
Introduction

Many genera of the family Poaceae are economi-
cally important forage grasses. An example is the
genus Brachiaria, native to the African savannas,
that encompasses more than 100 species
(Keller-Grein et al. 1996). However, the commer-
cially exploited Brachiaria grasses around the
world belong to 4 African species: B. brizantha
(palisade grass), B. decumbens (signalgrass),
B. humidicola (Koronivia grass), and
B. ruziziensis (Ruzi grass). Their economic impor-
tance is greatest in tropical America, where their
extensive adoption over the past several decades
has had a revolutionary impact on cattle produc-
tivity (Miles et al. 2004), placing Brazil as the
largest beef exporter in the world (ABIEC 2008).

Although 8 cultivars of Brachiaria are commer-
cialized in Brazil by the thriving seed industry,
7 of them were developed as direct selections from
the germplasm collected in Africa (Miles et al.
2004). The Brazilian Brachiaria breeding pro-
gram, underway at Embrapa Beef Cattle, aims at
producing new cultivars by intra- and interspecific
hybridization. However, Brachiaria hybridization
is not easy because of its apomictic reproduction
and differences in ploidy level among species.
In the genus Brachiaria, diploidy is rare and corre-
lated with sexual reproduction, whereas
polyploidy and apomixis prevail (Valle and
Savidan 1996).

Brachiaria brizantha (Hochst. ex A. Rich.)

Stapf., syn. Urochloa brizantha (Hochst. ex

A. Rich.) R. Webster, is one of the most important
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species of the genus. In Brazil, one cultivar –

Marandu – covers more than 40 million hectares.

Its widespread use is due to its high productivity,

nutritive value, and resistance to spittlebugs

(Homoptera: Cercopidae). Resistance to these

sucking insects was the major incentive for initiat-

ing Brachiaria breeding programs in America.

Excellent resistance exists in B. brizantha cv.

Marandu and several other palisade grass acces-

sions (Miles at al. 2004). So far, Marandu, derived

from a natural tetraploid (2n = 4x = 36) accession

collected in Africa, has only been used as a male

parent in crosses with sexual artificially induced

tetraploid accessions of B. ruziziensis (Valle and

Savidan 1996), since no compatible sexual

tetraploid has been found among B. brizantha ac-

cessions. Collection trips done in eastern and

southeastern tropical Africa in the mid-1980s by

the International Center for Tropical Agriculture

(CIAT, Colombia), resulted in the collection of

more than 1000 distinct accessions of 33 species

(Keller-Grein et al. 1996). Part of the CIAT

germplasm of Brachiaria (475 accessions of 13

species) was sent to Brazil and is maintained in the

fields of Embrapa Beef Cattle Research Center

(Campo Grande, MS). Analysis of flow cytometry

revealed that among 437 accessions evaluated,

13% were diploid, and the remaining were

polyploid, with ploidy ranging from 4n to 7n, and

a large predominance of tetraploid accessions

(Penteado et al. 2000). The B. brizantha collec-

tion, which encompasses 253 accessions, presents

only a single diploid accession (Miles and Valle

1991; Valle and Savidan 1996; Penteado et al.

2000).
To overcome the barrier between sexual dip-

loid and apomictic tetraploid accessions, Ferguson
and Crowder (1974) proposed to create a
cross-compatible, sexual tetraploid plant by dou-
bling the chromosome number. The barrier was
overcome a decade latter, in Belgium, when dip-
loid accessions of B. ruziziensis were
tetraploidized with colchicine (Gobbe et al. 1981;
Swenne et al. 1981). These accessions continue to
be the basis of the interspecific hybridization pro-
gram both in CIAT and in Brazil. In an attempt to
overcome seed production failure in interspecific
hybrids, and also to broaden the genetic basis of
Brachiaria breeding in Brazil, the diploid acces-
sion was subjected to chromosome doubling by
colchicine treatment of plants cultivated in vitro
(Pinheiro et al. 2000). As a result, 6 tetraploid
plants were obtained. Considering that polyploidy
is largely correlated to abnormal meiosis in
Brachiaria (Mendes-Bonato et al. 2002a,b, 2006;

Utsunomiya et al. 2005; Risso-Pascotto et al.
2005a, b, 2006) and the fact that apomictic plants
are pseudogamous, which means that fertile ga-
metes are necessary for endosperm development,
the current paper discusses the meiotic behavior in
progenies of some induced tetraploidized plants as
an aid in the selection of the best plants to be used
as female parents in intraspecific crosses.

Materials and methods

Chromosome doubling of the diploid sexual ac-

cession B105 (BRA002747) of B. brizantha was

accomplished by colchicine treatment of basal

segments of in vitro grown plants at

Cenargen/Embrapa, Brasilia-DF, by Pinheiro

et al. (2000). Six induced tetraploid plants were

obtained (C14, C31, C35, C36, C41, and C48).

Progenies were derived from open-pollination in

these plants. The sexual progenies derived from

the induced tetraploid plants C31, C41, and C48

were cytologically analyzed. The mode of repro-

duction of each plant was previously determined

by examination of embryo-sacs, using interfer-

ence contrast microscopy on methyl-salicylate-

cleared ovaries (Young et al. 1979). The progeny

of C31 was represented by 3 plants, C41 by

2 plants, and C48 by a single plant. Chromosome

numbers in these plants were determined in

well-spread anaphase I.
Inflorescences for meiotic studies were col-

lected from each individual plant in the field and
fixed in a mixture of 95% ethanol, chloroform, and
propionic acid (6:3:2) for 24 h, then transferred to
70% alcohol, and stored under refrigeration until
use. Microsporocytes were prepared by squashing
and staining with 0.5% propionic carmine. Mei-
otic abnormalities were observed in each phase of
microsporogenesis. The number of cells analyzed
per plant ranged from 652 to 1338, depending on
the availability of inflorescences collected in each
plant. Pollen viability was estimated with
propionic carmine in fresh pollen grains of
dehiscent anthers in some plants. Photomicro-
graphs were made with a Wild Leitz microscope
using Kodak Imagelink – HQ, ISO 25, black-and-
-white film.

Results and discussion

The chromosome counting at anaphase I in the

6 progenies of the tetraploidized plants (C31, C41,

and C48) revealed the presence of 2n = 4x = 36
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chromosomes in all of them (Figure 1a). The re-

sults obtained in the analysis of meiotic behavior

and pollen sterility in the induced sexual

tetraploidized plants are presented in Table 1. The

meiotic behavior of artificially tetraploidized

plants was very affected, as compared with the

original sexual diploid plant B105. The meiotic

behavior in B105 was quite normal in the first di-

vision and completely normal in the second divi-

sion, generating 100% of normal tetrads

(Mendes-Bonato et al. 2002b). In contrast, the per-

centage of abnormal cells among the tetra-

ploidized plants ranged from 57.1% to 60.3% in

plants of the progeny of C31.

In the plant derived from C48, only the meiotic

abnormalities related to irregular chromosome

segregation in polyploids, such as precocious

chromosome migration to the poles in metaphase,

laggard chromosomes in anaphase, leading to

micronuclei formation in telophase, and tetrads

were recorded, affecting 44.6% of meiocytes. Pol-

len sterility in this plant was estimated at 11.6%.

The original plant C48 was previously analyzed in

respect of its meiotic behavior and pollen viability,

and the meiotic abnormalities reported were the

same as those detected in the progenies, but only a

few cells were analyzed. Pollen viability in this

plant was estimated to reach 85% (Araujo et al.
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Table 1. Number of cells analyzed, number (and percentage) of abnormal cells, and percentage of sterile pollen

grains in progenies of sexual genotypes of Brachiaria brizantha

Phase Genotype

C31 C41 C48

plant 1 plant 3 plant 4 plant 1 plant 2 plant 1

M I 66 56 82 134 75 216

7 (10.6) 19 (33.9) 34 (41.5) 86 (64.2) 32 (42.7) 70 (32.4)

A I 39 28 16 66 48 51

17 (43.6) 7 (25.0) 4 (25.0) 27 (40.9) 17 (35.4) 5 (9.8)

T I 72 94 176 118 223 159

32 (44.4) 62 (66.0) 129 (73.3) 47 (39.8) 129 (57.8) 46 (28.9)

P II 140 134 48 212 106 119

102 (72.8) 86 (64.2) 31 (64.6) 54 (25.5) 39 (36.8) 32 (29.9)

M II 111 104 65 190 112 105

69 (62.2) 58 (55.8) 43 (66.1) 88 (46.3) 44 (39.3) 43 (40.9)

A II 70 21 37 50 60 78

43 (61.4) 12 (57.1) 16 (43.2) 18 (36.0) 26 (43.3) 46 (59.0)

T II 142 94 120 138 151 134

90 (63.4) 57 (60.6) 65 (54.2) 49 (35.5) 59 (39.1) 72 (53.7)

Tet 181 125 108 430 294 367

109 (60.2) 94 (75.2) 71 (65.7) 176 (40.9) 107 (36.4) 224 (61.0)

Total 821 656 652 1338 1069 1229

469 (57.1) 395 (60.2) 393 (60.3) 584 (43.6) 453 (42.4) 548 (44.6)

Pollen sterility 46.8% * * 31.1% 29.4% 11.6%

MI = metaphase I; AI = anaphase I; TI = telophase I; PII = prophase II; MII = metaphase II; AII = anaphase II; TII = telophase II, Tet = tetrad.

* Not evaluated.

Figure 1. Meiocytes during the first division in progenies

of genotypes C31 and C41. (a) early anaphase I with 2n =

36 chromosomes after normal orientation in the metaphase

plate observed in some cells; (b) and (c) meiocytes in the

first division with chromosomes spread in the cytoplasm

caused by chaotic spindle formation; (d) group of

chromosomes located in various parts of the cytoplasm;

(e) to (i) meiocytes in telophase I, with a great number of

micronuclei of various sizes. (Magnification 400×)



2005). Irregular chromosome segregation was

also reported in induced tetraploid accessions of

B. ruziziensis (Pagliarini et al. 2008). These abnor-

malities typical of polyploids have also been re-

ported for several Brachiaria species (Mendes-

Bonato et al. 2002a, 2006; Utsunomiya et al. 2005;

Risso-Pascotto et al. 2005a,b, 2006), including

B. brizantha (Mendes-Bonato et al. 2002b). The

frequency of irregular chromosome segregation,

however, varies among accessions and species.

The tetraploidized progenies from C31 and C41,

on the other hand, had very abnormal meiosis.

Only a few cells presented the chromosomes

aligned in the metaphase plate or in early anaphase

(Figure 1 a). In the majority of cells, the chromo-

somes were dispersed in the cytoplasm as either

bivalents or univalents, without forming a

metaphase plate (Figure 1b–d). Anaphase chro-

mosome movements were blocked. As a conse-

quence of this abnormality in chromosome

orientation, a few or several micronuclei of vari-

ous sizes were observed inside the cells (Fig-

ure 1e–i). A similar meiotic abnormality was

reported in maize by Taschetto and Pagliarini

(1993), where the meiotic mutant lacked spindle

organization in both divisions, generating polyads

as the meiotic product. After telophase, an abnor-

mal cytokinesis occurred, usually dividing the cy-

toplasm into 3 parts with different amounts of

chromosomes in each cell (Figure 2a–l). The sec-

ond division progressed normally, despite the pre-

cocious cellularization. The result was the

formation of polyads at the end of meiosis (Fig-

ure 2n–p). A few tetrads with micronuclei (Fig-

ure 2m) were recorded in these plants. In

artificially tetraploidized plants of B. ruziziensis,

some accessions also displayed non-typical mei-

otic behavior. In one of them (R50),

Risso-Pascotto et al. (2005a) reported a similar

meiotic cellularization compromising the meiotic

product, and in another (R46), a meiotic mutation

affecting spindle orientation in both divisions was

recorded (Pagliarini et al. 2008).

The main objective of chromosome doubling

in these sexual diploid plants was to obtain sexual

tetraploids to be used as female parents in

intraspecific crosses with natural apomictic

tetraploid pollen donors. To accomplish this ob-

jective, the meiosis of tetraploidized plants must

be regular to ensure pollen fertility, embryo fertil-

ization and proper seed set. In 5 accessions of sex-

ual tetraploidized plants of B. ruziziensis, a low

frequency of meiotic abnormalities (5.2% to

9.7%) was recorded (Pagliarini et al. 2008) while

in 2 other accessions (R46 and R50), meiotic ab-

normalities were detected in more than 50% of

meiocytes (Risso-Pascotto et al. 2005b; Pagliarini

et al. 2008). Despite these abnormalities, acces-

sion R50 was used in crosses with B. brizantha cv.

Marandu, but some hybrids exhibited a high fre-

quency of meiotic abnormalities (Fuzinatto et al.

2007; Adamowski et al. 2008) and could not be ad-

vanced to cultivar development. On the other

hand, crosses between those tetraploidized acces-

sions of B. ruziziensis with a low frequency of

meiotic abnormalities, with different natural

tetraploid accessions of B. brizantha (M. F.

Felismino, pers. commun.), revealed lesser prob-

lems, with abnormalities ranging from 18% to

55%. These results suggested that meiotic behav-

ior in interspecific hybrids seems to be geno-

type-specific, so it becomes very important to

select parent plants with none to low frequencies

of abnormalities.

Intraspecific hybridization in B. brizantha is

expected to yield hybrids with less seed set prob-

lems than those observed so far in interspecific hy-

brids. The use of sexual tetraploidized plants, such

as C31 and C41, in crosses with natural apomictic
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Figure 2. Meiocytes during the second division in

progenies of genotypes C31 and C41. (a) to (l) meiocytes

divided by irregular cytokinesis; (n) to (p) generated

polyads with various numbers of microspores. Despite

cellularization after the first cytokinesis, meiocytes

progressed normally to the second division.

(Magnification 400×)



B. brizantha or other compatible Brachiaria spe-

cies, such as B. decumbens or B. ruziziensis, need

to take into account the results obtained in the

present meiotic analysis, to avoid carry-over of

these meiotic abnormalities into the progenies.

Thus, considering the results obtained from the

meiotic analysis, the sexual progeny of C48 is

most suitable to be used as female parents in intra-

and interspecific hybrids.

Pollen viability evaluated with propionic car-

mine was also performed in some plants in an at-

tempt to find quicker means of selecting the best

plants for crosses. Previous pollen viability tests in

Brachiaria did not correlate well with the amount

of meiotic abnormalities observed. This seems to

be the case here, as well, since discrepancies were

found between meiotic abnormalities and pollen

sterility in some plants (Table 1). Thus, the analy-

sis of meiotic behavior still remains the best pa-

rameter for selection of progenitors in Brachiaria

breeding.
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