-12 kg ha'! in the soil with a high clay con-
tent (20—-60%) (Smith et al., 1998) to 30—70 kg ha!
(Thomsen et al., 1993) in sandy soils.

Averaged data show that the lowest N,
content in the soil was after festulolium 39.6 kg ha™,
i.e. 33.7% or 37.2% less than after red clover or lu-
cerne. When all aboveground herbage biomass had
been removed from the field, the amount of Ninorg
varied in a similar way to that obtained prior to
ploughing of grasses (increased after legume crops),
but when it had been used for green manure N
content differed. If part of the aboveground biomass
of perennial grasses had been used as green manure
(mixed management), the highest N, content was
measured after red clover or its mixture with fes-
tulolium. When all aboveground biomass had been
mulched, the highest Ninorg content accumulated af-
ter lucerne and its mixture with festulolium. When
all aboveground biomass of perennial grasses, men-
tioned above, had been used under mixed manage-
ment, N, content was the lowest compared to that
under other management methods.
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Table 3. The amount of N in the 0—60 cm soil layer in autumn as influenced by perennial grass species

and aboveground biomass management methods

Joniskelis Experimental Station, 2008

Management methods of perennial grasses (factor B)

Perennial removal from field mixed mulching
grasses
(o) New e noi, Moo ame Nou/NH, Moo encel NO/NH
kg ha kg ha'! 3 * kghat kg ha'! 3 * kghat kg ha'! 3 ‘
RC 69.4 28.8 4.7 50.5 7.3 3.5 59.1 21.0 4.0
RC+F 434 9.6 2.9 69.2 27.9 5.6 68.7 31.0 7.6*
L 66.5 32.0 52 45.1 6.3 33 77.4 39.0 7.1
L+F 52.9 19.0 32 49.1 13.7 3.8 72.6 33.9 6.5
F 34.1 7.0 23 389 5.3 3.4 45.7 14.9 3.7
LSD, A 20.52 17.77 1.60
LSD, B 15.89 13.76 1.24
LSD,, AB 3553 3077 277

Notes. RC —red clover, F — festulolium, RC + F —red clover + festulolium, L — lucerne, L + F — lucerne + festulolium.
* —significant at p < 0.05. ! — difference, compared to the data prior to the ploughing in of grasses (28 08 2008).

With increasing N, content in the soil, the
relative part of nitrate nitrogen increased in most
cases. The NO, / NH, ratio in the soil was signifi-
cantly influenced by the methods of aboveground
biomass management. Average data indicate that
this ratio increased from 3.7 when herbage yield
had been removed from the field to 5.8 when all
aboveground biomass had been mulched. The high-
est nitrate nitrogen content was observed when red
clover/festulolium, lucerne/festulolium as well as
aboveground biomass of lucerne had been man-
aged as mulch; the lowest — after festulolium (irre-
spective of the aboveground biomass management
methods).

In spring, the amount of N in the 0-60 cm
soil layer reduced (4.6-22.5%) in most cases, com-
pared to its status in the autumn (Table 4). The
greatest reduction in N, content was noted in the
treatments with the highest NO, to NH, ratio and
the highest nitrate nitrogen content in the autumn
(except for the plot with incorporated mulch of lu-
cerne and festulolium mixture. Similar research
conducted in Denmark showed that mulch, incorpo-
rated into a light-textured soil increased the risk of
nitrogen leaching during the autumn-winter period
(Olesen et al., 2009). Tripolskaja and Sidlauskas
(2010) have indicated, that incorporation of red
clover biomass as green manure in a sandy loam
Luvisol significantly increased nitrogen leaching in
spring (52.4%), and summer (52.0%) compared to
the plot without organic manure.

Nevertheless, the change in N, content in
the soil was significantly influenced by the species
of perennial grasses and the aboveground biomass
management method. Comparison of perennial grass
species evidenced significantly lower N, content
in the soil after cultivation of festulolium (on aver-
age 16.2 kg ha' or 29.1% lower) and its mixture
with red clover (8.8 kg ha! or 15.9% lower), com-
pared to pure red clover. Averaged data indicate that
the effect of red clover, lucerne and their mixture
with festulolium on N_ _ content was similar. When
all aboveground biomass of perennial grasses had
been used as green manure (mulching), Nimrg con-
tent in the soil significantly increased (by on aver-
age 13.4 kg ha! or 30.5%). When only part of the
aboveground biomass had been used as green ma-
nure (mixed management), Ninorg content increased
(by on average 6.2 kg ha! or 14.2%), compared to
the plot with all herbage yield of perennial grasses
removed from the field.

The NO, to NH, ratio in the soil in spring
declined from 2.3—7.6 to 1.5-3.7 compared to that in
the autumn. Incorporation of mulch of all perennial
grasses (except for red clover/festulolium sward)
had an effect on increase of nitrate content in N
structure compared to the other aboveground bio-
mass management methods. The lowest NO, con-
tent accumulated in the soil after festulolium herb-
age yield had been removed from the field or when
part of it had been used as green manure (mixed
management) compared to the control treatment.
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Table 4. The amount of N in the 0—60 cm soil layer in spring as influenced by perennial grass species and

aboveground biomass management methods

Joniskelis Experimental Station, 2009

Management methods of perennial grasses (factor B)

Perennial grasses removal from field mixed mulching

(factor A) . differ- o i N differ- o it Mo differ- o
i o, NONIL i e NONIL i, e NOL/NIL

RC 49.3 —20.1 29 60.3 9.8 2.7 57.3 -19 3.5

RC+F 43.1 -0.3 22 46.7 —22.4 2.5 50.5 —18.2 23

L 46.4 —20.1 2.5 53.8 8.7 2.4 64.2 —-13.3 3.7

L+F 43.4 -9.5 22 52.7 3.7 2.3 70.3% -2.3 3.7

F 37.1 4.0 1.5% 37.0 -1.9 1.7% 44.1 -1.5 2.3

LSD,, A 8.76 22.19 0.59

LSD, B 6.79 17.19 0.46

LSD  AB 15.17  38.43 1.02

Notes. RC —red clover, F — festulolium, RC + F —red clover + festulolium, L — lucerne, L + F — lucerne + festulolium.
* —significant at p < 0.05. ! — difference, compared to the data late in the autumn (12 11 2009).

After winter wheat harvesting, soil Niore
content in the 0—60 cm layer, compared to that
in early spring, was a little higher when herbage

yield of perennial grasses had been removed from

Table 5. The amount of Ninorg in the 0—-60 cm soil

the field. When the biomass had been managed as
mulch, the N, content was lower, and when it had
been used under mixed management Niore varied
(Table 5).

layer after winter wheat harvesting as influenced by

perennial grass species and aboveground biomass management methods
Joniskélis Experimental Station, 2009

Management methods of perennial grasses (factor B)

Perennial grasses removal from field mixed mulching
(factor A) | differ- N differ- - differ-
kgmhoz;g‘] kegn}(izzr1 NO, /NH, kg"ﬁ’;] ;;;Z-l NO,/NH, kg‘"h*’;g_] 15;;2-1 NO,/NH,

RC 51.3 2.0 1.0 42.1 -18.2 1.0 52.2 -5.0 1.1
RC+F 47.2 4.0 1.3 46.3 —0.4 1.2 41.2 -9.2 1.3
L 51.9 5.4 1.1 42.7 -11.1 1.0 51.0 -132 1.0
L+F 50.5 7.2 1.0 43.8 1.0 0.9 51.8 -18.5 1.1
F 50.2 13.1 1.0 47.6 10.6 1.1 42.1 2.0 1.3
LSD,, A 10.05  14.29 0.23
LSD, B 7.78  11.07 0.18
LSD,, AB 17.40  24.76 0.40

Notes. RC —red clover, F — festulolium, RC + F —red clover + festulolium, L — lucerne, L + F — lucerne + festulolium.
! — difference, compared to the data early in spring (08 04 2009).
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After winter wheat harvesting, soil N
content was significantly influenced by the man-
agement methods of the aboveground biomass of
perennial grasses. Soil N, content was 42.1-52.2
kg ha! and varied a little between treatments. The
highest content of plant-available nitrogen was after
pure legumes and lucerne/festulolium. Comparison
of the management methods of perennial grasses
evidenced that when all aboveground biomass had
been used for green manure or under mixed man-
agement N, reduced, compared to its status in the
plots, where all herbage yield of perennial grasses
had been removed. The obtained data indicate that
after harvesting of winter wheat, the nitrate nitro-
gen content was significantly lower, NO,/ NH, ratio
changed from 1.5-3.7 (in spring) to 0.9—1.3 (after
harvesting) and varied a little between treatments.
Winter wheat exhibited better assimilation of ng,
accumulated in the soil, because of longer growing
season and length of roots to 2.2 m; moreover, much

less of N migrates to deeper layers (Thorup-Kris-
tensen et al., 2009).

Winter wheat yield. The productivity of
winter wheat was significantly influenced by the
pre-crops — perennial grasses as well as their above-
ground biomass management method. Comparison
of various perennial grasses, used as pre-crops, re-
vealed that winter wheat grain yield was the lowest
after festulolium, significantly by on average 55.0%
or 2.92 t ha'! lower compared to that after red clover
(Fig.). Application of their aboveground biomass as
green manure did not increase grain yield appreci-
ably. The highest grain yield was produced when
winter wheat had been cultivated after legumes.
Legume/festulolium swards reduced winter wheat
yield: red clover/festulolium by on average 27.3%
or 1.45 t ha'! and lucerne/festulolium by on average
26.6% or 1.11 t ha'!, compared to respective pure
legume sward.

ORemoval from field BMixed ®Mulching

6 7 555%5:54 5.58
4.83 4.80

517 == 4.64 4.51

410 3 gre [ 3.74%
4 1 3i65e=] 3.44%%

P D23x%
3 ¥ Sager 208
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1 i
0 T T T T
RC RC+F L L+F I

Notes. RC —red clover, F — festulolium, RC + F —red clover + festulolium, L — lucerne, L + F — lucerne + festulolium.
LSD,, A= 0.500,LSD B =0.387, LSD,, AB = 0.865; * — significant at p < 0.05, ** — significant at p < 0.01.

Figure. The grain yield of winter wheat as influenced by perennial grass species and aboveground biomass

management methods

Joniskelis Experimental Station, 2009

Averaged data indicated that application of
all herbage of perennial grasses as green manure
(mulching) significantly increased the grain yield by
16.1% or 0.62 t ha'. When part of the aboveground
biomass had been used as green manure (mixed ma-
nagement), the grain yield tended to increase, the in-
crease amounted to on average 7.7% or 0.30 t ha'!,
compared to the treatment where all herbage had
been removed from the field. Norwegian researches
suggest that with the application of green manure

for mulch (legume/non-legume) no significant in-
crease in spring barley grain yield was obtained (Fro-
seth etal., 2008), meanwhile German researchers
point out that red clover/grass mulch significantly
increased wheat grain yield by 5.5%, compared to
the treatments where all herbage had been removed
from the field (Dreymann et al., 2003). The efficien-
cy of nitrogen application from legume/festulolium
mulch varied from 14% to 39% with the lowest va-
lue on the coarse sandy soil (Olesen et al., 2009).
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The highest winter wheat grain yield was
produced when the crop had been cultivated after
red clover with aboveground biomass used under
mixed management or mulched. The grain yield
increase was by 0.72 and 0.71 t ha! respectively,
higher compared to that in the control plot. After
lucerne pre-crop, the wheat grain yield was lower
(0.37 tha!) than that after red clover. It might have
been influenced by higher root biomass and its C:N
ratio. This fact influenced slower mineralization of
organic matter and reduced N accumulation in
the soil (except for aboveground biomass mulch-
ing), compared to red clover. After lucerne sward,
the greatest wheat grain yield increase was ob-
tained when the aboveground biomass was used for
mulch.

When the aboveground biomass of red clo-
ver/festulolium was used under mixed management
or mulched, the grain yield increased, but not as
much as in the treatments where it was cultivated
after red clover with all herbage removed from the
field. When the aboveground biomass of lucerne/
festulolium had been used as green manure, espe-
cially when all of it was used as mulch, the grain
yield increased and was similar to that after lucerne
with herbage yield removed from the field.

Winter wheat grain yield significantly
(P > 0.05) correlated with soil inorganic nitrogen
content. Grain yield relationship with N, content

in spring after resumption of winter wheat vegeta-
tion was strong (r = 0.783), with N, determined
late in the autumn the relationship was moderate
(r = 0.632). There was no relationship between the
grain yield and N determined after winter wheat
harvesting.

Grain quality. 1t is difficult to estimate the
baking potential of wheat samples with a protein
content below 12% because dough mixing proper-
ties are non-linear (Fowler, Kovacs, 2004). Our re-
search evidenced that winter wheat grain harvested
in 2009 accumulated 10.4—11.9% protein in dry mat-
ter, its sedimentation index was 20.5-28.0 ml and
the gluten content was 9.1-18.8% on a 14% grain
moisture basis (Table 6). Accumulation of protein in
winter wheat grain significantly depended on peren-
nial grass species and aboveground biomass man-
agement method. Better values were determined
for wheat grain indirect parameters, characterizing
bread-making quality — higher values of crude pro-
tein (0.3—0.5% unit), wet gluten content (3.0-3.1%
unit) and higher values of the sedimentation index by
Zeleny (2.6—4.4 ml), when the aboveground biomass
of herbage had been used under mixed management
or all of it was mulched, compared with grain cha-
racteristics, when herbage had been removed from
the field. Moreover, the grain quality was higher
when wheat had been cultivated after monocrops,
especially legume (clover and lucerne) swards.

Table 6. Winter wheat grain protein content, sedimentation and wet gluten content as influenced by perennial
grass species and aboveground biomass management methods
Joniskélis Experimental Station, 2009

Management methods of perennial grasses (factor B)

Perennial removal from field mixed mulching
o dimen- sedimen- sedimen-
(factor A) protein % setation glu\:eer: % protein %  tation gluvtvei o protein %  tation glu‘:]ei[ 9
ml ml ml
RC 10.6 20.9 11.3 11.3%* 28.0%* 18.0%* 11.4%* 243 16.3
RC+F 10.4 20.5 9.1 10.5 235 15.5 10.6 22.9 15.0
L 10.8 22.8 14.8 11.3* 27.0%* 17.7 11.9%* 25.0 18.8%%*
L+F 11.2% 21.5 14.6 11.1 26.6%* 16.1 11.2* 24.5 18.8%%*
F 11.0 20.9 17.0 11.2* 23.5 14.9 11.3%* 22.6 13.8
LSD, A 0.28 2.82 3.70
LSD, B 0.22 2.18 2.87
LSD,, AB 0.48 4.88 6.41

Notes. RC —red clover, F — festulolium, RC + F—red clover + festulolium, L — lucerne, L + F — lucerne + festulolium.

* — significant at p < 0.05, ** —at p <0.01.
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Depending on the pre-crop, the highest
protein content in winter wheat grain was having
used red clover biomass under mixed management
and mulching and that of lucerne only mulching.
Analysis of individual quality parameters showed
that sedimentation index in grain increased more
significantly with the application of the mixed man-
agement, while for protein and gluten content with
mulching of the aboveground biomass.

Different pre-crops of perennial grasses and
their management methods did not have any signifi-
cant effect on wheat gluten quality. The variation
range of gluten index, describing gluten quality, was
very narrow, from 93 to 99 units (Table 7). This in-
dicates that the tested cultivar had gluten with very
strong properties and could be acceptable for bread
making.

Table 7. Winter wheat grain gluten index and falling number as influenced by perennial grass species and

aboveground biomass management methods

Joniskeélis Experimental Station, 2009

Management methods of perennial grasses (factor B)

Perennial . .
grasses removal from field mixed mulching
(factor A) gluten index falling gluten index falling gluten index falling
(GI) unit number sec (GI) unit number sec (GI) unit number sec
RC 96.5 361 94.5 365 95.0 364
RC+F 99.3 346 96.3 359 93.5 364
L 95.5 359 93.5 358 95.5 373
L+F 94.5 352 93.3 353 96.3 381
F 93.5 343 94.0 354 94.5 338
LSD,, A 2.05 20.3
LSD, B 1.58 15.3
LSD,, AB 3.54 35.1

Notes. RC —red clover, F — festulolium, RC + F —red clover + festulolium, L — lucerne, L + F — lucerne + festulolium.

* —significant at p < 0.05, ** —at p <0.01.

Another important wheat grain quality pa-
rameter, falling number, indicates the activity of
a-amylase, which is related with biochemical grain
germination processes. Wheat grain with a falling
number below 220 seconds has a limited use (LTS
1524). The activity of a-amylase significantly de-
pended on the weather conditions, delayed harvest,
cultivar properties and grain biology, as well as on
fertilisation rate. The falling number of wheat which
could intake higher content of nitrogen was higher
than that when lower N intake was used (Kindred
et al., 2005; Ceseviciené, Masauskien¢, 2007). Fall-
ing number was generally high (357 s) and tended
to increase (from 348 to 361 seconds) with increas-
ing aboveground biomass application. However, no
significant changes in the falling number resulting
from the pre-crop or aboveground biomass manage-
ment method were established.

Conclusions

1. With the aboveground biomass of red clo-
ver and lucerne used under mixed management, the
soil received 215.8 and 208.0 kg ha'! of nitrogen, re-
spectively, while in the mulching treatments — 298.0
and 266.6 kg ha!, respectively. Symbiotically fixed
nitrogen content in the biomass of legumes account-
ed for the largest share (60.8—-83.6%) of the total nit-
rogen content, accumulated in the biomass. When
legume mulch had been used as green manure, its
C:N ratio was the lowest and more favourable for
a more rapid decomposition (14.8-18.1) compared
with that of festulolium mulch (C:N — 36.1-43.1).

2. Late in the autumn, after perennial grass-
es, the amount Nimrg in the soil was 1.2-2.0 times
or 9.6-39.0 kg ha! higher compared to that present
in the soil prior to the sward ploughing. In spring,
N, content in the 0—-60 cm soil layer in most cas-
es tended to decrease compared to that late in the
autumn. Nevertheless, when all aboveground bio-
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mass of perennial grasses had been used as green
manure (mulching), the amount of N ors in the soil
was significantly higher (by on average 13 4 kg ha'!
or 30.5%); when it had been used under mixed man-
agement N, content tended to increase compared
with the treatments with all herbage removed from
the field.

3. Festulolium and its mixtures with legu-
mes as pre-crop reduced winter wheat grain yield,
compared with red clover. Application of all above-
ground biomass of perennial grasses as green ma-
nure (mulching) increased grain yield by on average
0.62 t ha'!; when part of the aboveground biomass
had been used as green manure (mixed manage-
ment) — by 0.30 t ha!, compared with the treatments
with herbage removed from the field. The highest
winter wheat yield was obtained when it had been
cultivated after red clover and its aboveground bio-
mass had been used under mixed management or
when all aboveground biomass had been mulched
(5.55 and 5.54 t ha'!, respectively) as well as after
lucerne when all aboveground biomass had been
mulched (5.58 t ha!).

4. Better protein and gluten content in or-
ganically grown winter wheat grain as well as sedi-
mentation index were achieved when wheat had
been cultivated after legume pre-crops and when
perennial grasses were used as green manure. The
highest protein accumulation in winter wheat grain
was recorded in the treatments with the use of the
aboveground biomass of red clover under mixed
management and lucerne mulching.
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Mineralinio azoto kiekis dirvoZemyje ir Zieminiy kvieciuy
produktyvumas priklausomai nuo daugiameciy Zoliy
priessélio rusies ir ju naudojimo

D. Nemeiksiené!, A. Arlauskiené!, A. Slepetiené?, J. Ceseviciené?, S. Maiksténiené!

Lietuvos agrariniy ir mi§ky mokslo centro Joniskélio bandymy stotis
’Lietuvos agrariniy ir misky mokslo centro Zemdirbystés institutas

Santrauka

Straipsnyje pateikti daugiameciy zoliy (Trifolium pratense L., Medicago sativa L., X Festulolium) kaip
javy prieSséliy ir jy antzeminés masés naudojimo (derliui bei zaliajai trgSai) jtaka N . kiekiui ir dina-
mikai dirvozemyje, zieminiy kvie¢iy gridy derliui bei kokybei ekologinio tikininkavimo sglygomis.
Lauko bandymai vykdyti Lietuvos zemdirbystés instituto (LZI) Joniskélio bandymy stotyje giliau kar-
bonatingame giliau gl¢jiskame rudzemyje (RDgd-k2), Endocalcari-Endohypogleyic Cambisol (CMg-
n-w-can), cheminés analizés atliktos LZI Cheminiy tyrimy laboratorijoje. Nustatyta, kad raudonyjy
dobily ir mélynziedziy liucerny antZeming mas¢ panaudojus kombinuotai (pirmo pjovimo zole — derliui,
antro ir trecio — Zaliajai trasai), i§ viso jterpta atitinkamai 215,8 ir 208,0 kg ha’!, o visg zaliajai trasai —
atitinkamai 298,0 ir 266,6 kg ha! azoto. Ankstiniy Zoliy biomaséje simbiotinis azotas sudaré didziaja
dalj (60,8-83,6 %) viso biomaséje sukaupto azoto kiekio. Daugiameciy zoliy biomasés jterpimas vélai
rudenj dirvozemyje padidino N__kiekj. Jis buvo 1,2-2,0 karto, arba 9,6-39,0 kg ha', didesnis, palyginti
su buvusiu prie§ Zoliy uZarima. Pavasarj N .. kiekis daugeliu atvejy (zolés derliy iSvezus iS lauko arba
visa mul&iavus) turéjo tendencija mazéti, palyginti su gautu vélai rudenj. Didziausias N__. kiekis nusta-
tytas ankstiniy Zoliy antZemine mase panaudojus kombinuotai arba visa ankstiniy ir ankitiniy bei erai-
&insvidriy misiniy biomase mul&iavus. Zieminiy kvie¢iy derlius priklausé nuo N_. kiekio dirvozemyje
vélai ruden; ir anksti pavasarj (atitinkamai 7= 0,632, » = 0,783; P > 0,05). Erai¢insvidriy priessélis ir jy
miSiniai su anks§tinémis Zolémis zieminiy kvieciy gridy derliy maZzino, palyginti su raudonyjy dobily
priesséliu. Visos antzeminés masés zaliajai trgSai panaudojimas (mulciavimas) derliy padidino viduti-
niskai 0,62 t ha'!, o zaliajai trgai panaudojus dalj antzeminés masés (kombinuotas biidas) — 0,30 tha™!,
palyginti, kai visas zolés derlius i§veZztas i§ lauko. Ekologiskai iSauginty zieminiy kvieciy griiddy balty-
my ir glitimo kiekis bei sedimentacijos indeksas i$ esmés priklausé nuo daugiameciy Zoliy priessélio
rii§ies ir jy antzeminés masés panaudojimo biido. Sie rodikliai pageréjo, kai kvie¢iai buvo auginti ati-
tinkamai po ankstiniy Zoliy priessélio ir kai daugiametés Zzolés panaudotos Zaliajai trgSai. Nustatyta, kad
didesniam zieminiy kvieciy grudy baltyminiy medziagy kiekiui sukaupti tinkamesnis dobilams taikytas
kombinuotas, liucernoms — mul¢io metodas.

ReikSminiai zodziai: daugiametés Zoles, zalioji traSa, N ., zieminiy kvieciy grudy derlius ir kokybe.



