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ABSTRACT

The research was aimed at assessing the effect of complementary use of slurry with soil conditioners and the NPK
fertilizers on the content of the crude fibre fractions in the biomass of Lolium multiflorum. The studies were con-
ducted on the basis of a two-year (2016-2017) field experiment established in three replications in a completely
randomized design. The impact of slurry and its interaction with soil conditioners and the NPK fertilizers was test-
ed on the Dukat variety of Lolium multiflorum forage grass. The results demonstrated that there was no significant
effect of the treatments on the content of the crude fibre and its fraction in the grass. However, the ADF and ADL
fibre content varied significantly across the growing seasons. In the same growing season, the crude fibre content

as well as the content of the ADL fraction varied across three Lolium multiflorum harvests.
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INTRODUCTION

The characteristic feature of roughage plants
is their high content of the crude fibre, so-called
‘structural carbohydrates’, and the soluble fibre
(Kukutka and Koztowski 2004). The following
fractions of the crude fibre are distinguished: neu-
tral detergent fibre (NDF), acid detergent (ADF)
and acid detergent lignin (ADL). The NDF frac-
tion consists of cellulose, hemicellulose and lig-
nin, ADF consists of cellulose and lignin with-
out tannins, while ADL of lignin, cutin and ash
(Brzoska and Sliwinski 2011).

Each of the fibre fractions affects other pa-
rameters of forage. According to Luczak and
Rogalski (2004) the minimum crude fibre con-
tent should range from 10 to 15% DM. However,
to ensure high digestibility of nutrients and the
proper energy value, the crude fibre levels in
the forage should not exceed 28-30% DM. Ac-
cording to Brzoska and Sliwinski (2011), the in-
creased NDF content lowers the intake of animal
feed, while its larger ADF amounts negatively
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affect digestibility. Therefore, low ADF content is
desirable as it means a higher net energy concen-
tration. However, excessive level of NDF nega-
tively affects the energy intake.

The research was aimed at assessing the
content of individual crude fibre fractions in the
biomass of Lolium multiflorum treated with the
slurry applied together with soil conditioners or
with NPK fertilizers.

MATERIAL AND METHODS

The research was carried out on the basis
of a two-year (2016-2017) field experiment es-
tablished at the experimental facility of Univer-
sity of Natural and Sciences and Humanities in
Siedlce (52°10'N, 22°17'E), with three repli-
cations and a completely randomized design.
The area of an experimental plot was 4.5 m?
(1.5%3.0 m).

The main experimental factor tested in
the research was slurry used separately and
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supplemented with the NPK mineral fertilizers
or soil conditioners with the commercial names
of UGmax and Humus Active. The following
research units were set up: (1) control (no treat-
ment); (2) slurry; (3) slurry + UGmax; (4) slur-
ry + Humus Active; (5) slurry + NPK.

The effect of slurry, soil conditioners, and
mineral fertilisers was tested on the forage
grass of the Lolium multiflorum species of the
Dukat variety. It was planted in autumn 2015
at the sowing standard of 18 kg ha'. The slurry
from dairy cows was used as natural fertiliser.
It was applied each year in a total dose of 30 m?
ha'! divided into three equal parts used before
each growth cycle. The dry matter concentra-
tion of the slurry was 10%, with a narrow ratio
of C:N (8:1), while the concentration of select-
ed macronutrients was as follows (g kg!' DM):
N - 33.0, P,O,~ 16.0, K,O — 16, MgO - 10.0
and Ca —21.0.

Soil conditioners were applied annually be-
fore the growing season at the doses recommend-
ed by the manufacturer, i.e. UGmax — 0.6 dm ha’!,
while Humus Active-50 dm ha™'. Their chemical
composition is presented in Table 1.

Mineral nitrogen was used in the form of am-
monium nitrate (NH,NO,), phosphorus in the form
of triple granular superphosphate (Ca (H,PO,),)
and potassium in the form of potassium salt (KCl)
in the following doses: N — 100, P (P,O,) — 80,
K (K,0) - 120 kg ha'".

Phosphorus was applied once a year before
the first growth cycle, whereas the nitrogen and

Table 1. Composition of soil conditioners

potassium doses were divided into three equal
parts: the first before the start of vegetation, the
second and third before the second and third
growth cycles. The experiment was set up on the
soil with the granulometric composition of loamy
sand, the order of anthropogenic soils, the type
of culture earth soil, and the subtype of hortisole
(PTG 2011).

According to the chemical analysis of the
soil carbon concentration in organic compounds
(C,,) was 14.50 g kg' DM, with total nitro-
gen of 1.36 g kg' DM. The ratio of C:N was
10.6:1, and the pH value was 6.7. The con-
centration of the absorbable forms of phos-
phorus (170.00 mg kg' DM) and magnesium
(84.00 mg kg' DM) was high, with moderate
concentration of potassium (114.00 mg kg' DM).

The hydrothermal conditions were deter-
mined on the basis of the meteorological data
from the Hydrological and Meteorological Sta-
tion in Siedlce. In order to measure the temporal
variability of weather conditions and their effects
on the plant growth and development Sieliani-
nov’s hydrothermal coefficient (Table 2) was de-
termined (Bac et al. 1993). It was calculated using
the monthly sum of atmospheric precipitation (P)
and the monthly sum of average daily air tem-
peratures (Xt), applying the formula: K = P/0.1 Xt
(Skowera and Puta 2004).

In the first year (2016) the optimum ther-
mal and humidity conditions occurred only
in the month of September, with severely wet
May, while June, July, and August, i.e. the most

Soil Macronutrients (g kg™) Micronutrients
condi?il)ner (mg kg™) Microorganism and others
N P K Ca | Mg Na | Mn | Fe | Zn | Cu
Lactic acid bacteria, photosynthetic
UGmax 12| 02 | 29 - 0.1 0.2 | 03 - - - | bacteria, Azotobacter, Pseudomonas, yeast,
actinomycetes
Humus Active | 0.2 13 |46 | 30 | 05 } 15 | 500 | 3 1 Pgrmanent_actlve humus with beneficial

microorganisms

Table 2. The value of Sielianinov’s hydrothermal coefficient (K) in the growing seasons.

Month
vear April May June July August September October
2015 1.36 (0) 1.87(mw) 1.64(mw) 0.59 (sd) 1.92(mw) 0.64 (sd) 0.12 (ed)
2016 1.22 (md) 2.63 (sw) 0.87 (d) 1.08 (md) 0.18 (ed) 1.46 (0) 1.94 (mw)
2017 2.88 (sw) 1.15 (md) 1.08 (md) 0.45 (sd) 0.96 (d) 1.92 (mw) 1.90 (mw)

K < 0.4 extremely dry (ed), 0.4 <K < 0.7 severely dry (sd), 0.7 <K < 1.0 dry (d), 1.0 <K < 1.3 moderately dry
(md), 1.3 <K < 1.6 optimal (0), 1.6 <K < 2.0 moderately wet (mw), 2.0 <K <2.5 wet (w), 2.5 <K < 3.0 severely

wet (sw), K> 3.0 extremely wet (ew)
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important months for plant growth and develop-
ment, were dry, moderately dry, and extremely
dry. In the second year of the experiment, the
period from May to August ranged from moder-
ately dry to severely dry, and the optimum con-
ditions were not recorded during any month of
the growing season.

During the two-year experiment, three har-
vests of grass were collected in each growing
season. Immediately after each harvest, the fresh
matter was weighed, and a sample of 0.5 kg was
collected to determine the yield of dry matter
and to perform the chemical analyses. The crude
fibre and its fraction (NDF, ADF and ADL) con-
tent was measured with the near-infrared spec-
troscopy method (LSDS), using the LSDFlex
N-500 with the ready-to-use INGOT calibration
for dry forage. The method is described in detail
in the Polish standard of PN-EN ISO 12099:2010
and in the literature (Burns et al. 2010; Redder-
sen et al. 2012).

The analysis of variance for a three-factor
experiment was performed to process the re-
sults statistically. The significance of the effect
of various treatments on the value of the param-
eters was checked with the Fisher-Snedecor F
test, and the value of LSD  was verified with

Tukey’s test. The Statistica 6.0-2001 software
package was used for calculations.

RESULTS

The crude fibre content (Table 3) in Lo-
lium multiflorum significantly varied across
harvests. The largest content of the crude fi-
bre with 295.6 g kg'! DM in the first year and
283.3 g kg DM in the second was recorded on
the plot with the slurry applied together with the
Humus Active soil conditioner, while the small-
est was observed in the first year in the plants
treated with slurry alone, with 269.6 g kg DM
, and in the second year on the control plot,
with 265.1 g kg'! DM. The content of the crude
fibre in Lolium multiflorum treated with the
slurry applied together with soil conditioners
was greater than that in the plants treated with
the slurry on its own and the slurry combined
with the NPK fertilizers. The largest and statis-
tically significant crude fibre content across the
growing seasons and harvests was recorded in
the third-cut grass (293.9 g kg'! DM), while it
was the lowest (260.2 g kg' DM) in the grass
of the first harvest.

Table 3. The effect of treatments on crude fibre content in Lolium multiflorum dry matter across harvests and

growing seasons (g kg™).

C:;C;V;/glng Harvest Treatments (A) Means
B) ©) o} 'S S+UGmax S+HA S+NPK
| 268.4 254.6 268.7 279.5 249.3 264.1
I 287.6 270.4 299.9 302.9 288.7 289.9
2016 1] 299.8 284.6 300.4 304.3 312.7 300.4
Means 285.3 269.9 289.7 295.6 283.6 284.8
| 224.7 255.8 265.4 267.6 267.3 256.2
I 275.2 296.1 289.6 290.4 289.4 288.1
207 If 295.3 290.3 294.5 292.0 264.9 287.4
Means 265.1 280.7 283.2 283.3 273.9 277.2
Means across growing 275.2 275.3 286.4 289.5 278.8 281.0
seasons
Means across harvests
| 246.6 255.2 267.1 273.6 258.3 260.2
I 281.4 283.3 294.8 296.7 289.1 289.1
If 297.6 287.5 297.5 298.2 288.8 293.9
LSD, , for: A=NS" B=NS C=132
A/B=NS B/A=NS A/C=NS
C/A=NS B/C=NS C/B=NS

*S — slurry; S +UGmax — slurry + biopreparation UGmax; S + HA — slurry + biopreparation Humus Active; S +

NPK — slurry + mineral fertilizers NPK
** NS — not significiant
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Across the growing seasons, the largest but
non-statistically significant content of neutral
detergent fibre (539.4 g kg DM) was found in
Lolium multiflorum treated with the slurry supple-
mented with the UGmax soil conditioner, with its
lowest amounts (514.6 g kg'' DM) in the control
plants (Table 4).

The NDF content in Lolium multiflorum treat-
ed with slurry supplemented with soil condition-
ers or the NPK mineral fertilizers was higher than
in the grass treated with slurry only. The highest
amount of the NDF fibre across growing seasons
and treatments was recorded in the grass of the
second harvest (549.3 g kg'! DM) and the low-
est in the third (523.6 g kg"' DM). The content of
acid detergent fibre (Table 5) in the grass varied
across the growing seasons. In the first growing
season, the ADF fibre content, the average of the
harvests, was 332.4 g kg'' DM, with 349.4 g kg
DM in the second growing season.

The most ADF fibre in Lolium multiflorum
across the growing seasons was recorded on the
plot with the slurry supplemented with the NPK
fertilisers (344.8 g kg! DM), and the least in the
grass treated with the slurry applied together with
the Humus Active soil conditioner (332.2 g kg
DM). The addition of NPK fertilisers to the slurry

resulted in a slightly higher increase in the ADF
content than the application of the slurry on its
own. The interactive effect of slurry and soil
conditioners was not significantly different from
the effect of the slurry applied on its own. The
increase was higher in the plants treated with
the slurry supplemented with the UGmax soil
conditioner.

The most ADF fibre, the average for treat-
ments and growing seasons, was recorded in the
grass of the second harvest (349.6 g kg’ DM), and
the least in the third harvest (335.1 g kg'' DM).
The content of the acid detergent lignin (ADL)
in Lolium multiflorum (Table 6) was significant-
ly differentiated across the growing seasons and
harvests.

The interaction between the slurry and soil
conditioners or the slurry and the NPK mineral
fertilizers did not significantly affect the content
of the ADL fraction in Lolium multiflorum. Sig-
nificantly more of the ADL fraction was recorded
in the second year (40.9 g kg'! DM) than in the
first (38.1 g kg! DM). Across the harvests, sig-
nificantly more ADL fibre was found in the grass
of the third cut (40.4 g kg' DM) than in the first
one, in which it was the lowest (38.3 g kg'' DM).

Table 4. The effect of treatments on neutral detergent fibre content in Lolium multiflorum dry matter across

harvests and growing seasons (g kg™')

C:;ZV;/Z:? Harvest Treatments (A) Voans
(B) (©) Control 'S S+UGmax S+HA S+NPK

[ 499.6 546.3 533.1 515.3 536.8 526.2

Il 502.7 533.4 532.8 523.4 542.6 526.9

2016 Il 515.4 542.3 534.6 542.6 531.6 533.3

Means 505.9 540.7 533.5 527.1 537.0 528.8

[ 505.5 514.7 564.5 546.2 526.5 531.5

I 555.7 520.1 578.5 555.3 536.7 549.3

2017 1] 508.6 4995 4925 524 544.8 513.9

Means 523.3 511.4 545.2 541.8 536.0 531.5

Means across growing 514.6 526.1 539.4 534.5 536.0 530.2

seasons
Means across harvests

[ 502.6 530.5 548.8 530.8 531.7 528.9

1 555.7 520.1 578.5 555.3 536.7 549.3

n 512.0 520.9 513.6 533.3 538.2 523.6

LSDO0.05 for: A= NS** B=NS C=NS

A/B=NS B/A=NS A/C=NS
C/A=NS B/C=NS C/B=NS

*S — slurry; S +UGmax — slurry + biopreparation UGmax; S + HA — slurry + biopreparation Humus Active; S +

NPK — slurry + mineral fertilizers NPK
* NS — not significiant
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Table 5. The effect of treatments on acid detergent fibre content in Lolium multiflorum dry matter across harvests
and growing seasons (g kg™).

Growing Treatments (A)
season Harvest Means
®8) (©) Control S S+UGmax S+HA S+NPK
| 335.6 326.1 328.2 326.4 325 328.3
2016 1l 349.4 351.9 320.5 320.0 385.1 345.4
Il 352.1 354.1 298.1 298.7 314.6 323.52
Means 345.7 344.0 315.6 315.0 341.6 332.4
| 325.5 353.0 363.7 345.9 349.4 347.5
2017 I 353.8 344.2 373.8 346.1 351.6 353.9
Il 335.0 321.3 378.1 356.2 342.8 346.7
Means 338.1 339.5 371.9 349.4 347.9 349.4
Means across growing 341.9 341.8 343.8 332.2 344.8 340.9
seasons
Means across harvests
| 330.6 339.6 345.9 336.2 337.2 337.9
1] 351.6 348.1 347.2 333.1 368.4 349.6
Il 343.6 337.7 338.1 327.5 328.7 335.1
LSD,, for: A=NS" B=153 C=NS
A/B =NS B/A=NS A/C=NS
C/A=NS B/C=NS C/B=NS

*S — slurry; S +UGmax — slurry + biopreparation UGmax; S + HA — slurry + biopreparation Humus Active;
S + NPK - slurry + mineral fertilizers NPK
** NS — not significiant

Table 6. The effect of treatments on acid detergent lignin content in Lo/ium multiflorum dry matter across
harvests and growing seasons (g kg™)

Growing Treatments (A)
Harvest
season o Means
B8) © Control *s S+UGmax S+HA S+NPK
| 34.8 39.5 38.5 38.7 35.7 374
1] 38.5 359 394 40.1 36.8 38.1
2016
1] 38.4 379 40.9 39.7 37.2 38.8
Means 37.2 37.8 39.6 39.5 36.6 38.1
| 39.1 40.6 39.8 38.5 37.9 39.2
1] 41.6 425 42.1 39.6 42.8 41.7
2017
1 42.6 43.8 40.8 39.7 43.1 42.0
Means 41.1 42.3 40.9 39.3 41.3 40.9
Means across growing 39.2 40.1 40.3 39.4 38.9 39.5
seasons
Means across harvests
| 36.9 40.1 39.2 38.6 36.8 38.3
1] 40.1 39.2 40.8 39.9 39.8 39.9
1] 40.5 40.9 40.9 39.7 40.2 40.4
LSD, . for: A=NS' B= 123 C=183
A/B=35 B/A=2.32 A/C=NS
C/A=NS B/C= NS C/B=NS

*S — slurry; S +UGmax — slurry + biopreparation UGmax; S + HA — slurry + biopreparation Humus Active; S +
NPK — slurry + mineral fertilizers NPK
** NS — not significian
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DISCUSSION

The content of structural carbohydrates (crude
fibre) plays a huge role in animal nutrition. Ac-
cording to Grzelak (2010) the crude fibre content
in the grassland forage intended for feeding ru-
minants should range from 200 to 250 g kg DM.
The shortage of crude fibre in the feed below 160
the g kg! DM causes a decrease in the produc-
tion of animals, while the excessive crude fibre
amounts, above 260 g kg'! DM, cause a sense of
satiety, but do not cover the animal’s nutritional
requirements due to the low energy concentration.
In the present studies Lolium multiflorum biomass
had much higher crude fibre content (on average
from 256.2 to 300.4 g kg') than the optimum set
by Luczak and Rogalski (2004). Therefore, it did
not meet nutritional requirements of ruminants.

Grzelak (2010) points out that the crude fi-
bre is essential for a proper digestion of feed in
the bovine gastrointestinal tract. According to the
animal feeding standards, the minimum quantity
of the crude fibre in the cattle feed should be 13%,
with 18 — 22% for dairy cows. The above figures
are also confirmed by other authors (Wrobel et al.
2010; Wrobel et al. 2013a, b)

According to Kotlarz et Al. (2010) and Grygi-
erzec (2012) the fibre content in hay is much higher
and ranges from 281.1 to 331.8 g kg DM. More-
over, Jankowska-Huflejt and Wrobel (2008) in the
studies carried out on grassland of organic farms
recorded considerably higher (about 300 g kg™)
crude fibre content in the forage. The analysis of
the crude fibre content demonstrated a significant
variation depending on the harvest. On average,
across years and treatments, the largest crude fi-
bre content in the Lolium multiflorum biomass
was found in the third harvest (293.9 g kg') and
the smallest in the first (260.2 g kg™).

The inverse relationship was recorded by
Jankowska-Huflejt and Wrébel (2010) with the
lowest crude fibre content in the third harvest
(261.8 g kg' DM) and the highest in the sec-
ond (313.7 g kg DM). According to Olszewska
(2009), the increased crude fibre content in grass
is the result of the plant reaction to water scar-
city, as confirmed by the studies carried out by
Jankowski and Jodetka (2000), who also noticed
that the increase in the fibre content can be caused
by high temperatures as well. According to Brzos-
ka and Sliwinski (2011), neutral detergent fibre
is particularly important for ruminants as it is a
source of energy for the rumen microorganisms,

gives the forage its structure and is a ballast that
fills up the rumen. In addition, the content of the
neutral detergent fibre (NDF) in the forage al-
lows the farmer to predict the intake of the feed
(Aufrere et al. 2008). The desired content of this
parameter in hay for dairy cattle is approximately
400 g "kg' (Mertens 2012).

In addition, Rodrigues et al. (2008), Salama et
al. (2009), Bélanger et al. (2013) and Stejskalova
et al. (2013), point out that both the NDF and
ADF fractions used in place of the crude fibre or
alongside it are important elements in the modern
systems of feeding animals, especially cows. The
present studies demonstrated that the content of
the NDF fraction was not significantly differen-
tiated by the treatments and was in the range of
514.6 to 539.4 g kg! DM. Thus, it fulfilled the
feed requirements provided by Mertens (2012) as
well as by Brzoska and Sliwinski (2011).

The content of the NDF fraction in the forage
from a permanent meadow recorded by Grzelak
and Bocian (2009) was lower and ranged from
411.8 t0 501.0 g kg DM. In turn, Jankowska-Hu-
flejt and Wrobel (2008) found significantly higher
levels of NDF in forage from organic grasslands
ranging from 513.5 to 616.1 g kg' DM

In the present studies, the slurry applied with
mineral fertilisers and soil conditioners contrib-
uted to a slight increase in the content of the NDF
fraction of the grass species. In turn, in the stud-
ies conducted by Wrobel et al. (2013) on meadow
forage, slurry and manure significantly reduced
the content of the NDF fraction.

Another fraction of the crude fibre is the acid
detergent fibre (ADF). The optimum content of
the acid detergent fibre in forage should range
from 190 to 210 g kg' DM (Linn and Martin
1989). However, when it is higher, it causes a de-
terioration in the fodder digestibility. The content
of ADF was similar in the meadow hay studied by
Grzelak and Bocian (2009) and Grzelak (2010).
The results of the present experiment showed no
significant effect of the interaction between the
slurry and the NPK fertilizers or the slurry and
soil conditioners on the ADF content in the grass.

The content of the ADF fraction recorded
in the present experiment is much closer to that
of Tomic et al. (2012) and is on average in the
range 0f 335.1 in the third harvest to 349.6 gkg!
DM in the second. According to Kotlarz (2010)
the content of acid detergent lignin (ADL) can
be used as an indicator of the plant lignification
process advancement and an increased content
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of this parameter in forage significantly reduc-
es its digestibility. In the present experiment,
the content of the acid detergent lignin in the
Lolium multiflorum biomass across the growing
seasons and treatments was 39.5 g kg! DM.

The impact of the slurry and its interac-
tion with soil conditioners and its interaction
with the NPK fertilizers on the ADL fraction
in Lolium multiflorum was negligible and am-
biguous. However, the content of the ADL frac-
tion varied across the consecutive harvests of
the same growing season. It was at its highest
(40.4 g kg'! DM) in the third harvest and at its
lowest (38.3 g kg' DM) in the first. Barszcze-
wski et al. (2010) recorded the ADL fraction
content in meadow sward ranging from 37.6 to
52.9 g kg'' DM. The larger content of this frac-
tion was in the plants of the second harvest and
the lowest in the first and third.

CONCLUSIONS

The crude fibre content in Lolium multiflorum
significantly varied across harvests. The slurry
and its interaction with soil conditioners and min-
eral fertilizers did not have a significant effect on
the quantity of this parameter in the harvested
biomass, although its content was higher when
the plants were treated with the slurry supple-
mented with soil conditioners.

The content of the NDF fraction was not sig-
nificantly affected by the experimental factors
and was in the range of 514.6 to 539.4 g kg'! DM.
The interaction between the slurry, mineral fertil-
izers and soil conditioners contributed only to a
slight increase in the content of the NDF fibre in
the grass on the control plot and on that treated
with the slurry alone.

The effect of the interaction between the
slurry and soil conditioners on the ADF and ADL
fibre content in the grass was not reported. How-
ever, this content varied significantly across the
growing seasons, with unfavourable temperature
and rainfall throughout both of them.
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