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Abstract. A three-year field experiment was set up in the experimental facility of the University
of Natural Sciences and Humanities in Siedlce (52°12'N, 22°28'E) in the autumn of 2011. It was car-
ried out in a split-plot design, in three replicates, with plots of 3 m? as experimental units. The purpose
of the research was to examine whether soil conditioners (UGmax, Eko-Uzyzniacz, Humus Active
Papka) available on the market and used in farming substantially increase the yield of dry matter,
together with total protein and soluble carbohydrate content, in selected grass species (Dactylis glom-
erata L., Lolium perenne L.). Out of all treatments, UGmax with mineral fertilisation increased the
yield of dry matter, total protein, and soluble carbohydrates to the highest level. The soil conditioners
applied in the experiment positively affected the content of nutrients, which could have contributed to
an increase in forage intake by animals. These results confirm the advantages of their use in organic
farming, creating the possibility of a partial reduction of mineral fertilisers use.
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INTRODUCTION

Grass is one of the most important crops in many parts of the world, with its cell
wall components making it essential animal feedstuff (Vogel 2008). What decides
about good nutritional value of grass and affects its palatability is large protein and
simple sugar content with relatively low amounts of crude fibre and its fractions
(Bertilsson et al. 2017). Apart from roughage such as grass, farmers also use sup-
plements to provide animals with optimal amounts of protein. However, they are
usually more expensive than good forage containing similar amounts of nutrients
(Elsaesser et al. 2014, Huhtanen and Broderick 2016). Literature reports indicate
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that forage yield, and at the same time protein yield, per hectare is variable, not al-
ways high, which may have a significant impact on the performance of grass-based
dairy farms. Therefore, the question of increasing the amount of protein produced
per hectare is an important issue for such farms, raised in numerous publications
(Peyraud et al. 2014, Peyraud and Peeters 2016, Johansen et al. 2016).

Soluble sugars not only improve grass taste, increasing forage consumption by
animals, but their high concentration in the tissues of leaves and stalks results in
better digestion of protein and, consequently, positively affects meat and milk pro-
duction (Wilkins and Humphreys 2003). According to literature (Robins et al. 2016,
Sanada et al. 2010), soluble carbohydrates, along with improving forage quality,
increase resistance to abiotic stress.

The way how animals are fed, whether in the production process compound feed
has been used or only natural forage, is of growing interest among people consuming
animal products. In organic farming the use of mineral fertiliser is unacceptable and
therefore this type of farms highly depend on ecosystem processes that occur spon-
taneously (Brossaard er al. 2007). To support those processes many products called
soil conditioners, the composition of which is based on useful micro-organisms,
seaweed extracts, and humus, have been authorised for use in organic agriculture
(Daly and Stewart 1999, Szczepanek and Wilczewski 2011, Sosnowski 2012). The
purpose of the research was to examine whether soil conditioners available on the
market and used in farming substantially increase the yield of dry matter, together
with total protein, and soluble carbohydrate content in selected grass species.

MATERIAL AND METHODS
Experiment location

The three-year field experiment was set up in the experimental facility of the
University of Natural Sciences and Humanities in Siedlce (52°12'N, 22°28'E) in
the autumn of 2011. It was carried out in a split-plot design, in three replicates, with
plots of 3 m* as experimental units. The soil of the plots had granulometric compo-
sition of loamy sand, belonging to the order of anthrosol, the type of culture earth,
and the subtype of hortisols (Polish Soil Classification 2011).

Chemical analysis of the soil showed that organic carbon content (C,,) was
13.50 g kg”' DM, with total nitrogen content of 1.30 g kg”' DM. The ratio of car-
bon in organic compounds to total nitrogen (C:N) in the soil was 10.3:1, and pH
was 6.8. The concentration of total forms of other macronutrients was high (g kg’
DM): P-0.75; K- 1.12; Ca — 1.80; Mg — 1.20; Na — 0.15, and the concentration
of micronutrients was the following (mg kg™ DM): Fe — 4562.80; Mn — 156.20;
Cu—5.60; Zn — 14.50.
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Experimental factors

The main factors in the experiment were soil conditioners with the trade names
of UGmax, Eko-Uzyzniacz, and Humus Active Papka, applied separately and sup-
plemented with NPK fertilisers. These conditioners were tested on two species of
fodder grass — Dactylis glomerata L. var. Bora and Lolium perenne L. var. Info.

According to the Institute of Soil Science and Plant Cultivation in Putawy, soil
conditioners improve soil properties. They were used annually in the spring before
the growing season in the following doses: UGmax — 0.6 1 ha™', Eko-Uzyzniacz
— 151 ha'!, Humus Active Papka — 50 1 ha™'. The UGmax soil conditioner is an
extract from compost, containing macronutrients (N, P, K, Mg, Na) and micronutri-
ents (Mn). It also contains lactic acid bacteria, photosynthetic bacteria, Azotobacter,
Pseudomonas, yeast, and Actinomycetes (Tab. 1). The microorganisms in the con-
ditioner have a capacity of processing organic and natural fertilisers into compost
and humus. These processes are conducive not only to the production of humus but
also to improving soil structure, which in turn has a positive effect on water balance
in the soil. In addition, the UGmax soil conditioner increases disease resistance,
keeping plants healthy, but it also stimulates the development of the root system
and supports the biological reduction of molecular nitrogen.

Table 1. Ingredients of the soil conditioners

Macronutrients Micronutrients
Soil conditioner (g kg™ (mg kg™ Microorganisms and others
N P K Ca Mg Na Mn Fe Zn Cu Mo
Humus . .
Active Papka 02 13 4630 05 — 15500 3 1 - Acuvrflilz‘r‘(‘::)‘fawn?sl;‘fef“l
(HA) .
Eko-UzyzZniacz 06 03 07 — — — — _ _ _ _ Endo micorrhiza, fungi, bacteria,
(EU) ’ T enzymes of earthworms
lactic acid bacteria,
UGmax photosynthetic bacteria,
(UG) 120229 = 010203 = - - - Azotobacter, Pseudomonas,

yeast, Actinomycetes

Humus Active Papka contains macronutrients (N, P, K, Ca, Mg), trace ele-
ments (Mn, Fe, Zn, Cu), and active humus with useful microorganisms (Tab. 1).
According to the manufacturer, Humus Active Papka, among other beneficial ef-
fects, positively affects plant health as well as soil structure, and releases nutrients
not readily available to plants.

Eko-Uzyzniacz is extracted from bovine vermicompost and contains the main
macronutrients (N, P, K), microorganisms, and enzymes related to the metabolism
of earthworms (Tab. 1). This soil conditioner stimulates biological life in soil de-
graded chemically, mechanically or biologically, and increases plant resistance to
different stress factors.
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Mineral nitrogen, phosphorus and potassium (NPK) fertilisers were used in the
following doses: N — 150, P (P,0s) — 80, K (K,0) — 120 kg ha'. Mineral nitrogen
was applied in the form of ammonium nitrate (NH,;NOs), phosphorous in the form of
triple superphosphate granulated (Ca (H,PO,),), and potassium in the form of high
percentage potassium chloride (KCI). Phosphorus fertilisation was applied once in
the spring, while nitrogen and potassium doses were split into three equal parts: first
before the growing season, second and third after the first and second harvest.

Weather conditions

In order to determine temporal variation of meteorological elements and their
effects on vegetation, the Sielianinov hydrothermal coefficient was calculated on
the basis of monthly sums of precipitation and monthly sum of air temperature
(Skowera and Puta 2004). The values of Sielianinov hydrothermal coefficient for
individual months in the experimental period are shown in Table 2. In the first year
(2012), optimal temperature and precipitation were noted only in June and October.
In the remaining months of that growing season the conditions were dry or ex-
tremely dry. In the following years, dry periods were followed by wet ones, with
the best conditions only in April 2013, April 2014, and in July 2013.

Table 2. Sielianinov hydrothermal coefficient (K) values during the growing seasons

Year Months
vV \ VI VII VIII IX X
2012 1.12 (md)  1.22 (md) 1.56 (0)  0.69 (std) 0.94 (d) 0.27 (sd) 1.32 (o)
2013 1.60(0) 2.20(w) 1.80(mw) 1.50(0)  0.25(sd) 2.70 (vw) 1.22 (md)
2014 1.53 (0) 229(w) 120(md) 0.16(sd) 1.95(mw) 0.59 (std)  0.13 (sd)

sd — severe drought; std — strong drought; d — drought; md — moderate drought; o — optimal; mw —
moderately wet period; w — wet period; vw — very wet period

The best hydrothermal conditions occurred in the first half of the growing period,
regardless of the year of the experiment. Throughout the experiment, during one third
of the growing seasons there were extreme weather conditions, mainly from July to
September, ranging from severe or strong drought to wet and very wet periods.

Analysis

Dry matter yield was determined with the drying and weighing method. Content
of protein and simple sugars in plant material was measured with near-infrared
spectroscopy using the LSDFlex N-500 spectrometer, with the INGOT calibration
package for dry feed. Based on the dry matter concentration of protein and sugars,
protein and soluble carbohydrate yields were calculated.
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Statistical analyses

The results of the research were processed statistically using three-factor analy-
sis of variance. Verification of the significance of the impact of experimental factors
on tested characteristics was done with the Fisher-Snedecor test, and Tukey’s test
was used to evaluate differences between means. The calculations were done with
the Statistica 13 Program.

RESULTS
Dry matter yield of Dactylis glomerata L. and Lolium perenne L.

The largest increase in the annual yield of dry matter (Tab. 3), 55 to 69% higher
than in the control plot, was recorded after the application of soil conditioners along
with mineral fertilisation. A significant increase in annual dry matter yield was also
noted after the application of mineral fertilisers and soil conditioners separately
(from 31 to 33%), with the exception of the plot treated with Humus Active Papka.

Table 3. The effect of fertiliser treatments on annual yield of dry matter of investigated grass species
(Mgha™)

Species  Year —4pg UG EU Flilrzhng+NPK EUTNPK HATNPK Mean
Daciylis 2012 781 1163 1264 1378 1253 1589 1487 1412 1291

2013 898 1284 1256 13.79 884 1708 1438 1365 1276
glomerata 5014 678 7.97 755 675 733 9.21 10.65 9.84 8.26
2012 810 1195 1007 916 744 1155 1219 1030  10.09

Lolitum 2013 658 1110 805 732 843 13.03 1262 118 979
perenne 2014 702 9.00 820 970 832 971 978 1098  9.09
Mean 754 1075 9.84 1001 881 1274 1241 1168 105

Mean for species
Dactylis glomerata L. 7.85 10.81 1091 11.44 9.57 14.06 13.30 12.54 11.31
Lolium perenne L. 723 10.68 8.77 873 8.06 11.43 11.53 10.82 9.66
Annual mean
2012 795 11.79 11.36 11.47 998 13.72 13.53 12.21 11.50
2013 7.78 11.97 10.30 10.56 8.64 15.05 13.50 12.41 11.28
2014 690 848 7.87 823 7.82 9.46 10.21 10.41 8.67

LSD, s for: Fertiliser = 2.30; Species = 1.65; Year = 2.61; Fertiliser/Species = 3.24; Fertiliser/Year = 3.51;
Species/Year = 1.83; Fertiliser/Species/Year = 1.18

The analysis of the results showed that the annual yield of dry matter of Dactylis
glomerata L. (11.31 Mg ha™') was significantly higher, by 17%, than the annual
yield of Lolium perenne L. dry matter (9.66 Mg ha™"). For both species of grass the
largest increase of yield was noted after the application of UGmax together with
NPK and Eko-Uzyzniacz together with NPK fertilisation; in the case of Dactylis
glomerata L. the yield was, respectively, 14.06 Mg ha ' and 13.30 Mg ha', which
means an increase from 69 to 79% relative to the control. For Lolium perenne L. it
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was 11.43 Mg ha' on the plot where UGmax was applied together with NPK, and
11.53 Mg ha' on the plot where Eko-Uzyzniacz was used also with NPK fertilisers.
The increase relative to the control plot for this species was about 59%.

The annual yield of dry matter of Dactylis glomerata L. in the first year of the
experiment (12.91 Mg ha™") and in the second (12.76 Mg ha™') was significantly
greater than in the third year (8.26 Mg ha™'). In turn, in the case of Lolium per-
enne L. yield, there were no significant differences throughout the experiment. By
analysing various years, taking into account the average of both species growing
on plots with different fertiliser treatments, it was found that the annual dry matter
yield in the first year (11.50 Mg ha™') and second year (11.28 Mg ha™') was signifi-
cantly greater than in the third year (8.67 Mg ha™).

In regard to the yield of dry matter in all harvests (Tab. 4) it was found that the
first (3.72 Mg ha ') and second harvest (3.61 Mg ha ') were significantly larger than
the third one (3.15 Mg ha'). Considering the harvests of both grass species through-
out the growing periods, it was found that in the case of Dactylis glomerata L. the
dry matter yield in the first harvest (4.05 Mg ha ') and in the second (3.92 Mg ha™")
was significantly greater than in the third (3.34 Mg ha™"). In turn, dry matter yield
of Lolium perenne L. did not differ significantly between harvests.

Table 4. The effect of fertiliser treatments on individual harvest yields of dry matter of investigated
grass species (Mg ha™)

Species Cut Fertiliser Mean
0 NPK UG EU HA UGHNPK EU+NPK HA+NPK
Dactylis I 290 387 390 4.12 3.40 5.06 474 4.40 4.05
I 277 374 379 390 3.35 492 4.64 430 3.92
glomerata  yip 518 320 323 343 2.82 4.08 3.93 3.84 3.34
Lolium I 261 3.75 3.07 3.07 293 4.04 4.00 3.76 3.40
II 249 3.65 3.01 398 277 3.87 3.88 3.67 3.29
perenne M 214 328 269 268 237 3.52 3.65 3.39 2.96
Mean for harvests
I 275 3.81 348 3.59 3.16 4.55 437 4.08 3.72
11 2.63 370 3.40 344 3.06 439 426 3.98 3.61
I 216 324 296 3.05 2.59 3.80 3.79 3.62 3.15

LSDy s for: Cut = 0.45; Fertiliser/Cut = 0.89; Species/Cut = 0.44; Fertiliser/Species/Cut = 1.25
Protein yield in dry matter of Dactylis glomerata L. and Lolium perenne L.

Mineral fertilisation combined with soil conditioners resulted in a significant
increase of total protein yield which was about 75% higher relative to the control
after the application of Humus Active Papka, and about 89% higher on the plots
with UGmax and Eko-Uzyzniacz (Tab. 5). Additionally, a significant increase in the
yield of protein was reported on plots where mineral fertilisation (1532.5 kg ha™)
and Eko-Uzyzniacz (1430.7 kg ha ) were applied separately.
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Total protein yield in dry matter of Dactylis glomerata L. was significantly high-
er (1653.8 kg ha™!) than in dry matter yield of Lolium perenne L. (1433.2 kg ha').
The annual yield of total protein in dry matter was significantly higher in the first
year of the experiment (1651.8 kg ha™' ) and the second one (1703.8 kg ha ') than in
the last year (1275.0 kg ha ™).

For both grass species the largest yield of total protein was obtained on the
plots where soil conditioners were applied together with mineral fertilisation. The
increase in the yield of this nutrient ranged from 81 to 100% for Dactylis glomera-
ta L. and from 68 to 88% for Lolium perenne L. In the first year of the experiment
(2012), the use of the same soil conditioners, i.e. UGmax, Eko-UzyzZniacz, and
Humus Active Papka, also resulted in an increased yield of protein (from 40 to
50% higher than the control — Tab. 5). In the second year (2013) this treatment
also resulted in a significant increase in the yield of protein after the application
of UGmax, at 1685.6 kg ha ', and Eko-Uzyzniacz, 1845.4 kg ha™'. For the species
Lolium perenne L. a significant increase, by about 20%, in the yield of its total
protein was noted in the second year (2013) after the application of Humus Active
Papka.

Total protein yield of Lolium perenne L. did not differ significantly in the years
of the research. Dactylis glomerata L. produced equal yields in the first two years
of the study (Tab. 5). A significant decline in the yield of protein — approximately
46% — occurred in the third year of the research (2014) and was 1265.3 kg ha™' .

Table 5. The effect of fertiliser treatments on annual yield of protein of investigated grass species (kg ha™")

. Fertiliser
Species Year ——\pg UG _EU HA UGINPK EU+NPK HANPK Mean
Dactylis 2012 9456 16329 [553.1 18950 18454 25090 22009 22084 184838
2013 1290.4 1813.8 1685.6 18454 1217.9 25355 22093 21804 18473

glomerata 5012 10109 11307 1088.6 1052.7 11683 14648 17214 14848 12653
2012 1021.8 1699.6 1099.9 12622 987.2 17745 2131.0 1661.8 14548

Lolium 5013 "927.1 1770.0 11264 1182.6 13972 19764  2247.1 18556 15603

perenne 7014 1087.1 11483  939.7 1346.6 12102 1637.5 13222 15858 1284.7

Mean 1047.1 1532.5 1248.9 1430.7 13044 1983.0 1972.0 18295 15435
Mean for species

Dactylis 10823 1525.8 1442.4 1597.7 1410.6 2169.9 2043.8 1957.9 1653.8

glonierata L.
Lolium perenne L. 1012.0  1539.3 1055.3 1263.8 1198.2 1796.1 1900.1 1701.1 14332
Annual mean
2012 983.0 1666.2 1326.5 1578.6 1416.3 2141.7 21659 1935.1 1651.8
2013 1108.7 1791.9 1406.0 1514.0 1307.6 22559 22282 2018.0 1703.8
2014 1049.0 1139.5 1014.2 1199.6 1189.3 1551.2 1521.8 15353 1275.0

LSD, s for: Fertiliser = 383.6; Species = 220.6; Year = 376.8; Fertiliser/Species = 470.5; Fertiliser/
Year = 499.7; Species/Year = 392.5; Fertiliser/Species/Year = 227.2

No significant differences were found between the yields of total protein in
individual harvests (Tab. 6). Comparing the yields or total protein in dry matter of
both species of grass, it was noted that in the first and the second harvest the yield
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of Dactylis glomerata L. was significantly greater than the yield of Lolium perenne
L. In the third harvest there were no significant differences in the yield of total pro-
tein between the two grass species.

Table 6. The effect of fertiliser treatments on individual harvest yield of total protein of investigated
grass species (kg ha ')

Species Cut Fertiliser
0 NPK UG EU HA UG+NPK EU+NPK HA-+NPK
Dactylis I 370.7 480.3 441.6 581.1 442.1 716.7 725.9 5819 5426
366.5 523.6 538.3 5375 522.6 794.6 698.8 716.2 587.3
glomerata L.y 335.7 512.3 4539 4783 4357 6458 610.1 648.7  515.1
I 3374 489.0 3319 379.5 419.1 5844 578.9 602.6  464.2
I 313.0 468.1 347.0 420.8 389.0 5852 677.9 5147  464.5
perenne L. I 351.0 579.0 370.1 4532 382.0 619.0 639.6 580.0  496.7

Mean for harvests

I 354.1 480.1 386.7 480.3 430.6 650.6 652.4 5923 5034
I 339.8 4958 442.6 479.2 4558 689.9 688.3 615.5 5259
111 3434 5457 412.0 465.7 408.9 632.4 624.8 6143  505.9

LSD, s for: Cut = insignificant; Fertiliser/Cut = 152.3; Species/Cut = 78.1; Fertiliser/Species/Cut = 214.3

Mean

Lolium

Soluble sugar yield in dry matter of Dactylis glomerata L. and Lolium perenne L.

The yield of soluble sugars (Tab. 7) in the grass was the largest on the plot where
UGmax was applied in combination with mineral fertilisation (754.1 kg ha™'). The
yields from the other plots did not differ significantly from that on the control plot
(491.0 kg ha™"). The yield of Lolium perenne L. soluble carbohydrates was 21%
higher than in the case of Dactylis glomerata L.

Table 7. The effect of fertiliser treatments on annual soluble carbohydrate yield of investigated grass
species (kg ha™)

Species Year Fertiliser Mean
0 NPK UG EU HA UG+NPK EUNPK HA+NPK

2012 480.9 5502 672.0 572.6 5788 773.8 531.7 6043 3955

. 2013 393.0 4824 629.5 627.6 376.0 8963  531.1 5159 5565

glomerata 5014 3012 3514 351.3 3484 3473 4303  533.6 5748  404.8

2012 711.6 7052 709.2 651.7 550.2 1022.1 7242 7397  726.7

2013 583.0 7403 555.5 483.8 528.7 8792  681.6  602.0 6318

perenne 2014 4764 5813 543.0 537.0 4942 5229 4628 6048 5278

Mean 491.0 568.5 576.7 536.9 4792 7541 5775 6069  573.9
Mean for species

Dactylis glomerata L. 391.7 4613 550.9 516.2 434.1 700.1 532.1 5650 5189

Lolium perenne L. 5903 675.6 602.6 557.5 5243  808.1 6229 6489  628.8
Annual mean

2012 5963 627.7 690.6 612.1 5645 897.9 6280 6720  661.1

2013 488.0 611.3 592.5 5557 4523 887.8 6063 5589  594.1

2014 388.8 466.3 447.2 442.7 420.8 476.6 4982  589.8  466.3

LSD s for: Fertiliser = 147.2; Species = 109.9; Year = 127.8; Fertiliser/Species = 187.5; Fertiliser/
Year = 190.6; Species/Year = 94.9; Fertiliser/Species/Year = 83.35

Dactylis

Lolium
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By analysing soluble carbohydrate production by plants in the years of the ex-
periment it was found that the yield in the first year (661.1 kg ha ") and in the second
(594.1 kg ha™') was higher than in the last year of the experiment (466.3 kg ha™).
The low yield of sugars in the last year of the study was caused by the low dry mat-
ter yield of both grass species.

In the case of Lolium perenne L., soluble carbohydrate yield decreased consid-
erably, by 15-20% (Tab. 7), in the successive years of the experiment. In Dactylis
glomerata L. it was at a similar level in the first and the second years, but in the
third year this yield significantly decreased, by 37%.

It was noted that during the experiment soluble sugar yield, as an average for
both grass species and all fertiliser treatments, was significantly greater in the first
harvest (271.8 kg ha™') than in the second (192.3 kg ha™") or the third (119.3 kg ha™).
The difference between the above cuts was from 29 to 56%.

Table 8. The effect of fertiliser treatments on soluble carbohydrate yield in individual harvests of
investigated grass species (kg ha™)

Species  Cut Fertiliser Mean
0 NPK UG EU HA UGHNPK EU+NPK HA+NPK

Dactylis I 177.3 216.6 260.8 262.8 211.2 330.0 283.0 277.7 252.4
134.5 1582 180.9 170.9 138.2 257.8 171.3 182.8 174.3

glomerata  yyp 874 952 1182 956 91.5 129.9 91.7 113.2 102.8
I 2993 307.7 2644 2333 251.9 391.8 277.6 302.7 291.1
II  180.0 212.0 209.7 201.8 176.3 279.1 209.4 214.1 210.3
perenne I 122.8 162.0 135.0 128.5 107.8 150.9 140.9 139.0 135.9

Mean for harvests

I 2383 2622 262.6 248.0 3215 3609 280.3 290.2 271.8

II 1573 185.1 1953 186.3 1573 268.5 190.4 198.5 192.3

I 105.1 128.6 126.6 112.1 99.6 140.4 116.3 126.1 119.3

LSDy s for: Cut = 79.5; Fertiliser/Cut = 62.9; Species/Cut = 33.1; Fertiliser/Species/Cut = 87.0

Lolium

DISCUSSION

Biomass yield is a very important parameter in assessing the suitability of grass
species for fodder. Both of the grass species used in the experiment are considered
to be valuable forage crops, but the performance of each of them as grassland plants
is different (Billman ef al. 2017, Hammond et al. 2011). As Robins et al. (2016)
pointed out, Dactylis glomerata L. is a grass producing high amounts of dry mat-
ter, compared with other species of fodder grass. Comparing the average yield of
all harvests and all plots it was found that the first harvest of Dactylis glomerata L.
was the largest, while the remaining ones varied depending on weather conditions.
Butkute et al. (2014) found similar tendencies in their experiment.

Both grass species reacted with the largest increase in dry matter yield after
the application of UGmax and Eko-Uzyzniacz together with NPK fertiliser. These
results were in line with the findings of Sosnowski (2012) who, in his experiment
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with Lolium perenne L., Dactylis glomerata L. and Festuca pratensis also found
that the largest increase in the annual yield of dry matter was obtained after applying
UGmax together with mineral fertilisation. According to Tarakanovas and Chomiak
(2008), Dactylis glomerata L. is a species that produces the highest yield in the third
and fourth year after sowing. However, in the present experiment the low yield in
the last third year (2014) of the experiment might have been due to adverse weather
conditions having an impact on the growth of plants, when a shortage of rainfall
during the growing period was followed by its excess, slowing down the develop-
ment of this grass species. In turn, in the case of Lolium perenne L. there were no
significant differences between the average annual dry matter production, indicating
that this species is less sensitive to dynamic weather conditions (Foito ef al. 2009).

Mineral fertilisation, when combined with Humus Active Papka, resulted in
a significant increase, of 75%, in the yield of total protein compared to the con-
trol, and in about an 89% increase when it was used together with UGmax and
Eko-Uzyzniacz. According to Tas et al. (2006), an increase in protein content in
the yield depends on the amount of nitrogen supplied to plants. In the case of Eko-
Uzyzniacz, this soil conditioner contains low amounts of nitrogen (0.6 g N ha™),
but the increase of total protein content in the yield may have been caused by many
micro-organisms present in the product. They mineralise organic matter and this
way make nutrients more available to plants (Brussaard et al. 2007, Gyaneshwar et
al. 2002, van Eekeren et al. 2010).

Total protein yield in dry matter of Dactylis glomerata L. was significantly larger,
by about 13%, than in Lolium perenne L., According to the literature (Maleux and Van
den Ende 2007, Sosnowski et al. 2016), Dactylis glomerata L. is a plant rich in protein,
which consequently results in its high yield. For both grass species the biggest yield of
total protein was from plots where soil conditioners were applied together with miner-
al fertilisation. The yield of protein in Dactylis glomerata L. under the influence of the
applied treatments increased two-fold, and in Lolium perenne L. by more than a half.
However, the nitrogen content introduced to the soil together with soil conditioners is
low. Therefore, it can be assumed that only a combination of mineral fertilisation and
many micro-organisms present in soil conditioners had a significant impact on increas-
ing the yield of total protein in dry matter of those grass species.

The average amount of total protein in Lolium perenne L. was not significantly
different between years, and so, despite different hydro-thermal conditions, its con-
tent was at a similar level throughout the experiment. It can be assumed that soil
conditioner application contributed to the stability of protein yield of that grass
species. For each of the three soil conditioners, protein yield did not change sig-
nificantly throughout the experiment, but it did in the case of mineral fertilisation
applied on its own.
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Dactylis glomerata L., in the first two years of the research, produced yields at
a stable level, with a significant decline in the third year, 2014. Such a significant
reduction in the yield of protein in dry matter of Dactylis glomerata L. was caused
by dynamically changing hydrothermal conditions during the growing period, in-
dicating that this species is sensitive to adverse effects of the weather, and soil
conditioners were no able to minimise this impact.

The application of Eko-Uzyzniacz as well as UGmax, together with mineral
fertilisation, resulted in a significantly higher yield of soluble carbohydrates, larger
than on plots with other treatments. There was a significant difference between the
yield of soluble sugars in dry matter of Lolium perenne L. and Dactylis glomerata L.
According to the literature (Rawnsley et al. 2002, Moorby et al. 2006, Hammond
et al. 2011, Hammond et al. 2013), Lolium perenne L. is a species known among
other fodder grasses for its high content of simple sugars, which positively affects
its palatability. Based on the results, it can be concluded that the use of UGmax with
mineral fertilisation improved the yield of simple sugars in both species of grass. In
consequence, this might have improved the taste of the forage from plots with the
above treatment.

Examining the average annual yields of soluble carbohydrates throughout the
experiment, it was found that the first year (2012) and the second one (2013) were
characterised by significantly higher levels of nutrients produced by grass than
the last year of the experiment (2014). According to the literature (Fulkerson and
Donaghy 2001, Haigh 1995, Roche et al. 2009), the content of soluble carbohy-
drates in plants depends largely on the temperature, precipitation, and on the amount
of sunshine. Adverse weather conditions in the last year of the experiment contrib-
uted to a significant reduction in the average yield of carbohydrates. Analysing the
treatments in individual years of the research it was found that on plots where Eko-
Uzyzniacz and Humus Active Papka were applied on their own or in combination
with mineral fertilisation the amounts of simple sugars did not differ significantly.

CONCLUSIONS

1. Out of all treatments, UGmax with mineral fertilisation increased the yield of
dry matter, total protein, and soluble carbohydrates to the highest degree.

2. Of the two species of grass, Dactylis glomerata L. produced the highest
amounts of nutrients as a result of combined use of UGmax with mineral fertilisers
(NPK), while the greatest dry matter and total protein yield of Lolium perenne L.
came as a result of combined application of Eko-Uzyzniacz with mineral fertilisation.

3. Comparing the species of grass, it turned out that plots with Dactylis glom-
erata L. had a larger dry matter and total protein yield, while those with Lolium
perenne L. had more soluble carbohydrates.
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4. The soil conditioners applied in the experiment positively affected the con-
tent of the nutrients, which could have contributed to an increase in forage intake
by animals. These results confirm the advantages of their use in farming, creating
the possibility of a partial reduction of mineral fertiliser use.
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WPLYW PREPARATOW BIOLOGICZNYCH NA PLON SUCHEJ MASY,
BIALKA OGOLNEGO ORAZ CUKRU DLA WYBRANYCH GATUNKOW
TRAW PASTEWNYCH

Kazimierz Jankowski, Milena Truba, Beata Wisniewska-Kadzajan, Jacek Sosnowski,
Elzbieta Malinowska

Katedra Lakarstwa i Ksztaltowania Terenéw Zieleni, Wydziat Przyrodniczy
Uniwersytet Przyrodniczo-Humanistyczny w Siedlcach
ul. Prusa 14, 08-110 Siedlce
e-mail: milena.truba@uph.edu.pl

Streszczenie. Trzyletnie doswiadczenie polowe zatozono jesienia 2011 roku na terenie obiek-
tu dos$wiadczalnego (52°12'N, 22°28'E) nalezacego do Uniwersytetu Przyrodniczo-Humanistycznego
w Siedlcach. Eksperyment zatozono w trzech powtdrzeniach w uktadzie split-plot, a obiekt doswiad-
czalny stanowito poletko o powierzchni 3 m*. Celem badan byto sprawdzenie czy dostepne na rynku
preparaty biologiczne (UGmax, Eko-Uzyzniacz, Humus Active Papka) stosowane w rolnictwie eko-
logicznym, w istotnym stopniu zwigksza parametry ilosciowe paszy jakimi sg plon suchej masy, plon
biatka ogodlnego oraz plon weglowodandow rozpuszczalnych, na przykladzie wybranych gatunkéw
traw pastewnych (Lolium perenne L., Dactylis glomerata L.). Sposrod zastosowanych kombinacji
nawozowych w najwyzszym stopniu na poziom plonowania suchej masy paszy, biatka ogolnego
jak 1 weglowodanéw rozpuszczalnych wplyneto laczne stosowanie preparatu UGmax z nawozeniem
mineralnym NPK. Zastosowane w badaniach biopreparaty glebowe pozytywnie wplywaty na poziom
plonowania testowanych parametrow, co mogto przyczyni¢ si¢ do wzrostu pobrania paszy przez
zwierzeta. Wyniki te potwierdzajg zasadno$¢ stosowania ich w rolnictwie ekologicznym, stwarzajac
jednoczes$nie mozliwos¢ czgsciowego ograniczenia nawozenia mineralnego.

Stowa kluczowe: preparaty biologiczne, plon suchej masy, plon biatka, plon cukru, trawy,
Dactylis glomerata L., Lolium perenne L.



