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RELATIVE FEED VALUE OF SWARD FROM PERMANENT DRY MEADOW BEFORE
AND AFTER RENOVATION AT DIFFERENT FERTILISATION

Summary

It is possible to obtain much wholesome bulk fodder that meets the requirements of highly productive animals from perma-
nent grasslands of appropriate species composition. Important components of such fodder are: neutral detergent fibres
(NDF) and acid detergent fibres (ADF). Based on their content one may calculate digestibility of dry mass (DDM), dry
mass intake (DMI) and relative feed value (RFV). Presented studies were performed in the years 2009-2014 on five plots in
a long-term experiment situated on a permanent dry ground meadow, that belonged to the Experimental Farm of the ITP in
Falenty. In spring 2012 the meadow was renovated through undersowing. Mean values of analysed parameters were similar
and more distinct differences were found between cuts and subsequent study years. Mean NDF content ranged between 501
and 567 g kg™* while ADF content — between 265 and 325 g kg*. Digestibility of analysed sward was lower than optimum
and amounted from 60.1 do 63.6 % dry mass. Intake was assessed at 2.12 to 2.48%. Mean values of RFV were in the range
of 100 to 120 which placed the fodder in the third and fourth quality class according to Linn and Martin [8].
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WZGLEDNA WARTOSC POKARMOWA RUNI LAKI TRWALEJ GRADOWEJ PRZED
ORAZ PO RENOWACJI W WARUNKACH ZROZNICOWANEGO NAWOZENIA

Streszczenie

Na trwalych uzytkow zielonych o odpowiednim skiadzie gatunkowym uzyskuje mozna uzyskac duzq ilos¢ pelnowartoscio-
wych pasz objetosciowych, spetniajgcych wymogi wysoko produkcyjnych zwierzqt. Waznymi skiadnikami paszy sq wiokna
neutralno detergentowego (NDF) oraz kwasno-detergentowego (ADF). Na ich podstawie mozna wyliczy¢ strawnos¢ (DDM),
pobieranie suchej masy (DMI) oraz wzgledna wartosé¢ pokarmowq (RFV). Omawiane badania prowadzono na pigciu obiek-
tach w latach 2009-2014 na diugoletnim doswiadczeni zlokalizowanym na igce trwatej gradowej nalezqcej do ZD ITP
w Falentach. Wiosng 2012 r. przeprowadzono renowacje tgki metodq podsiewu. Srednie wartosci badanych parametréw na
poszczegolnych obiektach byly na zblizonym poziomie, a wyrazniejsze roznice stwierdzono miedzy pokosami oraz kolejnymi
latami badan. Srednia zawartos¢ NDF wynosita od 501-567 g kg™, natomiast ADF od 265 do 325 g kg™, Strawnosé badanej
runi byta nizsza od optymalnej i wynosita 60,1 do 63,6 % s.m.. Pobierania wyliczono na 2,12 do 2,48 %. Srednie wartosci
RFV miescity sie w zakresie od 100 do 120, co plasowato jg w Il i IV klasie jakosci wedtug Linna i Martina [8].

Stowa kluczowe: lgka trwala, podsiew, zawartos¢ ADF i NDF, strawnos¢

1. Introduction

Permanent grasslands may be a source of cheap and
high quality fodder for ruminants, unfortunately in Poland
their potential is often underutilised. Inappropriate mead-
ows’ management leads to their inevitable degradation,
which directly translates into the quality of obtained fodder.
That issue, also present in organic farms, in a significant
way affects yield and quality of crops. Botanical composi-
tion, fertilisation and the term of harvesting exert the great-
est effect on sward quality [5, 7, 11]. The factors limiting
intake, digestibility and energetic value of fodder are cell
walls of plants determined as fractions of neutral detergent
fibre (NDF) and acid detergent fibre (ADF) [1; 3]. Based on
their content one may calculate theoretical digestibility
(DDM) (should be at least 65%), dry mass intake (DMI)
and relative feed value (RFV). Feed doses of dairy cows
should contain up to 25 % NDF and 19% ADF [4]. Litera-
ture data suggest that fodder from meadow sward may have
much higher content of both of these fractions [2; 10, 12].
There is no available data in present literature that describes
the effects of liming and renovation on the content of fibre
fractions and relative feed value.
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The aim of this study was to estimate the effect of reno-
vation (preceded by liming) at different fertilisation on the
content of neutral and acid detergent fibre fractions and rel-
ative feed value of meadow sward.

2. Methods

Studies were carried out in the years 2009-2014 on a
permanent dry ground meadow that belonged to the Exper-
imental Farm of the Institute of Technology and Life Sci-
ences (ITP) in Falenty (52°08'05.6"N 20°55'14.0"E) in
Masovian Voivodeship, Pruszkéw County, Raszyn Com-
mune.

The experiment was set up in a random block design in
four repetitions. Plots had an area of 27 m? (4 m x 6.75 m).
Meadows were mown three times a year. Five fertilisation
variants were applied (tab. 1) using nitrogen in a form of
ammonium saltpetre (34,5% N), phosphorus in a form of
triple superphosphate (46% P»Os), potassium in a form of
potassium salt (57% K:0) and cattle manure, which cov-
ered the needs for potassium while those for nitrogen and
phosphorus were supplemented with mineral forms.
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Table 1. Scheme of fertilisation in experimental variants
(in kg-ha™)
Tab. 1. Schemat nawozenia na obiektach doswiadczalnych
(w kg-ha™)

Objects
Element A B C D =
N 60 120 180 240 240
P 10,9 218 317 43,6 43,6
K 33,2 66,4 99,6 132,8 132,8

* - liquid manure covered needs for potassium, nitrogen and phos-
phorus were supplemented with mineral form
Source: own work / Zrddio.: opracowanie wlasne

Renovation started in autumn 2011 when meadows
were sprayed with selective herbicide Starane (1.5 1-hal) to
eliminate dicotyledon weeds and then limed with car-
bonate-magnesium lime at a dose of 4 t-ha?l, i.e. 1.44 t
CaO-ha™ and 0.4 t MgO-ha™. In spring 2012, before vege-
tation period, meadows were undersown the use of grass
harrow aggregate (fig. 1) that destroyed about 30% of old
turf. Mixtures of grass and legume seeds in amount of 25
kg-hat were used for undersowing (tab. 2).

Source: own work / Zrédto: opracowanie wlasne

Fig. 1. Grass harrow aggregate
Rys. 1. Agregat pasmowo gryzujgcy

Table 2. Composition of the mixture used for undersowing
Tab. 2. Skfad mieszanki uzytej do podsiewu

Species Share (%)

Festuca pratensis Huds. (Anturka) 25
Phleum pratense L. (Granolia) 20
Dactylis glomerata L. (Amila) 5
Lolium perenne L. (Flinston) 20
Arrhenatherum elatius (L.) P. Beauv. 10
ex J. Presl & C. Presl (Median)

Poa pratensis L. (Skiza) 10
Trifolium pratense L. (Kranta) 10

Source: own work / Zrédlo: opracowanie wlasne

Mean air temperature (tab. 3) in the study period was
higher then the long-term average. The same as regards
mean precipitation in the vegetation season. Annual sums
of precipitation (with the exception of the year 2012) also
exceeded the long-term values.

The content of NDF and ADF was determined in near in-
frared (NIRS) with the NIRFlex n-500 apparatus by BUCHI.
Obtained results were statistically processed. Polynomial trend
lines and R? coefficients were calculated. Analysis of variance
was performed with the Statistica software. Comparisons of
the means and division into homogenous groups were made
using HSD Tukey T test at p < 0.05.

3. Results

The share of grasses in meadow sward (tab. 4) in the
years 2009-2010 was estimated at about 95%. In 2011 their
share decreased to 80-86% in variants B, C, D and E. The
cock’s-foot and couch grass were dominating species
among grasses. In variants C, D and E they constituted an
important component of meadow sward. The common
meadow-grass present in all variants was the dominating
(31 to 60%) species among low grasses. The next was the
perennial rye-grass with percentage share between 4 and
11%. Remarkable share of the red fescue was found in vari-
ant A (42-50%) and B (24-32%). Legumes were present in
variants A and B only. The common sorrel represented
plants from the group of herbs and weeds in the years 2009
and 2010 in all variants. Dandelions and the bitter dock
were present in variants C, D and E and their share in-
creased in variants B, C, D and E to 14-20% in 2011.

After renovation the share of grasses in meadow sward
was 88-97%. In the years following undersowing the share
of tall grasses systematically increased mainly due to dy-
namic growth of the oat-grass. The cock’s-foot and couch
grass dominated in variants C, D and E. The group was
supplemented by the timothy grass and tall fescue. The
common meadow grass (19-51%) and perennial ryegrass
(6-12%) dominated among low grasses in all variants. Sig-
nificant share of the red fescue was found in variants A and
B. The share of legumes did not exceed 5%. The share of
herbs and weeds did not exceed 5%.

Yielding of meadow sward (tab. 5) increased with ferti-
lisation. Variants B, C, D and E gave yields significantly
higher than variant A in 2009. In the years 2010-2011
yields from variants C, D and E were significantly higher
than that from variant A. After renovation in 2012 variants
B, C, D and E yielded significantly more than A and yields
from variants D and E were significantly higher than the
yield from variant B. In 2013 yields from variants C, D and
E were higher than that from A and the yield from D was
higher compared with the yield from B. In 2014 variants C,
D and E vyielded significantly more than variant A and the
yields from D and E were also higher than the yield from B.

Table 3. Mean air temperature and precipitation in the years 2011-2012
Tab. 3. Srednia temperatura powietrza i opady w latach 2011-2012

. S Stage | Stage Il
Period Multiplicity 556572010 | 2011 | 2012 | 2013 | 2014
Temperature | vegetation season 14,8 15,5 15,8 159 | 160 | 156 | 158
(average) annual 8,7 11,8 12,0 120 | 124 | 118 | 128
Precipitation | vegetation season 334,7 645,3 | 1026,1 | 794,8 | 537,8 | 713,1 | 654,3
(sum) annual 541,8 656,0 | 1050,9 | 538,1 | 382,1 | 474,3 | 654,3

Source: Weather Station in Falenty / Zrédio: Stacja Meteorologiczna w Falenatch

Michat MENDRA

l 4 .Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(4)



Table 4. Dominating species of meadow plants in particular groups and their share in meadow sward
Tab. 4. Dominujgce gatunki roslin tgkowych w poszczegdlnych grupach i ich udzial w runi

Objects

Species N-60 N-120 N-180 N-240 G-240

2009 | 2010 | 2011 | 2009 | 2010 | 2011 | 2009 | 2010 | 2011 | 2009 | 2010 | 2011 | 2009 | 2010 | 2011

Dactylis glomera-

tal. 1 2 1 3 2 7 8 7 15 15 14 35 31 28

Agropyron re-

pens (L) P. Beauv. + 9 10 8 15 16 13 17 16 12
> high 1 3 4 2 5 5 17 19 17 30 31 28 52 47 41
> medium high + 1 1
Cestuea rubral.s. | 50 | 46 | 42 | 32 | 30 | 24 | 6 | 4 | 3 +
Poa pratensis L. 42 45 44 56 52 50 64 61 55 61 58 53 33 37 32
Lolium perenne L. 4 4 4 7 9 7 8 11 8 4 5 4 9 9 7
%W 96 95 90 95 91 81 78 76 66 65 63 57 42 46 39
Total grasses 97 98 94 97 96 86 96 95 83 95 94 85 95 93 80
Total legumes 1 + + +
Taraxacum offici-
nale F. H. Wigo. + 1 1 6 1 3 1 2 10
Rumex obtusifo-
lius L. * 2 4 3 4 6
Rumex acetosa L. 1 1 3 1 3 11 1 3 11 1 3 7 + + 3
Total herbs and
weeds 2 2 1 4 14 1 17 2 15 5 20
Empty spaces 2 3 1 3
Sum 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
After renovation

N-60 N-120 N-180 N-240 G-240

Species 2012 | 2013 | 2014 | 2012 | 2013 | 2014 | 2012 | 2013 | 2014 | 2012 | 2013 | 2014 | 2012 | 2013 | 2014

Festuca arundina-

cea Schreb. 3 2 3 3 2 3 1 + 1 + 1 + + + +

Dactylis glomera- 2 3 2

ta L. 4 5 4 9 10 9 15 8 15 26 26 26

Arrhenatherum ela-
tius (L.) P. Beauv.
ex J. Presl & C.
Presl

+ 4 10 + 5 14 + 6 15 + 6 14 + 7 16

Phleum pratense L. + 1 2 1 3 4 4 5 6 2 4 5 2 3 3

Agropyron re-

pens (L) P. Beau. + 1 15 13 12 24 10 19 23 19 18
> high 7 14 25 10 19 35 31 37 52 43 32 57 51 56 65
> medium high 1 0 0 0 0 1 0 0 0 0 1 0 7 0 0
Festuca rbral.s. | 57 | 3 | 25 | 24 | 20 | 12| 3 | 2 | 1| + | 3| + | +
Poa pratensis L. 40 39 36 44 46 37 51 46 31 44 47 30 29 31 19
Lolium perenne L. 8 8 7 11 11 9 12 11 9 7 12 6 11 10 7
> low 85 79 68 83 77 58 66 59 41 52 62 36 40 41 26
Total grasses 93 93 93 93 96 94 97 96 93 95 95 93 88 97 91
STJ'{O"””‘ praten- 2 5 3 2 3 2 1 2 1 + 2 1 + 1 1
Total legumes 2 5 4 2 3 2 1 2 1 + 2 1 + 1 1
Total herbs and

1 2 2 5 1 3 2 2 4 5 3 2 4 2 4
weeds
Empty spaces 4 1 1 2 4 8 4
Sum 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Source: own work / Zrédio: opracowanie wlasne
Table 5. Annual yields of meadow sward
Tab. 5. Roczne plony runi lgkowej

Objects

Year A B C D E
2009 5,70a 8,01b 9,38b 9,55b 9,98b
2010 7,84a 10,03ab 11,52b 11,45b 11,38b
2011 5,33a 7,80ab 8,35b 8,41b 8,73b
2012 2,96a 4,93b 6,42bc 7,60c 7,33¢c
2013 6,15a 8,46ab 10,31bc 11,05¢c 10,64bc
2014 6,99a 9,95ab 11,53bc 13,50c 13,39c

Source: own work / Zrédio: opracowanie wiasne
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Mean content of NDF (fig. 2) in the first stage of the
study was similar in all variants and ranged from 505 to 527
g kg. Sward from variants A and D had the lowest content
of this fibre fraction. In the second stage of the study the
highest content of NDF (546 to 556 g kg™!) was noted in the
first cut, in the second cut its content was more variable and
ranged from 508 to 547 g kg™. In the third cut the content
of neutral fibre fraction was from 516 to 530 g kg™

In the first stage of this study the content of ADF
(fig. 3) ranged from 342 to 369 g kg*. The lowest content
was found in sward from variant D irrespective of the cut.

In the second stage ADF content was from 332 t0362 g kg™.

An increasing trend of ADF content with fertilisation was
noted in the first and second cut while in the third cut this
relationship was reverse.

The intake of dry mass of meadow sward (tab. 6) calcu-
lated from NDF fibre fraction (Tab. 6) ranged from 2.21 to
2.48% (with a mean of 2.31 to 2.34%) in the first stage and
from 2.12 to 2.34% (with a mean of 2.22 to 2.29%) in the
second stage.

Digestibility calculated from ADF (tab. 6) content was
from 60.1 to 62.6% (mean 60.9 to 61.8%) in the first stage
and from 60.5 to 63.6% (mean 61.7 to 62.3%) in the second
stage.

Mean relative feed value (tab. 7) of the analysed sward
was 104 to 115 in the first stage of the study and from 100
to 115 in the second stage. The highest RFV values were
obtained in 2011 (about 115) and in 2012 (112 — 115). The
lowest value of 100 was noted in 2014.
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| etap =l pokkos
Il pokos
370 . "
y|= -5,5x% + 25,7x + 337,5
R? = 0,8023 "
360 w7 ®
y = -5[5x% + 25,7x + 337, ’
s o0 R? = 0,8023
X
340
= -3,25x% + 15,35x + 333,75
R? = 0,6364
330 T T T T
0 1A 8B a D4 5
¢ | pokos
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370 = |l pokos
=-2,25x% + 12,75x + 343,25 ook
2 _ - pokos
360 R? = 0,7368 -
y3go-3 25x2 + 20,35x4$F 315,25
b R%=0,9373 =
> —
o 340 / ]
330 1 3x? + 11,6x + 333
320 R? = 0,9287
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Source: own work/ Zrédlo: opracowanie wlasne

Fig. 3. The effect of fertilisation on the mean content of
ADF in cuts of meadow sward (g kg dry mass) in subse-
quent study periods

Rys. 3. Wpbw poziomu nawozenia na Srednig zawartosé
ADF w runi tgkowej w pokosach (g kg* w s.m.) w etapach
badan

o 1pokos Table 6. Calculated intake of dry mass (in %) and digesti-
| etap bility (in %)
560 = |l pokos : ) ) A 0
y = 275 - 15,45 + 542,25 1 pokos Tab. 6. Teore,ty’/czne wyliczone pobieranie suchej masy w %
R = 0,4819 oraz strawnosé w %
o >0 y = -5,75x + 25,45x + 497,25 . | stage I| stage
o R? =.0,6896 . Parameter | Objects Year _ Year _
> 2009 (20102011 | x 2012|2013| 2014 | x
520 = x o~ A [2,25]2,33 02,36 [2,31]2,34 [2,33 [2,21 [2,29
y = -3,5%% 7x + 497,5 B 2,21 12,32 12,39 [2,31(2,31 2,26 | 2,13 | 2,23
R? = 0,9667 » DMI C 2,23 12,29 |2,41 [2,31[2,28 2,27 |2,13 | 2,23
500 — % 5 " o D 2,29 12,34 12,39 [2,34|2,28 |2,25 | 2,12 | 2,22
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RZ:O,BZ‘V/.— 1 pokos Do C  [61,0 (60,1 |615 |60,9|63,1 |616 |605 |6L7
540 D 61,6 61,3 |62,4 |61,8|63,4 |62,0 |60,8 [62,1
- 5+ 38.4x + 4735 F 61,2 |60,5 |162,6 |61,4|63,6 |61,6 |60,7 [62,0
%: R*=0,9763 A Source: own work / Zrédio: opracowanie wlasne
520 7
— 2 R
e :?gﬁ* 51825 Table 7. Relative feed value
500 _ ' ' ' Tab. 7. Wzgledna wartos¢ pokarmowa
0 A1 B2 G 4D g
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Source: own work / Zrédlo: opracowanie wlasne year _ year -
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Fig. 2. The effect of fertilisation on the mean content of
NDF in cuts of meadow sward (g kg dry mass) in subse-
quent study periods coefficient of determination

Rys. 2. Wphw poziomu nawozenia na Sredniq zawartos¢
NDF w runi {gkowej w pokosach (g kg w s.m.) w etapach
badan wspoiczynnik determinacji
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4. Discussion

In the first stage of study no significant differences were
found in the yielding of sward of degraded meadow in vari-
ants fertilised with nitrogen at a dose of 120, 180 and 240
kg hal. No response to increased fertilisation was a result
of inappropriate species composition of the sward from
mown meadow, namely too high share of low grasses and
weeds. In the second stage, after undersowing, remarkable
impact of fertilisation on yielding was noted.

The content of NDF in particular cuts ranged between
505 and 527 g kg in the first stage and from 508 to 556 g
kg in the second stage. These results are more favourable
than those obtained by Jankowska-Huflejt and Wrobel [6]
in organic farms (514-616 g-kg™* dry mass) but less favour-
able than those obtained by Grzelak and Bocian [5] in fod-
der from permanent meadow (412-501 g-kg ** dry mass).
Increasing the share of tall grasses at the expense of low
grasses in the second stage increased the content of NDF,
which corresponds to result reported by Tomic et al. [13] on
a high content of this fibre fraction (636g-kg™ dry mass) in
Dactylis glomerata.

Mean ADF contents in cuts varied from 342 to 369 g

kg dry mass in the first stage and from 332 to 362 g kg*in
the second stage of experiment. These values are much
higher than those obtained by Grzelak and Bocian [5] (277
to 343 g'kg? dry mass) but close to results found by Jan-
kowska-Huflejt and Wrdbel [6] in organic farms (247 to
484 g-kg' dry mass).
Mean values of feed intake were 2.2-2.5% of body mass in
the first stage and 2.1-2.3% of body mass in the second
stage, so close to the values reported by Jankowska (2014)
and higher than those obtained in organic farms by Jankow-
ska-Huflejt and Wrobel [6].

Mean digestibility of dry mass of meadow sward from
analysed variants was 60.1 to 62.8% in the first stage and
from 60.5 to 63.6% in the second stage being much lower
than the minimum 65% adopted by Pres [9].

The test of RFV showed that raw fodder material from
particular variants, irrespective of the stage of study, fell
mainly within the 11l class (intended for good beef cattle,
older heifers and marginally for dairy cows) with the excep-
tion of the year 2014, when it fell within the IV class (in-
tended for beef cattle and non-milking dairy cows) in the
V-degree scale of Linn-Martin [8]. Our results are similar
to those obtained in organic farms by Jankowska-Huflejt
and Wrobel [6].

5. Conclusions

1. Renovation of the meadow preceded by liming in-
creased the share of tall grasses and yielding, particularly in
variants of the highest rate of fertilisation.

2. Increased share of tall grasses after undersowing in-
creased the content of NDF in the sward from all cuts and
most variants irrespective of fertilisation.

3. High fibre content in fodder is mainly an evidence of a
too late term of mowing.

4. Performed undersowing did not markedly change the rela-
tive feed value of the meadow sward from analysed variants.
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5. The effect of fertilisation on relative feed value was
negligible, irrespective of the stage of study, which could
be a result of a high share of Poa pratensis L in analysed
variants.

6. An effective way to improve permanent grasslands, also
in ecological farms, is over drilling with the use of streaked
harrowing aggregate.
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