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ABSTRACT

Studies on pollen viability are useful for breeding
Crotalaria juncea L. since they provide information that
will increase the chance of successful intraspecific crossing.
The aim of this study was to evaluate pollen viability in
C. juncea accessions cultivated in Rio Grande do Sul,
Brazil. Inflorescences of 10 accessions of C. juncea were
collected, fixed in absolute ethanol: glacial acetic acid (3:1)
for 72 h at room temperature and placed in 70 % ethanol.
Analysis of pollen viability was performed with slides
of anthers using the squashing technique and staining
with acetic orcein 2 % and Alexander’s stain. Means were
compared using the Tukey test (p=<0.05). Pollen viability
was high and significantly different among the accessions;
the highest value was 99.67 % and the lowest 45.34 %.
However, unviable pollen grains were also observed in all

accessions.

Key words: Crotalaria juncea Alexander’s stain, acetic orcein,

pollen viability, plant cytogenetics.
INTRODUCTION

n an attempt to minimize the accelerated
degradation of soil fertility, green manure crops
are used to maintain the physical, chemical
and biological properties of the soil. Among these
crops, Crotalaria juncea L. is frequently used due
to its precocity and high green mass production;
moreover, it produces highly smooth fiber which
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RESUMEN

Los estudios de la viabilidad del polen son utiles para el
mejoramiento genético de Crotalaria juncea L., porque
proveen informacién que aumentard la oportunidad de cru-
ces intraespecificos exitosos. El objetivo de este estudio fue
evaluar la viabilidad del polen de accesiones de C. juncea
cultivadas en Rio Grande do Sul, Brasil. Las inflorescencias
de 10 accesiones de C. juncea fueron recolectadas, fijadas en
etanol absoluto: 4cido acético glacial (3:1) por 72 h a tem-
peratura ambiente, y colocadas en etanol al 70 %. El andlisis
de viabilidad del polen se realiz6 en rebanadas de anteros
mediante la técnica de aplastado y tenidas con orceina acéti-
caal 2 % y tincién de Alexander. Las medias se compararon
con la prueba de Tukey (p=<0.05). La viabilidad del polen
fue alta con diferencias significativas entre las accesiones;
el valor mds alto fue 99.67 % y el menor 45.34 %. Sin em-
bargo, en todas las accesiones se observaron granos de polen

no viable.

Palabras clave: Crotalaria juncea, tintura de Alexander, orceina

acética, viabilidad de polen, citogenética vegetal.
INTRODUCCION

ara minimizar la degradacién acelerada de la

fertilidad del suelo, los abonos verdes se usan

para mantener las propiedades fisicas, qui-
micas y bioldgicas del suelo. Entre estos cultivos,
Crotalaria juncea L. se usa frecuentemente dada su
precocidad y alta produccién de biomasa; ademads
produce fibra lisa que tiene importancia econémica
(Mozambani ez al., 1993). Esta especie es originaria
de la India y bien adaptada a las regiones tropicales.
La planta es un arbusto con crecimiento erecto, pro-
duce fibra y pulpa de alta calidad apropiadas para
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is economically important (Mozambani ez al.,
1993). This species is originally from India and
is well adapted to tropical regions. The plant is
shrub-like, growing erect; its fiber and high quality
pulp are appropriate for the paper industry. It is
also recommended as green manure for crops
interspersed in cane sugar (Saccharum officinarum)
or in rotation in grain cultures. It shows fast initial
growth reaching 3.0 to 3.5 m in height under
normal weather conditions; it is also considered
a poor host of galls and cyst-forming nematodes
(Braga ez al., 2010).

The study of pollen viability is used in plant
breeding for various species because of the ease,
speed, low cost, and reliability of the technique.
An individual’s genotype comes from a male and
a female gamete; therefore, the higher the pollen
viability, the greater the probability of obtaining
different combinations of alleles, and genetic
variability (Souza ez al., 2002). According to Ferreira
(2009), pollen grains showed low viability in two
out of three species of Crotalaria; this finding could
be extended to all the species of the genus such as
C. juncea. The determination of pollen viability
can be carried out by direct methods, such as in
vivo or in vitro induction of pollen germination,
and by indirect methods based on cytological
variables such as staining (Dafni, 1992; Shivanna
and Rangaswamy, 1992; Kearns and Inouye, 1993).
According to Techio er al. (2006), there is no
description of a universal test of pollen viability
using a specific stain.

It is important to verify pollen viability due to
the direct link to fertilization efficiency, since they
contribute to taxonomic, ecological and palynological
studies. These studies also provide information for
practical application in genetic conservation and
plant breeding (Arroyo, 1981; Guinet, 1989; Auler,
2004). Therefore, the objective of this study was to
evaluate pollen grain viability of Crotalaria juncea
using two different stains to indicate which one is
more efficient.

MATERIALS AND METHODS

The analyses were performed at the Laboratory of
Cytogenetics and Plant Genotoxicity, Department of Biology,
Center of Natural and Exact Sciences, of the Federal University
of Santa Maria (UFSM), Rio Grande do Sul, Brazil.
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la industria papelera. También se recomienda como
abono verde en cultivos intercalados con cana de
azucar (Saccharum officinarum) o en rotacién con
cultivos de granos. Muestra un crecimiento inicial
rapido y alcanza 3.0 a 3.5 m de altura en condicio-
nes normales; ademds, se considera un hospedero
pobre para nematodos que forman agallas y quistes
(Braga er al., 2010).

El estudio de viabilidad del polen se usa en el
mejoramiento de plantas de varias especies debido
a la facilidad, rapidez, bajo costo y confiabilidad de
la técnica. El genotipo de un individuo proviene de
un gameto masculino y uno femenino; por tanto,
entre mds viable el polen, la probabilidad de obte-
ner diferentes combinaciones de alelos y variabili-
dad genética es mayor (Souza e al., 2002). Segin
Ferreira (2009), los granos de polen mostraron baja
viabilidad en dos de tres especies de Crotalaria; esto
podria extenderse a todas las especies del género,
como C. juncea. La determinacién de la viabilidad
del polen puede realizarse por métodos directos
como la induccién de la germinacién in vivo o in
vitro, y por métodos indirectos con base en variables
citolégicas como el color (Dafni, 1992; Shivanna y
Rangaswamy, 1992; Kearns e Inouye, 1993). Segtin
Techio et al. (2006), no hay una descripcién de una
prueba universal de la viabilidad del polen que use
una tintura especifica.

Dada la conexién directa con la eficiencia de la
fecundacién y su contribucién a los estudios taxo-
némicos, ecolégicos y palinolégicos es importante
verificar la viabilidad del polen. Estos estudios tam-
bién proveen informacién para su aplicacién préc-
tica en la conservacién y mejoramiento de plantas
(Arroyo, 1981; Guinet, 1989; Auler, 2004). Por tan-
to, el objetivo de este estudio fue evaluar la viabili-
dad de granos de polen de Crotalaria juncea usando
dos diferentes tinturas para determinar cudl es mds
eficiente.

MATERIALES Y METODOS

Los anilisis se realizaron en el Laboratorio de Citogenética
y Genotoxicidad Vegetal, Departamento de Biologia, Centro de
Ciencias Naturales y Exactas, Universidad Federal de Santa Ma-
ria (UFSM), Rio Grande do Sul, Brasil.

Las inflorescencias de 10 accesiones fueron plantadas el 17
de enero de 2010 en el drea experimental del Departamento
de Tierras de la UFSM, con coordenadas geogrificas UTM
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Flower buds of 10 accessions of C. juncea were sown on 17
January, 2010, in the experimental area of the Department of
Lands—UFSM, with UTM coordinates UTM 6709849/238028.
This area is characterized by yellow dystrophic arenic Acrisol soil
type, gentle undulating topography and Cfa climate according to
Koppen climate classification (Képpen, 1936). The flower buds
were cultivated in 5X10 m plots, where they served as a summer
cover crop (SCC). The 10 accessions were planted randomly
within the plots.

For the pollen viability study, the flower buds were collected
in April 2010, fixed in ethanol-acetic acid (3:1 v: v), kept at
23 °C for 72 h, transferred to 70 % ethanol (v/v) and kept
under refrigeration. The slides for the analysis were prepared
with the technique of squashing the anthers (Guerra and Souza,
2002), and two slides per C. juncea accession. In each type of
staining 300 grains of pollen per slide were counted and the
variable was the number of viable or nonviable grains. The
viability of the pollen was determined comparing the stains:
2 % acetic orcein (w/v) and Alexander’s stain: 5 mL ethanol,
0.5 mL green malachite, 25 mL distilled water, 12.5 mL
glycerol, 2.5 mL acid fuchsine, 1.5 mL glacial acetic acid and
2.5 g chloral hydrate (adapted from Alexander, 1980). Pollen
grains of all accessions of C. juncea were analyzed using light
microscopy at 400x and photographed with a digital Cannon
camera. A completely randomized design was used and means
were analyzed with the Tukey test (p=<0.05) using the program

Assistat version 7.6.
REsurrs AND DiscussioNn

The grains treated with acetic orcein and showing
weak or no staining were considered nonviable (Figure
1A) and those that stained were viable (Figure 1B).

6709849 N, 238028 S. El 4rea se caracteriza por suelos ama-
rillos de tipo Acrisol distréfico arenoso, topografia suavemen-
te ondulada, y clima Cfa de acuerdo con la clasificacién de
Képpen (Képpen, 1936). Las yemas florales se cultivaron en
parcelas de 5X10 m, sirviendo como cultivos de cobertura de
verano (CCV). Las 10 accesiones se colocaron al azar dentro de
las parcelas.

Para el estudio de viabilidad del polen, las inflorescencias
fueron recolectadas en abril de 2010, fijadas con 4dcido acético-
ethanol (3:1 v:v), mantenidas 72 h a 23 °C, transferidas a eta-
nol al 70 % (v/v) y refrigeradas. Las rebanadas para el andlisis
se prepararon mediante la técnica de aplastado de las anteras
(Guerra y Souze 2002), y dos rebanadas por accesién de C.
juncea. Para cada tipo de tincién se contabilizaron 300 granos
de polen por rebanada y la variable fue el ndmero de granos
viables e inviables. La viabilidad del polen se determiné compa-
rando las tinciones de orceina acética al 2 % (w/v) y la tincién
de Alexander: 5 mL etanol, 0.5 mL malaquita verde, 25 mL
agua destilada, 12.5 mL glicerol, 2.5 mL 4cido fucsina, 1.5 mL
4cido acético glacial y 2.5 g hidrato cloral (adaptado de Alexan-
der, 1980). Los granos de polen de todas las accesiones de C.
juncea se analizaron con un microscopio de luz a 400x y se
fotografiaron con una cdmara digital Cannon. El disefio expe-
rimental fue totalmente aleatorio y las medias se analizaron con
la prueba de Tukey (p=<0.05) en el programa Assistat, versién
7.6.

REesurLrapos Y DiscusioN

Los granos tratados con orceina acética con
tincién débil o que no se tifieron fueron conside-
rados inviables (Figura 1A) y aquellos con tincién
fueron viables (Figura 1B). Los granos tenidos

Figure 1. Pollen viability of Crotalaria juncea stained with 2 % acetic orcein. A:
nonviable pollen from accession 5; B: viable pollen from accession 1. (Scale:

10 um).

Figura 1. Viabilidad de polen de Crotalaria juncea tefiido con orceina acética al 2 %. A:
polen inviable de accesién 5; B. polen viable de accesién 1. (Escala: 10 m).
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The grains stained with the Alexander’s stain were
nonviable when the pollen was colored blue-green
(Figure 2A) or blue, and partially stained (Figures 2B
and 2C); and viable when the pollen stained purple
(Figure 2D).

The results of C. juncea pollen grain viability
study using acetic orcein and Alexander’s stain on the
10 accessions are shown in Table 1. In accessions 1,
7 and 10 there were significant differences between
both stains, which could be due to the different mode
of action of each stain on the cytological structure
of the pollen grains. The values varied between 96
and 100 % viable pollen grains using acetic orcein.
Auler (2004) report 97 to 98 % pollen viability with
populations of Baccharis trimera Less (DC), which is
as high as in our study.

The analysis of pollen viability with Alexander’s
stain (Table 1; 45.34 to 99.67 %) shows that acetic

orcein overestimated pollen viability. Techio ez

con la tincién Alexander se consideraron invia-
bles cuando el polen se tino azul verdoso (Figu-
ra 2A) o azul, y parcialmente tenido (Figuras 2B
y 2C); y viable cuando el polen se tiné morado
(Figura 2D).

Los resultados del estudio de viabilidad de po-
len de C. juncea usando orceina acética y tincién
Alexander en las 10 accesiones se muestran en el
Cuadro 1. En las accesiones 1, 7 y 10 hubo diferen-
cias significativas entre tinciones, las cuales pueden
deberse al modo de accién especifico de cada tin-
cién en la estructura citolégica de los granos de po-
len. Los valores variaron de 96 a 100 % de granos de
polen viable usando orceina acética. Auler (2004)
reporta 97 a 98 % de viabilidad en poblaciones de
Baccharis trimera Less (DC), similares a los del pre-
sente estudio.

El anilisis de viabilidad del polen con la tincién

de Alexander (Cuadro 1; 45.34 a 99.67 %) muestra

S

Figure 2. Pollen viability of Crotalaria juncea stained with Alexander’s
stain. A: nonviable pollen from accession 1; B: central pollen
(indicated by an arrow) nonviable and the others viable from
accession 6; C: nonviable pollen from accession 7; D: viable
pollen from accession 4. (Scale: 10 um).

Figura 2. Viabilidad de polen de Crotalaria juncea teniido con tincién
de Alexander. A: polen inviable de accesién 15 B: polen cen-
tral (indicado por una flecha) inviable y los otros viables de
accesion 6; C: polen inviable de accesién 7; D: polen viable
de accesién 4. (Escala: 10 ym).
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Table 1. Means of pollen viability (%) of 10 accessions of Crotalaria juncea determined by two
stains. (Universidade Federal de Santa Maria, Santa Maria, Rio Grande do Sul, Brazil).

Cuadro 1. Medias de viabilidad (%) de polen de 10 accesiones de Crotalaria juncea determinada

por dos tinciones. (Universidade Federal de Santa Maria, Santa Maria, Rio Grande do

Sul, Brasil).
Acetic orcein 2 % Alexander’s stain
Accessions
NS Viability, % NS Viability, %

1 300 100a 146 48.68d

2 300 100a 298 99.34a

3 300 100a 294 98 a

4 299 99.67a 298 99.34a

5 298 99.34a 292 97.34a

6 297 99a 251 83.34b

7 288 96a 136 45.34d

8 295 98.34a 279 93a

9 300 100a 299 99.67a

10 292 97.34a 209 69.67c¢
Treatment means 98.96A 83.37B

$9 Number of viable pollen grains stained with acetic orcein. $ Number of viable pollen grains stained
with Alexander’s stain. © Means with different letters are statistically different (p<0.05). Lowercase
letters compare columns and capital letters compare rows. CV = 16.61 + % Ntamero de granos de
polen viable tefidos con orceina acética. ® Ntimero de granos de polen viable tenidos con tincién de
Alexander. * Medias con letras diferentes son estadisticamente diferentes (p<0.05). Letras mintisculas
comparan columnas y letras maytsculas comparan filas. CV = 16.61.

al. (2006) report that there is no description of a
universal test for viability using a specific stain and
that Alexander’s stain (malachite green+acid fuchsin)
was more accurate in differential staining where
malachite green has an affinity with the cell wall
cellulose and stains it green, while the protoplasm is
stained pink by the fuchsin acid.

According to Alexander (1980), pollen grains
without protoplasm are stained green indicating
that some stains have limited application because
they stain only functional or viable pollen, while the
nonviable pollen grains do not stain. Therefore, such
stains are not adequate for species with pollen grains
having thick walls which make stain penetration
difficult and prevent coloration.

Munhoz ez al. (2008) studied the pollen viability
of papaya (Carica papaya L.) cv. Sunrise Solo using
in vitro germination and colorimetric tests, as well as
validation of colorimetric tests compared with that of
the germination test. The two culture media differed
basically in concentration of essential nutrients and
agar. The culture media without essential elements
and with a higher concentration of agar had the
best pollen germination index (65 %) and the five

que orceina acética sobreestimé la viabilidad del po-
len. Techio ez al. (2006) reportan que no hay una
descripcién de una prueba universal de viabilidad
usando una tincidn especifica y que la tincién de
Alexander (malaquita verde+4cido fucsina) fue mds
precisa en la tincién diferencial, donde la malaquita
verde muestra una alta afinidad con la pared celular
tiiéndola de verde, mientras que el protoplasma se
tifie de rosa con el 4cido fucsina.

De acuerdo con Alexander (1980), los granos de
polen sin protoplasma se tifien de verde indicando
que algunas tinciones tienen aplicacién limitada por-
que tifien s6lo polen funcional o viable, mientras que
el polen inviable no muestra coloracién. Por tanto,
dichas tinciones no son adecuadas para especies con
granos de polen que tienen paredes celulares gruesas
que dificultan la penetracién de la tintura, previnien-
do la coloracién.

Munhoz ez al. (2008) estudiaron la viabilidad
del polen de papaya (Carica papaya L.) cv. Sunrise
Solo usando germinacién iz vitro y pruebas colori-
metricas, asi como la validacién de las pruebas co-
lorimetricas comparadas con las pruebas de germi-
nacién. Ambos medios de cultivo se diferenciaron
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tested stains were 2, 3, 5-triphenyltetrazolium
chloride (TTC), Alexander, acetic carmine, lugol,
and Sudan IV. The colorimetric test with TTC
supplied a viability estimate (67.5 %) equivalent
to the iz vitro germination test, and therefore, it is
reliable for testing pollen viability. The other stains
overestimated pollen viability (>90 %), but they
were efficient for determining cellular constituents
of the pollen grain.

Pollen viability was high for Crotalaria spectabilis
(99.3 %), C. zanzibarica (98.6 %) and C. micans
(98 %) according to the different stains, including
Alexander’s stain, but it was not possible to detect
the nonviability with the differential Alexander’s
stain (Ferreira ez al, 2009). According to Twell
(1995), pollen can become nonviable during
microgametogenesis,
behavior result in gametes with unbalanced, or
anucleate, chromosomes or in pollen grains with a
retracted cytoplasm.

Based on the results of our study, acetic orcein
showed a higher percentage of viability for all
accessions, while Alexander’s stain showed lower
percentages for 3 accessions but higher for 7 of the 10
accessions. These results illustrate the occurrence of
genetic variability in the accessions because most likely
in those accessions showing significant difference
between the acetic orcein stain and Alexander’s stain,
the grain wall is probably thicker. Souza ez al. (2002),
Meletti et al. (2003) and Corréa ez al. (2005) report
that pollen viability can vary considerably among
individuals of a single species and among samples of
an individual.

where errors in meiotic

CONCLUSIONS

Acetic orcein overestimated pollen viability
for Crotalaria juncea, whereas Alexander’s stain
minimized the problems for obtaining data on pollen
viability. Due to the gradual decrease of pollen grain
viability and the reduction of fertilization efficiency,
understanding the specific characteristics of pollen
viability will contribute to plant breeding and seed
production programs.
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