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THE IMPACT OF THE SELECTION OF COMPONENTS AND DIFFERENT WAYS OF
USING LEGUME-GRASS SWARD ON THE CHEMICAL COMPOSITION OF POST-
HARVEST RESIDUES

Summary

The studies were performed on the organic plot of AES of IUNG in Grabow in 2012. Experimental factors were: 4 legume-
grass mixtures (the first factor): 1 — Trifolium repens (25%) + Trifolium pratense (25%) + Lolium perenne (15%) + Dac-
tylis glomerata (15%) + Festuca pratensis (10%) + Festuca rubra (10%); 2 — Trifolium pratense (50%) + Lolium perenne
(20%) + Festuca pratensis (20%) + Phleum pratense (10%); 3 — Medicago x varia (50%) + Dactylis glomerata (20%) +
Festuca pratensis (20%) + Phleum pratense (10%); 4 — Trifolium repens (25%)+ Medicago x varia (25%) + Lolium per-
enne (15%)+Dactylis glomerata (15%) + Festuca pratensis (10%) + Festuca rubra (10%) and 2 ways of using sward.:
hay/pasture and pasture (the second factor). The purpose of the research was to assess the effects of the species composition
of several legume-grass mixtures utilized in a hay/pasture or pasture way (periodic cow grazing) on the weight and content
of nutrients in the aerial and underground fraction of post-harvest residues. The conducted studies have shown that legume-
grass mixtures left behind a large weight of post-harvest residues with a high percentage of grasses. The weight of nutrients
brought into the soil varied depending on their percentage in the post-harvest residues. Most of the post-harvest residues
were left by a mixture of alfalfa with grasses. More potassium was left by mixtures on pastures, while the weight of other
nutrients was similar in the tested ways of sward use.

Key words: organic farming, legume-grass mixture, hay/pasture, pasture, plant residues mass, concentration of micronutri-
ents in the plant residues

WPLYW DOBORU KOMPONENTOW I ROZNYCH SPOSOBOW UZYTKOWANIA
RUNI BOBOWATO-TRAWIASTEJ NA MASE I SKEAD CHEMICZNY
RESZTEK POZBIOROWYCH

Streszczenie

Badania przeprowadzono na polu ekologicznym w RZD IUNG Grabow w 2012 roku. Czynnikami badawczymi w doswiad-
czeniu byly: 4 mieszanki bobowato-trawiaste (I czynnik): 1 — Trifolium repens (25%) + Trifolium pratense (25%) + Lolium
perenne (15%) + Dactylis glomerata (15%) + Festuca pratensis (10%) + Festuca rubra (10%); 2 — Trifolium pratense
(50%) + Lolium perenne (20%) + Festuca pratensis (20%) + Phleum pratense (10%); 3 — Medicago x varia (50%) + Dac-
tylis glomerata (20%) + Festuca pratensis (20%) + Phleum pratense (10%), 4 — Trifolium repens (25%)+ Medicago x va-
ria (25%) + Lolium perenne (15%)+Dactylis glomerata (15%) + Festuca pratensis (10%) + Festuca rubra (10%) i 2 spo-
soby uzytkowania runi: kosno/pastwiskowy i pastwiskowy (czynnik II). Celem badan byla ocena wptywu skladu gatunkowe-
go czterech mieszanek bobowato-trawiastych uzytkowanych kosno/pastwiskowo i pastwiskowo (okresowy wypas krow) na
mase oraz zawartos¢ skladnikow pokarmowych w nadziemnej i podziemnej frakcji resztek pozbiorowych. Przeprowadzone
badania wykazaly, ze po mieszankach bobowato-trawiastych pozostata duza masa resztek pozbiorowych, szczegolnie wysoki
byl w nich udzial traw. Masa wnoszonych do gleby skladnikow pokarmowych zalezala od ich procentowej zawartosci w
resztkach pozbiorowych. Najwiecej resztek pozbiorowych pozostawialy mieszanki lucerny z trawami. Wiecej potasu pozo-
stalo po mieszankach na pastwisku, masa pozostalych skladnikow pokarmowych byta podobna w porownywanych sposo-
bach wykorzystaniu runi.

Stowa kluczowe: warunki ekologiczne, mieszanki bobowato-trawiaste, uzytkowanie kosno-pastwiskowe, uzytkowanie pa-
stwiskowe, masa resztek pozbiorowych, koncentracja makroskladnikow w resztkach pozbiorowych

1. Introduction

An interest in the cultivation of small-seed legumes has
recently increased mainly due to a positive impact of these
plants on the environment [1, 2, 8, 9, 12]. In 2015, small-
seed legumes took up an area of approximately 212 thous.
ha in the arable land structure [7]. The reason of the in-
crease in the cultivation acreage of small-seed legumes re-
sulted from an increasing interest in the organic and inte-
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grated forms of cultivation, in which this group of plants
together with coarse-grained should constitute approxi-
mately 30% of the sowing structure. In recent years, leg-
umes have been introduced to cultivation in some farms not
only due to their important function of fertilization and pro-
tection of land, but also for financial reasons (subsides). In
2010, a special area payment was introduced for growing
legumes and legume-grass mixtures. In recent years, the
requirements for obtaining direct payments for growing
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plants have increased. One of the requirements assume to
grow plants in crop rotation. This issue concerns mainly
farms with a high share of cereals in the sowing structure,
another-crop diversification on large farms. In order to meet
these requirements, farmers grow legumes which improve
soil fertility, plant health in crop rotations, and yields. An-
other problem concerns non-livestock farms which are short
of natural fertilizers. In this group of farms, the sowings of
small-seed legumes and legume-grass mixtures are
ploughed to rebuild organic matter and bring nutrients to
the soil. As has been shown in the literature, the impact of
"green fertilizers" on successive crops is higher or compa-
rable to natural fertilizers [3]. According to Bawolski [4],
one of the precursors of research on the impact of post-
harvest residues, the weight of root residues, rich in micro-
elements, is several-fold higher than of the residues remain-
ing after legume-grass mixtures compared with the aerial
weight.

Taking into account previous studies on the activity of
"green fertilizers" and post-harvest residues, it was decided
to use a field experiment with yields and feed quality of
legume-grass mixtures, cultivated in a hay/pasture and pas-
ture ways to obtain additional information on soil enrich-
ment with nutrients from post-the ploughed harvest residues
, after the use of these mixtures for animal feed.

The aim of the study was to evaluate the effect of spe-
cies composition of several legume-grass mixtures, treated
in a mown-grazed way (successively) or in a grazed way
(periodical grazing of cows) on the weight and content of
nutrients in the aerial and underground fraction of post-
harvest residues.

2. Material and methods

In the organic field at the Agricultural Experimental
Station IUNG-PIB in Graboéw (Mazowieckie voivodeship),
a two-factor experiment was set up in a split-block system.
Four mixtures, similarly to grasses, were studied with a
50% share of legumes in pure sowings. The study included
also mixtures of the following species composition (the first
factor): 1 — Trifolium repens (25%) + Trifolium pratense
(25%) + Lolium perenne (15%) + Dactylis glomerata
(15%) + Festuca pratensis (10%) + Festuca rubra (10%);
2 — Trifolium pratense (50%) + Lolium perenne (20%) +
Festuca pratensis (20%) + Phleum pratense (10%);
3 — Medicago x varia (50%) + Dactylis glomerata (20%) +
Festuca pratensis (20%) + Phleum pratense (10%); 4 — Tri-
folium repens (25%)+ Medicago x varia (25%) + Lolium
perenne (15%)+Dactylis glomerata (15%) + Festuca prat-
ensis (10%) + Festuca rubra (10%). The second research
factor involved two ways of using legume-grass sward: H/P
— hay/pasture (understood as a combination of these two in
the same growing, the so called periodical grazing) and P -
pasture use.

The studies related with the assessment of yields of four
legume-grass mixtures cultivated in a hay/pasture and pas-
ture ways, as well as with the concentration of nutrients in
the obtained feed were carried out in the years 2009-2012.
The methodology of agronomic research was described in
the study of Gawetl [5], while the concentration of macronu-
trients in the evaluated sward was provided in another re-
search covering this issue [6]. After the harvest of the third
regrowth of the sward, which was the last in that growing
period due to drought growing season in the third year of
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full use of the sward (2012), it was decided to collect the
samples of post-harvest residues from each plot from the
area of 1 m’. After being rinsed and weighed, the post-
harvest residues were separated into an aerial fraction com-
prising plant fragments from above collar-roots at legumes,
and fragments from above tillering node up to the old stub-
ble height (about 5 cm above the ground) at grasses and a
underground root fraction produced by plants down to the
depth of about 15 cm. The dry weight of post-harvest resi-
dues was determined taking into account the aerial fraction
and roots of legumes, grasses, and weeds. The dry matter of
the prepared plant material was determined for: the content
of dry matter by gravimetric method (PN-R-04013: 1988),
total nitrogen - by flow analysis (CFA) PB 33. 1-ed. 11-05.
03. 2014, phosphorus — by flow analysis (CFA) PB 33.
1-ed. I1-05. 03. 2014, potassium — by atomic emission spec-
trometry PB 32. 1- ed. II- 08. 03. 2014, calcium — by flame
atomic absorption spectrometry (FAAS) PB 32 1-ed. 11-08.
03. 2014, and magnesium — flame atomic absorption spec-
trometry (FAAS) PB 32 1-ed. 11-08. 03. 2014.

A statistical analysis of the weight of post-harvest resi-
dues and their chemical composition (ANOVA)was per-
formed in a two-factor, non-replicate experiment, where the
first factor was constituted by four legume-grass mixtures,
and the second factor included the way of using the sward:
H/P and P. The obtained average concentration of each
macronutrient was compared by Tukey’s test at the signifi-
cance level of a = 0.05.

3. Results and discussion

Literature shows the dependence of the weight of post-
harvest residues on agronomic factors, crop species,
weather, soil conditions, and methods of cultivation [4, 11].
Bawolski [4] obtained from 8.6 to 10.3 t-ha™ of post-harvest
residues after cultivation of perennial legumes in pure
stands and in mixtures with grasses. In the studies of this
author, mixtures of alfalfa with grasses left more residues
than red clover with grasses and other legume plants. The
data presented in Table 1 confirmed the significant impact
of the species composition of mixtures on the weight of
post-harvest residues, known from studies of Bawolski [4],
Baluch and Benedycki [1], Baluch et al. [2] Orzech et al.
[11], and Zajac i Antonkiewicz [15]. In our study, mixtures
of alfalfa with grasses and of white clover and alfalfa with
grasses (mixtures: 3 and 4) left more post-harvest residues
than mixtures of white clover with red clover and of red
clover with grasses (mixtures: 1 and 2). This statement ap-
plies to post-harvest residues remaining after legumes, roots
fractions, or total weed weight, as well as to and total
weight of post-harvest residues left by all groups of plants
in the mixtures-legumes, grasses, and weeds (Table. 1).
These studies confirm the results obtained by Bawolski [4]
and Szczepaniak et al. [13] on the higher weight of post-
harvest residue remaining after alfalfa-grass mixtures.

Grasses, especially their root fraction, were the main
source of post-harvest residues in own studies, carried out
in adverse climatic conditions characterized by periodic
droughts, violent rainfall storms, and snowless winter
which froze almost all the plants of white clover and
meadow [5, 6]. In the total weight of post-harvest residues,
grass roots constituted about 72% of Mixture 1, 61% - of
Mixture 2, 42% - of Mixture 3, and about 60% - of Mixture
4 (Table. 1). Szczepaniak et al [13] also found a high,
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amounting to an average 8 t-ha™, yield of crop root residues
left by temporary grasslands. The aerial weight of post-
harvest grass residues did not differ in terms of the species
composition of mixtures. It was similar to the root fraction,
and the total aerial and root weight left by grasses. Earlier
studies on yields and feed quality of these mixtures re-
vealed the fastest and highest weed infestation in the
meadow clover-grass mixtures (Mixture 2) [5, 6]. This mix-
ture also had the largest weight of weed roots and the total
weight of weeds (aerial and underground, Tab. 1), whereas
the smallest weight of weed post-harvest residues was re-
corded for the mixtures of white clover and red clover with
grasses (Mixture 1, Tab. 1).

Three years of growing legume-grass mixtures left a to-
tal of 5.09 to 7.99 t-ha™' of post-harvest residues (aerial frac-
tion+ roots of legumes, grasses, and weeds), in which the
roots constituted from 79.8% for the mixture of red clover
with grasses (Mixture 2) to 81.2% - for the mixture of white
clover and alfalfa with grasses (Mixture 4) (Table. 1). A
significantly higher root weight as well as aerial and root
fraction were left by the mixtures of alfalfa with grasses
and of white clover and alfalfa with grasses (Mixtures 3 and
4). The results are consistent with the previous studies of
Bawolski [4].

In the case of the aerial fraction of legumes and total
weight of post-harvest residues under pasture use, the
weight of post-harvest residues was higher than under
hay/pasture use. These results also proved a better stability
and development of legumes under using sward for grazing
compared to hay/pasture use, where legumes are subjected
to two types of stress connected with cutting the sward and
grazing animals. Other results were obtained in the case of
grasses, which left a significantly higher weight of aerial
post-harvest residues under the hay/pasture use (Table. 1).

The highest percentage share of nitrogen in the post-
harvest residues of legumes, in particular in their aerial
fraction (from 2.34-2.47% N) was noted (Table 2). In gen-
eral, aerial residues of legumes, grasses and weeds had
higher nitrogen concentrations of nitrogen than the residues
of roots (Table 2). The experimental factors had no signifi-
cant effect on the nitrogen concentration in the post-harvest
residues of individual mixture components.

The rate of mineralization depends on the average per-
centage of nitrogen in the residues introduced into the soil.
According to Lewis [10], process of retreating of this com-
ponent occurs when the average concentration of nitrogen
introduced into the soil in the post-harvest residues was
higher than 1.2%. Under the average nitrogen concentration
in the post-harvest residues exceeding 1.8%, mineralization
process starts in the soil. In the residues of the compared
mixtures, the average percentage concentration of nitrogen
took on intermediary values between the limit values (Ta-
ble 2), which suggests the occurrence of two processes -
retreating and mineralization, with the predominance of the
latter process. Szczepaniak et al. [13] believe that a separate
evaluation of the percentage share of nitrogen in the aerial
part and underground parts of post-harvest residues is help-
ful in the evaluation of the processes occurring in the soil.
By following these recommendations, the average nitrogen
concentration in the aerial parts of the sward (legumes,
grasses, weeds) calculated in our studies indicates the oc-
currence of the process of mineralization (concentration
>1.8% N). The average nitrogen concentration calculated
for the root parts of post-harvest residues ranged between
1.2-1.8% N. This result can be interpreted as a balancing of
immobilization and mineralization of nitrogen (Table 2).

Grasses, which dominated in the total mass of post-harvest
residues, were the species which determined the amount of ni-
trogen in these residues in four legume-grass mixtures. Legumes
accumulated more nitrogen than weeds (Table 2). As is com-
monly known, the mass of the accumulated nitrogen is the prod-
uct of weight of post-harvest residues multiplied by the percent-
age of this component in the dry matter. Earlier studies show
that legumes have a much higher percentage at the final stage of
mixture use than weeds [6], which explains the higher accumu-
lation of nitrogen by this group of plants. In the aerial fraction of
legumes, the mixture of alfalfa with grasses (Mixture 3) col-
lected significantly more nitrogen in relation to red clover-grass
mixture (Mixture 2). A high accumulation of nitrogen in this
case was also ensured by a high yield of post-harvest residues
(Tab. 1 and 2). Among the post-harvest residues of the com-
pared mixtures, the most nitrogen was accumulated by grasses
(from about 35 to 61,5 kg N-ha™), especially grass root fraction
(from about 27,5 to 45,9 kg N'ha™) (Tab. 2).

Table 1. The weight of post-harvest residues in. t-ha™ left by the legume-grass mixtures in the hay/pasture and pasture use
Tab. 1. Masa resztek pozbiorowych pozostawionych przez mieszanki bobowato-trawiaste w tha” w kosno-pastwiskowym i

pastwiskowym uzytkowaniu

Specification Legumes Grasses Weeds Total
P S* [ R*™ | % S | R | = S R | » S | R | =
Mixtures
1 022 [ 039|067 [ 08 | 441 [ 531 ] 0,10 [ 0,14 | 024 [ 1,21 | 494 [ 6,16
2 0,11 | 0,22 | 0,33 0,55 3,10 | 3,65 | 0,37 | 0,74 | 1,11 | 1,03 | 4,06 | 5,09
3 0,50 | 2,48 | 2,99 0,88 3,30 | 4,19 | 0,16 | 0,50 | 0,66 | 1,55 | 6,29 | 7,84
4 0,40 | 1,50 | 1,90 0,98 477 | 575 | 0,12 | 0,21 | 0,34 | 1,50 | 6,49 | 7,99
NIR 0,23 1,56 | 1,76 r.n. r.n. r.n. r.n. 0,59 | 0,78 r.n. 1,97 | 2,15
Utilization
H/P 0,19 | 0,77 | 0,99 1,00 428 | 529 | 0,18 | 0,27 | 046 | 1,37 | 533 | 6,71
P 043 | 1,52 | 1,95 | 0,651 | 3,51 | 4,16 | 0,19 | 0,33 | 0,72 | 1,28 | 5,56 | 6,83
NIR 0,12 r.n. 0,93 | 0,343 r.n. r.n. r.n. r.n. r.n. r.n. r.n. r.n.
S* - Stubble , R** - Roots, H/P — Hay/Pasture, P — Pasture,
1™ - Trifolium repens (25%)+Trifolium pratense (25%)+Lolium perenne (15%)+Dactylis glomerata (15%)+Festuca pratensis

(10%)+Festuca rubra (10%); 2 — Trifolium pratense (50%)+ Lolium perenne (20%)+Festuca pratensis (20%)+ Phleum pratense (10%); 3
— Medicago x varia (50%)+ Dactylis glomerata (20%)+Festuca pratensis (20%)+ Phleum pratense (10%); 4 — Trifolium repens (25%)+
Medicago x varia (25%) + Lolium perenne (15%) + Dactylis glomerata (15%)+Festuca pratensis (10%) + Festuca rubra (10%)
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Table 2. Accumulation of nitrogen in the biomass of post —harvest residues
Tab. 2. Akumulacja azotu w suchej masie resztek pozbiorowych w kg-ha™

Speci- N (zawarto$¢ % N) (concentration % N)

fica- Legume Trawy/ Grass Chwasty/ Weeds Total (L + G + W)

tion s | R | = s | R | = s | R | = s | R | =

Mixtures
5,12 7,66 12,78 15,62 45,86 1,37 2,04

1 (2.36) (1.96) (179) (1,03) 61,48 (1.58) (1.38) 3,42 22,12 55,56 77,68
2,85 438 7,23 7,42 27,47 5,30 10,28

2 (235) (1.93) (1.35) (0.88) 34,89 (1.45) (1.42) 15,59 15,57 42,13 57,69
11,93 47,32 59,26 13,05 37,83 3,88 8,29

3 (2.39) (1.91) (1.49) (1.22) 50,88 (238) (1.64) 12,17 28,86 93,44 122,30
9,95 24,75 34,69 15,22 42,96 2,39 12,31

4 (2.47) (1.43) (1,54) 0.92) 58,19 (1.98) (1.78) 14,70 27,56 80,02 107,59
9,33 r.n. r.n. r.n. r.n. 3,43 r.n.

NIR (rn.) (r.n.) (r.n.) (r.n.) o (rn.) (r.n.) o rn. 48,80 35,06

Utilization
4,64 13,55 18,19 14,95 34,02 2,86 8,35

H/P 238) | (169) aan | 079 4897 | Tes) (1.49) 1121 | 2245 | 5592 | 7837
10,28 28,51 38,79 10,71 43,04 3,62 8,11

P 2.41) (1.92) (1.61) (1.24) 53,75 (2.04) (1.62) 11,73 24,61 79,66 104,26
4,35 r.n. r.n. r.n. r.n. r.n. r.n.

NIR (rn.) (r.n.) (r.n.) (r.n.) o (r.n.) (r.n.) - rh- 22,76 25,68

S* - Stubble , R** - Roots, H/P — Hay/Pasture, P — Pasture, 17 - see tab. 1

Literature describes legumes as plants determining the
weight of nitrogen accumulated by the mixtures (distin-
guished by their high nitrogen concentration in the dry mat-
ter), and their fertilizer value and nitrogen accumulation by
the mixtures depended on the legume species [15]. Table 2
shows a similar nitrogen accumulation among the tested
mixtures. The weight of post-harvest residues that they left
had the biggest influence on its accumulation in grasses
(Table 1 and 2). However, the impact of the species compo-
sition of mixtures on nitrogen accumulation was not re-
corded for this species.

Weeds occurring in the sward accumulated from 3.4 to
15.6 kg N-ha™. The significantly highest amount of this nu-
trient in post-harvest residues of the aerial were collected
by the weeds in the most weed-infested mixture of red clo-
ver with grasses (Mixture 2) [6], while the lowest — by the
weeds in a mixture of white clover and red clover with
grasses.

The post-harvest residues of mixtures (legumes+ grasses+
weeds) may bring into the soil from 58 kg of N with a mix-
ture of red clover with grasses (Mixture 2) up to about 122
kg of N - together with the ploughed weight of post-harvest
residues of the mixture of alfalfa with grasses (Mixture 3)
(Table 2). The difference in the weight of nitrogen accumu-
lated in post-harvest residues in the above-mentioned mix-
tures was statistically proven. Nitrogen was introduced into
the soil mainly by root weight. Indeed, the most of this
component was found in the root fraction of alfalfa-grass
mixture (Mixture 3), while the least — in the roots blend of
red clover-grass mixture (Mixture 2). Symbiotic nitrogen
may constitute a substantial portion of nitrogen in this pool.
According to Prusinski and Kotecki [12], 1 tonne of post-
legume leaves several dozens kilograms of symbiotic nitro-
gen (up to 100 kg) used wholly by the successive crops. In
conventional farms, it generates large savings in terms of
the costs of purchasing nitrate fertilizers which are used by
plants only in 50%. Under ecological cultivation, nitrogen
bound biologically limits the need for using natural fertiliz-
ers. The results concerning the accumulation of higher
amounts of nitrogen by mixtures with alfalfa and the impact
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of the weight of post-harvest residues on collecting nitrogen
correspond with the results described by Bawolski [4].

The aerial fraction of the post-harvest residues was
characterized by a slightly larger percentage share of potas-
sium than root fraction (Table 3). The weeds turned out to
be more abundant in this macrocomponent compared to
legumes and grasses. The species composition of mixtures
and the way of using sward did not have a significant effect
on the percentage share of potassium in the aerial fraction
and in the roots and aerial parts of legumes, grasses, and
weeds (Table 3).

Significantly highest amounts of potassium in the aerial
parts and roots, and in the total post-harvest residues were
collected by Lucerne from Mixture 3, while the least - red
clover grown in Mixture 2 (Table 3). As previously de-
scribed in the methodology of this research, in the last win-
tering after a period of frost (-7°C) lasting a whole month
without snow cover on the plants, most of white clovers and
red clovers fell out from the sward of the mixtures. The
cause of this phenomenon could lie in a low concentration
of potassium which is responsible for the frost-resistance of
plants. In own studies, a higher mass of potassium after
legumes was recorded in the root residues (Table 3). Con-
trasting results concerning the accumulation of potassium
were obtained by Wilczewski [14], who found that more
potassium was gathered in the aerial biomass of the tested
legumes.

In general, legumes accumulated significantly more po-
tassium in their post-harvest residues (aerial and below-
ground parts) under pasture use than under hay/pasture use
(Table 3). The percentage share of potassium in the post-
harvest residues of grasses was higher than in legumes. The
weight of grasses was also high, with the dominance of root
residues, which probably contributed to the accumulation of
a considerable mass of potassium (from 15,79 to 28,09 kg
K ha™) (Table 3). Numerous authors report of the ability
non-legume plants to collect larger amounts of potassium in
comparison with legumes, these differences being attributed
to higher-yields of the non-legumes [15]. Our research has
confirmed this thesis.
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Table 3. Accumulation of potassium in the biomass of post—harvest residues
Tab. 3. Akumulacja potasu w suchej masie resztek pozbiorowych w kg-ha

Speci- K (concentration % K)

fica- Legume Grass Weeds Total (L +Gt+ W)

tion s | R | = s | rR | S R s s | R | =

Mieszanki/ Mixtures
1,36 1,66 5,69 22,40 0,77 0,76

1 036 | ©a3) | O | @62 | 050 | B9 | o6 osn | LSU| 78 24,79 | 32,60
0,79 1,02 4,36 11,43 3,93 5,57

2 (0.68) (0.55) 1,82 (0.75) (0.36) 15,79 (1.07) (0.80) 9,50 9,09 18,02 27,10
3,64 11,78 791 15,09 2,51 2,99

3 0.71) (0.46) 15,42 (0.91) (0.48) 23,00 (1.54) (0.57) 5,50 14,06 29,86 43,93
2,72 5,77 7,51 10,17 1,05 4,62

4 065 | ©35 | 3 | 076 | 023 | 75 | ©090) ©en | 367 | 1128 | 2055 | 3183
2,36 10,47 r.n. r.n. 1,91 r.n.

NIR en) | @n) | 2 | @n) | @n) (r.n.) (r.n.) ro. | 3,94 o .

Utilization
1,11 2,58 3,69 8,07 11,82 2,03 3,77

H/P (0.59) (0.45) (0.79) (0.29) 19,89 (1.04) (0.66) 5,79 11,21 18,16 29,37
3,15 7,52 4,67 17,73 2,10 3,19

P 0.71) (0.47) 10,67 (0.75) (0.49) 22,39 (1.15) (0.59) 5,29 9,91 28,45 38,36
1,01 4,88 3,18 r.n. r.n. r.n.

NIR (rn.) (rn.) 3,84 (rn.) (rn.) (rn.) (rn.) rh- - rh- -

S* - Stubble , R** - Roots, H/P — Hay/ asture, P — Pasture, 17 - see tab. 1

Hay/pasture use of sward promoted a higher potassium
accumulation in the aerial post-harvest residues (Table 3).
The abundance of aerial post-harvest residues of weeds in
potassium was higher than of root residues (Table 3). Weed
infestation of the red clover mixture sward (Mixture 2) was
high, so out of all the compared mixtures, the weeds of this
particular mixture accumulated the most potassium in their
aerial post-harvest residues (Table 3). The factors examined
in the experiment (mixtures, sward use) did not affect the
accumulation of potassium either in the roots or in the total
aerial and root weight of weeds.

The tested mixtures accumulated from 27.1 to 43.93 kg
K-ha''in the post-harvest residues, which was about a half
of the accumulated potassium by similar mixtures in the
studies described by Bawolski [4]. In the aerial and root
parts, the most total potassium was accumulated by the
mixture of alfalfa with grasses (Mixture 3), characterized
by high feed yields [5] and a large mass of post-harvest
residues (Table 3). The ability of the mixtures with alfalfa
to accumulate larger amounts of potassium in comparison
with other legume plants (common sainfoin and birdsfoot
trefoil) was described by Bawolski as well [4].

The percentage share of phosphorus was higher in aerial
parts than in the roots of mixture components, with the ex-
ception of weeds (Table 4). The experimental factors did
not differentiate the percentage abundance of post-harvest
residues in phosphorus.

The root residues of legumes, grasses and weeds accu-
mulated more phosphorus in kg-ha™ than the aerial fraction.
Legumes uptook a similar amount of phosphorus, regard-
less of the species composition of mixtures or the method
of their use. Most of this nutrient was accumulated by
grasses in their root fraction - from 4.06 to 6,93 kg P-ha’
(Table 4). It was shown a significantly higher mass of
phosphorus in the aerial fraction of the sward under
hay/pasture use compared to aerial fraction of pasture

Eliza GAWEL, Mieczystaw GRZELAK

Source: own work / Zrédlo: opracowanie wiasne

sward (Table 4). In the aerial parts of weeds, the most
phosphorus was accumulated by a mixture of red clover
with grasses (Mixture 2), while significantly the least — by
the mixture of white clover and red clover with grasses. In
general, weeds accumulated small amounts of phosphorus,
from 0,64 kg-P ha to 3,22 kg-P ha™.

Phosphorus was a component accumulated in the post-
harvest residues of legume-grass mixtures in lower amounts
than nitrogen or potassium (Table 4). The total mass of this
nutrient which fertilizes the soil, brought totally by the mix-
tures in their aerial and root parts ranged from 9.39 to 18.58
kgP ha’, while the species composition of mixtures and
ways of sward use did not affect its size. Literature de-
scribes a several-fold higher fertilizer value of the mixture
of alfalfa with grasses, from 40 to 60 kg-P ha™ [4] (Table
4), as compared to the value obtained in own studies.

A higher percentage share of calcium was recorded in
the aerial fractions of post-harvest residues of the compo-
nents of mixture sward (of legumes, grasses, and weeds)
(Table 5). The highest share was observed in the weeds,
followed by legumes, as can also be learnt from the study
of Bawolski [4].

Legumes mixed with grasses left from 2,01 to 17,32 kg
Caha” (Table 5). Significantly more calcium in the root
fraction and in the total of aerial and root fractions was re-
mained by alfalfa from Mixture 3, while significantly less
red clover from Mixture 2. It was found that aerial parts of
legume post-harvest residues left more calcium mass under
pasture use in comparison with hay/pasture sward use.

Among the sward components (of legumes, grasses,
weeds), a significantly larger mass of calcium in the post-
harvest residues was left by grasses, while the smallest- by
weeds (Table 5). In the case of aerial fraction of post-
harvest residues of weeds, the largest accumulation of cal-
cium was recorded for the most weed-infected mixture of
red clover with grasses (Mixture 2, Table 5).
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Table 4. Accumulation of phosphorus in the biomass of post—harvest residues
Tab. 4. Akumulacja fosforu w suchej masie resztek pozbiorowych w kg-ha™

Speci- P (concentration % P)

fica- Legume Grass Weeds Total (L + G + W)

tion s | R [ = s | R ] s | R | = s | R [ =

Mixtures
0,58 0,93 2,28 7,69 0,25 0,39

1 (0.27) (0.22) 1,51 (0.25) (0.17) 9,96 (0.27) (0.25) 0,64 3,11 9,01 12,12
0,31 0,49 1,31 4,06 0,98 2,24

2 (0.29) (0.24) 0,79 (0.23) (0.13) 5,38 (0.27) 031 3,22 2,59 6,79 9,39
1,42 5,78 2,15 6,93 0,65 1,65

3 (0.28) (0.23) 7,19 (0.24) (0.22) 9,08 (0.40) (0.32) 2,30 4,22 14,36 18,58
1,17 3,03 2,64 5,38 0,39 2,39

4 0.27) (0.18) 4,19 (0.26) ©011) 8,02 (0.33) (0.35) 2,78 4,19 10,79 14,99

NIR r.n. r.n. n r.n. r.n. 0,57 r.n. n n n n
(rn.) (r.n.) o (r.n.) (r.n.) (r.n.) (r.n.) o o o o

Utilization
0,55 1,69 2,63 4,95 0,53 1,66

H/P (0.29) 0.21) 2,52 (0.26) (0.12) 7,58 (0.29) (0.29) 2,19 3,71 8,31 12,02
1,18 3,42 1,56 7,08 0,61 1,67

P (0.27) (0.22) 4,60 (0.24) 0.21) 8,64 (0.34) (0.33) 2,28 3,35 12,17 15,52

NIR r.n. r.n. o 0,99 r.n. r.n. r.n. n o n o
(r.n.) (r.n.) o (r.n.) (r.n.) (r.n.) (r.n.) o o o o

S* - Stubble , R** - Roots, H/P — Hay/Pasture, P — Pasture, 17 - see tab. 1

Source: own work / Zrodto: opracowanie wlasne

Table 5. Accumulation of calcium in the biomass of post—harvest residues

Tab. 5. Akumulacja wapnia w suchej masie resztek pozbiorowych w kg-ha’

1

Ca (content % Ca)
Legume Grass Weeds Total (L+ G+ W)
s | R | = s [ R ] s [ R ['= s [ R [ =

Mixtures

1 1,73 1,86 3,59 5,16 23,05 28,20 0,69 0,64 1,34 7,58 25,55 33,13
(0,77) (0,55) (0,57) (0,52) (0,86) (0,46)

) 0,93 1,08 2,01 3,89 15,29 19,16 3,81 3,51 7,32 8,61 19,88 28,49
(0,76) (0,64) (0,70) (0,49) (1,04) (0,47)

3 4,63 12,69 17,32 6,21 14,73 20,94 2,11 2,87 4,98 12,95 30,29 43,24
(0,93) (0,48) (0,70) (0,46) (1,29) (0,52)

4 3,62 7,93 11,55 6,66 22,93 29,59 1,51 3,84 5,35 11,78 34,69 46,48
(0,88) (0,50) (0,69) (0,49) (1,28) (0,49)

NIR r.n. 11,62 15,05 r.n. r.n. 2,35 r.n. r.n. r.n. r.n. r.n.
(rn.) (r.n.) (r.n.) (r.n.) (r.n.) (r.n.)

Utilization

H/P 1,69 3,69 5,39 6,85 18,19 25,04 1,91 2,80 4,70 10,45 24,67 35,13
(0,81) (0,55) (0,69) (0,43) (1,03) (0,49)

P 3,75 8,09 11,85 4,09 19,81 23,91 2,16 2,63 4,79 10,01 30,54 40,55
(0,86) (0,54) (0,64) (0,55) (1,02) (0,49)

NIR 1,82 r.n. r.n. 2,43 r.n. r.n. r.n. r.n. r.n. r.n. r.n.
(rn.) (rn.) (rn.) (r.n.) (r.n.) (r.n.)

S* - Stubble , R** - Roots, H/P — Hay/Pasture, P — Pasture, 17 - see tab. 1

Legume-grass sward accumulated the total mass of cal-
cium at the level of 28,49-46,48 kg Caha!, which is less
than the amount found by Bawolski [4] in his experiment
conducted under conventional conditions with mineral fer-
tilizers. Own research was carried out under organic sys-
tem, characterized by a lower level of yielding, which de-
termines the weight of the macronutrients remaining in the
post-harvest residues after legume-grass mixtures. Species
composition and the way of legume-grass sward use did not
affect the total accumulation of calcium (Table 6).

The percentage share of magnesium in the aerial post-
harvest residues of mixture components was greater than
obtained for the roots (Table 6). There were no significant
differences in the percentage of this component in legumes,
grasses and weeds under the influence of the experimental
factors.
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The weight of magnesium left in the root residues of
plants from the mixture swards exceeded the weight ob-
tained for the aerial fraction. Significantly more magnesium
was left by alfalfa roots and total —aerial and underground
parts of this species in comparison with red clover from
Mixture 2 (Table 6). Under pasture conditions, legumes left
more magnesium in the aerial and root than under
hay/pasture use.

The largest weight of magnesium remained after grasses
in comparison with other components of the sward
(Table 6), but there was no impact of the mixture species
composition on the value of this parameter. Hay/pasture
sward use promoted a larger accumulation of magnesium in
the aerial post-harvest residues of grasses (Table 6).

.Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(3)



Table 6. Accumulation of magnesium in the biomass of post —harvest residues
Tab. 6. Akumulacja magnezu w suchej masie resztek pozbiorowych w kg-ha'

Speci- Mg (content % Mg)

fica- Legume Grass Weeds Total (L + G + W)

tion s | R | = s | R ] s | R | = s | R [ =

Mixtures

1 0,56 0,58 1,14 1,55 6,38 7,94 0,25 0,31 0,56 2,95 8,62 11,57
(0,25) (0,17) (0,17) (0,14) (0,30) (0,20)

) 0,28 0,33 0,62 0,96 3,25 4,21 1,04 1,594 2,63 4,97 13,77 18,74
(0,26) (0,18) (0,17) (0,10) (0,28) (0,22)

3 1,11 3,05 4,16 1,62 5,43 7,05 0,67 1,19 1,86 4,21 11,07 15,28
(0,22) (0,12) (0,18) (0,17) (0,41) (0,23)

4 1,09 1,86 2,95 1,95 4,62 6,57 0,44 1,80 2,25 4,11 10,01 14,11
(0,26) (0,12) (0,19) (0,10) (0,35) (0,25)

NIR r.n. 2,23 3,26 r.n. r.n. 0,745 r.n. r.n. r.n. r.n. r.n.
(r.n.) (r.n.) (r.n.) (r.n.) (r.n.) (r.n.)

Utilization

H/P 0,46 0,85 1,31 1,99 4,28 6,27 0,544 1,26 1,81 4,74 11,77 16,51
(0,26) (0,16) (0,19) (0,10) (0,29) (0,22)

P 1,06 2,062( 3,12 1,05 5,56 6,61 0,65 1,19 1,84 3,38 9,96 13,34
(0,24) 0,14) (0,16) (0,16) (0,24) (0,24)

NIR 0,58 1,04 1,52 0,84 r.n. r.n. r.n. r.n. r.n. r.n. r.n.
(r.n.) (r.n.) (r.n.) (r.n.) (r.n.) (r.n.)

S* - Stubble , R** - Roots, H/P — Hay/Pasture, P — Pasture, 17 - see tab. 1

Significantly more magnesium was uptaken by the aerial
fraction of the weeds from the mixture of red clover with
grasses, while the smallest accumulation of this component
was recorded for the mixture of white clover and red clover
with grasses (Mixture 1).

The total mass of magnesium accumulated by legume-
grass sward ranged from 11.57 to 18.74 kg Mgha
(Table 6). Legume-grass mixtures accumulated a similar
amount of magnesium regardless of species composition
and sward use.

4. Conclusions

1. After being used as fodder crops, small-seed legumes
with grasses are a valuable source of macronutrients for the
successive plants, as they leave from 5.09 to 7,99 t-ha” of
post-harvest residues in which grasses constituted the main
weight (from 3,65 to 5,75 tha™'). Grasses constituted the
component resistant to adverse weather conditions during
the growing season and during wintering.

2. The most post-harvest residues were recorded in the root
fractions, and their particularly high mass characterized al-
falfa-grass mixtures: Medicago x varia (50%) + Dactylis
glomerata (20%) + Festuca pratensis (20%) + Phleum
pratense (10%) (Mixture 3) i Trifolium repens (25%)+
Medicago x varia (25%) + Lolium perenne (15%)+Dactylis
glomerata (15%) + Festuca pratensis (10%) + Festuca ru-
bra (10%) (Mixture 4).

3. Under hay/pasture and pasture sward use, the weight of
post-harvest residues of the tested mixtures were similar.
Only the aerial and underground weight of post-harvest
residues were significantly higher on the pasture than under
hay/pasture sward use. In contrast, grasses left more of
these residues under hay/pasture use.

4. The percentage share of nitrogen, phosphorus, potassium,
calcium and magnesium was higher in the aerial post-
harvest residues of legumes compared to the roots.

5. The percentage share of macronutrients in the fractions
of post-harvest residues was similar regardless of the spe-
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cies composition and the sward use in the tested legume-
grass mixtures.

6. The weight of nutrient mixtures left by legume-grass
mixtures for the successive plants depended on weight of
post-harvest residues, while the percentage concentration of
these components did not affect the weight of the accumu-
lated macronutrients. The biggest weight of potassium and
phosphorus were accumulated by the mixtures of Medicago
x varia (50%) + Dactylis glomerata (20%) + Festuca prat-
ensis (20%) + Phleum pratense (10%) — Mixture 3 and Tri-
folium repens (25%)+ Medicago x varia (25%) + Lolium
perenne (15%)+Dactylis glomerata (15%) + Festuca prat-
ensis (10%) + Festuca rubra (10%) — Mixture 4. In con-
trast, large amounts of nitrogen, calcium and magnesium
were accumulated by the most weed-infected mixture: 77i-
folium pratense (50%) + Lolium perenne (20%) + Festuca
pratensis (20%) + Phleum pratense (10%) (Mixture 2).

7. Post-harvest residues of legumes under pasture use were
richer in potassium (additional enrichment of this compo-
nent with animal waste) than under hay/pasture use. In the
case of other nutrients, the use of sward did not affect their
concentrations in the post-harvest residues left for the sub-
sequent plants.
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