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Abstract: An experiment was conducted to determine the effect of an application of biostimulants,
against the background of varied nitrogen regime, on the share of neutral detergent fraction (NDF),
acid detergent fraction (ADF), and acid detergent lignin (ADL) in the crude fiber fraction of Italian
ryegrass as well as its digestibility. A field experiment was arranged as a randomized subblock design
(split-plot) with three replicates at the Siedlce Experimental Unit of the University of Natural Sciences
and Humanities in Poland in 2013. The following factors were examined: type of biostimulant:
Algex, Tytanit, Asahi SL and a control; nitrogen application rate: 0 (control); 120 and 180 kg·ha−1.
There were confirmed positive effects resulting from an application of biostimulants in Italian ryegrass
cultivation. There was confirmed the assumed hypothesis that an application of both natural and
synthetic biostimulants will make it possible to improve the feeding value of grasses by reducing
the fiber fraction. Particular attention should be paid to the biostimulant Algex whose application
in Italian ryegrass cultivation produced the most beneficial response in terms of the share of NDF,
ADF, and ADL fractions, which resulted in the greatest increase in the plant dry matter digestibility.
Increasing nitrogen rates significantly reduced the quantity of analyzed fiber fractions, and increased
grass digestibility.

Keywords: biostimulant; foliar application; NDF; ADF; ADL

1. Introduction

Reduction of mineral fertilization has become one of crucial elements of ecosystem
biological balance preservation [1]. Natural environment protection against contamination,
coupled with production of high-quality healthy food, has become the main aim as well as
a major challenge for science. Due to this, there have been more and more attempts made
at designing new technologies employing, for example, unconventional fertilization which
would supplement or even replace mineral fertilization [2].

Biostimulants, also called plant growth and development regulators, which represent
this group of fertilization agents [3,4] have been increasingly applied in crop produc-
tion [5]. In order to obtain such products, natural substances are used, e.g., algae, seaweeds
(products whose commercial names are Algex and Kelpak SL), and humic and fulvic
acids as well as synthetic compounds such as phenolic acids (the product whose com-
mercial name is Asahi SL or Atonik) or titanite (the product whose commercial name is
Tytanit) [6]. Frequently, biostimulants are multi-component products and they contain
plant hormones or hormone-like substances, amino acids, betaines, peptides, proteins,
sugars, aminopolysaccharides, lipids, vitamins, nucleotides, beneficial elements, phenolic
compounds, sterols, etc. [7]. Many works have been published on the mechanism of ac-
tivity of these compounds and a positive effect they have on yield and quality of various
agricultural crops [8–10]. Attention should be paid to the fact that crop production should
provide high yields of good quality [11], free of genetic modification, which is of particular
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importance in the era of unfavorable environmental conditions and global loss of ploughed
land. Additionally, biostimulants influence the effectiveness of nutrient utilization by crop
plants by affecting the biochemical, morphological, and physiological processes and ion
uptake [12–15]; they increase water accumulation capacity as well as antioxidant content
and chlorophyll production in plants [16,17]. Active compounds which biostimulants
contain participate in the synthesis of other compounds in plants through participation
in enzymatic processes [18]. Weather anomalies, which occur in Poland and worldwide
with increasing frequency, weaken plant growth, and biostimulant application contributes
to abiotic and biotic stress reduction in crop plants [19–22]. The plants’ response includes
increased resistance to drought and low temperatures, shortage of nutrients in the soil, and
attack by pests and pathogens. However many authors point to the fact that the effect of
biostimulants on crop plants goes in many directions and is often plant species- or even
cultivar-specific [23,24]. According to literature [25,26], to a large degree, biostimulant
effectiveness is also related to how well its choice meets agrotechnological needs as well as
timing of application, application form, and rate.

Grasses represent the group of plants which has not been thoroughly researched so far
as far as biostimulant application in their cultivation is concerned. Grass nutritive value is
conditioned not only by total protein content but also structural and non-structural carbo-
hydrates which are accompanied by lignins. Feed quality assessment is primarily based on
the feed content of the following crude fiber fractions: NDF (neutral detergent fraction) and
ADF (acid detergent fraction), both negatively influencing feed consumption, yield energy
value and digestibility [27–29]. NDF and ADF contents in plants are determined by the
amount of structural carbohydrates (cellulose and hemicellulose) and lignin. What is of
importance is the fact that lignin, which is a non-digestible compound, when combined
with cellulose is responsible for plants’ mechanical resistance and, as a result, their ability to
withstand the impact of negative biotic factors [30]. The concentration of these components
is affected by a variety of factors. Literature on the subject [31,32] claims that biostimulants
applied to crop plants may affect their chemical composition, including fiber content.

It was hypothesized in the present work that an application of natural and synthetic
biostimulants will improve grass feeding value by fiber fraction reduction. An experiment
was conducted to determine the effect of an application of biostimulants with different
origins, against the background of varied nitrogen regime, on the share of NDF, ADF, and
ADL (acid detergent lignin) in the crude fiber fraction of Italian ryegrass as well as its
digestibility.

2. Materials and Methods
2.1. Experimental Design

A field experiment was arranged as a randomized subblock design (split-plot) with
three replicates at the Siedlce Experimental Unit of the University of Natural Sciences and
Humanities in Poland (52.169◦ N, 22.280◦ E) in mid-August 2013. The plot area was 10 m2

(2.5 m × 4.0 m). According to the Polish soil classification system [33], the soil used in
the experiment was Hortic Anthrosol (WRB), developed from loamy sand. Based on the
analysis performed at the Regional Chemical Station in Wesoła, it was found that the soil
was of neutral reaction (pH in 1n KCL = 6.8), with a high humus content (3.78%), available
phosphorus content (H2PO4—170 mg kg−1), and magnesium content (Mg2+—84 mg kg−1),
and average total nitrogen (N—1.3 g kg−1) and available potassium (K+—114 mg kg−1)
contents. The following factors were examined:

• type of biostimulant: Algex, Tytanit, Asahi SL, and a control (no biostimulant addi-
tion);

• nitrogen application rate: 0 (control); 120 and 180 kg·ha−1.

Algex is an extract of the sea alga Ascophyllum nodosum which contains vitamins,
amino acids, phytohormones (auxins, cytokinins, gibberellins), polysaccharides, betaine as
well as macro- and microelements such as N—8%, P—3.6%, K—7%, B—0.036%, Zn—0.025%,
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Cu—0.009%, Fe—0.016%, Mn—0.036% and Mo—0.0036%. Algex is manufactured by Rosier,
Moustier, Belgium.

Tytanit is produced by INTERMAG Ltd., Olkusz, Poland. Tytanit contains 8.5 g Ti per
1 dm3 (0.8% m/m) in the form of Ti-ascorbate.

Asahi SL is produced by Arysta Life Science Ltd., Warsaw, Poland. The product
contains the following phenolic compounds: sodium p-nitrophenolate—0.3%, sodium
o-nitrophenolate—0.2%, and sodium 5-nitroguaiacolate—0.1%.

The grass (Italian ryegrass; Lolium multiflorum Lam.) sowing rate was 31 kg ha−1

(TWG—thousand-grain weight—2.8 g, 11,071,429 kernels per hectare). In 2013, when seeds
were sown, neither biostimulants nor nitrogen fertilizer was applied. In October 2013 only
one cut was performed at the plant height of 6 cm. Over the study period (2014–2015),
the cutting regime consisted of three harvests per year. Ammonium nitrate was applied
three times per year. The total nitrogen amount was split into three equal rates which were
applied to each regrowth (in spring after plants resumed their growth, 5 days after the
first and second cutting was harvested). P and K fertilization was applied to all the plots.
Phosphorus was applied once as triple superphosphate at the rate of 40 kg·ha−1 P2O5 in
the spring. The amount of potassium (160 kg·ha−1 K2O) was split into three equal rates
and applied to each regrowth (in spring after plants resumed their growth, 5 days after
the first and second cutting was harvested) as 60% potash salt. The biostimulants were
sprayed as an aqueous solution. The spraying was performed before each cutting: the
first application was three weeks before the first cutting, the second one two weeks after
the first harvest and the last one three weeks after the second harvest. Biostimulant rates
following each cut were applied as recommended by the manufacturer; that is, thinned
with water to obtain the volume of 400 dm3: Algex—6 dm3 ha−1, Tytanit—0.4 dm3 ha−1,
Asahi SL—0.6 dm3 ha−1.

2.2. Weather Conditions

Meteorological conditions during the study period were changeable and precipitation
was very unevenly distributed (Table 1). The mean air temperature in the 2015 growing
season was by 2 degrees lower than the mean across 2006–2015. By contract, unusual
precipitation shortages occurred in September 2014, and April and August 2015.

Table 1. Meteorological condition in years 2014–2015 by Meteorological station in Siedlce.

Years

Means Monthly Air Temperatures (◦C)
Means in Growing
Season (IV–IX) (◦C)Month

IV V VI VII VIII IX

2014 9.7 13.7 15.1 20.4 17.8 13.7 15.1

2015 8.1 12.3 16.5 14.3 21.1 8.8 13.5

Mean of many years
(2006–2015) 9.6 14.0 17.2 19.9 18.4 13.6 15.5

Years

Monthly Precipitation (mm)
Sum in Season
(IV–IX) (mm)Month

IV V VI VII VIII IX

2014 39.5 79.3 50.3 62.5 66.3 26.7 325

2015 29.7 100.6 41.1 68.3 12.0 77.5 329

Mean of many years
(2006–2015) 26.9 68.9 64.6 55.8 65.3 44.3 326
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2.3. Chemical Analysis

During each harvest, from each plot 0.5 kg green matter samples of grasses were taken
from each plot to carry out chemical analyses. The samples were left to dry in a ventilated
room. The airy dry matter was shredded and ground. The obtained material was subjected
to chemical analysis to determine dry matter (by determining moisture content), crude fiber
fractions of NDF, ADF, ADL, and dry matter digestibility. The method of determination was
near-infrared spectroscopy (NIRS) using a NIRFlex N-500 spectrometer (Büchi Labortechnik
AG., Flawil, Switzerland) and ready-to-use INGOT calibration applications.

2.4. Statistical Analysis

The statistical analysis of results was achieved by means of a three-way variance
analysis run in the Statistica 13.3 Plus package (TIBCO Software, PaloAlto, CA, USA,
2017). Significance of differences between means was checked using the Tukey test at the
significance level of α ≤ 0.05. Correlation coefficients were calculated using the program
Statistica 13.3. TIBCO Software Inc. (2017). Statistica (data analysis software system),
version 13. http://statistica.io.

Correlation coefficients were calculated using the program STATISTICA, version 10,
(StatSoft Inc., Palo Alto, CA, USA, 2011).

3. Results and Discussion

It has been an increasingly frequent practice to take into account in the quality as-
sessment of feed for ruminants the feed content of neutral detergent fraction (NDF) and
acid detergent fraction (ADF). A high NDF level in feed, the fraction being the sum of
hemicellulose, cellulose, and lignin, negatively affects its consumption whereas too high
ADF level, the fraction being the sum of cellulose and lignin, reduces the total feed di-
gestibility [27–29,34].

Results of the work reported here indicate that all the experimental factors significantly
affected NDF and ADF contents in Italian ryegrass biomass (Tables 2 and 3). The effect of
biostimulants on NDF and ADF levels in the grass biomass was consistent as they reduced
NDF and ADF contents.

Algex proved to be the most effective biostimulant as it reduced both NDF and
ADF contents by, respectively, 16.0 and 16.4% (when averaged across years). Moreover,
Godlewska and Ciepiela [35] reported reduced contents of the fractions, by 6% on average,
after an Ecklonia maxima extract was applied to grasses grown in pure stand. According
to Joubert and Lefranc [32], active ingredients of seaweed extracts act as phytoactivators,
which may alter the chemical composition of the plants treated. Literature reports mention
the fact that an application of biostimulants may increase the plant accumulation of gib-
berellins, which, in turn, may contribute to an increase in the plant content of fiber [36].
Based on their research, Dayan [37] and Hedder [38] suggest that an application of biostim-
ulants containing active compounds brings about an increase in the fiber content of plant
cell walls. Further, Kocira et al. [39] observed an increase in NDF and ADF contents in
bean seeds following an application of Kelpak which is a seaweed extract. Unfortunately,
the research reported here does not seem to confirm this finding.

The effect of Asahi SL was seen as a decline in both fiber fractions, it being 9.59%.
In their study, Szparaga et al. [26] carried out foliar applications of 0.1% Atonik (its other
commercial name is Asahi SL) and observed a substantial decline in NDF content in soybean
seeds. In turn, an application of 0.2% Atonik was followed by insignificant differences in
NDF content in the tested plants. Such diverse findings may indicate that biostimulants
have a varied effect on crop plants, it being often related to plant cultivar, biostimulant rate
and application method.

http://statistica.io
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Table 2. The effect of the biostimulants on content of neutral detergent (NDF) in Italian ryegrass by cut and nitrogen
fertilization (g kg−1 DM).

Dose of N kg ha−1 (B) Biostimulant (A)

2014 2015

Cut (C)
Mean

Cut (C)
Mean

1 2 3 1 2 3

0

Control 508 a 542 a 508 a 519 a 480 a 496 a 498 a 491 a
Algex 409 b 469 b 423 b 434 b 398 b 422 b 409 b 410 b
Tytanit 456 c 499 c 472 c 476 c 436 c 460 c 455 c 450 c

Asahi SL 438 c 493 c 466 c 466 d 426 c 445 d 455 c 442 d

120

Control 489 a 527 a 497 a 504 a 455 a 487 a 484 a 475 a
Algex 420 b 441 b 425 b 429 b 376 b 422 b 410 b 403 b
Tytanit 450 c 476 c 455 c 460 c 429 c 451 c 444 c 442 c

Asahi SL 444 c 475 c 452 c 457 c 412 d 453 c 438 c 434 d

180

Control 474 a 520 a 485 a 493 a 452 a 482 a 499 a 478 a
Algex 388 b 441 b 413 b 414 b 386 b 402 b 402 b 397 b
Tytanit 441 c 477 c 459 c 459 c 415 c 453 c 445 c 437 c

Asahi SL 431 d 477 c 445 d 451 d 406 c 447 c 425 d 426 d

Mean

Control 490 a 530 a 497 a 506 a 462 a 488 a 494 a 481 a
Algex 406 b 450 b 420 b 426 b 387 b 415 b 407 b 403 b
Tytanit 449 c 484 c 462 c 465 c 427 c 455 c 448 c 443 c

Asahi SL 438 d 482 c 454 d 458 d 415 d 448 c 439 d 434 d

0
Mean

453 a 501 a 467 a 474 a 435 a 455 a 454 a 448 a
120 451 a 480 b 457 b 463 b 418 b 453 a 444 b 438 b
180 433 b 479 b 451 c 454 c 414 b 446 b 443 b 434 b

Mean 446 A 486 B 458 C 464 423 A 451 B 447 C 440

LSD0.05

AxB—5.05 AxB—7.16
A—2.92 AxC—5.05 A—4.13 AxC—7.16
B—2.30 BxC—3.98 B—3.26 BxC—5.64
C—2.30 AxBxC—8.75 C—3.26 AxBxC—12.39

Different lower-case letters indicate that the values in the column for individual factors (Biostimulant and Dose N) and their interaction
differ significantly. Different uppercase letters within line indicate significant differences.

The weakest effect was observed for Tytanit. Regardless of the remaining factors,
an application of the biostimulants was followed by a decline in NDF and ADF contents
(averaged across years) which amounted to 8.00 and 7.42%, respectively. Other workers [40]
found that Tytanit caused reduction in NDF content in bean seeds compared with control
samples. However, the product increased slightly ADF content, which corresponds to the
results reported here.

Increasing nitrogen rates significantly reduced the amount of NDF and ADF in both
study years, regardless of the remaining factors. The average drop in the amount of these
fractions was 2.51%. Similarly, research by Szkutnik [41] revealed that high nitrogen rates
contributed to a 5% decline in crude fiber amount in grasses, which is beneficial from the
standpoint of feed value.

A significant relationship between nitrogen rates and biostimulant type should be
highlighted. At all the levels of nitrogen fertilization, an application of biostimulants was
followed by a decline in NDF and ADF contents in plants. Analysis of results indicated
that the influence of biostimulants went in one direction and was very similar in both
non-amended units and plots fertilized with 120 and 180 kg N ha−1. It can be inferred
that a beneficial reduction in NDF and ADF contents in plants due to an application of
biostimulants occurred even in plots without nitrogen fertilization. Similar results were
reported by Godlewska and Ciepiela [42] following an application of seaweed extract
to Italian ryegrass. Du Jardin [43] and Malinowska et al. [44] mention the fact that an
application of biostimulants reduces demand for fertilizers, which was confirmed in the
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study reported here. It is due to the fact that biostimulants contribute to modification
of plant physiological functions [13,15] by providing them with potential benefits for
their development [45]. Scientific works [16,46] have demonstrated a beneficial effect of
biostimulants on rooting system development, water retention ability and photosynthesis
extension, which is followed by increased nutrient uptake by crop plants.

Table 3. The effect of the biostimulants on content of acid detergent (ADF) in Italian ryegrass by cut and nitrogen fertilization
(g kg−1 DM).

Dose of N
kg ha−1 (B) Biostimulant (A)

2014 2015

Cut (C)
Mean

Cut (C)
Mean

1 2 3 1 2 3

0

Control 328 a 323 a 349 a 333 a 303 a 334 a 311 a 316 a
Algex 269 b 275 b 304 b 282 b 252 b 298 b 266 b 272 b
Tytanit 298 c 308 c 327 c 311 c 287 c 314 c 287 c 296 c

Asahi SL 293 d 307 c 324 c 308 d 278 d 313 c 280 d 291 d

120

Control 332 a 319 a 343 a 332 a 295 a 338 a 307 a 313 a
Algex 274 b 275 b 279 b 276 b 245 b 285 b 264 b 265 b
Tytanit 296 c 295 c 327 c 306 c 272 c 321 c 285 c 293 c

Asahi SL 291 d 294 c 323 c 303 d 262 c 311 d 280 c 285 d

180

Control 318 a 324 a 343 a 328 a 297 a 347 a 303 a 316 a
Algex 245 b 265 b 291 b 267 b 243 b 277 b 255 b 258 b
Tytanit 286 c 300 c 309 c 299 c 274 c 314 c 285 c 291 c

Asahi SL 277 d 292 d 306 c 292 d 259 d 304 d 278 d 280 d

Mean

Control 326 a 322 a 345 a 331 a 298 a 339 a 307 a 315 a
Algex 263 b 272 b 292 b 275 b 247 b 287 b 262 b 265 b
Tytanit 293 c 301 c 321 c 305 c 278 c 316 c 286 c 293 c

Asahi SL 287 d 298 d 318 d 301 d 266 d 310 d 280 d 285 d

0
Mean

297 a 303 a 326 a 309 a 280 a 315 a 286 a 294 a
120 298 a 296 b 318 b 304 b 268 b 314 a 284 a 289 b
180 282 b 295 b 312 c 297 c 268 b 311 a 280 a 286 c

Mean 292 A 298 B 319 C 303 272 A 313 B 283 C 290

LSD0.05

AxB—2.77 AxB—3.57
A—1.60 AxC—2.77 A—2.06 AxC—3.57
B—1.26 BxC—2.18 B—1.62 BxC—2.81
C—1.26 AxBxC—4.79 C—1.62 AxBxC—6.18

Different lower-case letters indicate that the values in the column for individual factors (Biostimulant and Dose N) and their interaction
differ significantly. Different uppercase letters within line indicate significant differences.

However, the mode of biostimulant action has not been fully established yet. Feitosa
de Vasconcelos et al. [47] believe that biostimulants may affect plants in a direct and indirect
way through soil response and plant microbiome. Moreover, Shahabivand et al. [2] and
Bettoni et al. [48] mention the fact that an application of biostimulants in crop production
results in lower demand for mineral fertilizers without threat to the natural environment.

According to Borowiecki [49] and Särkijärvi et al. [50], NDF content in grass biomass
depends on the cut. The authors claim that the content is the highest in plants harvested
at the second and third cut. The research reported here confirmed this thesis and demon-
strated that, regardless of the experimental factors, NDF and ADF contents were the highest
in grasses harvested at the final cuts. The amount of these fractions at the second and third
cut was significantly higher compared with the first cut, which was confirmed by statistical
analysis. Research by Ciepiela et al. [51] has demonstrated that increased hemicellulose
and lignin contents in the first and second cut of Orchard grass and Braun’s festulolium
simultaneously increase NDF content in the plants.

The test Italian ryegrass was also compared in terms of lignin amount (ADL fraction).
Lignin, together with cellulose and hemicellulose, is a component of the cell wall but it is not
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digested, thus reducing feed digestibility. Lignin increases plant resistance by forming lignin
barriers which hinder pathogens [52]. Lignin content (ADL fraction) determined in the study
reported here was significantly affected by all the experimental factors (Table 4). Statistical
analysis revealed a significant interaction of all the factors analyzed An application of each
biostimulant was followed by a significant drop in the plant content of lignin compared
with control.

Table 4. The effect of the biostimulants on content of acid detergent lignin (ADL) in Italian ryegrass by cut and nitrogen
fertilization (g kg−1 DM).

Dose of N
kg ha−1 (B) Biostimulant (A)

2014 2015

Cut (C)
Mean

Cut (C)
Mean

1 2 3 1 2 3

0

Control 42.9 a 41.7 a 44.2 a 42.9 a 36.9 a 49.9 a 42.2 a 43.0 a
Algex 34.4 b 33.5 b 41.7 b 36.5 b 29.7 b 41.7 b 35.2 b 35.5 b
Tytanit 36.3 c 36.6 c 44.2 c 39.0 c 33.9 c 47.6 c 38.4 c 40.0 c

Asahi SL 36.1 c 38.1 d 44.1 c 39.4 c 33.8 c 44.0 d 38.4 c 38.8 d

120

Control 43.0 a 41.6 a 45.2 a 43.3 a 35.4 a 50.1 a 41.5 a 42.3 a
Algex 31.5 b 32.3 b 34.7 b 32.8 b 28.7 b 38.8 b 34.5 b 34.0 b
Tytanit 37.2 c 38.2 c 40.9 c 38.8 c 31.0 c 46.2 c 37.6 c 38.3 c

Asahi SL 36.9 c 35.2 d 37.2 d 36.4 d 30.9 c 47.3 d 36.0 d 38.1 c

180

Control 39.6 a 40.5 a 44.2 a 41.4 a 35.9 a 47.7 a 40.2 a 41.3 a
Algex 28.2 b 33.6 b 41.7 b 34.5 b 26.6 b 35.6 b 34.3 b 32.2 b
Tytanit 33.7 c 35.4 c 44.2 c 37.8 c 31.2 c 44.1 c 37.4 c 37.6 c

Asahi SL 33.2 c 35.3 c 44.1 c 37.5 c 28.8 d 40.7 d 37.4 c 35.6 d

Mean

Control 41.8 a 41.3 a 44.5 a 42.6 a 36.1 a 49.2 a 41.3 a 42.2 a
Algex 31.4 b 33.1 b 39.4 b 34.6 b 28.3 b 38.7 b 34.7 b 33.9 b
Tytanit 35.7 c 36.8 c 43.1 c 38.5 c 32.0 c 45.9 c 37.8 c 38.6 c

Asahi SL 35.4 c 36.2 c 41.8 d 37.8 d 31.2 c 44.0 d 37.3 c 37.5 d

0
Mean

37.4 a 37.5 a 43.6 a 39.5 a 33.6 a 45.8 a 38.6 a 39.3 a
120 37.1 b 36.8 b 39.5 b 37.8 b 31.5 b 45.6 a 37.4 b 38.2 b
180 33.6 c 36.2 c 43.6 c 37.8 b 30.6 c 42.0 b 37.3 b 36.7 c

Mean 36.1 A 36.8 B 42.2 C 38.4 31.9 A 44.5 37.8 38.0

LSD0.05

AxB—0.56 AxB—0.53
A—0.32 AxC—0.56 A—0.31 AxC—0.53
B—0.56 BxC—0.44 B—0.24 BxC—0.42
C—0.97 AxBxC—0.97 C—0.24 AxBxC—0.92

Different lower-case letters indicate that the values in the column for individual factors (Biostimulant and Dose N) and their interaction
differ significantly. Different uppercase letters within line indicate significant differences.

Moreover, it should be pointed out that the influence of Algex on the characteristic
discussed was twice as pronounced as the effect of either Tytanit or Asahi (the respective
declines in lignin content were 16% vs. 8.0 and 9.59% compared with the control unit).
Further, in the study by Ciepiela et al. [51], an application of algae (Ecklonia maxima) extract
contributed to a decline in ADL fraction in the grasses they cultivated, it being barely 8.77%.
Asahi contains phenolic compounds which naturally occur in plants and are components
of every living cell. According to Chen et al. [53], phenolic acids, particularly ferulic acid,
are precursors for the production of other compounds such as lignin. Based on this theory,
it can be surmised that the biostimulant Asahi should increase ADL content, which was
not confirmed in the study reported here. Similarly, Szparaga et al. [26] observed a 3.5%
decline in lignin content following an application of Atonik (also known as Asahi) solution
compared with control. However, these same authors recorded an increase in ADL content
in soybean seeds following an application of Tytanit, which is inconsistent with the findings
of the present work. This fact is yet another proof that the impact of biostimulants may be
closely related to crop plant species.
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Nitrogen fertilizer regime significantly reduced ADL content in Italian ryegrass. In
both the study years, the amount of ADL fraction in plants harvested from units fertilized
with nitrogen applied at the rate of 120 and 180 kg ha−1 was significantly lower compared
with non-fertilized control. What is interesting is the fact that in the first study year lignin
amount in plants was the same regardless of the rate of mineral fertilizer. The findings
of this study concur with reports by Poisa et al. [54] whose work revealed a significant
relationship between nitrogen fertilizer level and the amount of lignin in plants.

There were also recorded significant differences between ADL contents between cuts.
In the first study year, lignin content in Italian ryegrass increased at successive cuts. In the
following study year, plants harvested at the first cut contained the least lignin whereas
the most extensive plant lignification was observed at the second cut.

In the study reported here, assessment of Italian ryegrass biomass digestibility was
attempted and this characteristic was found to be significantly affected by all the exper-
imental factors (Table 5). Italian ryegrass harvested in plots treated with biostimulants
had significantly higher digestibility compared with plants harvested in non-treated plots.
This was due to the fact that the biostimulants reduced NDF, ADF and ADL contents, the
fractions known to hinder digestibility. Algex was the biostimulant whose contribution
to improved digestibility was the greatest (on average, by 35.2% compared with control).
Foliar application of Asahi and Tytanit had a less positive effect (means across years: 21.7
and 13.1%, respectively).

Table 5. The effect of the biostimulants on digestibility of Italian ryegrass (%) by cut and nitrogen fertilization.

Dose of N
kg ha−1 (B) Biostimulant (A)

2014 2015

Cut (C)
Mean

Cut (C)
Mean

1 2 3 1 2 3

0

Control 40.3 a 36.7 a 39.8 a 38.9 a 48.3 a 38.8 a 45.0 a 44.0 a
Algex 67.2 b 48.8 b 59.9 b 58.6 b 62.6 b 48.4 b 55.2 b 55.4 b
Tytanit 57.4 c 41.1 c 47.4 c 48.6 c 55.6 c 43.2 c 47.6 c 48.8 c

Asahi SL 62.4 d 45.0 d 51.5 d 52.9 d 58.1 d 43.5 c 52.6 d 51.4 d

120

Control 49.6 a 36.6 a 45.6 a 44.0 a 53.5 a 37.6 a 45.0 a 45.4 a
Algex 64.4 b 54.8 b 60.0 b 59.7 b 70.2 b 51.9 b 58.1 b 60.1 b
Tytanit 58.3 c 42.9 c 48.0 c 49.7 c 58.4 c 42.0 c 47.4 c 49.3 c

Asahi SL 58.8 c 50.9 d 55.5 d 55.1 d 61.3 d 46.4 d 53.5 d 53.7 d

180

Control 54.5 a 40.3 a 42.8 a 45.9 a 54.8 a 42.2 a 47.3 a 48.1 a
Algex 73.9 b 55.0 b 53.3 b 60.7 b 67.6 b 59.7 b 66.7 b 64.7 b
Tytanit 61.6 c 48.7 c 46.4 c 52.3 c 60.0 c 45.4 c 50.4 c 51.9 c

Asahi SL 64.2 c 50.0 c 48.8 c 54.4 d 64.2 d 50.6 d 53.5 d 56.1 d

Mean

Control 48.1 a 37.9 a 42.7 a 42.9 a 52.2 a 39.5 a 45.8 a 45.8 a
Algex 68.5 b 52.9 b 57.7 b 59.7 b 66.8 b 53.4 b 60.0 b 60.1 b
Tytanit 59.1 c 44.3 c 47.3 c 50.2 c 58.0 c 43.5 c 48.5 c 50.0 c

Asahi SL 61.8 d 48.6 d 51.9 d 54.1 d 61.2 d 46.8 d 53.2 d 53.7 d

0
Mean

56.8 a 42.9 a 49.7 a 49.8 a 56.1 a 43.5 a 50.1 a 49.9 a
120 57.8 b 46.3 b 52.3 b 52.1 b 60.9 b 44.5 a 51.0 a 52.1 b
180 63.6 c 48.5 c 47.8 c 53.3 c 61.6 b 49.5 b 54.5 b 55.2 c

Mean 59.4 A 45.9 B 49.9 C 51.7 59.6 A 45.8 B 51.9 C 52.4

LSD0.05

AxB—1.75 AxB—1.59
A—1.01 AxC—1.75 A—0.92 AxC—1.59
B—0.80 BxC—1.38 B—0.72 BxC—1.25
C—0.80 AxBxC—3.04 C—0.72 AxBxC—2.75

Different lower-case letters indicate that the values in the column for individual factors (Biostimulant and Dose N) and their interaction
differ significantly. Different uppercase letters within line indicate significant differences.

Statistical analysis demonstrated a significant interaction of biostimulants and ni-
trogen fertilizer regime. At each nitrogen fertilization level, biostimulant application
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significantly increased Italian ryegrass digestibility. The biostimulants/nitrogen regime
interaction revealed that the digestibility of Italian ryegrass grown in plots without bios-
timulant application was the highest at the nitrogen rate of 180 kg ha−1 and amounted
to 47.0% (averaged across years). An application of Algex, Tytanit, and Asahi improved
Italian ryegrass digestibility (respectively, 57.0, 48.7, and 52.2%) which was higher even in
units without nitrogen fertilization compared with the rate of 180 kg N ha−1 but without
biostimulant application. The results indicate that it is possible to at least partially replace
nitrogen fertilization with an application of biostimulants in Italian ryegrass cultivation.
Statistical analysis demonstrated a significant interaction between biostimulants and ni-
trogen fertilizer regime. At each level of nitrogen fertilization, an application of each
biostimulant significantly increased Italian ryegrass digestibility.

Based on the obtained results, the highest digestibility was found in plants harvested
at the first cut, it being the lowest in plants of the second cut. Such relationships were
present in both the study years. However, Stachowicz [55] claims that feed digestibility
declines at successive cuts. Lack of literature on the issue renders its discussion impossible.

The correlation coefficient was used to analyze relationships between the content of
individual fractions in Italian ryegrass harvested at individual cuts and its dry matter
digestibility (Table 6). The obtained values of this coefficient demonstrated that there was a
significant negative relationship between the NDF and ADF contents of the test grasses
and their dry matter digestibility at each cut and regardless of the cuts. A decline in Italian
ryegrass dry matter digestibility was probably due to an increase in the dry matter content
of cellulose and hemicellulose, both included in NDF and ADF, and an increase in lignin
content.

Table 6. Correlation coefficient between dry matter digestibility of Italian ryegrass and the content of
crude fiber fraction depending on the cut.

Cut
Crude Fiber Fractions

NDF ADF ADL

1 −0.919103 * −0.858000 * −0.809516 *
2 −0.767312 * −0.648491 * −0.643842 *
3 −0.837756 * −0.733603 * −0.696548 *

Independently of cut −0.844911 * −0.739215 * −0.791868 *
* Statistically significant value.

4. Conclusions

There were confirmed positive effects resulting from an application of biostimulants
in Italian ryegrass cultivation. There was confirmed the assumed hypothesis that an
application of both natural and synthetic biostimulants will make it possible to improve the
feeding value of grasses by reducing the fiber fraction. Particular attention should be paid to
the biostimulant Algex whose application in Italian ryegrass cultivation produced the most
beneficial response in terms of the share of NDF, ADF, and ADL fractions, which resulted
in the greatest increase in the plant dry matter digestibility. It should be pointed out that
Italian ryegrass digestibility following an application of all the experimental biostimulants
was higher even in non-fertilized plots than the digestibility for non-treated units fertilized
with 180 kg ha−1.

Increasing nitrogen rates significantly reduced the quantity of analyzed fiber fractions
and increased Italian ryegrass digestibility.

The amounts of the analyzed components in grasses was significantly affected by the
cuts. NDF, ADF, and ADL contents were significantly lowest at the first cuts whereas their
digestibility was the highest.

The findings of the study reported here indicate that further research is necessary
including other plant species as well as varied dates and rates of an application of bios-
timulants. Such research would expand knowledge of mechanisms of biostimulant action
followed by implementation in agricultural practice.
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14. Parad̄iković, N.; Vinković, T.; Vrček, I.V.; Žuntar, I.; Bojić, M.; Medić-Šarić, M. Effect of natural biostimulants on yield and

nutritional quality: An example of sweet yellow pepper (Capsicum annuum L.) plants. J. Sci. Food Agric. 2011, 91, 2146–2152.
[CrossRef] [PubMed]

15. Alam, M.Z.; Braun, G.; Norrie, J.; Hodges, D.M. Ascophyllum extract application can promote plant growth and root yield in
carrot associated with increased root-zone soil microbial activity. Can. J. Plant Sci. 2014, 94, 337–348. [CrossRef]

16. Sharma, H.S.S.; Fleming, C.C.; Selby, C.; Rao, J.R.; Martin, T. Plant biostimulants: A review on the processing of macroalgae and
use of extracts for crop management to reduce abiotic and biotic stresses. Environ. Boil. Fishes 2013, 26, 465–490. [CrossRef]

17. Lyu, S.; Wei, X.; Chen, J.; Wang, C.; Wang, X.-M.; Pan, D. Titanium as a Beneficial Element for Crop Production. Front. Plant Sci.
2017, 8, 597. [CrossRef]

18. El-Nabarawy, M.A. Mitigation of dark induced senescence. 1—By some amino acids. Ann. Agric. Sci. Moshtohor 2001, 39, 225–232.
19. Spinelli, F.; Fiori, G.; Noferini, M.; Sprocatti, M.; Costa, G. A novel type of seaweed extract as a natural alternative to the use of

iron chelates in strawberry production. Sci. Hortic. 2010, 125, 263–269. [CrossRef]
20. Haider, M.W.; Ayyub, C.H.M.; Pervez, M.A.; Asad, H.U.; Manan, A.; Raza, S.A.; Ashraf, I. Impact of foliar application of seaweed

extract on growth, yield and quality of potato (Solanum tuberosum L.). Soil. Environ. 2012, 31, 157–162.
21. Povero, G.; Mejia, J.F.; Di Tommaso, D.; Piaggesi, A.; Warrior, P. A Systematic Approach to Discover and Characterize Natural

Plant Biostimulants. Front. Plant Sci. 2016, 7, 435. [CrossRef] [PubMed]

http://dx.doi.org/10.3329/bjb.v43i1.19746
http://dx.doi.org/10.1016/j.scienta.2015.10.044
http://dx.doi.org/10.3389/fpls.2018.00388
http://dx.doi.org/10.3389/fpls.2015.00671
http://dx.doi.org/10.1111/grs.12238
http://dx.doi.org/10.3389/fpls.2016.02049
http://dx.doi.org/10.3390/agronomy8070126
http://dx.doi.org/10.3390/plants8110522
http://dx.doi.org/10.3390/agronomy9060335
http://dx.doi.org/10.1105/tpc.109.066209
http://www.ncbi.nlm.nih.gov/pubmed/19252079
http://dx.doi.org/10.1007/s10811-007-9280-6
http://dx.doi.org/10.1007/s10811-010-9560-4
http://dx.doi.org/10.1002/jsfa.4431
http://www.ncbi.nlm.nih.gov/pubmed/21538369
http://dx.doi.org/10.4141/cjps2013-135
http://dx.doi.org/10.1007/s10811-013-0101-9
http://dx.doi.org/10.3389/fpls.2017.00597
http://dx.doi.org/10.1016/j.scienta.2010.03.011
http://dx.doi.org/10.3389/fpls.2016.00435
http://www.ncbi.nlm.nih.gov/pubmed/27092156


Agronomy 2021, 11, 39 11 of 12

22. Renuka, N.; Guldhe, A.; Prasanna, R.; Singh, P.; Bux, F. Microalgae as multi-functional options in modern agriculture: Current
trends, prospects and challenges. Biotechnol. Adv. 2018, 36, 1255–1273. [CrossRef] [PubMed]

23. Sultana, V.; Ehteshamul-Haque, S.; Ara, J.; Athar, M. Comparative efficacy of Brown, Green and red Seaweeds in the control of
Root infesting fungi and okra. Int. J. Environ. Sci. Technol. 2005, 2, 129–132. [CrossRef]

24. Matysiak, K. Kelpak—A natural regulator of plant growth and development. Sel. Ecol. Issues Mod. Agric. 2005, 375, 188–193.
25. Ertani, A.; Pizzeghello, D.; Baglieri, A.; Cadili, V.; Tambone, F.; Gennari, M.; Nardi, S. Humic-like substances from agro-industrial

residues affect growth and nitrogen assimilation in maize (Zea mays L.) plantlets. J. Geochem. Explor. 2013, 129, 103–111. [CrossRef]
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