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INTRODUCTION

The introduction of forage species is one of the main approaches in
attempting to improve forages. An introduction, Giant Pangola, a type of
Dagitaria valida Stent?, Puerto Rico P.I. 2281, appeared to be a promising
forage grass in preliminary tests of the Plant Breeding Department of the
Agricultural Experiment Station of the University of Puerto Rico*. This
grass which was introduced from Cuba is characterized by broad bright
glaucous green leaves and upright growth until blooming, at which time
it usually starts spreading laterally by stolons.

It has been referred to in the literature as Giant Pangola, Kob grass,
and Kob Hill Digitaria (9, 10, 11)5. Giant Pangola, or its Spanish equivalent
Pangola Gigante, is the name commonly used because it is of the same
genus and resembles Pangola grass (Digitaria decumbens Stent) but grows
taller with broader leaves.

Because of the desirable forage characteristics of Giant Pangola it ap-
peared to be useful in a breeding program, but before a selection is used
for crossing, its reproductive behavior should be thoroughly understood.
Preliminary observations of low seed set raised questions about its potential
for breeding. The purpose of the present study was to determine the re-
productive behavior of Giant Pangola and to evaluate the possibility of
using it in a breeding program. The work included a taxonomic description
and species verification, a determination of fertility, and a study of the
reproductive processes.

Previous reports include little about such characteristics of this species.
The chromosome number of D. valida was reported as 24 by Young and
Crocker (12), 30 by de Wet (4), and 36 by de Wet and Anderson (5).
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Apparently nothing has been published on fertility, microsporogenesis, or
megasporogenesis.

This study is of importance because of the possibility of using Giant
Pangola in areas now being planted to Pangola grass which it resembles.
Pangola grass is the third most important grass in Puerto Rico with an
estimated 50,000 cuerdas® in cultivation, but its utilization in a breeding
program is limited because of its sterility. This species with 30 chromosomes,
reported by Burton (2) and Sheth et al. (7), has meiotic irregularities ob-
served which account for the sterility (7). If Giant Pangols is sufficiently
productive and possesses desirable reproductive characteristics, it might be
more useful to forage breeders than Pangola grass.

MATERIALS AND METHODS

Buds for determining meiotic behavior were obtained from field plots at
the Rio Piedras Agricultural Experiment Station and at the Gurabo Agri-
cultural Experiment Substation. Percentage seed set was determined from
panicles of field-grown plants at these two locations.

Determinations of somatic chromosome number and analyses of meiotic
behavior were made in the cytological laboratories of the Federal Experi-
ment Station at Mayagiiez. Chromosome counts were made from vigor-
ously growing root tips removed from pofted tillers. The root tips were
pretreated in 1 part 0.002 M solution of 8-hydroxyquinoline and 1 part
aqueous solution of a-bromonapthalene for 3 hours at 12° C. (6). They were
then fixed in Farmer’s solution and smeared in aceto-orcein by the method
of Tjio and Levan 1950 (8).

A solution of absolute alcohol, chloroform, and glacial acetic acid in a
6:3:1 proportion, was used for fixing microsporocyte material. Smears
were made with aceto-carmine, and pollen was stained in IKI solution.
Material for megasporogenesis observations was fixed in CRAF, processed
through paraffin and stained with haematoxylin.

EXPERIMENTAL RESULTS

DESCRIPTION

Inasmuch as Giant Pangola differed in several characters from the origi-
nal description of D. valida (1), it is appropriate to include a short descrip-
tion of this variety.

Giant Pangola is a vigorous tufted plant reaching a height of 1 m. or
more and with long, slender, hirsutulose stolons (fig. 1, A and B). The
leaves are soft, glaucous, loosely villous, and of a linear shape with a length

¢ 1 cuerda equals 0.97 acres.
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to 40 cm. and a width to 1 cm. Leaf sheaths are densely villous toward the

base end at the node.
The inflorescense is digitate at the base and somewhat scattered above,

F1a. 1.—A, An experimental plot of Giant Pangola (Digitaria valida Stent) at the
Gurabo Agricultural Experiment Substation. Plot size 30’ x 30’. B, A close-up of
Giant Pangola at the Rio Piedras Agricultural Experiment Station. Height to tip of
leaves 20”. C, A spikelet of Giant Pangola, dorsal view, 18 X, drawn by Julio Torres.
D, A spikelet of Giant Pangola, ventral view, 16 X, drawn by Julio Torres.

producing 6 to 11 racemes 10 to 20 em. long and 2 mm. wide; the rachis is
1 mm. wide with a 0.3 mm. wing on either side.

Spikelets are lanceolate, 2.6 to 3 mm. long, first glume small but present,
second glume two-thirds as long as the spikelet, lemma 3-nerved, 3 inner
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prominent, coarsely ciliate along the second pair of nerves; palea membrane-
ous, slightly shorter than the lemmas (fig. 1, C and D).

CHROMOSOME NUMBER AND REPRODUCTIVE BEHAVIOR

The chromosome number was found to be 42 from observations of root-
tip smears (fig. 2,A) and was confirmed by chromosome counts in micro-
sporocyte smears.

Meiotic divisions of the microsporocytes were quite irregular. Multivalent
frequency during prophase was high (fig. 2,B), and at first metaphase,
univalents, bivalents, trivalents, and quadrivalents were present (fig. 2,C).
The mean number of bivalents was 14.5, with a maximum of 18 in one cell.
The mean number of univalents, some of which were not on the metaphase
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F16. 2.—A, A smeared root tip cell of Giant Pangola with 42 chromosomes; B,
prophase I of microsporocyte with multivalents of the same; C, metaphase I with
univalents, bivalents, and multivalents of the same. All photomicrographs ca. 800 X.

plate. was 4, with a maximum of 8. Only rarely was a cell seen with no
multivalents at metaphase. The largest number of chromosomes in multi-
valent configurations was 17, 3 trivalents and 2 quadrivalents.

Anaphase I was also irregular with all cells observed at this stage pos-
sessing univalent chromosomes (fig. 3,A). In 100 cells, there was a mean
of 3.8 laggards per cell, with one cell having 8. The laggards usually divided
and proceeded toward the poles, but often they were not included in the
nuclei at telophase and in the secondary sporocytes (fig. 3,B). Anaphase I
distribution of chromosomes was often unequal with as few as 15 observed
migrating toward one pole.

Lagging chromosomes were frequent at second metaphase and second
anaphase, with no normal divisions observed. Miecrospore quartets con-
tained many micronuclei (fig. 3,C). Of 100 quartets, all had micronuclet,
with a mean number of 4.6 per spore quartet.

Most of the pollen grains were probably nonfunctional; of 1,000 grains
studied only 23 (2.3 per cent) stained completely in IKI solution and these
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F1G. 3.—A, Late anaphase I with lagging univalents of Giant Pangola; B, second-
ary microsporoeytes of same with mieronuelei; C, microspore quartet of same with
micronuelei; 1), magasporoeyte of same; I, megaspore of same enlarged; I¥, mega-
spore of same collapsed. All photomicrographs ca. 900 X.

were variable in size. Eighty-four percent of the pollen grains were partly
stained, and 14 percent were completely unstained. During megasporo-
genesis the megasporocyte enlarged (fig. 3,1)) and underwent meiotic divi-
sions forming an elongated megaspore (fig. 3,E). In most cases degenera-
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tion was observed to occur after the megaspore was formed. Before meiotic
divisions the megaspore collapsed (fig. 3,I"); sometimes a cavity was left,
but at other times it was filled by nucellar tissue. Normal megagameto-
genesis was infrequent and probably accounts for the karyopses which
developed. Of 2,154 florets examined, 32, or 1.5 percent developed karyopses
but none of the seeds germinated.

DISCUSSION

The extremely low fertility of Giant Pangola demonstrated in the studies
described will limit its use in a breeding program. The constitution of 42
chromosomes is irregular for this species and may account for the abnor-
malities of microsporogenesis and megagametogenesis which appear to be
sufficient to cause the low fertility. Since previous work (3, 4, 12) on D.
valida cytology did not include information on meiosis or fertility, no com-
parison of reproductive behavior is possible.

Studies of species relationships might aid in explaining the chromosomal
irregularities and might provide a clue as to the origin of Giant PPangola.
It is possible that the 42 chromosome selection used in this study is an
aneuploid, but its chromosome number would also fill the requirements
of an euploid with a basic number of six or of seven. If it has a basic number
of six it could be a 7X type (septaploid) in a series with the previously
reported numbers of 24, 30, and 36 for this species. The other alternative,
a basic number of seven, is uncommon in this genus, but has been reported
for D. sanguinalis (L..) Scop. with 2N = 28 (3).

Studies of ovule and seed development may help to explain the lack of
viability of the seeds obtained.

SUMMARY

The chromosome number and reproductive behavior of Giant Pangola,
a type of Digilaria valida Stent, were determined to evaluate the possi-
bility of using it in a breeding program. It was also described and verified
taxonomically. The observations revealed anomalies which would appear
to severely handicap its use in breeding. The somatic chromosome constitu-
tion of 42 is different from those previously reported for this species.

Microsporogenesis was irregular in all eells studied, characterized by
multivalent formation, lagging univalents, and micronuelei, and resulted
in only 2.3 percent of the pollen grains staining completely in IKI solution.

No degeneration was observed during megasporogenesis but was usually
apparent after megaspore formation. It is concluded that the chromosomal
irregularities noted may be sufficient 1o cause the very low seed set and
that this low fertility will limit the utilization of Giant Pangola in a breed-
ing program.
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RESUMEN

Este estudio se realizé con el propésito de determinar el nimero de
cromosomas y el comportamiento reproductivo de la yerba forrajera Pan-
gola Gigante, un tipo de Digitaria valida Stent, con el fin de establecer su
utilidad potencial en un programa de mejoramiento genético. Esta especie
fué tambien descrita y verificada taxonémicamente.

Se encontraron 42 cromosomas sométicos cuyo nimero difiere de los
anteriormente informados para esta especie: 24, 30 y 36.

El proceso de microsporogénesis resulté irregular en todas las células
estudiadas y se caracteriz6 por agrupaciones multivalentes, univalentes
retardados y microntcleos. El polen tifi6 completamente en solucién de
IKI (Ioduro de potasa i6dico) en un 2.3 por ciento solamente.

No se observé degeneracién durante el proceso de megasporogénesis, pero
sf fué visible después de la formacién de la megaspora.

Se concluye que las irregularidades cromosémicas fueron suficientes para
la escasa formaci6én de semilla obtenida y que este bajo grado de fertilidad
limitard seriamente la utilizacién de la Pangola Gigante en un programa
de mejoramiento genético.
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