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Abstract

BACKGROUND: This study aimed to evaluate the effect of L-tryptophan (L-TRP) used in the cultivation of Lolium perenne on the
yield, and chemical and microbiological quality of its herbage and silage. L-Tryptophan was applied in doses of 5, 0.5,
0.05 kg ha−1. The experiment was conducted with a control group (C) and a comparative control group (C+) with higher nitro-
gen fertilization.

RESULTS: The dose of 5 kg ha−1 had a significant effect on herbage yield, which increased by 15% compared to group C and
approximated the value achieved in group C+. The treatment with L-TRP caused a significant increase in water-soluble carbo-
hydrate (WSC) content only in Tr5 (165 g kg−1 DM), which was reflected in a more beneficial course of fermentation, lower
pH (4.59), and a higher sum of fermentation acids, including lactic acid (94.7 g kg−1 DM). Ryegrass treatment with a high L-
TRP dose effectively reduced the loads of Clostridium spp. and fungi, and increased the count of Bacillus spp. The L-TRP signif-
icantly reduced N-NH3 content in Tr05 (98.6 g kg−1 TN) compared with C+ (123 g kg−1 TN) and butyric acid content in Tr05
(from 1.35 g kg−1 DM in the C to 0.38 g kg−1 DM).

CONCLUSION: The most effective dose turned out to be a dose of 5 kg ha−1, which allowed a higher yield and a better fermen-
tation course to be achieved. This work presents the feasibility of using L-TRP to optimize nutrient consumption by Lolium per-
enne and ultimately to affect the quality of its silage as a feedstuff.
© 2020 Society of Chemical Industry
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INTRODUCTION
Abiotic stresses, resulting from water supplies, extremes in tem-
perature, salinity, and acidity, limit the uptake of nutrients and
the growth and productivity of grass species.1 A solution to these
problems is offered by natural growth stimulants, like amino
acids, which – by being protein constituents – are involved inmul-
tiple physiological processes in plants and animals. They affect
growth and development and participate in signaling processes
and enzymatic transformations. They play the role of immediate
or intermediate biostimulants as precursors to secondary metab-
olites, and their metabolic pathways constitute an integral ele-
ment of the immune systems of plants.2,3

Among its many essential functions in live organisms, L-TRP
serves as a precursor of indole-3-acetic acid (IAA), found naturally
in plant roots.4 Nevertheless, ca. 80% of the rhizosphere bacteria
exhibit the capability for IAA synthesis.5 The IAA synthesis is deter-
mined by L-TRP content,6 which depends on the vegetation stage
of plants and physiological stage of their cells.2 Research has
shown a beneficial effect from soil or foliar treatment with L-TRP
in the cultivation of many crops, including maize,7 wheat,8 and

lupine.9 This positive impact has manifested in increased plant
growth, green biomass yield, pod number, and improved chemi-
cal composition, including increased crude protein (CP) and
water-soluble carbohydrate (WSC) content.
The use of IAA has been reported to stimulate the growth and

yield of soybean.10 Among a small number of studies addressing
the auxin treatment effect on grasses, Clifford11 investigated the
early bending kinetics in response to unilateral IAA application
in Lolium nodal segments. Li et al.12 demonstrated enhanced phy-
toremediation of soil contaminated with phenanthrene by
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promoting soil enzyme activity and increasing microbial biomass
with Lolium multiflorum treatment with IAA, which allowed the
green biomass of grass to be increased. As an IAA precursor, L-
TRP was also expected to affect the yield and quality of fodder
grasses intended for the production of silages to be used in rumi-
nant feeding. These issues have rarely been addressed in the sci-
entific literature. In a moderate climate, Lolium perenne represents
the key species of fodder grasses administered to animals in the
form of herbage or silage.13

This study aimed to determine the effect of exogenous applica-
tion of L-TRP as a plant growth stimulant on the yield of Lolium
perenne and to evaluate the quality of silages produced. Hypoth-
esis: L-tryptophan improves the quality of herbage and silage for
ruminant.

MATERIALS AND METHODS
The study was conducted with perennial ryegrass (Lolium perenne
L.), from experimental plots (2 × 5 m) at the experimental station
in Tomaszkowo (53° 430 0400 N, 20° 240 3200 E). A field experiment
was performed in a randomized block system, with each experi-
mental variant conducted in three replications. The seed rate
was 35 kg ha−1. A standard nitrogen dose was used for fertiliza-
tion (N/P/K: 60/30/60 kg ha−1, group C) whereas a higher nitrogen
dose (N/P/K: 90/30/60 kg ha−1) was used in a comparative control
group (C+). Neither control variant (C or C+) was treated with L-
TRP. The 99.8% L-TRP (Sigma-Aldrich, St. Louis, Missouri, United
States) was applied in doses of 5 kg ha−1 (Tr5), 0.5 kg ha−1

(Tr05), and 0.05 kg ha−1 (Tr005), established based on a

preliminary study with seedling pallets. The experiment was car-
ried out on the soil deficient in nitrogen characterized by the fol-
lowing chemical parameters: total nitrogen, 0.09%; P2O5, 21.1 mg
100 g−1 of soil; K2O, 19.5 mg 100 g−1 of soil; Mg, 4.3 mg 100 g−1 of
soil, and pH 5.9. Over the experimental period, L-TRP treatments
were performed at the onset of plant vegetation (the first half of
May) and after the first cut (the second half of June). Herbage
was harvested in the second cut (herbage yield was estimated
in the first year, whereas herbage yield and chemical composition
were determined in the second year). Material for silage produc-
tion was obtained in the second year of cultivation (second cut),
after 30 days of regrowth. Once cut, the material was weighed,
and herbage samples were collected from each plot. The crushed
herbage (550 g FM) was vacuum-packed in polyethylene bags
(38.6 × 27.9 cm) using a vacuum packing machine (Vacutronic
2000, PP 5.4, ZTP TEPRO, Poland). The bags with silage were
opened after 90 days. A detailed description of the laboratory
chemicals and quantitative polymerase chain reaction (qPCR)
analyses has been provided in our previous work.14 Samples were
assayed for chemical composition: dry matter (DM) (method
934.01), CP (method 976.05), and crude ash (method 942.05),15

water-soluble carbohydrates (WSCs) – by the anthrone
method,16 neutral-detergent fiber (NDF) assayed with heat-stable
amylase and expressed exclusive of residual ash, acid detergent
fiber (ADF) expressed exclusive of residual ash – as described by
Van Soest et al.17 using the ANKOM220 fiber analyzer (ANKOM
Technology Corp., Macedon, NY, USA). The ammonia nitrogen
(N-NH3) content was determined by direct distillation using the
2100 Kjeltec distillation unit (FOSS Analytical A/S, Hilleröd,

Table 1. Yield and chemical composition of herbage and silage

Parametera Unit Cb C+ Tr005 Tr05 Tr5 SEM

Herbage Yield DM I mg·ha−1 13.06 13.95 11.84 11.71 13.5 0.32
Yield DM II 12.26 C 15.62 A** 13.33 BC 12.68 BC 14.1 AB* 0.36
Dry matter g·kg−1 317 300 322 333 318 0.45
Crude ash g·kg−1 DM 87.2 88.5 79.3 79.8 77.3 0.25
Crude protein 130 139 123 122 122 0.22
WSC 155 AB 145 B 155 AB 161 AB 165 A 0.23
NDF 500 484 498 489 491 0.33
ADF 329 317 313 311 311 0.33

Silage pH 4.71 4.63 4.65 4.62 4.59 0.01
Dry matter g·kg−1 301 280 307 314 307 0.45
Crude ash g·kg−1 DM 131 110 113 112 104 0.33
Crude protein 130 151 129 129 128 0.24
WSC 15.7 B 13.2 22.0 AB 32.0 A** 28.8 A* 0.21
NDF 526 504 523 513 509 0.33
ADF 355 335 338 336 335 0.35
N-NH3 g·kg−1 TN 105 AB 123 A 105 AB 98.6 B 106 AB 4.90
Ethanol g·kg−1 DM 0.47 0.76 0.57 0.60 0.55 0.08
Lactic acid 69.7 B 77.4 B 80.4 B 77.5 B 94.7 A** 2.47
Acetic acid 3.19 4.44 3.43 3.95 3.66 0.29
Propionic acid 0.05 0.04 0.03 0.04 0.03 0.011
Valeric acid 0.03 0.02 0.02 0.03 0.03 0.003
Butyric acid 1.35 A 0.70 AB 0.67 AB 0.38 B* 0.54 AB 0.157

Different letters in the same row indicate significant difference A, B, C P < 0.05; The values in the same rowwith different superscripts are significantly
different from the control group (C) * P < 0.05, ** P < 0.01, *** P < 0.001.
a WSC, water soluble carbohydrate; NDF, neutral detergent fiber; ADF, acid detergent fiber.
b C, control group; C+, comparative control group; L-TRP was applied in doses of 5 kg ha−1 (Tr5), 0.5 kg ha−1 (Tr05), and 0.05 kg ha−1 (Tr005); SEM,
standard error of the mean.
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Denmark) after increasing the pH of the samples by adding MgO;
acidity was measured with the HI 8314 pH meter (Hanna Instru-
ments, Woonsocket, RI, USA). The concentrations of lactic acid
and volatile fatty acids were determined as described by
Kostulak-Zielińska and Potkański.18 The volatile fatty acids and
ethanol were separated and determined by gas chromatography
on the Varian 450 gas chromatograph with the Varian CP-8410
autosampler, flame-ionization detector (FID), CP-FFAP capillary
column (length – 25 m, inner diameter – 0.53 mm, film thickness
– 1.0 μm), sample size – 1 μL, detector temperature – 260 °C,
injector temperature – 200 °C, column temperature – 90 to
200 °C, carrier gas – helium (flow rate 5.0 mL min−1). Lactic acid
content was determined by high performance liquid chromatog-
raphy (HPLC, Shimadzu, Kyoto, Japan) with isocratic flow. Separa-
tion was carried out using the Varian, Palo Alto, USA, Metacarb
67H column (Organic Acids Column), mobile phase: 0.002 mmol
L-1 solution of sulfuric acid in deionized water, flow rate of
1 mL min−1, UV detector, 210 nm. External fatty acid standards
were supplied by Supelco, and the lactic acid standard – by FLUKA
(Buchs, Switzerland). The qPCR results are presented as a gene
copy number of each of the analyzed groups of microorganisms

g−1 (DM). Statistical analysis of the results was preceded by the
evaluation of distribution normality (Shapiro–Wilk test) and vari-
ance homogeneity (Brown–Forsythe test). Afterward, an ANOVA
was performed at P = 0.05, P = 0.01, and P = 0.001. A Tukey test
was used for the results that met the criteria for normal distribu-
tion, whereas the Kruskal–Wallis test was used for the remaining
results (Statistica 13.5 TIBCO Software Inc., Palo Alto, CA, USA).
Principal component analysis (PCA) was carried out with PAST
4.02 software19 based on results centralized according to the fol-
lowing formula: [(value – mean) standard deviation−1]. Distances
between points on the biplot were computed based on the Pear-
son correlation matrix, between groups, represented by replica-
tions of a given variable.

RESULTS
The herbage was more differentiated in terms of microbiological
than chemical composition. In the case of biomass yield, signifi-
cant differences were observed in the second year of the study.
The highest yields were recorded in variants C+ (a highly signifi-
cantly higher increase by 27% compared to the control variant)

Figure 1. Boxplots for microbial qPCR analysis (gene copies per 1 g of dry matter). Abbreviations: C – control, C+ – high nitrogen fertilization, Tr5 – 5 kg
tryptophan ha−1, Tr05 – 0.5 kg tryptophan ha−1, Tr005 – 0.05 kg tryptophan ha−1; Different letters in the same boxplot set indicate significant difference A,
B, C (P < 0.05); the values in the same boxplot set with different superscripts are significantly different from the control group (C) * P < 0.05, ** P < 0.01, ***
P < 0.001.
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Figure 2. Biplot for A: biomass yield and chemical properties of herbage; B: chemical properties of silage. Abbreviations: C – control, C+ – high nitrogen
fertilization, Tr5 – 5 kg tryptophan ha−1, Tr05 – 0.5 kg tryptophan ha−1, Tr005 – 0.05 kg tryptophan ha−1 Yield I – yield in the first year of experiment, Yield II
– yield in the second year of experiment, DM – dry matter, CP – crude protein, NDF – neutral detergent fiber, ADF – acid detergent fiber, WSC – water-
soluble carbohydrates, LA – lactic acid, AA – acetic acid, PA – propionic acid, Et – ethanol, BA – butyric acid, VA – valeric acid, LoB – load of bacteria,
Lac-Lactic acid bacteria, Clo – Clostridium spp., Bac – Bacillus ssp., LoF – load of fungi, Yea – yeast, Fus – Fusarium ssp. (with Tri5 gene), Pen – Penicillium spp.
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and Tr5 (a significant increase by 15% compared to the control
variant). Herbage yields determined in the other Tr variants were
significantly lower than the C+ variant. The results of chemical
analyses showed increased WSC content in Tr5 herbage
(by 20 g kg−1 DM) compared to C+ (Table 1). The results of micro-
biological analyses demonstrated the highest bacterial loads in
the C+ and Tr05 variants and the lowest one in the Tr5 variant.
The load of Clostridium spp. was the highest in variant C+. It was
lower in the other variants (at least by one order of magnitude);
however, a significantly lower count of this bacterial genus was
determined only in variant Tr5. Results and significant differences
analogous to these shown for Clostridium load were reported for
fungi load. Results obtained for Bacillus spp. demonstrated the
highest load of these bacteria in variant Tr5 and a significantly
lower load (by 57%) in variant C. Whereas the Bacillus spp. load
determined in variants C+ and Tr05 was significantly lower com-
pared to variant Tr5. In the case of Penicillium spp. load, a highly
significant (P = 0.001 or 0.01) reduction was observed regardless
of L-TRP dose (by 62% on average compared to the control vari-
ant). The loads of lactic acid bacteria, yeast, and Fusarium spp.
did not differ statistically among the variants (Fig. 1).
Perennial ryegrass treatment with various L-TRP doses did not

influence the proximate composition of the respective silages
(Table 1). The higher L-TRP doses (Tr5 and Tr05) had a significant
effect on the WSC loss reduction during ensilaging. In turn, the
increased WSC content in Tr herbage enhanced acid production
during fermentation and increased the rate of pH decline, thereby
inhibiting protein degradation. The lowest pH was measured in
the Tr5 variant; however, there were no statistically significant dif-
ferences in its value among groups. In contrast, differences were
observed in the N-NH3 content of silages. Compared with the
other variants treated with L-TRP, the differences were not statisti-
cally significant; however, a downward tendency was observed
compared with the C+ variant. The L-TRP treatment allowed
achieving a significantly higher sum of acids in silage, being the
highest in variant Tr5. Regarding contents of volatile acids and
ethanol, differences were only observed for butyric acid, the high-
est content of which was determined in variant C, the lowest one
in variant Tr05, and a downward tendency in variant Tr5. This
proves the positive effect of L-TRP treatment on the course of clos-
tridial fermentation. In general, the above results are consistent
with the Clostridium spp. load, but a highly significant decrease
was noted in the load of these bacteria in variant Tr5 and a down-
ward tendency in variant Tr05 (Table 1, Fig. 1). Considering the
other microbiological parameters tested in the study, the load of
fungi generally decreased in each variant compared to the control
variant but this reduction proved significant only in variants C+
and Tr005. In the case of Penicillium spp. gene copy number, a sig-
nificant decrease of its load was observed in variant Tr005 and a
downward tendency in variants Tr05 and Tr5 (Fig. 1).
The first two principal components in the PCA of the herbage

explained in total 77.6% of the variance, with component 1 (the hor-
izontal axis) explaining 49.4% and component 2 (the vertical axis)
explaining 28.2%of the variance. ThePCA results demonstrated that
all variants treated with tryptophan (Tr) were highly similar to each
other but significantly different from the control variant (C) and
the variantwith an increased nitrogen dose (C+). All Tr variants were
similar, as evidenced by their close arrangement on the coordinate
axis. The analysis of vector loading and orientation showed that
the high Penicillium spp. load, highADF content, andhigh fungi load,
that were positively correlated with each other, were typical of vari-
ant C. The vectors CP, Clo, Fus, Yield I, and LoB (with a slightly lower

loading) were strongly correlated with each other, and their high
valueswere determined in variant C+. TheWSC vectors and two vec-
tors with slightly lower loadings – Lac and Bac –were typical of all Tr
variants, and all weremoderately correlatedwith each other. In turn,
the high DM content was shown mainly in Tr05 variants. Moreover,
high values of NDF for Tr and C, Yea and crude ash for C and C + and
Yield II for Tr and C + were observed (Fig. 2(A)).
The first two principal components of silages explained 76.3% of

the variance, with component 1 explaining 42.6% and component
2 explaining 33.7%. As in the case of the herbage, the PCA results
demonstrated that all variants treated with tryptophan (Tr) were
very similar to each other but significantly different from the con-
trol variant (C) and the variant with a high nitrogen dose (C+).
The control variant (C) was characterized with high values of pH,

Pen, Yea, crude ash, Clo, ADF, and LoF (which were strongly posi-
tively correlated with each other but negatively correlated with LA
and Et). Typical of the C+ variant were the strongly positively cor-
related CP, Fus, N-NH3, and N-NH3/TN as well as the less strongly
correlated Lac. However, their values were moderately negatively
correlated with DM, VA, and NDF. In this variant, analyses showed
the presence of the Tri5 gene typical of the genus Fusarium. Typ-
ical of all Tr variants were high contents of lactic acid andWSC but
also, partly, ethanol and DM contents. This is important because
grass treatment with L-TRP during vegetation increases WSC con-
tent and in this way increases fermentation effectiveness by
reducing lactic acid production and pH (Fig. 2(B)).

DISCUSSION
Literature data confirm enhanced plant yield after L-TRP treat-
ment.7,8,9 Similar observations of increasing WSC content in herb-
age were made by Khalifa et al.9 for L-TRP-treated lupine.
However, Khalifa et al.9 we did not confirm a CP content increase
upon L-TRP treatment. The positive effect of increasing the WSC
content in herbage on the course of fermentation is consistent
with previous findings reported by Owens et al.20 The Tr05 dose
allowed achieving its significantly lower N-NH3 content, which
points to the lesser extent of proteolytic transformation during
ensilaging.21 Silage from Tr5 variant also had the highest contents
of lactic acid and WSC residue, which may be indicative of the
higher effectiveness of lactic acid fermentation.22 The silages from
variant Tr05 had the lowest butyric acid and N-NH3/TN content,
i.e. indicators of this fermentation type, which are strongly corre-
lated with each other.22

Feedstuffs, and particularly silages, often have undesirable
loads of Clostridium spp., fungi, and Bacillus spp. Good practice is
to use ensilaging additives; however, their effectiveness is not
always satisfactory.14,23,24 In the present study, using a biostimu-
lant not only allowed increasing herbage yield but also contrib-
uted to minimizing the risk posed by Clostridium spp. and
Bacillus spp., and to reduced fungal growth in the silages. This
approach proves more effective and economically viable than
the use of ensilaging additives.

CONCLUSIONS
In summary, the results of this study prove that perennial grass
treatment with L-TRP with a dose of 5 kg ha−1 significantly
affected herbage yield, making the amount of biomass produced
similar to that obtained from the variant with a high nitrogen dose
used for fertilization. Although the high nitrogen fertilization
caused an increase in CP, grass treatment with L-TRP contributed
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to a higher WSC content. The increased WSC content of Tr5 herb-
age resulted in a more favorable course of fermentation. Interest-
ingly, L-TRP used in medium and high doses effectively reduced
the loads of Clostridium spp. and fungi, and increased the Bacillus
spp. load. It is worth emphasizing that although they are antago-
nists of plant pathogens,25 the latter bacteria lead to the deterio-
ration of ready silages under aerobic conditions.22 The positive
effect of L-TRP treatment during plant vegetation affected the
key parameters of silage, including pH value, a high lactic acid
content, and a highWSC content. This study points to the feasibil-
ity of using L-TRP to optimize nutrient consumption by Lolium per-
enne at stands with more inferior soil quality. It also provides pilot
results that will allow the L-TRP dose to be optimized for future
application in large-scale field investigations.
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