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Abstract

This study aimed to identify the main fungal and phytonematode genotypes associated with the main tropical forage seeds used in
integrated systems and to distinguish seeds with high physiological and sanitary quality, for which two experiments were
conducted. In year 1 (2017/18 crop year), the first experiment (experiment 1) was conducted with seeds produced in the 2017/18
crop year, in a randomized open design with four configurations and four replications. In year 2 (2018/19 crop year), the study
(experiment 2) was replicated with the experimental conditions of the first experiment (randomized automatic design, with four
sessions and four replications), but using samples from the 2018/19 crop year. The seeds were produced in the 2017/18 and
2018/19 crop years, with the same origin, and were purchased within commercial packages. The treatments of experiments 1 and 2
were the same and consisted of seeds of Brachiaria ruziziensis and the Brachiaria brizantha cultivars Marandu, Xaraés, and BRS
Piata. The same variables were evaluated for each experiment: water content, physical purity, viability, germination rate index, first
germination count, germination percentage, crop value, dormancy, accelerated aging, and incidence of fungi and phytonematodes.
Cladosporium sp., Fusarium sp., Rhizoctonia sp., Meloidogyne sp., Filenchus sp., Aphelenchus sp., Aphelencoides sp., and
Rotylenchulus sp. are the main phytopathogens associated with seeds of the main tropical forage species used in integrated
systems. The seeds of B. ruziziensis present high physiological quality, whereas the seeds of the B. brizantha cultivar Xaraés grass
present high sanitary quality.

Keywords: Fungal plant pathogens, germination, tropical pastures.

Introduction

Over the years, there has been a need to maximize the food agricultural crops (Godoy et al. 2014). Furthermore,
outcome in response to intensified livestock production integrated systems can favor the increase of the population
while ruling out the need to open new agricultural areas. of phytonematodes since they provide lower surface
However, most of the existing grazing areas exhibit some temperatures (Freire et al. 2018). When present in seeds,
degree of degradation (Souza et al. 2017). In this regard, fungi may cause reduced germination, decreasing their
sustainable crop models have been developed, such as crop- quality and commercial value (Lasca et al., 2004). Besides, it
livestock integration (CLI), allowing the recovery of degraded is believed that phytonematodes can have a significant
areas, the intensification of pasture production (and the impact on dry matter production and the persistence of the
production of forage seeds), and, consequently, the increase forage in the field (Favoreto, 2004).

in the content of animal protein (Macedo, 2009; Balbino et In order to define new alternatives and management
al., 2011; Leonel, 2011; Vilela et al., 2011; Cordeiro et al., strategies for the eradication of fungi and phytonematodes
2015). from the agricultural fields of integrated production systems,
Although economically expressive, the forage seed it is important to identify and analyze the population of
production system is threatened by the presence of these phytopathogens in the seeds of the main forage
pathogens. Due to the absence of sanitary standards in species grown in integrated systems (sanitary quality) and to
Brazilian trade regulations, seeds have acted as an efficient assess the interference of these phytopathogens on the
mechanism of introduction and dispersion of pathogens that physiological quality of these seeds (Calgaro Junior, 2019).
may affect several moments, from the stage of stand Based on this, this study aimed to identify the main genera
establishment to harvest (Vechiato and Aparecido, 2008). of fungi and phytonematodes associated with the main
Among the pathogens associated with tropical forage seeds tropical forage seeds employed in integrated systems, as
of the genus Brachiaria syn. Urochloa, fungi and well as to distinguish seeds with high physiological and
phytonematodes are highlighted. Phytopathogenic fungi are sanitary quality.

among the factors that most reduce the productivity of
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Results

Experiment 1 — Year 1; 2017/2018 crop year

In experiment 1, using seeds produced in the 2017/2018
crop year, there was an effect of the treatment on the
following variables: water content, purity, first germination
count, germination percentage, germination rate index,
viability, dormancy, crop value based on germination, crop
value based on viability, and germination of aged seeds of
Brachiaria (p<0.05). B. ruziziensis presented the lowest
water content (10.21%) among the studied species/cultivars
(Table 1).

It was observed that none of the seed lots reached the
minimum  purity index of 80% required for the
commercialization of seeds of Brachiaria sp. (Brasil, 2008).
Besides, considering that the minimum germination
standard or viability to commercialize the seeds of
Brachiaria sp. should be 60% (Brasil, 2008; Brasil, 2010), it
was verified that the seed lot of the B. brizantha cultivar
Xaraés was below the germination standard, whereas the
seed lot of the B. brizantha cultivar Marandu was not within
either the germination or viability standards for
commercialization. The seeds of the B. brizantha cultivar
Marandu presented the lowest viability percentage results.
It was also verified that the seeds of B. ruziziensis and the B.
brizantha cultivar BRS Piata presented higher results of the
first germination count, which is indicative of greater vigor.
The germination percentage was higher in the seeds of B.
ruziziensis (Table 1).

The sanitary analysis of the Brachiaria seeds that were not
subjected to disinfection revealed the incidence of the fungi
Alternaria  sp., Aspergillus sp., Cladosporium sp.,
Colletotrichum sp., Curvularia sp. Fusarium sp., Penicillium
sp., Rhizoctonia sp., and Rhizopus sp. When the previous
disinfection process was performed, a lower incidence of all
the above-mentioned fungi was verified, except for
Cladosporium sp. and Rhizoctonia sp., which presented an
increase in frequency and Colletotrichum sp., Curvularia sp.
and Penicillium sp., which were not detected (Table 2).

After the disinfection process, it is estimated that with the
reduction in the infestation by Fusarium sp., the
development of the fungi Cladosporium sp. and Rhizoctonia
sp. may have been favored. Regarding the genus
Cladosporium sp., the non-disinfected seeds of the B.
brizantha cultivar BRS Piata presented a high incidence rate.
However, considering the seeds after the disinfection
process, there was no effect of the treatment on the
incidence of Cladosporium sp. (Table 2).

In the phytonematode analysis, the presence of eggs and
free-living phytonematodes (non-parasites) was observed in
all seed lots analyzed by the method without incubation.
There was no treatment effect on egg incidence, and there
was a high incidence of free-living phytonematodes in the
seeds of B. ruziziensis (Table 3).

After the incubation period, the incidence of eggs and free-
living phytonematodes was verified, with a predominance of
incidence in the seeds of B. ruziziensis. Furthermore, the
incidence of the phytopathogenic fungi Meloidogyne sp.,
Aphelenchus sp., and Filenchus sp. was observed in all the
seeds, except for the B. brizantha cultivar Xaraés. However,
there was no treatment effect on the incidence of
phytopathogenic fungi for the studied species/cultivars
(Table 3).
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Experiment 2 — Year 2; 2018/2019 crop year

In experiment 2, using the seeds of the 2018/2019 crop year,
there was also a treatment effect on all variables, except for
the water content and the crop value based on viability
(p<0.05). The mean water content value was 9.58%. All seed
lots reached the minimum purity index (80%) required for
seed commercialization. Moreover, none of the lots reached
the minimum germination index (60%), and the seed lot of
the B. brizantha cultivar Xaraés was the only one below the
viability standards (60%) for commercialization (Table 1).
When calculating the crop value based on germination, it
was observed that only the seed lots of B. ruziziensis and the
B. brizantha cultivar BRS Piata reached a commercialization
minimum (48%).

Besides the seeds of the B. brizantha cultivar Marandu, the
seeds of the B. brizantha cultivar Xaraés also showed a lower
viability percentage. This suggests that the Marandu and
Xaraés cultivars present high levels of non-viable (dead)
seeds in the commercialized lots. The seeds of B. ruziziensis
presented the highest germination percentage in the first
count. The germination percentage was higher in the seeds
of B. ruziziensis and in the B. brizantha cultivar BRS Piata
(Table 1).

The sanitary analysis of the Brachiaria seeds without
disinfection revealed the incidence of the fungi Aspergillus
sp., Cladosporium sp., Colletotrichum sp., Fusarium sp.,
Penicillium sp., Rhizoctonia sp., and Rhizopus sp. A lower
incidence of all fungi was verified, as well as the absence of
the fungus Colletotrichum sp. There was no treatment effect
on the incidence of Cladosporium sp. in the non-disinfected
seeds. After the disinfection process, the seeds of B.
ruziziensis and the B. brizantha cultivar BRS Piata showed a
higher incidence of this phytopathogen. A reduction trend
was observed for the incidence of all major fungi (Table 2).

In the phytonematode analysis without incubation, it was
possible to verify the presence of eggs, free-living
phytonematodes (non-parasites), and the phytonematode
Aphelencus sp. in all seed lots. There was no treatment
effect on egg incidence, but there was a high incidence of
free-living phytonematodes and Aphelencus sp. in the seeds
of B. ruziziensis and the B. brizantha cultivar BRS Piata (Table
3).

After the incubation period, the incidence of eggs and free-
living phytonematodes was observed. There was no
treatment effect on the incidence of eggs, and it was verified
that the cultivar Xaraés presented a low incidence of free-
living phytonematodes. Furthermore, the incidence of the
phytopathogenic fungi Aphelenchus sp., Aphelencoides sp.,
Filenchus sp., and Rotylenchulus sp. was also verified.
However, there was no treatment effect on the incidence of
phytopathogenic fungi for the studied species/cultivars
(Table 3). No cysts were found in any of the analyzed
samples.

Experiment 1 vs. Experiment 2

When analyzing the germination rate index (GRI) of the two
experiments, it was observed that B. ruziziensis exhibited a
higher GRI in both assays (Table 1). According to the
calculation of the crop value obtained by both methods
(based on germination and viability), it is verified, in
experiment 1, that the seed lot of B. ruziziensis reached the
minimum standard for commercialization of 48% (Brasil,
2008; Brasil, 2010).



In addition, the B. brizantha cultivar Marandu presented the
lowest crop value for both methods and experiments. In
both experiments, the cultivars Xaraés and Marandu grasses
presented a higher frequency of dormancy. Besides, a lower
germination percentage was observed after the accelerated
aging of the Xaraés and Marandu seeds, in both experiments
(Table 1).

In both experiments (with and without disinfection), the
fungi Cladosporium sp., Rhizoctonia sp., and Fusarium sp.
were predominant (Table 2). There was no treatment effect
on the incidence of the fungus Rhizoctonia sp. High
percentages of Fusarium sp. were verified in the seeds of all
analyzed species/cultivars, both with and without
disinfection and in both experiments. The exception was the
cultivar Xaraés, which presented a reduction of the fungal
genus Fusarium sp. when undergoing disinfection, in both
experiments (Table 2).

There was no treatment effect on the incidence of Fusarium
sp. in non-disinfected seeds. However, the seeds of B.
ruziziensis showed a higher incidence of Fusarium sp. after
the disinfection process, in both experiments (Table 2).

The seeds of B. ruziziensis exhibited higher vigor,
germination, and cultural value (Table 1). However, there
was also a significant presence of phytopathogens (Tables 2
and 3), conferring a high physiological quality to the seeds,
but also low sanitary quality.

Furthermore, the seeds of the B. brizantha cultivar Marandu
presented low results of vigor, germination, and crop value
(Table 1), as well as high results of the incidence by fungi
(Table 2) and phytonematodes (Table 3), presenting,
therefore, low physiological and sanitary quality.

The seeds of the B. brizantha cultivar Xaraés presented low
values of vigor, germination, and crop value (Table 1), as
well as a low incidence of fungi and phytonematodes (Tables
2 and 3), thus possessing low physiological quality and high
sanitary quality. The seeds of the B. brizantha cultivar BRS
Piatd presented intermediate/average physiological and
sanitary analysis results.

Discussion

The water content may be a limiting factor for the
germination of non-dormant seeds, affecting the
germination percentage, germination rate, and the
uniformity of the process (Marcos Filho, 2015). The water
content values found in experiment 1 (Table 1) are close to
the values from 10.7 to 11.5 % obtained by Martins and Silva
(2001), to the 10.39 % verified by Cardoso et al. (2014), and
to the 10.5 % observed by Lima et al. (2014) in studies with
forage seeds. However, in experiment 2, it was verified that
the seeds presented a water content below that found in the
literature, being considered adequate (Table 1).

Seeds with inadequate water contents may present
problems related to the limitation of germination or
deterioration due to damage caused by water deficiency or
excess within the seeds (Camara and Stacciarini-Seraphin,
2002; Marcos Filho, 2015).

Regarding the first germination count, the seeds of B.
ruziziensis and the B. brizantha cultivar BRS Piat3d, which
have a smaller size compared to the remainder, present a
larger contact surface with the substrate and, consequently,
might have imbibed water and germinated more rapidly
(Table 1) (Marcos Filho, 2015). According to Giurizatto et al.
(2003), the tegument thickness interferes with the seed
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germination percentage, although this parameter should not
be used alone to define the physiological quality of seeds.
The seeds of B. ruziziensis presented a higher GRI in both
experiments (Table 1), which allows inferring that a great
amount of seeds has the potential for a fast and uniform
establishment under field conditions (Pariz et al., 2010).

It is probable that the higher GRI observed in the seeds of B.
ruziziensis was caused by the lower seed dormancy (Table 1)
since dormancy influences the seed germination rate in an
inversely proportional manner (Alves et al., 2017). It is also
worth noting the greater vigor of these seeds, based on the
results of the first germination count, the germination rate
index, and the germination of aged seeds (Table 1).
Dormancy is characterized as the non-germination of the
seed even when subjected to favorable environmental
conditions and is one of the leading causes of low seed
germination rates in forage species (Lacerda et al., 2010).
Therefore, difficulties in handling and problems such as
reduced stand, a high percentage of invasive plants, and a
low supply of forage to animals may arise due to an
overestimated crop value.

This phenomenon occurred more frequently in the cultivars
Xaraés and Marandu (Table 1), probably due to differences
in the chemical-physical constitution of their integument,
hindering gas exchanges, hormonal balance, and causing
embryo immaturity (Marcos Filho, 2015).

According to Camara and Stacciarini-Seraphin (2002), the
inhibition of germination in the B. brizantha -cultivar
Marandu by the seed coating possibly occurs due to a gas
exchange restriction. Corroborating this argument,
Meschede et al. (2004) verified that the removal of the
coating in seeds of the B. brizantha cultivar Marandu
provided better germination results, strongly indicating that
the dormancy process in the cultivar has the seed coating as
its primary cause.

In addition, the dormancy phenomenon may be linked to the
initial vigor of seed lots. This was also valid for B. ruziziensis
since it presented high vigor (first germination count, GRI,
and germination of aged seeds) and low dormancy (Table 1).
Regarding the germination percentage after the accelerated
aging, it was observed that the cultivars Xaraés and Marandu
presented low values for this variable (Table 1). This
probably occurred due to protein denaturation, given the
high temperature to which they were subjected during
aging. Furthermore, the rapid water imbibition by the dry
seeds favors the intensity of injuries, the mobilization of
reserves, and the release of energy through respiration
(Marcos Filho, 2015).

In the sanitary analysis of Brachiaria seeds (Table 2),
corroborating the results found in this research, Mallmann
et al. (2013), studying the health of grass seeds produced in
the state of Mato Grosso, also reported the incidence of
Cladosporium sp., Alternaria sp., and Fusarium sp. in seeds
of the B. brizantha cultivar Marandu, B. syn Urochloa sp.,
and Panicum maximum, respectively. Furthermore, Santos
et al. (2014) and Sbalcheiro et al. (2014) also reported the
incidence of Aspergillus niger, Fusarium sp., Penicillium sp.,
and Rhizopus sp. in seeds of the B. brizantha cultivar BRS
Piata.

The fungi Cladosporium sp., Rhizoctonia sp., and Fusarium
sp., which prevailed in this study (Table 2), can negatively
impact the crop yield and consequently reduce the food
supply to animals since it causes a reduction in the seed
germination potential (Marchi et al., 2007; Pedroso, 2009;
Marchi et al., 2010; Sbalcheiro et al., 2014).



Table 1. Water content (WC), purity analysis (P), viability (V), first germination count (1%G), germination (G), germination rate index (GRI), crop value based on germination (CV1), crop value based on
viability (CV2), dormancy (D), and germination of aged seeds (GA) of seeds of Brachiaria syn. Urochloa brizantha cultivars Marandu, BRS Piata, and Xaraés; and Brachiaria syn. Urochloa ruziziensis
cultivar Kennedy produced in the 2017/2018 and 2018/2019 crop years, expressed as percentages (Mato Grosso, Brazil)

Species/cultivar WC P \ 1'G G GRI Ccv1l Cv2 D GA
2017/2018

Xaraés 10.60 a 66.06 b 64.00 a 28.50b 49.00 c 3594 b 32.37 ab 42.28 a 15.00 a 40.50 b
B. ruziziensis 10.21b 69.43 b 76.00 a 72.00 a 75.00 a 75.05a 52.07 a 52.77 a 1.00b 76.00 a
BRS Piata 10.75a 62.97 b 75.50 a 64.00 a 73.50b 75.37b 46.28 ab 47.54 a 2.00b 67.50 a
Marandu 10.68 a 75.73 a 33.00b 25.50b 27.50d 27.25b 20.82 b 2499 b 5.50 ab 31.50b
2018/2019

Xaraés 9.03 97.35a 57.50b 2.50c 2450 b 19.79 ¢ 23.85b 55.98 33.00a 7.50c
B. ruziziensis 9.85 93.06 b 65.00 a 47.00 a 56.50 a 81.78 a 52.58 a 60.49 8.50b 46.50 a
BRS Piata 9.54 98.14 a 62.00 a 25.50b 51.50a 54.52 b 50.54 a 60.85 10.50 b 37.00 ab
Marandu 9.91 92.87b 61.50 b 3.00c 20.5b 14.76 ¢ 19.03 b 57.12 41.00 a 5.50 bc

Means followed by the same lowercase letter in the column do not differ statistically by Tukey’s test (p<0.05).

Table 2. Incidence percentage of the fungi Cladosporium sp., Fusarium sp., and Rizoctonia sp. in seeds of Brachiaria syn. Urochloa ruziziensis; Brachiaria syn. Urochloa brizantha cv. Marandu, cv.
Xaraés, and cv. BRS Piatd produced in the 2017/2018 and 2018/2019 crop years (Mato Grosso, Brazil)

Species/cultivar Cladosporium sp. Fusarium sp. Rizoctonia sp.

Without With Without With Without t With
2017/2018
Xaraés 2.00B 44.00 67.00 a 9.00 bB 18.00 a 0.00 b
B. ruziziensis 0.00 aB 5.00 b 62.00 60.00 A 3.00 23.00
BRS Piatd 32.00A 36.00 88.00 a 53.00 bB 1.00 26.00
Marandu 6.00 B 14.00 76.00 a 32.00 bB 22.00b 25.00a
2018/2019
Xaraés 36.00 b 2.00Ca 74.00 a 0.00 Bb 22.00b 3.00a
B. ruziziensis 53.00b 28.00 Aa 77.00 a 22.00 Ab 66.00 b 11.00 a
BRS Piatd 49.00 b 16.00 ABa 63.00 33.00A 41.00 15.00
Marandu 50.00 b 5.00 BCa 87.00 a 28.00 Ab 44.00 b 10.00 a

1 Without: without disinfection;  With: with disinfection; Means followed by the same uppercase letter in the column and lowercase letter in row, within each genus, do not differ statistically by Tukey’s test (p<0.05).

Table 3. Egg incidence, free-living nematodes (non-phytopathogenic), and phytopathogenic nematode Aphelencus sp. in seeds of Brachiaria syn. Urochloa ruziziensis; Brachiaria syn. Urochloa
brizantha cv. Marandu, cv. Xaraés, and cv. BRS Piat3 produced in the 2017/2018 and 2018/2019 crop years, expressed as unit g'1 of pure seeds (Mato Grosso, Brazil)

Year/ Experiment 2017/2018 2018/2019

species/cultivar Eggs n . . Free-living Eggs _ _ Free-living Eggs n . Frge-living Aphelencus Eggs "_S _ Free-living
Without incubation With incubation Without incubation With incubation

Xaraés 148 68 b 100 b 132 ¢ 0.0 1.20c 0.00 b 2.80 10.80 b

B. ruziziensis 156 468 a 396 a 489.60 a 0.4 17.40 a 0.40a 6.00 184.00 a

BRS Piat3 108 16 b 108 b 208 ¢ 0.8 34.40a 0.00 ab 2.40 147.70 a

Marandu 188 136 b 516 a 238.80 b 0.4 2440 b 0.40 b 4.40 56.60 a

Means followed by the same lowercase letter in the column do not differ statistically by Tukey’s test (p<0.05); ns: not significant (p<0.05).
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Besides the physiological damage caused to the Brachiaria
seeds, there are indications of the involvement of biotic
agents in the mortality of the B. brizantha cultivar Marandu
(MGM), among these, Pythium sp., Rhizoctonia sp., and
Fusarium sp., especially in poorly-drained areas (Marchi et
al., 2011).

Therefore, it is recommended that seed lots of the B.
brizantha cultivar Marandu similar to the one analyzed in
this study (in both experiments) should not be implanted in
poorly-drained areas since they present a high incidence of
Rhizoctonia sp. and Fusarium sp. (Table 2).

Furthermore, the high frequency of Fusarium sp. observed in
the studied lots may be linked to the ability of the fungus in
producing resistance structures with high survival rates in
the soil, culminating in the existence of alternative host
crops, such as cotton, Brachiaria, coffee, bean, maize, and
soybean (Barros and Juliatti, 2011).

Fusarium sp. can cause seed necrosis and root rot in infected
plants (Almeida, 2015); Fusarium moniliforme and Fusarium
graminearum are notable for causing root and stem rot
(Costa et al., 2009); Fusarium clamydosporium is known for
causing wilting followed by death in forage plants, such as
Stylosanthes sp. (Verzignassi and Fernandes, 2001); and
Fusarium oxysporum is notable for causing wilting,
yellowing, and death in Brachiaria plants (Almeida, 2015).
Based on this, it is inferred that seeds all lots in this study
are unsuitable for single planting, intercropping, or crop
rotation, and their adoption in integrated systems might be
highly compromising.

Regarding the genus Cladosporium sp., the major barrier to
the use of seeds contaminated with this fungus is that some
species may cause leaf spots and lesions (Revankar and
Sutton, 2010). This organism may have the ability to digest
proteins in the epidermis, causing red spots or severe
eruptions in animals and humans (Espinel-Ingroff et al.,
1986). Therefore, the presence of this pathogen may cause
problems in the implantation and conduction of the crop,
and be harmful to animals and humans that have contact
with contaminated pastures.

After the process of seed sanitary disinfection, in experiment
1, it can be verified that the reduction of infestation by
Fusarium sp., which is a fast-growing and aggressive fungus
(Mallman et al., 2013), may have led to the growth of other
fungi, such as Cladosporium sp. and Rhizoctonia sp.
Furthermore, the increase in the frequency of the fungi
Cladosporium sp. and Rhizoctonia sp. can be justified by
their high incidence within the seed, conversely to Fusarium
sp., on the seed surface (Table 2).

Conversely, in experiment 2, an incidence reduction trend
was observed for all major fungi after the disinfection
process. This suggests a high fungal incidence on the seed
surface, in these lots (Table 2).

In  the phytonematode analysis, the eggs and
phytonematodes found by the method with the incubation
period may correspond to those present in the commercial
sample, externally and internally transmitted to the seeds
via impurities.

Mallmann et al. (2013) observed a high occurrence of
Aphelenchoides sp. and Ditylenchus sp. in the cultivars
Marandu and Piata produced in the states of Mato Grosso
and S3o Paulo. Furthermore, they found that the Panicum
maximum cultivars Massai and Mombacga presented a higher
incidence of Aphelenchoides sp. and Ditylenchus sp.,
especially in the seeds produced in Mato Grosso.
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It is believed that phytonematodes may have a significant
impact on dry matter production and the persistence of
forage species in the field (Favoreto, 2004). In addition,
there is a confirmation of the damage caused by the
incidence of pathogenic phytonematodes in the
implantation of integrated systems since exogenous
pathogens can be inserted into agricultural areas, producing
susceptible crops.

Meloidogyne sp., a phytonematode reported in this study,
forms root galls, necrosis between the veins, and small and
yellow plants in reeds and in soybean and maize producing
areas (Freitas et al., 2001; Dias et al., 2010). Aphelencoides
besseyi causes the green-stem syndrome in soybean, also
attacking cotton, causing green stem and leaf retention (Dias
et al.,, 2010; Favoreto et al.,, 2015; Meyer et. al., 2017).
Rotylenchulus reniformis causes dwarfism, chlorosis, and leaf
yellowing in the soybean and cotton crops (Embrapa Soja,
2010; 2013).

In addition to direct damage, phytonematodes constitute a
significant obstacle to the exportation of forage seeds. Large
importers of seeds of Brachiaria syn. Urochloa sp. and
Panicum sp. impose phytosanitary restrictions on the
Brazilian product (Marchi et al., 2007). Therefore, the use of
seeds with low sanitary quality compromises the formation
of pasture areas, commercialization of seed lots (Mallmann
et al.,, 2013), and the large-scale adoption of sustainable
crop models, such as integrated systems.

Materials and Methods

Plant materials

Seeds of Brachiaria ruziziensis and the Brachiaria brizantha
cultivars Marandu, Xaraés, and BRS Piatd. The seeds were
purchased within commercial packages and produced in the
2017/18 (Year 1: experiment 1) and 2018/19 crop years
(Year 2: experiment 2), with the same origin (Mato Grosso,
Brazil).

Conduction of the study

In year 1 (2017/18 crop year), the experiment (experiment
1) was conducted with seeds from the 2017/18 crop year, in
a randomized open design with four configurations and four
replications. In year 2 (2018/19 crop year), the study was
replicated (experiment 2) with the experimental conditions
of the first study (randomized automatic design with four
sessions and four replications), using samples from the
2018/19 crop year.

Treatments

The treatments consisted of the seeds of Brachiaria
ruziziensis and the Brachiaria brizantha cultivars Marandu,
Xaraés, and BRS Piatd, which are commonly used in
integrated crop-livestock systems in tropical regions.

Evaluated characteristics

The following variables were evaluated in each experiment:
water content, physical purity, viability (tetrazolium), first
germination count, germination percentage, germination
rate index (GRI), crop value based on germination, crop
value based on viability, dormancy, accelerated aging, fungal
incidence, and incidence of phytonematodes.

The determination of the water content was performed in
three 4.0 g samples per treatment, which were placed in a
forced-air oven for 24 hours at 105+1 °C. The results were
expressed as a percentage (Brasil, 2009b).



The crop value (CV) of the seeds was determined with
purity, germination, and viability tests. The purity test was
performed using two 5.0 g sub-samples per treatment,
manually separating impurities, other seeds, and pure seeds.
The portion of pure seeds was expressed as a percentage
(Brasil, 2009b).

The germination test was performed with four sub-samples
of 50 seeds for each treatment. The germinated seed counts
were daily performed to calculate the germination rate
(Maguire, 1962). The results were expressed as a percentage
(Brasil, 2009b).

Seed viability was determined by the tetrazolium test with
the non-germinated seeds at the end of the germination
test.

The seeds immersed in tetrazolium salt were placed in a
BOD incubator for 3 hours, without light, at 30 °C.
Afterward, the seeds were classified as either viable or non-
viable. The results were expressed as a percentage (Brasil,
2009b). Seed dormancy was determined as the difference
between the percentage of viable seeds and the percentage
of germinated seeds.

In the accelerated aging test, the seeds of each treatment
were distributed on an aluminum screen coupled to
germination boxes with 40 mL of distilled water at the
bottom (Marcos Filho, 1999). The germination test was then
performed by counting the germinated seeds at seven days
(Brasil, 2009b). The incidence of fungi was analyzed using a
modified blotter test, both with and without previous
disinfection. Disinfection was performed by soaking the
seeds in a 1% sodium hypochlorite solution for 3 minutes
(Brasil, 2009a). The modification of the method consisted of
wetting the substrate with a previously sterilized sodium
chloride (NaCl) solution in the potential of -0.6 MPa (water
restriction) (Machado et al., 2007).

Four sub-samples of 25 seeds were used for each treatment
without the employment of previous disinfection, and
another four sub-samples of 25 seeds were used for each
treatment using previous disinfection (adapted from Brasil,
2009a). After seven days, the individual
evaluation/examination of the seeds was performed with
the aid of a magnifying glass by assessing the occurrence of
typical fruiting bodies of fungal growth, with these being
grouped according to the genus. The observation of slides on
a light microscope was sometimes necessary in order to
confirm the identity of the fungi. The results were expressed
as the percentage of occurrence (Brasil, 2009a). The
incidence of phytonematodes was analyzed by the
extraction and wet sieving of the samples, with ten
replicates of 10 g of commercial seeds per treatment
(Coolen and D’Herde, 1972), both with and without
incubation. The supernatant obtained after the procedure
was poured into a 400-mesh sieve, and the retained
phytonematode suspension was collected. A 1 mL aliquot
from this suspension was analyzed with an optical
microscope for the identification and quantification of the
phytonematodes down to the genus level.

Statistical analysis

The data obtained on all variables, in both experiments,
were transformed using the formula Vx+0.5 and subjected to
analysis of variance and Tukey’s range test at 5 % of
probability. The computer software SANEST was used for the
analyses (Zonta & Machado, 1984).
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Conclusions
Cladosporium  sp., Fusarium sp., Rhizoctonia  sp.,
Meloidogyne  sp., Filenchus sp., Aphelenchus sp.,

Aphelencoides sp., and Rotylenchulus sp. are the main plant
phytopathogens associated with the seeds of the main
tropical forage species used in integrated systems.

The seeds of Brachiaria ruziziensis present high physiological
quality, whereas the seeds of the Brachiaria brizantha
cultivar Xaraés present high sanitary quality.
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