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Abstract: Phytoliths are intra and extracellular siliceous deposits present in different plant tissues.
Si uptake and transport are mediated by Lsi genes and its concentration is associated with forage
quality. Our objective was to determine the phytolith content in seven Eragrostis curvula genotypes
at the outbreak and re-growth stages to assess its relationship with the forage quality parameters
and perform a genome-wide analysis to detect the presence/absence of Lsi genes. The mean values
of the phytolith content of dry matter varied between 1.94-2.26% and 2.72-4.71% at the outbreak
and re-growth stages, respectively, with highly significant differences among the genotypes and
phenological stages. A highly negative correlation was observed in the phytolith content and in vitro
dry matter digestibility and crude protein, revealing its importance as a selection parameter in
breeding programs. A positive correlation was obtained between the phytolith content and lignin,
neutral detergent fiber, and acid detergent fiber. The main morphotypes of the phytoliths included
saddle-shaped, bulliform, and acicular cells. Genes Lsi1, Lsi2, Lsi3, and Lsi6, previously reported in
silica uptake, were identified and compared with related species, being the gene sequences highly
conserved, meaning that its accumulation is probably due to differences in the gene expression or
different allelic variants among cultivars.

Keywords: phytoliths; weeping lovegrass; dry matter digestibility; Lsi genes

1. Introduction

Phytoliths are silica structures that originate from the precipitation and polymerization
of silicic acid through a process known as biosilicification, largely distributed throughout
the plant kingdom. This process occurs at both intracellular (cytoplasm or vacuole) and
intercellular spaces in almost all plant parts (i.e., roots, stems, leaves, fruits and inflores-
cences) [1,2].

In soil solution, silica (Si) is present in the form of silicic acid [Si(OH)4], being found
in percentages ranging from approximately 10% to close to 100% in some sediments [3].
Its presence is a consequence of the leaching processes of siliceous minerals (for example,
quartz and feldspars) as well as the dissolution of the silica biominerals themselves (phy-
toliths, diatoms, sponge spicules, among others). Silicic acid is absorbed by plant roots
at <9 pH and is transported to different parts of the plant through the vascular system [4].
In most grasses, the uptake of Si is mediated by both an aquaporin-like channel gene Low
silicon 1 (Lsi1) and a proton antiporter (Lsi2) gene. The gene Lsi3, together with Lsi2, are
involved in the generation of a Si concentration gradient that is used by Lsi6, another
aquaporin-like gene, to transport the Si to other organs [5,6]. The content of phytoliths
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in plants is very diverse and depends on the taxon and phenological stage, and largely
on the environmental conditions (soil composition and weather conditions). In grasses,
from the quantitative and qualitative point of view, leaves are the main source of phytolith
production, while stems and inflorescences provide a smaller amount of phytoliths of
characteristic shapes, while the presence of phytoliths in the roots is rare and shows little
morphological variation [7,8].

Various hypotheses explain the role of phytoliths in plants. In the case of grasses,
one of their functions would be to act as resistance elements to the compression that
occurs during the transpiration process or in the absence of water, thus preventing the
collapse of the cell walls [9]. Silica was also found to increase the plant tolerance to
manganese and aluminum [10] as well as the resistance to excess salts in the soil [11]. In
other cases such as in the genus Oryza, its protective function against certain fungi has been
demonstrated, since the association of silica with the constituents of the cell wall makes
it less susceptible to the enzymatic degradation that accompanies the penetration of the
cell wall by the fungal hyphae [12,13]. Regarding crop yield and water use efficiency, a
beneficial effect of the application of different forms of silica was observed in the plants of
wheat exposed to drought stress [14] or growing in calcareous soils [15]. In Avena sativa
and sugarcane, a positive response was observed in the increase in the plant height and
number of leaves, respectively, when they were treated with different doses of monosilicic
acid [16,17]. Although an extra supply of silica can be beneficial for plant development, if
the plant is used as forage, this accumulation can be detrimental to its nutritional quality. It
has been suggested that phytoliths act as a defense against herbivores, both vertebrates and
invertebrates, by increasing the abrasiveness of grass blades. This causes the deterioration
of animal teeth, so they therefore find it difficult to feed [18,19]. Recently, it has been
demonstrated that although the plant-herbivore interaction did not promote a net silica
accumulation in grasses, it enhanced their overall quality, especially in silica-poor grasses,
being preferred by herbivores. This fact could partially explain why certain environments
are dominated by silica-rich grasses [20]. Moreover, it has been observed that grasses
growing in soils with an additional contribution of silica are significantly more abrasive
than those that grow without it [21]. Herbivores preferentially eat grasses with lower silica
content, but when they are forced to consume grasses rich in this mineral, their growth
is lower [19,21,22]. This is not because they consume less grass, but because they absorb
less carbohydrates and nitrogen. The reasons may be because the animals must chew less
to avoid excessive use of their teeth, resulting in less mechanical rupture of the cells. On
the other hand, silica particles directly protect the proteins and the starch deposited in the
chlorenchyma cells of the leaf from mechanical damage by chewing, and the silica acts
chemically, preventing digestion or absorption [23].

Silica content determination methods basically consist of dry matter calcination and
acid digestion, but differ in the techniques used to quantify it. Of these methods, there
is no universally accepted one, since they all have one or more disadvantages [24,25].
Subsequently, silicon can be quantified by gravimetry, colorimetry, and atomic absorption
spectrophotometry [24-26].

Initially, the taxonomic classifications of phytoliths sought to associate certain morpho-
logical types with their plant of origin. That is, each phytolith was specific to a particular
plant species (orthotaxonomic approach). Subsequently, it was observed that different mor-
phological types of phytoliths could be found in the same orthotaxon (multiplicity) as well
as morphologically similar phytoliths in different orthotaxons (redundancy) [27,28]. Thus,
it is common to find in the phytolith literature that the same morphological type is named
in different ways, or that in the different classifications, the same morphological type has
dissimilar ranges of variability [29]. The International Code for Phytolith Nomenclature 1.0
was published in 2005, where a standard protocol and a glossary of descriptors (nouns and
adjectives) were presented to describe and name the types of phytoliths [30].

Regarding the species under study, Eragrostis curvula (Schrad.) Nees, weeping love-
grass, belongs to the Poaceae (Gramineae) family, Eragrostoideas subfamily, Eragrostea
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tribe. It is a perennial plant, native to Southern Africa and is distributed throughout the
world, especially in arid and semiarid regions. It is used mainly as forage, since it has
spring—summer growth and has a high biomass production compared with forage from
temperate climates. With regard to other forage quality indicators, weeping lovegrass, like
other species from tropical or subtropical regions, has a high fiber content and low protein
in its tissues, resulting in decreased digestibility, and therefore in animal performance [31].
Since E. curvula presents a C4 leaf anatomy;, it has a low proportion of mesophyll (easily
digestible tissue) and a high proportion of vascular and epidermal tissue; this ratio in-
creases as the plant matures. The sheaths that surround the bundles, characteristic of plants
with a high photosynthetic rate, are numerous and highly indigestible in this grass [32-34].
Digestibility shows a marked decline as the reproductive stage (stem elongation) is reached,
a trend that does not change in the subsequent shoots [35].

This work aimed at determining the relative phytolith content in the vegetative tis-
sues of seven weeping lovegrass genotypes at two clipping dates (November and April),
analyzing the correlation between the number of phytoliths with other variables associated
with forage quality, the identification of the genes involved in silica uptake through the
exploration of the E. curvula genome, and the description of the phytolith morphotypes.
The data collected here can be used in breeding programs to improve the forage quality of
E. curvula.

2. Materials and Methods
2.1. Plant Material

Seven cultivars of Eragrostis curvula were evaluated: Tanganyika, Morpa, Don Pablo,
Don Juan, Don Eduardo, Don Luis, and 9355. A trial with a completely randomized block
design (b = 3) was carried out over two consecutive years at the Experimental Station of the
Asociacion de Cooperativas Argentinas (ACA) located at Cabildo, Buenos Aires, Argentina
(39°36’ S, 61°64’ W).

Plants were planted in plots with coarse loam, thermal, and calcic petrocalcic soils [36]
and each plot consisted of four rows (0.5 m spacing) of eight plants each (0.3 m apart).
However, to avoid the edge effects, only the two central rows were considered. Plots
were fertilized with 100 kg ha~! of urea (46-0-0) one month before the first cut and
supplementary irrigation was provided for 3 months prior to the second cut. Each cultivar
was hand clipped at 5 to 10, dried at 65 °C to constant weight, and ground with a 2-mm
screen in a Wiley mill [31].

The temperature and precipitation data (Figure S1) were recorded at the experimental
site with a Davis Weather Monitor II weather station (Davis Instruments Corp., Hayward,
CA, USA).

2.2. Phytolith Extraction and Experimental Design

Three biological replicates per sample for each genotype were analyzed in two different
phenological stages: outbreak (in November) and re-growth (in April) using the same plants
analyzed by Luciani et al. [31] for other forage quality variables.

Each sample was composed of 1.5 g of dried tissue (tillers) cut into pieces of ap-
proximately 1.5-2 cm. Before the extraction of phytoliths, samples were pretreated to
remove substances deposited on the plant surface such as pollen and the cells of other
plants as well as edaphic and atmospheric materials. For this, they were washed with
distilled water twice, shaking by inversion 4-5 times between washes. Then, a third wash
was carried out with distilled water and 2% non-ionic detergent and gentle agitation for
12-14 h. Subsequently, samples were sonicated for 20 min and the material was washed
again with distilled water until the detergent was completely removed. After this, the
tubes were placed in the oven at 45 °C for 2 days. Then, samples were chemically digested
and calcined with a technique specifically developed to remove alkali and alkaline earth
metals in soluble chloride form [37-39]. The crucibles were placed in an oven at 45 °C for
2 days and then transferred to a desiccator until they reached room temperature. Subse-
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quently, they were weighed on a four-decimal place balance (CW: crucible weight). The
plant material was placed in the tared crucibles and weighed (IDM: initial dry matter).
Subsequently, the samples were calcined in the muffle at 200 °C for 2 h and transferred to
250 mL beakers, adding a 5N hydrochloric acid solution to each beaker until the material
was completely covered. The beakers were placed on hot plates under a fume hood, stirring
for 20 min after reaching the boiling point. The material was filtered with ash-free paper
(Whatman 42-110 mm) and washed with abundant distilled water until no chloride ions
were detected in the sample. The presence of chlorides in the wash water was observed
as a whitish turbidity that was detected by adding 1% silver nitrate. The filter papers
with the plant material were placed on the porcelain crucibles and dried in an oven at
40 °C for 24 h. Then, these were calcined in a muffle at 800 °C for 4 h and allowed to cool
in the mulffle. Subsequently, the samples were transferred to a desiccator and weighed
(CWP: crucible weight with phytoliths). Phytolith weight (PW) was determined using the
following expression: PW = CWP — CW.

Finally, the percentage of phytoliths present in the dry matter was calculated as follows:
% phytoliths = IDM x PW /100.

2.3. Statistical Analysis

An analysis of variance (ANOVA) was performed to compare the mean values of the
different genotypes and the cut-off dates (outbreak and re-growth) and their interactions.
To evaluate the differences between the different genotypes, comparisons of the paired
means were made using Fisher’s test.

In addition, the relationships between the phytolith content (PhC) and other forage
quality variables determined by Luciani et al. [31] on the same samples were analyzed.
These variables were: crude protein (CP), in vitro dry matter digestibility (IVDMD), lignin
(L), neutral detergent fiber (NDF), and acid detergent fiber (ADF). This analysis was
performed using a Pearson correlation test and principal component analyses.

The statistical software Infostat [40] was used for all of the data analyses.

2.4. Genome-Wide Analysis to Look for Lsi Genes and Phylogenetic Analysis

The genes corresponding to the silicon (Si) transporters of Oryza sativa, Lsil (Os02g0745100),
Lsi2 (Os03g0107300), Lsi3 (Os10g0547500), and Lsi6 (Os06g0228200) were used as the query
to detect via BLAST alignment [41] and their orthologous genes in E. curvula [42], Eragrostis
tef [43], Setaria italica [44], Zea mays [45], Sorghum bicolor [46], Triticum aestivum [47], Hordeum
vulgare [48], Lolium perenne [49], and Panicum virgatum [50]. The protein sequences of the
orthologous genes (Table S1) were aligned using MUSCLE software [51] and a phylogenetic
tree was constructed using the MEGA X software [52] and the neighbor-joining method [53].

2.5. Microscopic Observations

Once the phytoliths were obtained using the Labouriau technique [39], they were
spread on a slide and rehydrated with distilled water to favor the observation with a Nikon
Eclipse 80i microscope and a Nikon DXM1200F digital camera.

The classification of phytoliths by the shape of the isolated forms and associations was
carried out following the International Code for Phytolith Nomenclature 1.0 (ICPN) [30].

3. Results
3.1. Phytolith Content and the Interaction between Cultivars and Cutting Time

The average phytolith content in dry matter were 2.5 and 3.44% for the outbreak and
the re-growth stages, respectively (Figure 1). Using a significance level greater than 39%,
the ANOVA test did not detect the interaction between the cultivars and clipping dates
(Table 1). When analyzing the differences between cultivars, Don Luis, Morpa, Tanganyika,
and Don Pablo differed significantly in the mean phytolith content from Don Eduardo
and Don Juan, and finally, 9355 differed from Don Juan (Fisher test, p < 0.05; Table 2). The
highest phytolith content at both clipping dates was shown by Don Juan, although this
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value did not differ significantly from the one observed in Don Eduardo. In contrast, the
lowest phytolith content was shown by Don Luis, although it did not show significant
differences with Morpa, Tanganyika, Don Pablo, and 9355.

Cultivar

6

Phytolith content (%)
N w E

-

0

Morpa
Tanganyika
Don Pablo
Don Eduardo
Don Luis
Don Juan
9355

B outbreak [l Re-growth

Figure 1. Mean values of the phytolith content (%) in the dry matter of seven weeping lovegrass
cultivars at two clipping dates: outbreak and re-growth. Bars indicate standard errors.

Table 1. Analysis of variance chart for the mean value of the phytolith content of different weeping
lovegrass cultivars in two phenological stages: outbreak and re-growth.

Source of Variation Sum of Degrees of Mean F p-Value
Squares Freedom Squares
Block 0.46 2 0.23
Clipping date 8.95 1 8.95 2535  <0.0001
Cultivar 11.61 6 1.94 5.48 0.0009
Clipping date x Cultivar 2.31 6 0.39 1.09 0.3937
Error 9.18 26 0.35
Total 32.51 41

Table 2. Mean values of the phytolith content (%) in the dry matter of different weeping lovegrass
cultivars at two phenological stages: outbreak and re-growth. Different letters indicate significant
differences (p < 0.05) according to the Fisher test. Error: 0.3530, df: 26.

Cultivar Average N
Don Luis 2.39 6 A
Morpa 2.54 6 A
Tanganyika 2.57 6 A
Don Pablo 2.82 6 A
9355 3.02 6 A B
Don Eduardo 3.66 6 B C
Don Juan 3.84 6 C

Correlation analysis between the phytolith content (PhC) and crude protein (CP),
lignin (L), neutral detergent fiber (NDF), acid detergent fiber (ADF), and in vitro dry matter
digestibility (IVDMD) revealed a negative relationship between PhC and IVDMD and CP
(r = —0.6 in both cases) and a positive correlation with ADF (r = 0.7), L (r = 0.6) and NDF
(r=0.5).

The first two components of the principal component analysis (PCA) displayed a con-
tribution rate of 92.5%. All variables showed more than 76% of their variation represented
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by these two components. The first component displayed a high and positive correlation
with CP and IVDMD (r > 0.96) and a negative correlation with NDF, ADF, L, and PhC
(r < —0.71), whereas the second was positively correlated with PhC (r = 0.69). Outbreak
and re-growth stages were completely separated in component 1 (Figure 2), showing that
the re-growth stage had higher values for ADF, L, NDEF, and PhC than the outbreak stage
with lower values for the IVDMD and CP variables.

5.004

e PhC
2.504
IVDMD
A o
O
= A o
x Q@ E CP
™
o [
= 0.00 |
A o A
~ ADF O
o A O
2 AA 4 a
@
NDF
-2.50
-5.00-
T T T !
-5.00 -2.50 0.00 2.50 5.00
CP 1 (82.2%)
j Outbreak A Re-growth @ Variables

Figure 2. Biplot of the principal components 1 (CP 1) and 2 (CP 2) explaining 92.5% of the varia-
tion: weeping lovegrass genotypes at the outbreak and re-growth stages, respectively. PhC: phy-
tolith content, CP: crude protein, L: lignin, NDF: neutral detergent fiber, ADF: acid detergent fiber,
IVDMD: in vitro dry matter digestibility.

3.2. Genome-Wide Analysis to Look for Lsi Genes and Phylogenetic Analysis

Based on the orthologous sequences of rice Lsi proteins, four Lsi genes were identified
in weeping lovegrass with a key role in the capture and transportation of Si, Lsi, Lsi2, Lsi3,
and Lsi6. A phylogenetic tree was constructed using the sequence of the Lsi transporter
genes of E. curvula and other grass species (Figure 3). These results show that Lsi genes are
conserved in all of the analyzed grasses.

3.3. Microscopic Observations

Different phytolith morphotypes could be observed in the E. curvula samples of tillers.
In conformity with The International Code for Phytolith Nomenclature 1.0 [30] and based
on their shape and anatomical origin, they were named as the cuneiform bulliform cell,
bilobate short cell, acicular hair cell, unciform hair cell, elongate entire cylindric, ovate cell,
and short saddle-shaped cell (Figure 4).
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Figure 3. Neighbor-joining phylogenetic tree using Lsi1, Lsi2, Lsi3, and Lsi6 genes of ten species of
grasses: Eragrostis curvula, Eragrostis tef, Setaria italica, Panicum virgatum, Sorghum bicolor, Zea mays,
Oryza sativa, Lolium perenne, Hordeum vulgare, and Triticum aestivum. Each species is represented by a
different color.
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Figure 4. Phytolith extracted from tillers of Eragrostis curvula: (a) cuneiform bulliform cell,
(b) uniform hair cell, (c) bilobate short cell, (d) elongate entire cylindric, (e) acicular hair cell, (f) ovate
cell, (g) short saddle-shaped cell.

4. Discussion

This was the first quantitative study on phytoliths in E. curvula. Here, we showed
that the content of phytoliths varied among different genotypes and phenological stages.
Moreover the degree of silicification has a significant genetic component in this species.
Furthermore, it was found that phytolith content has a negative correlation with parameters
associated with forage quality such as in vitro dry matter digestibility and crude protein.

In all of the analyzed E. curvula genotypes, a higher content of phytoliths at the re-
growth stage was observed than at the outbreak, confirming the fact that as the phenological
state advances, its phytolith content increases, concomitantly decreasing its forage quality.
Previously, Luciani et al. [31], based on the same samples, showed that at the re-growth
stage, plants had higher values of ADF, NDEF, and L content than at the outbreak, whereas
for IVDMD and CP, the re-growth stage displayed the lowest values. Gargano et al. [54] had
already detected a decrease in the forage quality of weeping lovegrass cv Tanganyika and
Digitaria eriantha cv Irene while progressing the crop cycle. When analyzing the interaction
between the different genotypes and clipping dates, it was observed that there was no
interaction between the two cutting moments and the cultivars for the mean values of the
phytolith content. This shows that the degree of silicification would have a significant
genetic component and that the response patterns of the genotypes are maintained under
different management conditions. The Morpa, Tanganyika, and Don Luis cultivars showed
the lowest variation in their phytolith content at both clipping dates, while Don Juan and
Don Eduardo expressed a higher content of phytoliths during re-growth. Don Pablo and
9355 did not differ significantly in both groups.

In grasses, the presence of silica is associated not only with intrinsic metabolic pro-
cesses, but also with the growth and productivity of the plant, and with the phenomenon of
resistance to diseases, toxicities, insect attacks, and effects produced by herbivores [20,55].
In general, in forage species, decreases of up to 3% in in vitro dry matter digestibility have
been observed for each unit of increase in silica, mainly due to the reduced digestion of
cell wall polysaccharides [56,57]. According to Leigh [32], the concentration of silica in
the epidermis of E. curvula could explain its low digestibility. Our results reinforce this
assumption.

A higher accumulation of phytoliths in plants makes them distasteful as well as gives
them a prickly texture, which grazers usually avoid [58]. This could also be the reason for
older seedlings to be better defended, due to the higher accumulation of phytoliths [59].
The silica content increases as the phenological stage of the plants advances, regardless of
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the genotype, implying that weeping lovegrass plants will decrease their quality as forage
as they reach more advanced phenological stages. The lower the silica content and the
smaller the variation between the content in the shoot and regrowth, the better the quality
of the weeping lovegrass forage.

Phytolith content assessment is not an easy task since there are multiple and labori-
ous methods with many technical steps that make them imprecise [27,39,56,60,61]. The
methods differ in the type of digestion used to mineralize and solubilize silicon and the
techniques used to quantify it [62]. Of these methods, there is not one universally accepted,
because all present one or more disadvantages such as the oxidation of organic matter
requires a lot of time, uses potentially dangerous acids, requires calibration, there is a
loss due to splashing, and special teams are needed [24,25]. Silicon can be quantified by
gravimetry, colorimetry, atomic absorption spectrophotometry, and inductively coupled
plasma emission spectroscopy [24-26]. Of these analytical techniques, the most accessible,
but at the same time the most laborious, widely used in the past, is the determination by
gravimetry [63]. A very important aspect to be considered when silicon is analyzed in
plant tissue is the lack of reference materials or standards [25], which leaves an uncertainty
about the accuracy of the data obtained. In this study, the chosen methodology combined
calcination with chemical digestion with a pretreatment that significantly improved the
removal of contaminants. By pretreating the samples with 5 N hydrochloric acid, ADF
was obtained, which includes cellulose, lignin, and silica. Subsequently, when this fraction
is calcined at 800 °C, the silica and nitrogen, which are not soluble in an acid detergent,
remain as residues. Since the determination is gravimetric, we minimized the error of
starting from dry matter samples greater than one gram. Our results provide an indication
of the accuracy of the methodology used for weeping lovegrass.

The analysis of the Si absorption in more than 500 species of plants has made it possible
to differentiate between those that accumulate Si such as Oryza sativa, Equisetum arvense, and
Saccharum officinarum, or those that do not accumulate Si (less than 3 mg Si/g dry matter)
such as most dicotyledons including legumes [1]. Consequently, the Si concentrations
in plant tissues vary considerably, from only 0.1% (dry weight basis) in dicotyledons,
over 1-3% in grasses such as oats (Avena sativa) and rye (Secale cereale), up to 10-15% in
other members of the Gramineae family, for instance, rice and in the Cyperaceae family
(sedges) [64,65]. Additionally, the silica content shows great variation, even within grasses
with the same leaf anatomy. In C4 grasses, the percentage of SiO; in dry matter varies from
Cynodon dactylon at 5.2% [56] to Nassella mucronata at 2.29% [66] while in grasses with C3
leaf anatomy, the values are in general lower, like in Phalaris arundinacea of 1.3%, Avena sp.
of 1% and ryegrass of 2.9% [56]. In E. curvula, the phytolith content was variable among
the genotypes, ranging from 2.39 to 3.84% considering the average of the two analyzed
phenological stages.

Si accumulation in the plant organs is associated with Lsil, Lsi2, Lsi3, and Lsi6 Si
transporter expression [67]. Since the presence of these genes is conserved across diverse
grass species (Figure 3) with different digestibility and Si content, it is reasonable to think
that the differences in Si in E. curvula cultivars are associated with Lsi expression through
the presence of different allelic variants or other factors related to the whole Si pathway.
Looking for allelic variants and expression analyses by qPCR should be carried out to
confirm this hypothesis. For instance, in Zea mays, Lsi6 and Lsil were found to be expressed
until the final developmental stage of the kernels, showing a correlation between gene
expression and Si accumulation [68]. In rice, similar results obtained by analyzing Lsi6
expression were also associated with the accumulation of Si in the shoots [5].

The biogenic process of phytolith formation creates intriguing irregular (dumbbells,
saddles, bowls, boats, bulliform, tracheid, polylobate, etc.) to regular shapes (spherical,
globular, cylindrical, hexagonal, cubical, and hair-cell, etc.), which may or may not cross
the different levels of taxonomic boundaries [58,69]. Phytolith size is under genetic control
and it is variably affected by temperature, heat stress, physiology of the cells, age and
maturity of the plant tissues, seasonal climatic changes, and disease incidence [1]. A
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single plant species (and sometimes even different plant parts of the same species) can
produce many different morphologies of phytoliths [70], but some forms are characteristic
of certain taxonomic groups [71]. In E. curvula, we mainly observed the saddle-shape type,
characteristic of the C4 grasses [72] and other forms such as those from hairs, bulliform
cells, and hooks that have an epidermic origin and are observed in different grasses, which
do not have a taxonomic value [71].

The production of phytoliths is very diverse depending on the species, so according
to the content of phytoliths obtained in this test, it could be said that Eragrostis curvula
presents silica values that correspond to those usually presented by other species of grasses
also used as forage. This characteristic in phytolith content, added to the great adaptability
to semi-arid regions shown by weeping lovegrass, makes it a very convenient species to
form the grazing chain of any livestock establishment.

5. Conclusions

(1) This is the first study on the phytolith content and the relationship with forage quality
parameters in different genotypes and phenological stages in Eragrostis curvula.

(2) The content of phytoliths in E. curvula, expressed as a percentage of dry matter, is
similar to the one usually shown by other forage grasses from semi-arid regions.

(3) Based on the criterion that lower phytolith content implies better palatability and
digestibility, the best cultivars analyzed here were Don Luis, Morpa, and Tanganyika.
Additionally, those with the lowest forage value were Don Juan and Don Eduardo.

(4) The low forage quality of weeping lovegrass could be attributed, in part, to the content
of phytoliths, particularly at the re-growth stage.

(5) The variation in the degree of silicification observed in the analyzed cultivars was
independent of the plant phenological stage.

(6) The sequence of Lsi genes involved in Si uptake and transport was conserved across
the grass family.

(7) The results obtained in this work constitute a valuable source for breeding pro-
grams to select genotypes based on the phytolith content to improve the E. curvula
forage quality.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/agronomy13030924 /s1, Table S1: Protein sequences used for the
phylogenetic analysis of the Lsi genes, Figure S1: Temperature and precipitation data obtained at the
experimental site with a Davis Weather Monitor II weather station. The averages of the maximum,
average and minimum temperatures (°C) and the average precipitations (mm) of each month were
observed during the growth cycle of the Eragrostis curvula plants in which two cutting moments were
carried out.
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