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ABSTRACT. Knowledge about the pollen viability is important to ensure success in controlled
hybridizations and, consequently, support breeding programs. The aims of this study were to evaluate the
pollen viability in progenies of artificially induced tetraploid accessions of Brachiaria ruziziensis, and to verify
if the position of the flower buds on the raceme affects the pollen viability rate. Staining of aborted and
non-aborted pollen (Alexander’s technique) was used to determine the viability of the pollen grains.
Tetraploid accessions of B. ruziziensis plants had high pollen viability (x = 76.8% to x = 99.6%). Some of
these plants had viability rates similar to diploid B. ruziziensis, showing that the induction of chromosome
duplication by colchicine did not result in abnormalities in production and morphology of pollen grains.
Pollen grains from middle and apical regions of the raceme presented higher viability rates (x = 97.9% and
x = 97.7% respectively). The viability of pollen grains in artificially induced tetraploid accessions of
B. ruziziensis plants was high, which may favor obtaining fertile descendants in possible crosses.

Keywords: fertility, pollen grain, forage breeding, forage grass.

Viabilidade de poélen intra-inflorescéncia em acessos de Brachiaria ruziziensis

RESUMO. O conhecimento da viabilidade de grios de pdlen é imprescindivel para assegurar o sucesso nas
hibridagdes controladas e, consequentemente, auxiliar programas de melhoramento genético. O objetivo
deste estudo foi avaliar a viabilidade de graos de pélen em progénies de Brachiaria ruziziensis tetraploidizadas
artificialmente, além de verificar se hi efeito da posi¢io dos botdes florais no racemo sobre a taxa de
viabilidade de pdlen. A coloragio de pélen abortado e nio abortado (técnica de Alexander) foi usado para
determinar a viabilidade dos grios de pdlen. Plantas de B. ruziziensis apresentaram elevada viabilidade de
pélen (x = 76,8% a x = 99,6%). Algumas dessas plantas apresentaram taxas de viabilidade similares a
B. ruziziensis diploide, mostrando que a indugio de duplicagio cromossdmica usando colchicina nio
resultou em anormalidades na produgio e na morfologia dos grios de pdlen. Grios de pdlen das regides
mediana e apical do racemo apresentaram maiores taxas de viabilidade (x = 97,9% e x = 97,7%,
respectivamente). A viabilidade dos grios de pdlen em plantas de Brachiaria ruziziensis tetraploidizadas
artificialmente foi alta, o que pode favorecer a obtengio de descendentes férteis em eventuais cruzamentos.

Palavras-chave: fertilidade, grios de pélen, melhoramento de forrageiras, gramineas forrageiras.

Introduction

Grasses of the genus Brachiaria (Trin.) Griseb.
[(syn. Urochloa Hochst. ex A. Rich.) R. D. Webster]
gather around 100 species (RENVOIZE et al.,
1996), some of great economic importance as forage
crops (SOUZA SOBRINHO, 2005; VALLE et al.,
2009). It is estimated that approximately 85% of the
areas planted to pasture in Brazil use Brachiaria
cultivars (MACEDO, 2006), among which those of
greatest importance are the apomictic and generally
polyploid B. brizantha, B. decumbens, B. humidicola
and the sexual diploid, B. ruziziensis.

The main strategy of Brachiaria breeding programs
is the evaluation and selection of promising genotypes,

as  well as interspecific  crosses  involving
B. brizantha, B. decumbens and B. ruziziensis (SOUZA
SOBRINHO, 2005). Another interesting strategy has
been artificial tetraploidization of B. ruziziensis to allow
undertaking  interspecific ~ hybridizations ~ with
genotypes of B. brizantha and B. decumbens (ISHIGAKI
et al., 2009) and thus exploit the genetic variability of
the genus for selection of superior materials (PEREIRA
et al., 2001; SOUZA SOBRINHO, 2005). Induction
of polyploidy is performed using antimitotic substances
and, in forages, there is the search to maximize
expression of characteristics of agronomic interest, as
well as to make crosses between plants with distinct
ploidies possible (PEREIRA et al., 2012).
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Among the basic studies necessary at all the
stages of a breeding program, such as that of
Brachiaria, the evaluations of aspects related to pollen
fertility and viability are essential to ensure success
in controlled hybridizations (VALLE et al., 2009). A
pollen wviability study is commonly used in plant
breeding for diverse species due to its ease, fast and
low financial cost and the reliability of the technique
(CARDOSO et al., 2009; CORREA et al., 2005). It
is also important to determine the fertility rates and
the availability of pollen grains depending on the
position of the anthers in the inflorescences; i.c., to
check if the viability is consistent throughout the
inflorescence. Viability data allow correlations to be
made with genetic factors such as chromosome
imbalances caused by meiotic abnormalities or a
high percentage of normal tetrads as a consequence
of meiotic stability (RISSO-PASCOTTO et al.,
2006). These data may assist in selection of
genotypes and in determination of the best regions
of the raceme of Brachiaria for pollen collection,
which will be reflected in the efficacy of the crosses.

The aims of this study were to evaluate the
viability of pollen grains in artificially induced
tetraploid accessions of B. ruziziensis progenies, as
well as to verify possible effects of the position of the
flower buds on the raceme in regard to the pollen
viability rate.

Material and methods

The study was performed with the following
treatments on 27 tetraploid B. ruziziensis progenies
(2n = 4x = 36) derived from a population obtained
from intercross 8 plants from the Embrapa Gado de
Leite breeding program that were duplicated with
colchicine. Plants of B. decumbens Stapf. cv. Basilisk
(2n = 4x = 36), B. brizantha (Hochst. ex A. Rich.)
Stapf. cv. Marandu (2n = 4x = 36) and B. ruziziensis
Germain & Evrard. cv. Comum (2n = 2x = 18)
were used as controls.

For mounting the slides, pollen grains were
collected directly from the anthers of inflorescences
which were stored in a becker with distilled water.
Three slides/treatment were prepared by the squash
technique and staining was performed with
Alexander’s stain (ALEXANDER, 1980). After 24
hours, counting of 1000 pollen grains/slide was
carried out in an light microscope. Pollen grains
were considered viable when they had a purple
coloring and were free of deformities, and unviable
when stained green. The percentage of viable pollen
was obtained in accordance with the total number of
pollen grains evaluated.
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A second analysis considered collections from
the basal, middle and apical regions of the raceme of
five diploid B. ruziziensis clones (Identification: 1,
13, 17, 18 and 85). The methodology used was the
same as described previously. Five slides per plant
were prepared from each region of the raceme
(basal, middle and apical), for a total of fifteen
slides/treatment.

In both experiments, the percentage of viable
pollen was obtained in accordance with the total
number of pollen grains evaluated. A completely
randomized statistical design was used, and
comparison of the means were carried out by the
Scott-Knott test (p < 0.05).

Results and discusssion

The result of analysis of variance detected
significant differences for pollen grain viability
among the plants derived from the tetraploid
B. ruziziensis population and also in comparison with
the control plants (Table 1). The mean grouping of
Scott-Knott test (p < 0.05%) divided the treatments
into three groups. Group 1 was formed of B.
decumbens and B. brizantha control plants which had
low pollen viability, with a mean value of 57.8%
(Table 1). Group 2, formed of 11 plants, had mean
pollen viability of 82.2%, and group 3 gathered most
of the plants, including diploid B. ruziziensis, with a
mean value of 96.7% (Table 1).

Table 1. Mean pollen grain viability using the staining test with
Alexander’s stain in tetraploid B. ruziziensis (4 to 30) progenies and
genotypes of diploid B. ruziziensis (3), B. decumbens (2) and
B. brizantha (1) grouped according to the Scott-Knott test (p < 0.05).

Mean pollen Mean pollen

Treatment viability (%) Treatment viability (%)
2 (B. decumbens) 56.3a 23 942¢
1 (B. brizantha) 59.3a 10 94.6 ¢
13 76.8b 29 949 ¢
7 78.3b 14 962 ¢
6 79.7b 21 96.5 ¢
5 80.6b 20 97.0 ¢
30 81.0b 19 97.6¢
8 81.7b 17 977 ¢
25 84.0b 24 98.1c
26 842D 9 982c¢
28 845b 16 98.4 ¢
27 86.2b 15 98.4 ¢
22 87.0b 11 98.6 ¢
12 912¢ 3 (B. ruziziensis) 993 ¢
4 939c¢ 18 99.6 ¢
Groups Mean values (%)
Group 1 57.8

Group 2 82.2

Group 3 96.7

Overall mean 88.8

*Mean values followed by the same letter are not significantly different by the Scott-
Knott test (p < 0.05).

The results show that the plants of the artificially
induced tetraploid accessions of the B. ruziziensis
population exhibited high pollen viability, with
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mean values ranging from 76.8 to 99.6% (Table 1).
Some of these plants had viability rates similar to
diploid B. ruziziensis (treatment 3), showing that the
induction of chromosome duplication using
colchicine did not lead to abnormalities in the
production or morphology of pollen grains.

The mean percentage of wviability in the
progenies under evaluation was greater than by
Risso-Pascotto et al.  (2005) in tetraploid
B. ruziziensis that exhibited 38.6%. Considering that
part of the success of crosses depends on donators of
fertile pollen grains, the progenies evaluated in this
study, based on this information, have potential for
being incorporated in breeding programs, there
being the need, however, for complementing with
evaluations of agronomic performance.

Brachiaria decumbens and B. brizantha control
plants exhibited mean values of 56.3 and 59.3%,
respectively. This lower viability is probably because
these species are polyploids and apomictic. Apomixis
is normally associated with polyploidy which, in
turn, often results in meiotic irregularities, leading
to low pollen fertility (PEREIRA et al., 2001).
Although these values are low when compared to
the mean value of the other groups (b and c), they
cannot yet be considered critical for assisted
selection in breeding programs of a determined crop
(ZANOTTO etal., 2009).

According to Valle and Savidan (1996), naturally
diploid plants of B. brizantha, B. decumbens and
B. ruziziensis exhibit regular meiosis, with the
formation of nine bivalents and sexual mode of
reproduction. In contrast, tetraploid plants show quite
irregular  meiosis, with frequent formation of
univalents and quadrivalents, and apomixis as the
reproductive mode. These data correspond with the
fact of tetraploid B. ruziziensis exhibiting high pollen
fertility as a probable consequence of meiotic stability.

In the microsporogenesis study on accessions of
diploid and tetraploid B. ruziziensis, some meiotic
irregularities were observed, such as formation of
univalents to tetravalents and non-orientation of
chromosomes on the metaphase plate. Nevertheless,
the more frequent alterations in both accessions
were related to the irregular segregation of
chromosomes. These data were associated with low
pollen viability (PAGLIARINI et al., 2008; RISSO-
PASCOTTO et al., 2005).

The differences in viability among individuals of
a single species, as occurred in B. ruziziensis, may be
explained, according to Shivanna and Rangaswamy
(1992), by the flowering period, the environmental
changes and the genotype differences. Another
aspect that also needs to be considered is that the
viability of the pollen grain may vary considerably
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among individuals of a species and among samples
of a single individual (TECHIO et al., 2006).

By means of the analysis of variance for pollen
viability in different regions of the raceme, it was
possible to observe no significant differences (p <
0.05) among the clones. Nevertheless, significant
differences were detected for position of pollen grains
on the raceme (basal, middle and apical regions) and
significant interaction between clones and position,
indicating that the location of the flower within the
raceme has an effect on pollen viability and also that
this influence is not consistent for all the clones.

On average, the genotypes showed high pollen
grain viability, ranging from 93 to 98.9% (Table 2
and Figure 1).

Table 2. Mean pollen viability (%) for the basal, middle and
apical regions of the raceme of diploid B. ruziziensis clones.

Mean pollen viability in the regions (%)

Clones

Basal Middle Apical
1 95.6a 97.2b 979b
13 93.0a 98.6b 98.9b
17 953a 98.8b 97.0b
18 96.8a 96.7b 975b
85 95.0a 985b 97.1b
Region (%)
Basal 95.1
Middle 97.9
Apical 97.7
Overall mean 96.9

*Mean values followed by the same letter in the column are not significantly different

by the Scott-Knott test (p < 0.05).
> O®

Figure 1. Diploid B. ruziziensis pollen grains stained with
Alexander’s stain. Pollen with purple coloring are considered
viable, and with green coloring as unviable (arrow). The bar
represents 50 um.

This high viability rate is in agreement with that
observed for tetraploid B. ruziziensis and also with
the commercial cultivar Comum, used as a control
(Table 1), which showed mean viability of 96.7%.
From a practical point of view, this means that there
are no restrictions in regard to the option for any of
these clones as donators of pollen grains for the
breeding program. This information is corroborated
by Souza et al. (2002) upon affirming that pollen
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viability is considered high for values above 70%,
and these percentages would not cause losses in
breeding studies on the species. Higher mean values
in viability rate were observed in pollen grains in the
middle and apical regions, with 97.9 and 97.7%
respectively. Pollen viability was lower in the basal
region with a mean value of 95.1%. Despite of this
small variation, viability may be considered high
since it was greater than 90%, regardless of the
position of the flower bud on the raceme, i.c., the
pollen can be collected from any of the regions of
the raceme without a reduction in efficiency of the
crosses. This variation may be attributed to the
difference in the anthesis period over the raceme.
Normally, the anthers of the middle region,
followed by the apical region, are displayed before
than the basal region. According to Zanotto et al.
(2009), the viability of the pollen grain may vary
significantly throughout its development; as time
goes on, the viability of the pollen grain diminishes,
reducing its efficiency in fertilization.

Considering the clone x position interaction, the
mean value of pollen viability was greatest for clones 13
(98.6%), 17 (98.8%) and 85 (98.5%) in the middle
region and for clone 13 (98.9%) in the apical region.
On the other hand, the lowest mean value of viability
was observed in clone 13 (93%) in the basal region.

To ensure success in the use of selected superior
individuals, and especially production of new
cultivars by means of recombination of traits by
controlled hybridization, it is important that the
pollen to be used has good viability. High meiotic
instability, associated with genetic abnormalities
and/or chromosome aberrations that result in the
formation of atypical or male-sterile plants, or those
unable of formation of pollen grains, may hinder
achieving the minimum standards required for seed
production as well as affecting pollination
(POZZOBON et al., 2011). In the case of forage
plants, there is the need for production of a large
amount of viable seceds to meet the demand for
extensive pasture areas. Thus, the results obtained
here, by means of analysis of pollen grain viability,
may be used to indicate more favorable future
crosses that ensure adequate production of seeds
within the Brachiaria breeding program.

Conclusion

The viability of pollen grains in artificially induced
tetraploid accessions of B. ruziziensis plants was high,
which may favor obtaining fertile descendants in
possible crosses. Greater viability rates were observed
in pollen grains collected from the middle and apical
regions of the raceme of B. ruziziensis.
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