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Abstract: Smooth brome (Bromus inermis L.) is a species of perennial grass with growing economic
importance. Initially, this species had attracted interest as a source of animal feed. Over the years,
the interest in smooth brome increased significantly due to the growing knowledge about its ad-
vantages. The aim of this study was to explore the contemporary significance of smooth brome. This
plant is characterized by a high tolerance to many negative environmental factors, such as periodic
droughts, low temperatures and salinity, which contributes to its constant presence in the landscape
of many countries. The moderate soil requirements of smooth brome, combined with the effective
use of soil resources and rational nutrient utilization, contribute to high biomass yields that can
reach 13 t/ha DM. The usefulness of this grass species in various management systems has been
recognized in numerous research studies. Smooth brome can generate benefits in many branches of
the economy. This efficient energy plant is used in paper production, and it is also recommended
for the protection of fallow land or the reclamation of degraded land. Smooth brome prevents ero-
sion, enhances biodiversity, and provides shelter for many animal species. This species fits well into
the current assumptions of agricultural policy and increasingly demanding environmental stand-
ards. According to the latest guidelines, modern agriculture should pursue economic and environ-
mental goals simultaneously. In this context, smooth brome constitutes a valuable link in sustaina-
ble development. Due to its numerous advantages, smooth brome not only provides high-quality
feed and biomass but also effectively sequesters COz, improves soil fertility and enhances biodiver-
sity, which makes it an important element of agriculture and environmental protection.

Keywords: grass; bromegrass; ecosystem; animal nutrition; forage grass

1. Introduction

Smooth brome (Bromus inermis Leyss.), also known as bromegrass, smooth brome-
grass, Austrian brome, Hungarian brome or Russian brome, is a perennial plant of the
family Poaceae. The species is native to Eastern Europe and China, and at present, it is
widely distributed in temperate and cool climate zones in the northern hemisphere [1,2].
Smooth brome was introduced to North America in 1884, but its significance was recog-
nized only during the major drought events of the 1930s [1]. In the United States, sporadic
breeding efforts were made at the beginning of the 20th century, but formal breeding pro-
grams were initiated only at the turn of the 1930s and 1940s. The selective breeding of
smooth brome coincided with the growing popularity of Columbia brome, which was
recognized for its ability to restore damaged meadows and fallow land in the Great Plains
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and the Midwestern United States. Extensive research into smooth brome began only in
the 1970s [3].

Smooth brome, the most popular species of perennial bromegrass in North America,
is characterized by considerable ecotype diversity, and it is generally divided into north-
ern, southern and intermediary ecotypes [3]. In North America, smooth brome is classified
into two main ecotypes: the northern or meadow ecotype that thrives in valleys, humid
climates of Eastern Europe and temperate Asian climates and the southern or steppe eco-
type that is well adapted to dry environments. The intermediate ecotype is a cross be-
tween the northern and southern ecotypes [3,4].

Numerous smooth brome breeding and research programs have contributed to the
development of its open-pollinated varieties, including ‘Carlton’, ‘Lincoln’, ‘Lofar’,
‘Manchar’ and ‘Brudzynska’, as well as hybrid varieties such as AC Knowles, Sukces and
K-46 [5-9]. At present, smooth brome is cultivated in many countries on several continents
(Figure 1). This indicates great economic potential.
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Figure 1. Geographic distribution of smooth brome and the origin of its varieties. Source: Global
Biodiversity Information Facility [10,11].

According to many researchers, the broad geographic distribution of smooth brome
across various habitats can be attributed mainly to its extraordinary cold resistance rela-
tive to other perennial grasses, as well as its ability to adapt to new environments [4,12—
14]. Smooth brome is also highly resistant to disease [1]. It is characterized by above-av-
erage growth in cold climates and tolerance to adverse environmental conditions —in par-
ticular, low temperatures [15,16].

Smooth brome is one of the most drought-resistant species of grass [14,17]. Its exten-
sive root system with many side branches (Figure 2) promotes adaptation to various soil
types and environments, including dryland, weak and wet soils, waterlogged sites, em-
bankments and escarpments [18]. Owing to its extensive root system, smooth brome is
able to take up more water and nutrients than other grass species [14]. According to Pang
et al. [19], smooth brome draws water mainly from deep soil layers below 10 cm.
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Figure 2. The root system of smooth brome at the end of the growing season.

Smooth brome effectively transports essential nutrients from mature plants to young
plants, which enables the species to effectively colonize nutrient-deficient soils [20]. This
process plays a key role in species survival and the development of young plants under
adverse environmental conditions. Soil-dwelling microorganisms increase the availability
of nutrients for smooth brome. This grass species offers a supportive environment for mi-
crobial growth, and it benefits from the minerals released by soil-dwelling microorgan-
isms. In smooth brome, root-associated microbial communities include bacteria (63%), ar-
buscular mycorrhizal fungi (17%), saprophytic fungi (9%), actinobacteria (8%) and micro-
eukaryotes (3%) [21]. This symbiotic relationship with soil-dwelling microorganisms en-
ables smooth brome to adapt to diverse soil environments and effectively utilize nutrients
(Figure 3).
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Figure 3. Root-microbe interactions in smooth brome.

Smooth brome has allelopathic effects, and it inhibits the growth of other plants by
secreting mycotrophic substances that decrease competition [22]. Harkot and Lipiriska
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[22] demonstrated that extracts from germinating smooth brome seeds effectively inhib-
ited the germination of Kentucky bluegrass and white clover. Benedict [23] found that
smooth brome root secretions suppressed the growth of competitive plant species, thus
enabling smooth brome to dominate over previously colonized habitats. Numerous stud-
ies have shown that smooth brome is a highly invasive plant that displaces native species
(Figure 4). According to many researchers, smooth brome poses a significant threat to bi-
odiversity due to its dominance. This is important in maintaining the ecological balance
in nature [24-31]. Gos et al. [32] observed that smooth brome has a tendency to become
the dominant species in the sward by eliminating weakly competitive species such as
meadow fescue and timothy-grass.

A number of management strategies have been developed for reducing the uncon-
trolled spread of smooth brome. Effective methods include the introduction of rotational
grazing, which helps reduce the competitive advantage of brome grass by periodically
disturbing its growth. The introduction of competitive native species is also used, which
can also effectively limit the development of smooth brome through natural competition
[28,29,33,34]. Herbicide treatments can be effective, especially when applied selectively,
reducing negative impacts on non-target species [35-39]. Good results are achieved by
mechanical removal and controlled burning, which can disrupt the growth cycle of brom-
egrass and reduce its seed bank in the soil [29,40]. A promising method is the introduction
of natural predators or pathogens specific to smooth brome, which requires further re-
search [41].

Figure 4. Smooth brome growing on the roadside.

Initially, smooth brome had attracted interest mainly as a source of animal feed. Over
the years, the interest in smooth brome increased due to the growing knowledge about its
advantages. At present, the species is not only a source of forage, but it is also produced
as an energy crop and used to reclaim degraded land or protect fallow land. Smooth
brome is considered a pioneer plant on eroded soils and a soil stabilizer in fire-damaged
areas. It provides shelter to many animal species, and it is also used in phytoremediation,
the control and prevention of erosion and the enhancement of biodiversity [28,41-46]. The
aim of this study was to review the existing literature on the current applications of
smooth brome in agriculture and industry and its significance for the environment. This
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literature review was prompted by many years of research conducted by the authors and
the general scarcity of published studies on the multiple applications of this versatile grass
species.

2. Methods

The following bibliometric databases were comprehensively searched to acquire data
for the literature review: PubMed, Web of Science, Scopus, AGRO, MDPI, Cambridge
Journals, Taylor&Francis, Science Direct and Springer. The literature was analyzed based
on the following keywords: ‘smooth brome’, ‘bromegrass’, ‘smooth bromegrass’, ‘Bromus
inermis’ and ‘tall grasses’. Articles published in languages other than Polish and English,
popular science articles and articles describing the results of research conducted at the
cellular level were excluded from the analysis. The review included research papers pub-
lished between 1947 and 2024. The articles selected for the review were discussed in the-
matically relevant sections of the manuscript.

3. Morphology

Smooth brome is a tall grass species with an extensive root system with rhizomes
(Figure 5 A), which penetrates the soil to a depth of 150 cm [47,48]. The species produces
long vegetative shoots with numerous leaves, as well as reproductive shoots with flowers.
The leaves are folded in buds and leaf blades are flat, long and broad, with crimps in the
middle (Figure 5 B). The ligule is short and incised, with a jagged margin. The leaf sheaths
are usually hairless, and their edges are fused for most of their length (Figure 5 C). The
inflorescence consists of a double, moderately open panicle with branches in whorls and
large 3- to 10-flowered spikelets (Figure 5 D). Kernels are hulled; the lemma is nerved,
sharply pointed and usually awnless, extending upward. The thousand-seed mass of
smooth brome is estimated at 6.2 g [49,50]. A single plant can produce 50 to even 100,000
seeds that begin to ripen in June and August. The seeds remain viable in soil for up to ten
years (Figure 6).

Figure 5. Morphology of smooth brome. A—root system, B—leaf blade, C—leaf sheath, D—inflo-
rescence.
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Figure 6. Seeds of smooth brome.

Smooth brome has numerous applications due to its chemical composition. The
chemical composition of smooth brome during vegetative growth and flowering is pre-
sented in Table 1.

Table 1. Chemical composition of smooth brome.

Component Content Source
DM 27.1 [51]
ADF 353.0-451.0
NDF = 387.5-601.9
ADL 20 572.6-618.6 [8,52-55]
RFV S 73.0-93.0
NFE 84.0-109.0

CP 89.1-145.2 [3,52,53,55]
CF 21.7-33.2
Lignin 137.0 [52,55-57]
Crude ash S 7.7-73.0 [42,51,52,55,57]
P @ 1.5-1.8
K £ 14.5-18.9 [55,58,59]
Ca o 4.3-5.0
Mg 2.8-5.8 [58]
Na 0.70
S 0.65-0.73 [42,59]
Cu 4.0-5.4
Fe E 60.0-84.1
Zn &0 31.2 [59,60]
Mn go 66.9
Co 0.06

DM —Dry matter; ADF—Acid detergent fiber; NDF —Neutral detergent fiber; ADL—Acid detergent
lignin; RFV —Relative feed value; NFE —Nitrogen-free extract; CP—Crude protein; CF—Crude fiber.

4. Soil Requirements

Smooth brome thrives on various types of soil—both fertile soils that are abundant in
humic substances and nutrients and nutrient-deficient soils [12,14]. According to research,
this grass species easily adapts to different environments and exhibits tolerance to salinity
and low pH [12,14,61]. It is recommended for reclaiming eroded and fire-damaged soils
[28,44]. Smooth brome is also resilient to intense sunlight and can be planted within a broad
elevation range [18,23]. This species can tolerate short-term spring flooding for up to 45-50
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days, and it is well suited for floodplain meadows [62,63]. Smooth brome can also be culti-
vated on dry and highly decomposed organic soils [49].

5. Agronomic Management

To maximize smooth brome yields and performance, the analyzed grass should be
grown after small-seeded legumes and root vegetables. Smooth brome plantations should
not be established in fields where grasses were grown in the past two years. The field should
be plowed after the preceding crop has been harvested. The first spring treatments involve
shallow cultivation (drag harrow) and fertilization. Fertilizers should be thoroughly mixed
with soil, and the field should be adequately prepared for sowing. The optimal rates of
phosphorus and potassium fertilizers should be determined based on the concentrations of
these nutrients in soil. Fertilizers are generally applied at 60-80 kg/ha P-Os and 80-100 K20
kg/ha[20,49]. Nitrogen can be applied before sowing, depending on the preceding crop, soil
nutrient levels and the intended use of smooth brome [17].

When produced for forage, smooth brome should be sown at a density of 30-52
seeds/ha [41,64]. According to Mahli and Foster [65], barley should be sown at 30 kg
seeds/ha as a cover crop in the seeding year to maximize the herbage yields of smooth
brome. In turn, Ou et al. [66] found that smooth brome should be sown at a density of 35
kg/ha with a row spacing of 45 cm to optimize seed production. The recommended seeding
rate for the protection and restoration of fallow land is around 30 kg/ha. A 1:1 seeding ratio
should be applied when smooth brome is sown with other plant species, such as fodder
galega or hybrid alfalfa. The seed mix should be sown at a density of around 40 kg/ha
[67,68]. According to Liu [69], smooth brome should be sown (undersown) at approximately
400 seeds/m? to restore grasslands. Seeds should be planted at a depth of 1-2 cm, and the
field should be rolled after seeding. Plants generally emerge 12-14 days after sowing [17,18].

Initial growth is slow, which is why optimal nitrogen fertilization plays an important role
in the production of smooth brome. Slow-release fertilizers such as urea and calcium nitrate
applied at 40-60 kg N/ha before the first cut are recommended to increase forage yields. Sim-
ilar fertilizer rates are applied before the second and the third cuts, totaling 120 kg N/ha per
growing season [17]. According to Kang et al. [70], moderate nitrogen rates (120 kg/ha) com-
bined with a mild water deficit not only promote high yields in smooth brome but also prevent
nitrogen leaching through the soil profile. Tiirk et al. [53] reported that the yields and quality
of smooth bromegrass forage can be optimized when nitrogen is supplied at 120 to 160 kg/ha.
Smooth brome effectively utilizes nutrients from organic waste fertilizers such as sewage
sludge and fly ash [43,71]. Dried and wet distiller grains with solubles have also been found
to increase smooth brome yields in meadows and pastures [72]. However, numerous studies
have demonstrated that high yields of smooth brome can also be achieved without nitrogen
fertilizer, which makes this species suitable for organic farming [67,73].

Agronomic treatments, particularly weed management, play a key role in the first year
of smooth brome cultivation. Monocotyledonous weeds, such as plants of the genera Apera
and Alopecurus myosuroides, are sensitive to fenoxaprop-P-ethyl at the recommended dose
of around 69 g/ha. Dicotyledonous weeds should be controlled with MCPA sprayed at a
dose of 1200 g/ha. Herbicides should be applied in the appropriate growth stage when
smooth brome plants have developed at least six to eight leaves.

The first harvest takes place when smooth brome reaches a height of 8-10 cm. The har-
vested herbage can be used directly as forage or ensiled. To stimulate plant growth, smooth
brome should not be cut too low in the first year of production [17]. The analyzed species
grows slowly in the first year, and the highest yields are generally reported in the third and
fourth years of cultivation [18]. Seed yields generally range from 600 to 1800 kg/ha [74]. The
number of generative shoots and the number of seeds per panicle are the main yield com-
ponents in smooth brome [75].

Smooth brome continues to attract growing interest as a valuable fodder crop, particu-
larly in permanent grasslands. In the past, smooth brome was not regarded as an economi-
cally important plant, but water scarcity and the search for plant species and varieties that
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easily adapt to adverse environmental conditions have increased the popularity of smooth
brome among crop breeders [15,72]. The discussed species is characterized by stable yields
due to its high tolerance to drought and its ability to adapt to novel environments [14].

In the group of cultivated grasses, smooth brome is characterized by a unique mor-
phology of aerial biomass. Vegetative shoots are predominant in smooth brome stands, and
similar to generative flowering shoots, they feature many leaves, which contributes to the
high yields and high quality of the resulting forage [76]. Smooth brome can be cut several
times per season, and it easily regrows after harvest, which is why it is often produced as a
fodder crop on arable land [64,77,78]. According to Vasylenko et al. [20], the annual yields
(three harvests) of smooth brome can reach 13 t DM. High yields have also been reported
when smooth brome was grown intercropped with legumes [64,67]. The forage yields were
even twice as high, and the nutritional quality of the forage improved considerably when
smooth brome was grown in a mixture with small-seeded legumes [79]. When intercropped
with smooth brome, alfalfa fixed twice as much nitrogen as alfalfa grown alone [80]. Re-
search has also shown that greenhouse gas emissions were considerably lower in alfalfa and
smooth brome mixtures than in alfalfa monocultures. Alfalfa and bromegrass mixtures also
increased the carbon and nitrogen pool in soil relative to alfalfa monocultures [81]. The
search for effective approaches to increasing carbon and nitrogen sequestration by crops
poses one of the greatest challenges for contemporary agriculture. Various incentives have
been introduced around the world to encourage the production of crops that fix atmospheric
nitrogen and sequester large amounts of CO:z [82-85].

6. Roles in Animal Nutrition

Smooth brome can be grown for hay, silage or grazing. Cattle, particularly beef cattle
and small ruminants, as well as other herbivorous animals (horses and camelids), are fre-
quently grazed on pasture. Grazing also plays an important role in dairy cattle production
systems. Green forage has a high nutritional value, and it is cheap and easy to produce.
In addition, grazed animals are physically active, have unlimited access to forage and are
exposed to sun and fresh air, which improves their health and well-being [86,87]. The op-
timal pasture mix should offer well-matched grass species and varieties that are tailored
to the animals’ nutritional needs. Pasture grasses should have a high nutritional value;
they should be palatable and resistant to trampling and frequent grazing. Forage grasses
should efficiently utilize soil nutrients and be capable of rapid regrowth. Smooth brome
is characterized by high palatability and digestibility, and it is willingly consumed by an-
imals, particularly ruminants. It has a low content of crude fiber, a higher content of fat
and protein of high biological value [79,80,88]. Smooth brome is a key component of pas-
ture mixes due to its rapid spring growth, considerable persistence on pastures and a long
life cycle [81,82]. It is also highly resistant to cutting and grazing [12,89].

Pastures with a predominance of smooth bromegrass are an excellent source of for-
age for cattle during the entire growing season. Daily weight gains are similar in cattle
grazed on smooth bromegrass and other grass species [90]. In the tillering stage, the pro-
tein content of smooth bromegrass ranges from 230 to 244 g/kg. The protein content de-
creases in the second and third cuts, but smooth bromegrass remains an important source
of protein in the animals” diets [20].

Smooth brome accumulates lipids, phosphatidylcholine and fatty acids. These com-
pounds play an important role in the diet of Yakutian horses, especially in the fall, when
these animals accumulate fat reserves. High levels of lipids in muscle tissues enable Ya-
kutian horses to withstand extremely low winter temperatures [56].

During winter dormancy, smooth brome is an important source of forage for llamas.
Smooth brome is characterized by higher biomass yields than those of other grass species,
and it retains its high nutritional value in winter. Animals readily graze on this grass spe-
cies during difficult winter conditions [91].
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7. Protection of Fallow Land

Smooth brome is recommended for restoring fallow land. Bromegrass monocultures
effectively protect valuable farmland. Cultivation does not lead to the depletion of soil
nutrients [45,92,93]. This sod-forming grass densely covers soil and effectively inhibits the
growth and germination of annual weeds [94]. Smooth brome tends to dominate over
other plant species on fallow land, and it offers protection against weeds for many years
[67] (Figure 7). Smooth brome does not require fertilization, and it can protect soil against
nutrient leaching, which can be largely attributed to its extensive root system [47,92].
Smooth brome roots are able to draw water and nutrients from much deeper soil layers
than other grass species, and nutrients are accumulated in roots to nourish young plants
[29]. Fallow land should be optimally seeded with a mixture of smooth brome, fodder
galega or hybrid alfalfa. On fallow land, smooth brome and legume mixtures should be
established at a 1:1 ratio, which increases biomass yields relative to grass monocultures
and eliminates the need for fertilization [95]. Smooth brome and fodder galega mixtures
on fallow land are effective preceding crops in the production of cereals and rapeseed.
The positive impact of these mixtures persists for three years after the plantation has been
terminated [96]. On fallow land and in extensive crop farming, smooth brome grown
alone or in mixtures with fodder galega and hybrid alfalfa also enhances biodiversity.
Smooth brome is a tall grass species that offers shelter to many animal species, including
larger animals such as hares and roe deer [95].

% BrROMUS
INERMIS

Figure 7. Set-aside land protected with smooth brome in the eighth year after sowing (May/June).

8. Reclamation of Degraded Areas

Smooth brome is recommended for reclaiming open-pit mines and landfills and for
stabilizing soil in fire-damaged areas [28,44]. Bromegrass monocultures are also effective
in reclaiming fly ash landfills enriched with sewage sludge from municipal wastewater.
Sewage sludge overgrown by smooth brome triggers microbial activity in inert fly ash,
and the produced organic matter acts as a sorbent that promotes the storage of nutrients
and water [44]. Microorganisms play a significant role in the restoration of plant life in
degraded ecosystems. Smooth brome promotes microbial growth and significantly in-
creases the diversity of fungal and bacterial communities colonizing the soil surface,
which are directly responsible for the availability of nitrogen, phosphorus and potassium.
When sown in degraded areas, smooth brome quickly restores the ecosystems of many
microbial species. The size and stability of microbial communities, particularly soil fungi,
increase rapidly [97].
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Pure-sown smooth brome thrives on fly ash, both deprived of organic matter and
enriched with sewage sludge. In these conditions, generative shoots can grow to a height
of 130 cm. The proportion of this grass species in the stand can reach 95%, and cover abun-
dance is estimated at 8.3 on a 9-point scale. Other plant species are very rarely noted in
smooth brome stands [44].

According to Antoniadis et al. [98], smooth brome can be effectively used in the phy-
toremediation of soils that are strongly contaminated with heavy metals. Majtkowski et
al. [99] reported that smooth brome roots can accumulate significant quantities of heavy
metals. Similar observations were made by Shi et al. [100], who found that smooth brome
is exceptionally useful for removing aromatic hydrocarbons from soil. Smooth brome re-
moves these pollutants more rapidly and effectively than other perennial plants, such as
hybrid alfalfa. According to Shi et al. [101], smooth brome can decompose polycyclic aro-
matic hydrocarbons (PAHs) with four to six rings. This grass species significantly in-
creases the activity of catalase and lignin peroxidase enzymes, which play a key role in
the removal of high-molecular-weight PAHs (HMW-PAHSs). Smooth brome has an exten-
sive root system that penetrates soil to a depth of 1.4 m, which increases the effectiveness
of phytoremediation, including the elimination of HMW-PAHs [47].

Due to its specific morphology, smooth brome can also act as an effective phytosan-
itary barrier. Davidson et al. [102] found that smooth brome can decrease the recovery of
infective rotavirus particles in surface runoffs by 73% on average and delay the time to
peak recovery by impeding surface flow and increasing the potential for infiltration into
the soil profile.

9. Energy Generation

Tall perennial grasses, including smooth brome, meet the criteria for energy crops
and can be used as renewable energy sources [89,90,103]. In comparison with other per-
ennial grasses, smooth brome is more abundant in polysaccharides with a low degree of
polymerization, and its biomass can be readily used as feedstock in biogas plants [43,104].
According to Martyniak and Zurek [105], the methane yield of smooth brome exceeds
6000 m%ha and is comparable with maize grown in the same area. Zurek and Martyniak
[106] found that ensiled smooth brome is characterized by a much higher fermentation
rate than maize, which speeds up biogas production. Smooth brome biomass has a high
carbon content, and its calorific value and heat of combustion can reach 17.35 MJ/kg and
18.26 MJ/kg, respectively. These results indicate that smooth brome is highly suitable for
energy generation [42,43]. The greenhouse gas emissions associated with the production
of perennial energy crops, including smooth brome, are 3-13 times lower in comparison
with those of fossil fuels or annual energy crops. These plants sequester more COz2 to de-
velop extensive root systems. The roots of perennial grasses accumulate significant
amounts of organic carbon [82,107].

Waliszewska et al. [43] demonstrated that smooth brome has a higher ash content
than other grasses, which does not undermine its energy value, and the obtained ash can
be used as fertilizer. In turn, Baluch-Matecka et al. [42] found that smooth brome, com-
pared with other perennial grasses, was characterized by a low ash content and very low
sulfur content after energy recovery. In perennial grasses, dry biomass can be obtained
during harvest, which significantly decreases production costs in renewable energy gen-
eration. Smooth brome biomass can be converted to solid fuel (briquettes, pellets), and it
is a good source of heating fuel. Biomass-based heating systems offer a promising solution
on the bioenergy market [108-111]. Perennial energy crops, including smooth brome, also
deliver important ecosystem services. These plants generate greater benefits for wildlife
than annual crops such as maize. Plants that are harvested in smaller quantities several
times during the growing season are less disruptive for animal ecosystems than crops that
are harvested only once [46].
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10. Prevention of Erosion and Buffer Zone Management

Smooth brome easily adapts to new environments, tends to dominate over other
plant species in the sward, is more persistent than other grasses and has an extensive root
system, which is why it is recommended for stabilizing slopes and protecting areas at a
high risk of water and wind erosion [14,62,112]. In practice, smooth brome is frequently
used to establish grass cover on embankments, escarpments, ditches and other earth struc-
tures [50].

Smooth brome has a very strong and dense root system. It produces dense roots,
especially in the 0-10 cm horizon, which are characterized by a higher tensile strength
than the roots of other grass species and increase the soil resistance to extreme loading
[113,114]. These properties play a key role in controlling soil erosion. Smooth brome has
fibrous roots that are strongly attached to soil, which increases sward stability and re-
sistance, particularly to intensive surface runoffs [28,41]. According to Lyszczarz et al.
[115], smooth brome is highly recommended for stabilizing escarpments and flood em-
bankments. The cited authors noted that smooth brome is most effective in preventing
soil erosion when sown in a mixture with legumes. Smooth brome is particularly useful
for reinforcing the embankment base, which does not offer a supportive environment for
plant growth. Cao et al. [116] have also suggested that smooth brome can be used to pre-
vent soil erosion on unpaved roads where the traffic load does not exceed 300 vehicles per
year. According to the cited authors, smooth brome offers a much cheaper and environ-
mentally friendly solution for controlling road erosion than unbound aggregates.

Smooth brome can also be used to create buffer zones [41]. This grass species is very
well suited for this purpose due to its ability to produce a thick ground cover that persists
throughout the year, various tillering systems that promote the formation of strong and
thick sod and dense turf and a long growing season that lasts from early spring to the late
form, its ability to take up large amounts of nutrients utilized for tillering and biomass
production and its ability to produce a fibrous root system that stabilizes plants in soil,
increases turf resistance to surface runoffs and prevents erosion [41,117].

11. Paper Production

Smooth brome is also a highly promising resource for the paper industry. Paper is
produced from lignocellulosic biomass that is derived mainly from trees, but due to lim-
ited wood resources, the biomass of rapidly growing plants, including perennial grasses,
is increasingly often used in paper production [61,118]. According to many researchers,
smooth brome is a good source of cellulose [118,119]. Various plants species that are a rich
source of lignocellulosic biomass are being researched to decrease production costs and
minimize the environmental impact of cellulose and paper production [120,121]. Smooth
brome is considered as a cheap source of lignocellulosic biomass that can be processed
into paper [118].

12. Directions for Further Research on Smooth Brome

>  Improving the nutritional value of green fodder through breeding efforts by increas-
ing the protein content and decreasing the fiber content of smooth bromegrass;

>  The production of biomass for energy generation, particularly on weak and dryland
soils;

>  The development of low-input technologies for the production of smooth brome bi-
omass with a minimal carbon footprint;

>  The development of meadow and pasture swards composed of several plant species,
including smooth brome, to enhance biodiversity;

> Expanding the geographic range of smooth brome based on its ability to adapt to
difficult soil conditions and dominate over other plant species;

»  The development of low-input, sustainable and energy-efficient technologies for the
production of smooth brome biomass for the paper industry.
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13. Summary

Smooth brome has been researched extensively in recent decades, which increased
the number of potential applications of this grass species. Smooth brome is very well
suited for sustainable farming and environmental protection. This grass species is an ex-
cellent source of green forage produced in both conventional and organic farming sys-
tems. Smooth brome is also a highly promising energy crop that can be processed in bio-
mass incineration facilities and biogas plants, and the obtained ash and digestate can be
used as agricultural fertilizers. In the future, smooth brome can largely replace wood pulp
as an eco-friendly resource in paper production.

Despite the fact that smooth brome is an invasive species of perennial grass, it does
not lead to the depletion of soil nutrients. In contrast, the long-term cultivation of smooth
brome, particularly in mixtures with legumes, improves soil fertility and can promote the
achievement of sustainable development goals.

Smooth brome fully meets the recommendations for the sustainable production of
animal feed and bioresources, nutrient management and the protection of soils and at-
mospheric air. In line with the sustainable development paradigm, various eco-friendly
technologies should be combined to produce high-quality feed and energy crops to effec-
tively sequester CO2 and improve soil fertility. Smooth brome can significantly contribute
to the achievement of these goals in agriculture and environmental protection.

Author Contributions: Conceptualization, EM.-W., PJ.Z.and SJK; writing —original draft, E.M.-
W., PJ.Z.and K.Z.; writing —review and editing, K.Z.; supervision, S.J.K. All authors have read and
agreed to the published version of the manuscript.

Funding: The results presented in this paper were obtained as part of a comprehensive study fi-
nanced by the University of Warmia and Mazury in Olsztyn, Faculty of Agriculture and Forestry,
Department of Agrotechnology and Agribusiness (Grant No. 30.610.013-110). Funded by the Min-
ister of Science under “the Regional Initiative of Excellence Program”.

Institutional Review Board Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Casler, M.D.; Vogel, K.P.; Balasko, J.A.; Berdahl, J.D.; Miller, D.A.; Hansen, J.L.; Fritz, ].O. Genetic Progress From 50 Years of
Smooth Bromegrass Breeding. Crop Sci. 2000, 40, 13-22. https://doi.org/10.2135/cropsci2000.40113x.

2. Walton, P.D. The Production Characteristics of Bromus inermis Leyss and Their Inheritance. In Advances in Agronomy; Elsevier:
Amsterdam, The Netherlands, 1980; Volume 33, pp. 341-369, ISBN 978-0-12-000733-2.

3.  Ferdinandez, Y.S.N.; Coulman, B.E. Genetic Relationships among Smooth Bromegrass Cultivars of Different Ecotypes Detected
by AFLP Markers. Crop Sci. 2004, 44, 241-247. https://doi.org/10.2135/cropsci2004.2410.

4. Williams, W.M,; Stewart, A.V.; Williamson, M.L. Bromus. In Wild Crop Relatives: Genomic and Breeding Resources; Kole, C., Ed.;
Springer: Berlin, Heidelberg, 2011; pp. 15-30, ISBN 978-3-642-14254-3.

5. Lgkarstwo: Praca Zbiorowa; Grynia, M., Ed.; Wydawnictwa Dydaktyczne Akademii Rolniczej w Poznaniu; Wydaw. AR: Poznan,
Poland, 1995; ISBN 978-83-86363-02-5.

6.  Phillips, W.A,; Northup, B.N.; Venuto, B.C. Dry Matter Intake and Digestion of Perennial and Annual Cool-Season Grasses by
Sheep. Prof. Anim. Sci. 2009, 25, 610-618. https://doi.org/10.15232/S1080-7446(15)30764-6.

7. Lardner, H.A.; Damiran, D.; McKinnon, J.J. Evaluation of 3 Bromegrass Species as Pasture: Herbage Nutritive Value, Estimated
Grass Dry Matter Intake and Steer Performance. Livest. Sci. 2015, 175, 77-82. https://doi.org/10.1016/j.1livsci.2015.03.006.

8. Peprah, S.; Damiran, D.; Biligetu, B.; Iwaasa, A.D.; Larson, K.; Lardner, H.A. Evaluation of Cool-Season Binary Mixtures as
Pasture: Herbage Yield, Nutritive Value, and Beef Cattle Performance. Livest. Sci. 2021, 248, 104501.
https://doi.org/10.1016/j.livsci.2021.104501.

9. Heide, O.M. Flowering Requirements in Bromus Inermis, a Short-long-day Plant. Physiol. Plant. 1984, 62, 59-64.
https://doi.org/10.1111/j.1399-3054.1984.tb05923.x.

10. GBIF—The Global Biodiversity Information Facility. Available online: https://www.gbif.org/species/2703670 (accessed on 22
April 2024).

11. Plantes Herbageres et Légumineuses Grasses and Legumes. Available online:

https://www.oecd.org/agriculture/seeds/documents/08-2024%20Grasses %20and %20Legumes.pdf (accessed on 22 April 2024).



Agriculture 2024, 14, 854 13 of 17

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Saeidnia, F.; Majidi, M.M.; Mirlohi, A.; Manafi, M. Productivity, Persistence and Traits Related to Drought Tolerance in Smooth
Bromegrass. Plant Breed. 2017, 136, 270-278. https://doi.org/10.1111/pbr.12466.

Kostopoulou, P.; Karatassiou, M. Photosynthetic Response of Bromus inermis in Grasslands of Different Altitudes. Turk. ]. Agric.
For. 2016, 40, 642—653. https://doi.org/10.3906/tar-1602-50.

Raawe, H. About Grass and Legume Species Suitability for Recultivation of Semi-Coke Dumps. Agronomy 2004, 219, 154-156.
Saeidnia, F.; Majidi, M.M.; Mirlohi, A.; Bahrami, S. Inheritance and Combining Ability of Persistence and Drought Recovery in
Smooth Bromegrass (Bromus inermis L.). Euphytica 2019, 215, 177. https://doi.org/10.1007/s10681-019-2500-8.

Kashevarov, N.L; Osipova, G.M.; Tyuryukov, A.G,; Filippova, N.I. Investigation of the Characteristics of Smooth Bromegrass
(Bromopsis Inermis Leys) Biological Traits for Cultivation under Extreme Environmental Conditions. Russ. Agricult. Sci. 2015,
41, 14-17. https://doi.org/10.3103/51068367415010085.

Martyniak, D. Instrukcja Wdrozeniowa Podstawowe Zasady Agrotechniki Uprawy Stoklosy Bezostnej (Bromus Inermis) Na Biomase do
Produkcji Biogazu, Pelet, Brykietu; Instytut Hodowli i Aklimatyzacji Roslin Paristwowy Instytut Badawezy: Btonie, Poland.
Rogalski, M. Egkarstwo, 1st ed.; KURPISZ: Poznan, Poland, 2004; ISBN 83-88841-96-3.

Pang, Z.; Xu, H.; Chen, C.,; Zhang, G.; Fan, X;; Wu, J.; Kan, H. Comparing Water Use Characteristics of Bromus inermis and
Medicago sativa Revegetating Degraded Land in Agro-Pasture Ecotone in North China. Water 2022, 15, 55.
https://doi.org/10.3390/w15010055.

Vasylenko, N.; Averchev, O.; Lavrenko, S.; Avercheva, N.; Lavrenko, N. Growth, Development and Productivity of Bromus
inermis Depending on the Elements of Growing Technology in Non-Irradiated Conditions. AgroLife Sci. ]. 2020, 9, 157-166.
Changa, T.; Asiyo Okalebo, J.; Wang, S. Spatio-Temporal Dynamics of Soil Microbial Communities in a Pasture: A Case Study
of Bromus inermis Pasture in Eastern Nebraska. In Agrometeorology; Swaroop Meena, R., Ed.; IntechOpen: London, UK, 2021;
ISBN 978-1-83881-174-7.

Harkot, W.; Lipinska, H. Allelopatyczny Wplyw Stoklosy Bezostnej Bromus inermis Leyss. Na Kielkowanie, Poczatkowy Wzrost
i Rozwoj Niektorych Gatunkéw Traw i Motylkowatych. Zesz. Probl. Post. Nauk Rol. 1997, 452, 185-197.

Benedict, HM. The Inhibiting Effect of Dead Roots on the Growth of Bromegrass. Agron. ]. 1941, 33, 1108-1109.
https://doi.org/10.2134/agronj1941.00021962003300120007x.

Duquette, C.; McGranahan, D.A.; Wanchuk, M.; Hovick, T.; Limb, R.; Sedivec, K. Heterogeneity-Based Management Restores
Diversity and Alters Vegetation Structure without Decreasing Invasive Grasses in Working Mixed-Grass Prairie. Land 2022, 11,
1135. https://doi.org/10.3390/land11081135.

Jones, S.A.; DeKeyser, E.S.; Dixon, C.; Kobiela, B. Invasive Species Change Plant Community Composition of Preserved Prairie
Pothole Wetlands. Plants 2023, 12, 1281. https://doi.org/10.3390/plants12061281.

Fink, K.A.; Wilson, S.D. Bromus inermis Invasion of a Native Grassland: Diversity and Resource Reduction. Botany 2011, 89, 157-
164. https://doi.org/10.1139/b11-004.

Stotz, G.C.; Gianoli, E.; Cahill, J.F. Biotic Homogenization within and across Eight Widely Distributed Grasslands Following
Invasion by Bromus Inermis. Ecology 2019, 100, e02717. https://doi.org/10.1002/ecy.2717.

Salesman, J.B.; Thomsen, M. Smooth Brome (Bromus Inermis) in Tallgrass Prairies: A Review of Control Methods and Future
Research Directions. Ecol. Restor. 2011, 29, 374-381. https://doi.org/10.3368/er.29.4.374.

Palit, R.; DeKeyser, E.S. Impacts and Drivers of Smooth Brome (Bromus inermis Leyss.) Invasion in Native Ecosystems. Plants
2022, 11, 1340. https://doi.org/10.3390/plants11101340.

Knozowski, P.; Nowakowski, J.J.; Stawicka, A.M.; Gorski, A.; Dulisz, B. Effect of Nature Protection and Management of
Grassland on Biodiversity —Case from Big Flooded River Valley (NE Poland). Sci. Total Environ. 2023, 898, 165280.
https://doi.org/10.1016/j.scitotenv.2023.165280.

Vinton, M.A.; Goergen, E.M. Plant-Soil Feedbacks Contribute to the Persistence of Bromus inermis in Tallgrass Prairie. Ecosystems
2006, 9, 967-976. https://doi.org/10.1007/s10021-005-0107-5.

Gos, A.; Trzaskos, M.; Dobromirski, M. Udziat Bromus inermis w Runi Laki Trwatej w Zaleznosci Od Sktadu Mieszanki i
Dtugotrwatosci Uzytkowania. Fragm. Agron. 1993, 10, 247-248.

Link, A.; Kobiela, B.; DeKeyser, S.; Huffington, M. Effectiveness of Burning, Herbicide, and Seeding Toward Restoring
Rangelands in Southeastern North Dakota. Rangel. Ecol. Manag. 2017, 70, 599-603. https://doi.org/10.1016/j.rama.2017.03.001.
Ahmed, A.I; Hou, L.; Yan, R;; Xin, X.; Zainelabdeen, Y.M. The Joint Effect of Grazing Intensity and Soil Factors on Aboveground
Net Primary Production in  Hulunber  Grasslands Meadow  Steppe.  Agriculture 2020, 10, 263.
https://doi.org/10.3390/agriculture10070263.

Bahm, M.A; Barnes, T.G.; Jensen, K.C. Herbicide and Fire Effects on Smooth Brome (Bromus Inermis) and Kentucky Bluegrass
(Poa Pratensis) in Invaded Prairie Remnants. Invasive Plant Sci. Manag. 2011, 4, 189-197. https://doi.org/10.1614/IPSM-D-10-
00046.1.

Smith, A.L.; Kanjithanda, R.M.; Hayashi, T.; French, J.; Milner, R.N.C. Reducing Herbicide Input and Optimizing Spray Method
Can Minimize Nontarget Impacts on Native Grassland Plant Species. Ecol. Appl. 2023, 33, €2864. https://doi.org/10.1002/eap.2864.
Dastgheib, F.; Rolston, M.P.; Archie, W.]. Chemical Control of Brome Grasses (Bromus spp.) in Cereals. NZPP 2003, 56, 227-232.
https://doi.org/10.30843/nzpp.2003.56.6096.

Pytlarz, E.; Andrzejak, O. Threat of Potential Herbicide Resistance Biotypes of Rye Brome (Bromus secalinus L.) in Lower Silesia.
Prog. Plant Prot. 2022, 62, 5-10. https://doi.org/10.14199/ppp-2022-001.



Agriculture 2024, 14, 854 14 of 17

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

Ribeiro, V.H.V.; Barroso, J.; Brunharo, C.A.C.G.; Mallory-Smith, C. Herbicide Resistance in Bromus Spp.: A Global Review. Weed
Sci. 2023, 71, 422-437. https://doi.org/10.1017/wsc.2023.42.

Diamond, J.M.; Call, C.A.; Devoe, N. Effects of Targeted Grazing and Prescribed Burning on Community and Seed Dynamics
of a Downy Brome (Bromus Tectorum)-Dominated Landscape. Invasive Plant Sci. Manag. 2012, 5, 259-269.
https://doi.org/10.1614/IPSM-D-10-00065.1.

Wasilewski, Z. Selection of Grass Species and Legumes for Buffer Strips and the Principles of Their Building and Nursing.
Water-Environ.-Rural Areas 2012, 112, 219-227.

Batuch-Matecka, A.; Olszewska, M.; Alberski, J. Yielding and Energy Value in Selected Species of Tall Grasses. Grassl. Sci. Pol.
2017, 20, 7-24.

Waliszewska, B.; Grzelak, M.; Gawet, E.; Spek-Dzwigala, A.; Sieradzka, A.; Czekata, W. Chemical Characteristics of Selected
Grass Species from Polish Meadows and Their Potential Utilization for Energy Generation Purposes. Energies 2021, 14, 1669.
https://doi.org/10.3390/en14061669.

Klimont, K.; Bulinska-Radomska, Z. Badanie Rozwoju Wybranych Gatunkéw Traw Do Umacniania Sktadowisk Popiotéw
Paleniskowych z Elektrocieptowni. Probl. Inzynierii Rol. 2009, 17, 135-145.

Sienkiewicz, S.; Zarczyriski, P.J.; Krzebietke, S.J.; Wierzbowska, ]J.; Mackiewicz-Walec, E.; Jankowski, K.J. Effect of Land
Conservation on Content of Organic Carbon and Total Nitrogen in Soil. Fresen. Environ. Bull. 2017, 26, 6517-6524.

Jacot, J.; Williams, A.S.; Kiniry, J.R. Biofuel Benefit or Bummer? A Review Comparing Environmental Effects, Economics, and
Feasibility of North American Native Perennial Grass and Traditional Annual Row Crops When Used for Biofuel. Agronomy
2021, 11, 1440. https://doi.org/10.3390/agronomy11071440.

Dibbern, J.C. Vegetative Responses of Bromus inermis to Certain Variations in Environment. Bot. Gaz. 1947, 109, 44-58.
https://doi.org/10.1086/335455.

Campbell, J.A.; Best, KF.; Budd, A.C. 99 Range Forage Plants of the Canadian Prairies; Department of Agriculture Publication:
Ottawa, ON, Canada, 1966; Volume 102.

Grzegorczyk, S. Rosliny Zbiorowisk Trawiastych; UWM: Olsztyn, Poland, 2010; ISBN 978-83-7299-683-1.

Grzegorczyk, S. Zeszyt do Cwiczer z Egkarstwa; UWM: Olsztyn, Poland, 2007; ISBN 83-7299-102-2.

National Academy of Sciences. National Academy of Sciences. 1971. Available online:
https://www.fs.usda.gov/database/feis/plants/graminoid/broine/all.html (accessed on 22 April 2024).

Sokolovi¢, D.; Babi¢, S.; Radovi¢, J.; Lugi¢, Z.; Vymyslicky, T.; Knotova, D.; Petrovié, M. Breeding and Agronomic Performance
of New Smooth Bromegrass Cultivar Krusevacki 46 (K-46). Sel. I Semen. 2019, 25, 15-22. https://doi.org/10.5937/SelSem1901015S.
Tiirk, M.; Alagoz, M.; Bigakgi, E. Effects of Nitrogen Fertilization on Forage Yield and Quality of Smooth Bromegrass (Bromus
inermis Leyss.). Sci. Papers Ser. A Agron. 2018, LXI, 98-101.

Foster, A.; Biligetu, B.; Darambazar, E. Forage Accumulation, Nutritive Value, and Botanical Composition of Grass—Cicer
Milkvetch Mixtures under Two Harvest Managements. Crop Sci. 2019, 59, 2876-2885. https://doi.org/10.2135/cropsci2019.03.0198.
Bozhanska, T.; Petkova, M.; Bozohanski, B.; Iliev, M. Botanical Composition and Nutritional Value of Fodder from of Species
and Varieties Perennial Meadow Grasses. Agronomy 2022, LXV, 226-234.

Petrov, K.A.; Dudareva, L.V.; Nokhsorov, V.V.; Stoyanov, K.N.; Makhutova, O.N. Fatty Acid Content and Composition of the
Yakutian Horses and Their Main Food Source: Living in Extreme Winter Conditions. Biomolecules 2020, 10, 315.
https://doi.org/10.3390/biom10020315.

Przybysz, K.; Matachowska, E.; Martyniak, D.; Boruszewski, P.; Kalinowska, H.; Przybysz, P. Production of Sugar Feedstocks
for Fermentation Processes from Selected Fast Growing Grasses. Energies 2019, 12, 3129. https://doi.org/10.3390/en12163129.
Zarczyﬁski, P.J.; Sienkiewicz, S.; Krzebietke, S.J. Accumulation of Macroelements in Plants on Newly Established Fallows. J.
Elem. 2008, 13, 455-461.

Jukneviciu, S.; Sabiené, N. The Content of Mineral Elements in Some Grasses and Legumes. Ekologija 2007, 53, 44-52.
Grabowski, K.; Grzegorczyk, S.; Bieniek, B.; Benedycki, S. Micronutrient Contents in Sward of the Meadow Irrigated with
Sewages. Zesz. Probl. Post. Nauk Rol. 2000, 471, 699-703.

Li, R.-G.; Wang, Y.-X,; Sun, Y.-L.; Zhang, L.; Chen, A.-P. Effects of Salt Stress on the Growth, Physiolog, and Biochemistry of
Five Bromus inermis Varieties. Acta Prataculturae Sin. 2023, 32, 99-111. https://doi.org/10.11686/cyxb2022027.

Otfinowski, R.; Kenkel, N.C.; Catling, P.M. The Biology of Canadian Weeds. 134. Bromus inermis Leyss. Can. ]. Plant Sci. 2007,
87,183-198. https://doi.org/10.4141/P06-071.

Ulrich, E.; Perkins, L. Bromus inermis and Elymus Canadensis but Not Poa Pratensis Demonstrate Strong Competitive Effects
and All Benefit from Priority. Plant Ecol. 2014, 215, 1269-1275. https://doi.org/10.1007/s11258-014-0385-0.

Gawet, E.; Grzelak, M. Uprawa Mieszanek Traw z Roslinami Bobowatym; Institute of Soil Science and Plant Cultivation —State
Research Institute: Putawy, Poland, 2020; Volume 244, pp. 27-28, ISBN 978-83-7562-344-4.

Malhi, S.S.; Foster, A. Cover Crop Seeding Rate Effects on Forage Yields of Oat and Barley and Underseeded Bromegrass—
Alfalfa Mixture. Commun. Soil Sci. Plant Anal. 2011, 42, 2344-2350. https://doi.org/10.1080/00103624.2011.605492.

Ou, C,; Wang, M.; Hou, L.; Zhang, Y.; Sun, M.; Sun, S; Jia, S.; Mao, P. Responses of Seed Yield Components to the Field Practices
for Regulating Seed Yield of Smooth Bromegrass (Bromus inermis Leyss.). Agriculture 2021, 11, 940.
https://doi.org/10.3390/agriculture11100940.

Zarczyﬁski, P.J.; Sienkiewicz, S. Content of Macroelements in Plants Growing on Fallow Fields. J. Elem. 2007, 12, 217-224.



Agriculture 2024, 14, 854 15 of 17

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Meripold, H.; Tamm, U.; Tamm, S.; Vosa, T.; Edesi, L. Fodder Galega (Galega orientalis Lam) Grass Potential as a Forage and
Bioenergy Crop. Agron. Res. 2017, 15, 1693-1699. https://doi.org/10.15159/AR.17.021.

Liu, G.; Niu, Z.; Van Niekerk, D.; Xue, J.; Zheng, L. Polycyclic Aromatic Hydrocarbons (PAHs) from Coal Combustion:
Emissions, Analysis, and Toxicology. In Reviews of Environmental Contamination and Toxicology; Whitacre, D.M., Ed.; Reviews of
Environmental Contamination and Toxicology; Springer: New York, NY, USA, 2008; Volume 192, pp. 1-28, ISBN 978-0-387-
71723-4.

Kang, Y.; Yin, M,; Ma, Y,; Tang, Z,; Jia, Q.; Qi, G.; Wang, J.; Jiang, Y.; Wang, A. Response of Water-Nitrogen Distribution and
Use to Water Deficit under Different Applied Nitrogen Fertilizer Rates in Bromus inermis Grassland. Agronomy 2023, 13, 745.
https://doi.org/10.3390/agronomy13030745.

Keskin, B.; Bozkurt, M.A.; Akdeniz, H. The Effects of Sewage Sludge and Nitrogen Fertilizer Application on Nutrient and
(Bromus inermis Leyss.). |. Anim. Vet. Adv. 2010, 9, 896-902. https://doi.org/10.3923/javaa.2010.896.902.

Mazis, A.; Awada, T.; Erickson, G.E.; Wardlow, B.; Wienhold, B.J.; Jin, V.; Schmer, M.; Suyker, A.; Zhou, Y.; Hiller, J. Synergistic
Use of Optical and Biophysical Traits to Assess Bromus inermis Pasture Performance and Quality under Different Management
Strategies in Eastern Nebraska, U.S. Agric. Ecosyst. Environ. 2023, 348, 108400. https://doi.org/10.1016/j.agee.2023.108400.
Jasinskas, A.; Zaltauskas, A.; Kryzeviciene, A. The Investigation of Growing and Using of Tall Perennial Grasses as Energy
Crops. Biomass Bioenergy 2008, 32, 981-987. https://doi.org/10.1016/j.biombioe.2008.01.025.

Han, Y.; Wang, X,; Hu, T.; Hannaway, D.B.; Mao, P.; Zhu, Z.; Wang, Z.; Li, Y. Effect of Row Spacing on Seed Yield and Yield
Components of Five Cool-Season Grasses. Crop Sci. 2013, 53, 2623-2630. https://doi.org/10.2135/cropsci2013.04.0222.

Seker, H.; Serin, Y. Explanation of the Relationships between Seed Yield and Some Morphological Traits in Smooth Bromegrass
(Bromus inermis Leyss.) by Path Analysis. Eur. J. Agron. 2004, 21, 1-6. https://doi.org/10.1016/S1161-0301(03)00055-8.
Koztowski, S.; Goliriska, B. Aktualne Problemy Produkcji Nasiennej Stoktosy Bezostnej (Bromus inermis Leys.) w Wielkopolsce.
Biul. IHAR Poznain 1992, 184, 47-57.

Liu, G.X,; Mao, P.S.; Huang, 5.Q.; Sun, Y.C.; Han, ].G. Effects of Soil Disturbance, Seed Rate, Nitrogen Fertilizer and Subsequent
Cutting Treatment on Establishment of Bromus inermis Seedlings on Degraded Steppe Grassland in China. Grass Forage Sci. 2008,
63, 331-338. https://doi.org/10.1111/j.1365-2494.2008.00638.x.

Unal, S.; Mutlu, Z. Study in Smooth Bromegrass (Bromus inermis Leyss.) in the Semi-Arid of Turkey. J. Cent. Res. Inst. Field Crops
2015, 24, 47-55.

Sengul, S. Performance of Some Forage Grasses or Legumes and Their Mixtures under Dry Land Conditions. Eur. J. Agron. 2003,
19, 401-409. https://doi.org/10.1016/S1161-0301(02)00132-6.

Yu, M,; Tian, Y.; Gao, Q.; Xu, X.;; Wen, S.; Fan, Z.; Li, X.; Gong, ].; Liu, Y. Nonlinear Response of Lucerne (Medicago sativa) Biomass
and Biological Nitrogen Fixation to Different Irrigations and Sowing Modes. Appl. Soil Ecol. 2018, 125, 257-263.
https://doi.org/10.1016/j.aps0il.2018.02.003.

Ghani, M.U.; Kamran, M.; Ahmad, I.; Arshad, A.; Zhang, C.; Zhu, W.; Lou, S.; Hou, F. Alfalfa-Grass Mixtures Reduce
Greenhouse Gas Emissions and Net Global Warming Potential While Maintaining Yield Advantages over Monocultures. Sci.
Total Environ. 2022, 849, 157765. https://doi.org/10.1016/j.scitotenv.2022.157765.

Lal, R. Soil Conservation and Ecosystem Services. Int. Soil Water Conserv. Res. 2014, 2, 36-47. https://doi.org/10.1016/52095-
6339(15)30021-6.

Grzyb, A.; Wolna-Maruwka, A.; Niewiadomska, A. The Significance of Microbial Transformation of Nitrogen Compounds in
the Light of Integrated Crop Management. Agronomy 2021, 11, 1415. https://doi.org/10.3390/agronomy11071415.

Abberton, M.; Conant, R.; Batello, C. Grassland Carbon Sequestration: Management, Policy and Economics Proceedings of the
Workshop on the Role of Grassland Carbon Sequestration in the Mitigation of Climate Change. Integr. Crop Manag. 2010, 11, 1-
338.

Govindasamy, P.; Muthusamy, S.K.; Bagavathiannan, M.; Mowrer, J.; Jagannadham, P.T.K.; Maity, A.; Halli HM.; GK, S.;
Vadivel, R,; TK, D.; et al. Nitrogen Use Efficiency — A Key to Enhance Crop Productivity under a Changing Climate. Front. Plant
Sci. 2023, 14, 1121073. https://doi.org/10.3389/fpls.2023.1121073.

Kilgour, R.J. In Pursuit of “Normal”: A Review of the Behaviour of Cattle at Pasture. Appl. Anim. Behav. Sci. 2012, 138, 1-11.
https://doi.org/10.1016/j.applanim.2011.12.002.

Ou, C; Jia, Z,; Sun, S; Liu, J.; Ma, W.; Wang, J.; Mi, C.; Mao, P. Using Machine Learning Methods Combined with Vegetation
Indices and Growth Indicators to Predict Seed Yield of Bromus Inermis. Plants 2024, 13, 773.
https://doi.org/10.3390/plants13060773.

Mackiewicz-Walec, E.; Olszewska, M. Biostimulants in the Production of Forage Grasses and Turfgrasses. Agriculture 2023, 13,
1796. https://doi.org/10.3390/agriculture13091796.

Nazli, R.I; Kusvuran, A.; Tansi, V.; Ozturk, H.H.; Budak, D.B. Comparison of Cool and Warm Season Perennial Grasses for
Biomass Yield, Quality, and Energy Balance in Two Contrasting Semiarid Environments. Biomass Bioenergy 2020, 139, 105627.
https://doi.org/10.1016/j.biombioe.2020.105627.

Ankuda, J.; Baksiené, E.; Razukas, A. Growing of Phalaroides arundinacea L. and Bromopsis Inermis Leyss for Biofuel Using
Sewage Sludge Compost as a Fertilizer. Plants 2023, 12, 3939. https://doi.org/10.3390/plants12233939.

Fugal, R.A.; Anderson, V.J.; Roundy, B. Exotic Grass and Shrub Production Evaluation and Llama Preference on the Bolivian
Altiplano. Small Rumin. Res. 2010, 94, 150-160. https://doi.org/10.1016/j.smallrumres.2010.07.019.



Agriculture 2024, 14, 854 16 of 17

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Zarczyriski, P.J.; Krzebietke, S.J.; Sienkiewicz, S.; Wierzbowska, J. The Role of Fallows in Sustainable Development. Agriculture
2023, 13, 2174. https://doi.org/10.3390/agriculture13122174.

Zarczyriski, P.J.; Sienkiewicz, S.; Wierzbowska, J.; Mackiewicz-Walec, E.; Jankowski, K.J.; Krzebietke, S.J. Effect of Land
Protectionon the Content of Mineral Nitrogen in Soli. Fresen. Environ. Bull. 2019, 28, 4506-4513.

Torok, P.; Miglécz, T.; Valkd, O.; Kelemen, A.; Dedk, B.; Lengyel, S.; Tothmérész, B. Recovery of Native Grass Biodiversity by
Sowing on Former Croplands: Is Weed Suppression a Feasible Goal for Grassland Restoration? . Nat. Conserv. 2012, 20, 41-48.
https://doi.org/10.1016/j.jnc.2011.07.006.

Zarczyriski, P.J.; Sienkiewicz, S.; Wierzbowska, J.; Krzebietke, S.J. Fodder Galega— A Versatile Plant. Agronomy 2021, 11, 1797.
https://doi.org/10.3390/agronomy11091797.

Sienkiewicz, S.; Zarczyriski, P.J.; Wierzbowska, J.; Krzebietke, S.J. The Impact of Long-Term Fallowing on the Yield and Quality
of Winter Rape and Winter and Spring Wheat. Agriculture 2024, 14, 567. https://doi.org/10.3390/agriculture14040567.

Xu, H.; Chen, C; Pang, Z.; Zhang, G.; Wu, J.; Kan, H. Short-Term Vegetation Restoration Enhances the Complexity of Soil Fungal
Network and Decreased the Complexity of Bacterial Network. JoF 2022, 8, 1122. https://doi.org/10.3390/jof8111122.
Antoniadis, V.; Shaheen, S.M.; Stiark, H.-J.; Wennrich, R.; Levizou, E.; Merbach, I.; Rinklebe, J. Phytoremediation Potential of
Twelve Wild Plant Species for Toxic Elements in a Contaminated Soil. Environ. Int. 2021, 146, 106233.
https://doi.org/10.1016/j.envint.2020.106233.

Majtkowski, W.; Golimowski, R.; Boron, M.; Szulc, P.M. Reclamation of Irrigation Fields in Bydgoszcz with the Use of
Phytoremediation Methods. Probl. Inzynierii Rol. 2011, 2, 177-184.

Shi, W.; Guo, Y.; Ning, G.; Li, C,; Li, Y.; Ren, Y.; Zhao, O.; Yang, Z. Remediation of Soil Polluted with HMW-PAHSs by Alfalfa or
Brome in Combination with Fungi and Starch. J. Hazard. Mater. 2018, 360, 115-121. https://doi.org/10.1016/j. jhazmat.2018.07.076.
Shi, W.; Zhang, X,; Jia, H.; Feng, S.; Yang, Z.; Zhao, O.; Li, Y. Effective Remediation of Aged HMW-PAHs Polluted Agricultural
Soil by the Combination of Fusarium Sp. and Smooth Bromegrass (Bromus inermis Leyss.). ]. Integr. Agric. 2017, 16, 199-209.
https://doi.org/10.1016/52095-3119(16)61373-4.

Davidson, P.; Kuhlenschmidt, T.; Bhattarai, R.; Kalita, P.; Kuhlenschmidt, M. Overland Transport of Rotavirus and the Effect of
Soil Type and Vegetation. Water 2016, 8, 78. https://doi.org/10.3390/w8030078.

Ciria, C.S,; Barro, R.; Sanz, M.; Ciria, P. Long-Term Yield and Quality Performance of Perennial Energy Grasses (Agropyron
Spp.) on Marginal Land. Agronomy 2020, 10, 1051. https://doi.org/10.3390/agronomy10071051.

Mast, B.; Lemmer, A.; Oechsner, H.; Reinhardt-Hanisch, A.; Claupein, W.; Graeff-Honninger, S. Methane Yield Potential of
Novel DPerennial Biogas Crops Influenced by Harvest Date. Ind. Crops Prod. 2014, 58, 194-203.
https://doi.org/10.1016/j.indcrop.2014.04.017.

Zurek, G.; Martyniak, D. Bioenergetyka—Mozliwosci i Perspektywy Produkcji Energii z Traw Wieloletnich w Gospodarstwach
Rolniczych; Institute of Plant Breeding and Acclimatization —National Research Institute: Radzikow, Poland, 2020; ISBN 978-83-
7562-344-4.

Zurek, G.; Martyniak, M. Potencjat Produkcji Biogazu Wybranych Traw Wieloletnich z Rodzaju Stoktosa. Biul. IHAR 2020, 289,
3-10. https://doi.org/10.37317/biul-2020-0016.

Lal, R. Carbon Management in Agricultural Soils. Mitig. Adapt. Strateg. Glob. Chang. 2007, 12, 303-322.
https://doi.org/10.1007/s11027-006-9036-7.

Stolarski, M.].; Krzyzaniak, M.; Szczukowski, S.; Tworkowski, J.; Zatuski, D.; Bieniek, A.; Gotaszewski, J. Effect of Increased Soil
Fertility on the Yield and Energy Value of Short-Rotation Woody Crops. Bioenerg. Res. 2015, 8, 1136-1147.
https://doi.org/10.1007/s12155-014-9567-9.

Dubis, B.; Jankowski, K.J.; Zatuski, D.; Bérawski, P.; Szemplinski, W. Biomass Production and Energy Balance of Miscanthus
over a Period of 11 Years: A Case Study in a Large-scale Farm in Poland. GCB Bioenergy 2019, 11, 1187-1201.
https://doi.org/10.1111/gcbb.12625.

Stolarski, M.].; Warminski, K.; Krzyzaniak, M.; Olba—Ziety, E.; Akincza, M. Bioenergy Technologies and Biomass Potential Vary
in Northern European Countries. Renew. Sustain. Energy Rev. 2020, 133, 110238. https://doi.org/10.1016/j.rser.2020.110238.
Gageanu, L; Cujbescu, D.; Persu, C.; Tudor, P.; Cardei, P.; Matache, M.; Vladut, V; Biris, S.; Voicea, I.; Ungureanu, N. Influence
of Input and Control Parameters on the Process of Pelleting Powdered Biomass. Emnergies 2021, 14, 4104.
https://doi.org/10.3390/en14144104.

Meier, S.; De Souza Campos, P.M.; Morales, A.; Lopez-Olivari, R.; Ortega-Klose, F.; Aponte, H.; Cartes, P.; Khan, N.; Ondrasek,
G.; Cea, P.; et al. Evaluation and Selection of Bromegrass Genotypes under Phosphorus and Water Scarcity towards the
Development of Resilient Agriculture Focusing on Efficient Resource Use. Agronomy 2024, 14, 121
https://doi.org/10.3390/agronomy14010121.

Saadati, N.; Mosaddeghi, M.R.; Sabzalian, M.R.; Jafari, M. Soil Mechanical Reinforcement by the Fibrous Roots of Selected
Rangeland Plants Using a Large Soil-Root Shear Apparatus. Soil Tillage Res. 2023, 234, 105852.
https://doi.org/10.1016/j.still.2023.105852.

Liu, Y.-F.; Meng, L.-C.; Huang, Z.; Shi, Z.-H.; Wu, G.-L. Contribution of Fine Roots Mechanical Property of Poaceae Grasses to
Soil Erosion Resistance on the Loess Plateau. Geoderma 2022, 426, 116122. https://doi.org/10.1016/j.geoderma.2022.116122.
Lyszczarz, R.; Majtkowski, W.; Dembek, R.; Zurek, G. Growth and Development of Selected Grass and Papilionaceous Species
Sown in Mixtures on River Dike. Biul. Inst. Hod. I Aklim. Roslin 2003, 225, 371-379.



Agriculture 2024, 14, 854 17 of 17

116.

117.

118.

119.

120.

121.

Cao, C.S;; Chen, L.; Gao, W.; Chen, Y.; Yan, M. Impact of Planting Grass on Terrene Roads to Avoid Soil Erosion. Landsc. Urban
Plan. 2006, 78, 205-216. https://doi.org/10.1016/j.Jandurbplan.2005.07.007.

Kizekova, M.; Hopkins, A.; Kanianska, R.; Makovnikova, J.; Pollak, S.; Palka, B. Changes in the Area of Permanent Grassland
and Its Implications for the Provision of Bioenergy: Slovakia as a Case Study. Grass Forage Sci. 2018, 73, 218-232.
https://doi.org/10.1111/gfs.12333.

Przybysz, K.; Matachowska, E.; Martyniak, D.; Boruszewski, P.; ltowska, ].; Kalinowska, H.; Przybysz, P. Yield of Pulp,
Dimensional Properties of Fibers, and Properties of Paper Produced from Fast Growing Trees and Grasses. BioResources 2018,
13, 1372-1387. https://doi.org/10.15376/biores.13.1.1372-1387.

Matachowska, E.; Lipkiewicz, A.; Niemczyk, M.; Dubowik, M.; Boruszewski, P.; Przybysz, P. Influences of Fiber and Pulp
Properties on Papermaking Ability of Cellulosic Pulps Produced from Alternative Fibrous Raw Materials. ]. Nat. Fibers 2021, 18,
1751-1761. https://doi.org/10.1080/15440478.2019.1697994.

Matachowska, E.; Dubowik, M.; Lipkiewicz, A.; Przybysz, K.; Przybysz, P. Analysis of Cellulose Pulp Characteristics and
Processing Parameters for Efficient Paper Production. Sustainability 2020, 12, 7219. https://doi.org/10.3390/su12177219.

Adi, D.S.; Wahyuni, L; Risanto, L.; Rulliaty, S.; Hermiati, E.; Dwianto, W.; Watanabe, T. Central Kalimantan’s Fast Growing
Species: Suitability for Pulp and Paper. Indones. ]. For. Res. 2015, 2, 21-29. https://doi.org/10.20886/ijfr.2015.2.1.21-29.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



