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Abstract: This paper deals with the effects of slurry, soil conditioners, and mineral fertilizers on
Festulolium braunii fiber content. The field studies with three replications and a completely randomized
design lasted two years (2016-2017). The effects of slurry applied on its own or in combination
with mineral fertilizers and with two products improving soil properties was tested on the Sulino
cultivar of F. braunii, a forage grass species. The results of the studies demonstrated that crude fiber
content of F. braunii significantly varied across harvests. The treatment also significantly affected
neutral detergent fiber (NDF) fraction content in the biomass. Due to an interaction effect, its amounts
in grass treated with the combination of slurry and UGmax, a product improving soil properties,
increased by 10% when compared to plants treated with slurry only, and the addition of Humus
Active, another product improving soil properties, increased it by 7%, while the addition of mineral
fertilizers did so by only 4%. The amounts of acid detergent fiber (ADF) in F. braunii significantly
varied across growing seasons. However, none of the research factors significantly affected the
amounts of acid detergent lignin (ADL).

Keywords: fiber; natural fertilizer; forage grasses

1. Introduction

Structural carbohydrates, also referred to as crude fiber, are sugars including cellulose, hemicellulose,
lignin, and pectinic substances [1]. They have a significant impact on the amounts of nutrients in forage
and, consequently, on livestock productivity [2]. Crude fiber content of the biomass varies across the
harvests of the same growing season, and it depends mainly on the plant species, its cultivar, and age [3],
as well as on fertilizer treatment, or the volume of atmospheric precipitation [4,5]. Luczak and Rogalski [1]
report that minimum crude fiber content in dry matter is 10-15%. For maintaining proper digestibility
and high energy value of nutrients, it should not be higher than 28-30%.

There are three fiber fractions: neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid
detergent lignin (ADL). NDF contains cellulose, hemicelluloses, and lignin, ADF contains cellulose
and lignin without tannins, and ADL contains lignin, cutin, and ash. Increased NDF content in the
forage reduces its intake [6-10], while the amount of the ADF fraction is negatively correlated with its
digestibility [10]; its low content increases net energy concentration [11].

An important species of fodder grasses is Festulolium braunii, a cross between Festuca pratensis and
Lolium multiflorum. This grass produces higher yields of better quality than the species from which it
originates [12]. In addition, it is drought resistant and grows very well when planted on its own in
arable fields [13].

The purpose of this study was to assess the proportions of crude fiber fractions in Festulolium
braunii treated with slurry on its own and combined with soil conditioners or mineral fertilizers.
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When conducting the studies, the following research hypotheses were adopted:

(1)  Slurry supplemented with soil conditioners as well as slurry supplemented with mineral NPK
fertilizers will have a more beneficial effect on the content of raw fiber and its fractions in
Festulolium braunii than slurry applied on its own.

(2)  Slurry supplemented with soil conditioners will have a more positive effect on the content of
fiber fractions in Festulolium braunii than slurry used in combination with NPK mineral fertilizers.

2. Material and Methods

The two year (2016-2017) research was set up in the experimental field of University of Natural
Sciences and Humanities in Siedlce, Poland (52°10’ N, 22°17” E). The Sulino cultivar of Festulolium
braunii, a forage grass, was used to study the effect of the research variables. The experiment started in
the autumn of 2015, when the plants were sown at a recommended rate of 18 kg ha™!.

2.1. Experimental Design

The experiment, with 4.5 m? (1.5 X 3.0 m) plots, was replicated three times, with a completely
randomized design. The main variable was slurry used on its own and together with soil conditioners
(UGmax and Humus Active), or mineral fertilizers (NPK), with the following combinations: (O) control
plot (no treatment); (S) slurry; (S + UGmax) slurry + UGmax; (S + HA) slurry + Humus Active;
and (S + NPK) slurry + NPK.

2.2. Soil and Treatments

The experiment was conducted on loamy sand soil, which, according to Polish Soil Classification,
was of the anthropogenic order, culture earth type, and hortisole subtype [14]. With pH of 6.7 and its
C:N ratio of 10.6:1, the soil contained 14.50 g kg™'DM of organic carbon, 1.36 g kg™ DM of total nitrogen,
170.00 mg kg~ !DM of available phosphorus, 84.00 mg kg ~'DM of magnesium, and 114.00 mg kg~ 'DM
of potassium.

Soil conditioners, the compositions of which are presented in Table 1, were used every year in
early spring at the following doses, according the producer’s recommendations: UGmax—0.6 L ha™!;
Humus Active—50 L ha™!. Slurry, produced by dairy cows, was applied three times during each growing
season at 30 m® ha™!. Its C:N ratio of 8:1 was narrow, and it contained 10% of dry matter, N-33.0 g kg ~'DM,
P,05-16.0 g kg 7' DM, K,0-16 g kg~'DM, MgO-10.0 g kg~!DM, and Ca-21.0 g kg 'DM.

Table 1. Soil conditioner composition.

Macronutrients Micronutrients
Soil Conditioner (gkg™) (mg kg1) Microorganism and Others

N P K Ca Mg Na Mn Fe Zn Cu

Azotobacter, Pseudomonas,
yeast, actinomycetes, lactic

UGmax 1.2 02 29 - 01 02 03 - - . .
acid bacteria,
photosynthetic bacteria,
Humus Active 02 13 46 30 05 - 15 500 3 active humus with

beneficial microorganisms

The following amounts of mineral fertilizers were applied each growing season: 100 kg ha~! of
ammonium nitrate (NH4NO3): 80 kg ha™! of triple granular superphosphate (Ca(HyPOy);); 120 kg ha™!
of potassium salt (KCl). The doses of nitrogen and potassium were divided into three parts, applied before
each growth cycle, while phosphorus was applied once, before the start of the growing period.
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2.3. Weather Conditions

The experiment was established in autumn 2015, and in 2016 the plants were fully developed.
The Hydrological and Meteorological Station in Siedlce provided meteorological data, based on which
Sielianinov’s hydrothermal coefficient (Table 2) was calculated [15] to study temporal variability of the
weather and its effects on plant growth and development. To calculate the coefficient (K) the following
formula was used [16]:
K=P/0.1%t

where P—total monthly rainfall; ¥t—monthly sum of average daily air temperatures.

Table 2. Sielianinov’s hydrothermal coefficient (K).

Month
Year
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 (o) 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).

During the growing season (2016) the best weather conditions were only in September, while May
was severely wet. June, July, and August, all three being very important months for grass growth, were dry,
moderately dry, and extremely dry, respectively. During the next growing season (2017) the period from
May to August was moderately dry and severely dry, with no optimum conditions recorded.

2.4. Determination Methods

Each growing season the grass was harvested three times. Plant material was collected and
appropriately prepared to obtain a representative sample. The fresh matter yield was determined,
and a 0.5 kg sample was collected to determine the content of dry matter. At the same time, crude fiber,
and fiber fraction (NDF, ADF, and ADL) content was measured by means of near-infrared spectroscopy
(the Polish standard PN-EN ISO 12099:2010), marked with the autoanalyzer of the Swiss company
Biichi using the LSDFlex N-500 and INGOT forage calibrations for dry grass [17,18].

2.5. Statistical Analysis

The following research variables were considered in the experiment: (A)—treatments (5 levels),
(B)—growing seasons (2 levels), and (C)—grass growth cycles (3 levels). One factor analysis of variance
for replicates in the experiment did not show any significant differences between them.

The results were statistically processed using a three-factor analysis of variance according to the
mathematical model [19]:

Yijp =m+a; + g + ei/jl/ + by +aby + el./ﬂZ/ + ¢p +aci + bey, + AA + ei/j?p/
where y;;,—the value of the variable for the i-th level of factor A and p-th level of factor C for the j-th
replicate; m—the mean of research; 4;, b;, c,—the effects of factors; g]-—the effect of the j-th replicate;
abjy, aciy, bep,—the effects of the interaction of two factors; abc;j,—the effect of the interaction of three
factors; el./].l/ , ei/le/ , ei/].?p/
j=1,2,...,n,n—the number of replicates;1 =1, 2, ... , b, b—the number of levels of factor B;and p =1,
2, ... ,c, c—the number of levels of factor C.

All calculations were carried out using Statistica 6.0-2001 [20]. In order to compare means, Tukey’s
test at 0.05 probability level was used.

—the effect of random factor;i=1, 2, ..., a, a—the number of levels of factor A;
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3. Results

On average, across growing seasons, crude fiber content in plants on plots where slurry was applied
together with the UGmax and Humus Active soil conditioners was slightly smaller (approximately 1.6
and 3.4%, respectively) than in plants treated with slurry on its own. The biomass from plots treated
with slurry with the addition of mineral fertilizers contained more than 3% of crude fiber compared to
the plants treated with slurry only. Crude fiber content in Festulolium braunii (Table 3) significantly
varied only across harvests.

There was a 2-5% decrease, average of growing seasons, in crude fiber content in plants from the
first harvest on plots treated with slurry combined with soil conditioners and slurry supplemented
with mineral fertilizers. A different response to the same treatment was observed in the second harvest.
The combination of slurry with soil conditioners slightly increased fiber content, but when used
together with mineral fertilizers it increased the content by 7% compared to plots where slurry was
used on its own. Slurry supplemented with the UGmax and Humus Active soil conditioners reduced
raw fiber content by 4.5 and 6.5% (average of the experiment), respectively, compared to slurry used
together with mineral fertilizers.

On average the highest crude fiber content was in the grass of the second harvest and the smallest
in the first. The content was higher (by 4%) in the first year than in the second.

The content of neutral detergent fiber in Festulolium braunii significantly varied depending on
the treatment (Table 4). At the same time, according to statistical analysis, the interaction between
treatments and growing seasons had a significant impact on this content.

The largest NDF content, average of growing seasons, was in plants treated with slurry combined
with UGmax, about 10% higher than on plots with slurry alone. The combined application of the Humus
Active soil conditioner resulted in approximately 7% higher content of NDF in Festulolium braunii
than when it was treated with slurry only. Plants treated with slurry supplemented with mineral
fertilizers contained 4% of NDF more than those treated with slurry only. The interaction of slurry with
UGmax and Humus Active soil conditioners also increased NDF content by 2.6 and 5.2%, respectively,
compared to the effect of slurry supplemented with mineral fertilizers.

In individual harvests, the most NDF fraction was also recorded in the biomass from plots treated
with slurry supplemented with the UGmax soil conditioner. In the second harvest in the biomass
from the same plots a 12% increase in comparison to the plants treated with slurry only was reported.
On average, the largest content was found in the second harvest, the smallest in the third. NDF content
was higher in the first year than in second.

The amounts of ADF in Festulolium braunii were significantly different in both growing seasons,
higher in the second one than in the first (Table 5). In addition, there was a significant interaction
between treatments and growing seasons, affecting the content of this fiber fraction.

Across treatments, the largest ADF content was found in the plants treated with slurry only,
however combining slurry with soil conditioners resulted in its reduction (for UGmax by 8%, for Humus
Active by 12.0%). NPK fertilizers reduced it by 9.0% compared to plants treated with slurry; the analysis
of harvests across the growing seasons showed a similar dependence. There were no significant
differences between ADF fiber content in Festulolium braunii treated with slurry combined with soil
conditioners and in plants treated with slurry supplemented with NPK mineral fertilizers.

The greatest amount of the ADF fraction in Festulolium braunii was in the third harvest of 2017,
but, on average, over growing seasons its lowest amounts were in the plants of the third one, with
the largest in the second. The content of acid detergent lignin in the plants did not significantly vary
across experimental factors (Table 6).
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Table 3. The effect of treatments on mean crude fiber content in Festulolium braunii dry matter across grass growth cycles and growing seasons (g-kg™!).

Growing Season Grass Growth Cycle Treatments (A)

M Significance
(B) © *O  *S *S+UGmax *S+HA *S+NPK 8
I 273.5 284.6 269.2 256.5 272.7 271.3
II 311.5 313.5 310.5 299.4 324.5 3119 $ C/B = NS **
2016 III 315.1 318.7 312.8 278.5 319.0 308.8
Means
Significance *** & A/B = NS 300.0 305.6 297.5 278.1 305.4 297.3 I B=NS
| B/A =NS
I 276.5 265.2 255.2 280.4 268.5 269.2
II 300.1 288.3 297.6 312.8 321.3 304.0 1 C/B=NS
2017 111 235.7 295.9 2935 276.8 315.7 283.5
Means
Significance & A/B = NS 270.8 283.1 282.1 290.0 301.8 285.5 1B =NS
1T B/A =NS
Means across growing seasons 2854 2945 289.8 284.5 303.6 291.4
Significance A = NS
Means across grass growth cycles
I 2750 2749 262.2 268.5 270.6 270.2b
I 305.8 300.9 304.1 306.1 3229 307.9a $1C=183
III 275.4 307.3 289.8 277.7 3174 293.5a
Significance & A/C = NS
I C/A=NS

(A)—treatments; (B)—growing season; (C)—grass growth cycle; * O—control treatment (without fertilization); S—slurry; S + UGmax-slurry + UGmax soil conditioner; S + HA—slurry +
Humus Active soil conditioner; S + NPK—slurry + mineral NPK fertilizers; ** NS—not significant; *** { <> | T—the direction of comparisons; **** means marked with the same letters do
not differ significantly.
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Table 4. The effect of treatments on mean neutral detergent fiber (NDF) content in Festulolium braunii dry matter across grass growth cycles and growing seasons

(kg™
Growing Season Grass Growth Cycle Treatments (A) S
Means Significance
(B) © *0 *S *S+UGmax *S+HA *S+NPK
I 499.6  506.5 573.5 515.3 553.2 529.6
1II 498.7  521.3 586.3 523.4 543.6 534.7 T C/B=NS**
2016 I 5034  536.4 566.3 542.6 538.7 537.5
Means 500.6 5214 575.4 527.1 545.2
Significance *** < A/B = 48.3 b #xx* b a ab a 533.9 1B =NS
1 B/A =322 a a a b a
I 499.8 5120 545.5 589.5 504.9 530.3
I 503.7  498.8 555.7 566.4 522.7 529.5 $C/B=NS
2017 I 4555 4811 524.4 526.2 513.9 500.2
Means 486.3  497.3 541.9 560.7 513.8
Significance &> A/B = 48.3 b b a a ab 520.0 TB=NS
1 B/A =32.2 a a b a a
Means across growing seasons 4935  509.4 558.7 543.9 529.5 506.9
Significance & A =37.1 b b a a ab ’
Means across grass growth cycles
I 499.7  509.3 559.5 552.4 529.1 529.9
I 501.2  510.1 571.0 544.9 533.2 532.1 IC=NS
I 479.5  508.8 545.4 534.4 526.3 518.9
Significance & A/C = NS
$C/A=NS

(A)—treatments; (B)—growing season; (C)—grass growth cycle; * O—control treatment without fertilization); S—slurry; S + UGmax—slurry + UGmax soil conditioner; S + HA—slurry +
Humus Active soil conditioner; S + NPK—slurry + mineral NPK fertilizers; ** NS—not significant; *** <> | T—the direction of comparisons; **** means marked with the same letters do
not differ significantly.
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Table 5. The effect of treatments on mean acid detergent fiber (ADF) content in Festulolium braunii dry matter across grass growth cycles and growing seasons (g-kg™').

Growing Season Grass Growth Cycle

Treatments (A)

M Significance
(B) ©) *O  *S *S+UGmax *S+HA *S+NPK  °° 8

I 346.3 372.3 312.6 299.8 340.6 334.3

II 352.4 382.6 345.0 286.7 325.9 338.5 T C/B = NS **
2016 11T 355.5 372.6 298.0 298.0 299.6 324.7

Means 351.4 375.8 318.5 294.8 322.0
Significance *** & A/B =42.6  ab **** a bc C bc 332.5b 1B =16.9
1 B/A =282 a a b b a
I 336.8 351.7 362.5 376.0 337.5 352.9
II 334.9 346.8 353.8 361.2 356.4 350.6 1 C/B=NS
2017 111 370.5  361.6 358.5 338.1 343.1 354.4
Means 347.4 353.4 358.3 358.4 345.7
Significance & A/B = 42.6 a a a a a 352.6a 1B =16.9
1 B/A =282 a a a a a
Means across growing seasons 3494 364.6 338.4 326.6 333.9 3426
Significance & A = NS
Means across grass growth cycles
1 341.6 362.0 337.6 337.9 339.1 343.6
1I 343.7 364.7 349.4 323.9 341.2 344.6 I C=NS

11T 363.0 367.1 328.3 318.1 321.4 339.6

Significance & A/C = NS
I C/A=NS

(A)—treatments; (B)—growing season; (C)—grass growth cycle; * O—control treatment (without fertilization); S—slurry; S +UGmax-slurry + UGmax soil conditioner; S + HA—slurry +
Humus Active soil conditioner; S + NPK—slurry + mineral NPK fertilizers; ** NS—not significant; *** { < | T—the direction of comparisons, **** means marked with the same letters do

not differ significantly.
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Table 6. The effect of treatments on mean acid detergent lignin (ADL) content in Festulolium braunii dry matter across grass growth cycles and growing seasons (g-kg ™).

Growing Season Grass Growth Cycle Treatments (A)

Means Significance
(B) © *O  *S *S+UGmax *S+HA *S+NPK &
I 394 40.1 42.6 423 40.6 41.0
I 42.3 423 43.8 42.8 423 42.7 $C/B=NS**
2016 I 429 40.6 43.6 435 42.6 42.6
Means
Significance *** & A/B = NS 41.5 41.0 43.3 42.9 41.8 421 IB=NS
1 B/A=NS
I 43.6 413 37.6 45.2 421 41.9
II 45.6 42.8 42.7 424 43.1 43.3 TC/B=NS
2017 I 45.9 40.7 41.2 38.6 446 422
Mean
Significance & A/B = NS 45.0 41.6 40.5 421 43.3 425 TB=NS
1T B/A =NS
Means across growing seasons
Significance «» A = NS 43.3 413 41.9 42.5 42.6 423
Means across grass growth cycles
I 41.5 40.7 40.1 43.8 41.4 415
I 43.9 42.6 433 42.6 42.7 43.0 IC=NS
I 444 40.7 42.4 411 43.6 424
Significance & A/C = NS
I C/A=NS

(A)—treatments; (B)—growing season; (C)—grass growth cycle; * O—control treatment (without fertilization); S—slurry; S +UGmax-slurry + UGmax soil conditioner; S + HA—slurry +
Humus Active soil conditioner; S + NPK—slurry + mineral NPK fertilizers; ** NS—not significant; *** { < | T—the direction of comparisons.
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There was no significant interaction between slurry and soil conditioners affecting ADL content,
which was not significantly different from that in plants treated with slurry on its own and slurry with
mineral fertilizers. It was the largest in the second harvest and the lowest in the first, but ADL average
amounts in both growing seasons were comparable.

4. Discussion

Stachowicz [21] reported that crude fiber content in forage for ruminants should range from
200 to 250 g kg"'DM. Additionally, Staniak and Ksiezak [22] argued that amounts of crude fiber
exceeding 260 g kg ' DM caused the feeling of satiety, but because of the low energy value of the forage,
nutritional requirements were not met.

It was found that the interaction of slurry and soil conditioners resulted in more favorable raw
fiber content than in plants treated with slurry on its own, or with slurry combined with mineral
fertilizers, which confirms the second research hypothesis. In effect the grass treated with slurry and
soil conditioners contained the amount of nutrients which, according to Staniak and Ksiezak [22] and
Brzéska and Sliwinski [11], was more favourable.

In the present research crude fiber content of Festulolium braunii ranged within 260.0-310.0 g kg™!
and was above the standard set by Stachowicz [21], which was undoubtedly caused by very adverse
temperature and water conditions in both growing seasons. In the first one (2016), optimal weather
conditions were only in September. May was very wet, while June, July, and August, months with
the greatest impact on plants, were fairly dry, dry, and extremely dry, respectively. During the next
growing season (2017) the dry period lasted from May to August, and in other months the weather
conditions were not conducive to plant growth either.

According to Grzelak [23], the minimum amount of fiber in forage for cattle should be 13%,
while for dairy cows it should range from 18% to 22%. The results of the present studies were also
confirmed by other authors [24-26]. Many of them [27-29] reported a much higher fiber content in hay,
from 281.1 to 331.8 g kg~ !DM. Additionally, Jankowska-Huflejt and Wrébel [30] in their research on
organic grassland recorded 300 g kg™! of crude fiber in the forage.

Crude fiber content of Festulolium braunii significantly varied across harvests. Its smallest content
in both years was in the first harvest. Water scarcity affects crude fiber content of grass, and according
to Olszewska [31], a decrease in the amount of fiber caused by drought depends on the species of
grass. On the other hand, Jankowski and Jodetka [32] suggested that high temperatures might increase
fiber content. This was confirmed in the present studies, with the highest fiber content of Festulolium
braunii in the second harvest of 2016, when air temperatures were high, reaching the average of 21 °C
in August.

Neutral detergent fiber content in forage is strictly dependent on the harvest and, especially, on
thermal conditions [28]. Its content in hay for dairy cows should be about 400 g kg_1 [33]. In the
present studies, being generally higher than that recommended by Mertens [33], NDF content was
significantly differentiated by treatments in both years of the experiment, but it complied with the
feed requirements provided by Brzéska and Sliwiriski [11]. The increase in NDF content was higher in
plants treated with slurry and soil conditioners than in those treated with slurry on its own and slurry
combined with NPK.

In the present research, both slurry combined with soil conditioners, and with mineral
fertilizers, contributed to an increase in NDF fraction content in grass. However, studies on meadow
plants conducted by Wrobel et al. [26] showed that the use of manure and slurry resulted in its
significant reduction.

The components of acid detergent fiber such as cellulose, lignin, and silica are the least
digestible [11]. Their optimum content in forage should range from 190 to 210 g kg~'DM, as elevated
values deteriorate its digestibility. Similar content of the ADF fraction in Festulolium braunii was
reported by Sosnowski [34] in an experiment with the UGmax soil conditioner and mineral fertilizers.
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Jankowska [35] reports that increasing nitrogen doses contribute to reducing the proportion of the
ADF fraction in meadow hay. This was reflected in the present research, where integrated application
of slurry with mineral fertilizer and slurry with soil conditioners also resulted in a reduction of the
ADF amounts in grass.

The average content of the ADF fraction ranging from 320.0 to 350.0 g kg~ was similar to that
observed by Tomic et al. [36]. The interaction between slurry and soil conditioners or mineral fertilizers
affected ADF content more than the use of slurry on its own. In turn, the content of the ADL fraction
in Festulolium braunii was 4045 g kg™'DM and was comparable to that of Sosnowski [34] as well as
of Wrébel et al. [26] in their experiment on another variety of the grass. Slurry combined with soil
conditioners had no higher effect on ADL content in the grass than slurry used on its own or with NPK.

5. Conclusions

Crude fiber content in Festulolium braunii varied significantly across harvests. Slurry applied
together with mineral fertilizers (NPK) resulted in a 7% increase in crude fiber content compared to
plants treated with slurry only. The treatment significantly influenced NDF content in Festulolium braunii.
It increased by 10% in plants treated with the combination of slurry and mineral fertilizers. The content
of the ADF fraction in Festulolium braunii significantly changed across the growing seasons. Compared to
plants treated with slurry only, slurry supplement with both soil conditioners or with mineral fertilizers,
decreased ADF content in the biomass. The content of acid detergent lignin in the grass did not reveal
a significant differentiation as a response to treatments.

Slurry applied together with soil conditioners affected raw fiber content, including that of NDF and
ADF fractions, more than slurry combined with mineral fertilizers, although the differences were not
always significant. To a large extent, the interaction between treatments and growing periods affected
this content, this way reflecting the difficult meteorological conditions throughout the experiment.
The results clearly indicated that there was a need for further research into the possibility of replacing
mineral fertilizers with soil conditioners, which would be of great ecological importance.
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