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Summary. Microsporogenesis, reproductive behavior, 
pollen fertility and seed set were studied in Pennisetum 
basedowii Summerhayes and C. E. Hubbard,  2n = 54; P. 
macrostachyum (Brough.) Trin., 2n = 54; P. macrourum 
Trin., 2n = 36; P. polystachion (L.) Schult, 2n = 54; and 
P. squamulatum Fresen 2n = 54. Meiosis was regular in 
P. basedowii with primarily bivalent pairing. As many  
as 54 univalents were observed at metaphase I in P. ma- 
crostachyum. A high frequency of  univalents at meta- 
phase I in P. macrourum resulted in lagging chromoso- 
mes and micronuclei at anaphase I and telophase I, re- 
spectively. Pennisetum polystachion and P. squamulatum 
showed frequent multivalent chromosome associations. 
Studies of  megasporogenesis and embryo sac develop- 
ment in P. basedowii showed sexual reproduction. Pen- 
nisetum macrostachyum was highly male sterile with pre- 
dominantly aposporous apomictic embryo sac develop- 
ment. Pennisetum macrourum, P. polystachion, and P. 
squamulatum had only aposporous embryo sac develop- 
ment. Seed propagated progenies o f  these latter three 
species were uniform and matromorphic,  confirming 
the obfigate apomixis nature. 
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Introduction 

Pennisetum Rich. is a large tropical and subtropical ge- 
nus of  the tribe Paniceae consisting o f  more than 
140 species (Jauhar 1981). Most are constituent o f  natu- 
ral tropical savannahs o f  the Old World. Several species 
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could contribute to the enrichment o f  the gene pool o f  
cultivated pearl millet, Pennisetum americanum L. Lee- 
ke., and serve as potential donors o f  heritable traits such 
as apomixis, perennial growth habit, disease resistance, 
and drought tolerance. The potential of  crossing pearl 
millet with wild relatives has been discussed (Hanna 
1979, 1981; Hanna and Dujardin 1982). 

The present investigation was conducted to docu- 
ment the chromosome number  and behavior, method 
of  reproduction and fertility o f  P. basedowii Summer- 
hayes and C. E. Hubbard,  P. macrostachyum (Brough.) 
Trin., P. macrourum Trin., P. polystachion (L.) Schult., 
and P. squamulatum Fresen. 

Materials and methods 

Pennisetum accessions used in this study included P. basedowii 
(PI 257782), P. macrostachyum (PI 354276), P. macrourum (PI 
315736), P. polystachion (PI 189347), and P. squamulatum (PI 
248534). 

Vouchers of each species were deposited in the grass breed- 
ing herbarium at Tifton, Georgia under the numbers: PS2 - P. 
basedowii, P S 8 -  P. macrostachyum, PS 11 - P .  macrourum, 
PS 19 - P. polflstachion, and PS24 - P. squamulatum. 

Thirty plants established from open pollinated seed of each 
accession except P. macrostachyum were planted in the field in 
1982. Observations were made on a single plant ofP. macrosta- 
chyum. Inflorescences for study of microsporogenesis were 
fixed in Carnoy's solution and stored in 70% ethanol. Pollen 
mother cells (PMCs) were stained with aceto-carmine.'Mitosis 
was studied in root tips of seedlings growing in 5 cm pots in a 
greenhouse. Roots were pretreated for 2 h in a saturated solu- 
tion of 1-monobromonaphthalene, hydrolyzed for 8 min in 5 N 
HC1 at room temperature and stained in Feulgens. Inflorescen- 
ces at different stages of development were collected for the 
study of megasporogenesis and embryo sac development and 
fixed in FAA. Ovaries were dissected, dehydrated in a tertiary 
butyl alcohol series, and embedded in paraffin. Ovaries were 
sectioned at 12 ~t and stained in Safranin-O-fast-green. Pollen 
fertility was estimated by determining the percent pollen 
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stainability with I2KI. A minimum of 500 pollen grains was 
counted for each accession. Seed set was estabfished from 5 in- 
florescences on each accession allowed to open-pollinate in 
the field. 

R e s u l t s  and  d i s c u s s i o n  

valents lagged at AI and several  divided equationally.  
Approximate ly  70% of  the tetrads had micronuclei .  

The 2 n = 5 4  chromosomes observed in P. polysta- 
chion is the most frequent number  repor ted  in this 
species (Dujardin  1978). Chromosomes  pa i red  at MI on 

Chromosome behavior 

Somatic  chromosome number  for each species was 
2 n = 5 4 ,  except P. macrourum had 2 n = 3 6  chromoso- 
mes. The meiot ic  chromosome behavior  of  the five 
species is summar ized  in Table 1. 

Chromosomes  o f  P. basedowii pai red  as 27 bivalents 
at metaphase  I (Fig. 1 A) indicat ing that it is an allo- 
hexaploid species. Only one PMC was observed to have 
one univalent  and  one tr ivalent  at metaphase  I (MI). 
Regular  27-27  chromosome segregation was recorded 
in more  than 100 microsporocytes  at anaphase  I (AI). 

The 2n = 54 chromosomes  observed in P. macrosta- 
chyum differs from a previous repor t  o f  2n = 68 (Shant- 
h a m m a  1979). A high percentage o f  univalents  was ob- 
served in all microsporocytes  (Fig. 1 B). Comple te  asy- 
napsis occurred at diakinesis  in 20% of  the PMCs ana-  
lyzed. A max imum of  six bivalents and two trivalents 
was found in the remain ing  PMCs. Univalents  disper- 
sed at r andom and tended to c lump together  at AI. A 
few univalents  d iv ided  equat ional ly  and gave rise to 
fragments at te lophase I (TI). Micronuclei  were 
present  at te lophase II  (T II) and  in tetrads. Pollen grains 
were var iable  in size. Limited chromosome pair ing in 
this species (p robab ly  of  hybr id  origin) suggests little 
homology  between the consti tuent  genomes. 

Chromosome  counts o f  2n = 36 for P. macrourum in 
our  study conf i rmed previous reports (Jauhar  1981). 
Chromosomes  pa i red  on the average o f  6.21 univalents 
plus 14.60 bivalents  at MI. The chromosome associa- 
tions suggest this species is a l lo te t raploid  with incom- 
plete homology  between the two genomes. Up to 12 uni- 

Table 1. Chromosome associations at diakinesis and metaphase I in five Pennisetum species 

Fig. 1 A, B. Meiotic chromosomes ofPennisetum basedowii and 
P. macrostachyum. A Metaphase I of P. basedowii showing 27 
bivalents. B Diakinesis of P. macrostachyum showing 441 and 
5II (arrows). ca. • 1800 

No. 
PMCs a 
scored 

Chromosome association 

I II III IV V VI VIII 

P. basedowii 91 

P. macrostachyum 78 

P. macrourum 75 

P. polystachion 72 

P. squamulatum 80 

0.01 26.98 0 . 0 1  . . . .  
0-1 25-27 0-1 . . . .  

48.49 2.34 0.29 . . . .  
38-54 0-6 0-2 . . . .  
6.21 14.60 0 . 1 5  . . . .  
2-12 10-17 0-2 . . . .  
0.65 15.58 0.30 3.43 0.10 0.90 0.14 
0-5 10-23 0-3 0-6 0-2 0-3 0-2 
0.57 11.56 0.22 5.46 0.11 0.76 0.36 
0-4 6-23 0-2 1-10 0-1 0-3 0-2 

a PMCs = Pollen mother cells 
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the average as 15.58 bivalents and 3.43 quadrivalents, 
however, a few higher multivalents were observed. The 
maximum number of six quadrivalents was similar to 
the frequency observed in a previous report (Rangaswa- 
my 1972). In this study, PMCs with only bivalents were 
not observed and bivalent pairing was lower in our ac- 
cession than in other previously reported accessions 
(Hrishi 1952; Sisodia 1970). Our studies indicate this 
species is autoatlohexaploid. 

Univalents, bivalents, trivalents, quadrivalents, he- 
xavalents, and octovalents were present at diakinesis 
and MI in P. squamulatum, 2n=54. The most frequent 
association of bivalents and quadrivalents at MI was 11 
and 7, respectively, with a maximum of 23 bivalents 
and 10 quadrivalents. Despite multivalents, disjunction 
at anaphase I was quite regular with 27 chromosomes at 
each pole. An occasional bridge was observed. 

Similar chromosome associations have been observed pre- 
viously for P. squamulatum (Krishnaswami and Thulasidas 
1962; Patil et at. 1961; Rangaswamy 1972; Sisodia 1970). Jau- 
har (1981) reported up to 27 II and suggested this species is of 
allohexaploid origin. Segmental homology between the basic 
genomes and/or interchange heterozygosity could have caused 
the multivalent associations. 

chalazal end and the integuments were able to develop 
simultaneously into multiple mature embryo sacs 
(Fig. 2 B). 

Megasporogenesis and embryo sac development 
were similar in all 206 ovules of P. macrourum, in 199 
ovules of P. polystachion and in 279 ovules of P. squa- 
mulatum. In these three species, aposporic initials differ- 
entiated very early in the ovules. Remnants of degen- 
erated sporogenous tissue were noted but no dyads or 
linear tetrads were observed. In P. macrourum and P. 
squamulatum, one to 8 nucellar cells became active, 
whereas only one to four were found in P. polystachion. 
In each, two or three aposporous cells continued devel- 
opment to form mature 4 nucleate embryo sacs 
(Fig. 2C-E).  Pennisetum macrourum, P. polystachion, 
and P. squamulatum showed 2, 8, and 8%, respectively, 
aborted embryo sac at anthesis. In another study, P. po- 
lystachion has been recently reported to reproduce by 
apomixis (Birari 1981). Progenies of  these three species 
showed no morphological variability. Early degenera- 
tion of  sexual tissue, absence of  8 nucleate embryo sacs, 
and uniformity of progeny demonstrated obligate apo- 
mictic method of reproduction in these three species. 

Method of  reproduction 

Megasporogenesis and embryo sac development in 117 
sectioned ovules of P. basedowii showed sexual repro- 
duction. The archesporial cell developed from a single 
hypodermal cell of the nucellus and underwent meiosis 
to produce a linear tetrad ofmegaspores. The three me- 
gaspores nearest the micropyle degenerated, leaving the 
chalazal megaspore as the functional magaspore. The 
functional megaspore enlarged and divided three times 
to form a mature eight nucleate female gametophyte. 
The mature embryo sac was of the Polygonum type with 
two synergids, one egg cell, two polars, and three anti- 
podals. At anthesis, the synergids had degenerated and 
the antipodals had proliferated (Fig. 2A). Only 3% of 
the ovules aborted. Progeny of this species showed vari- 
ation for height and maturity. 

Although sexual method or reproduction had been 
reported for P. macrostachyum (Shanthamma 1979), our 
introduction appeared predominantly aposporous. Of 
195 mature ovules observed, 123 had no embryo sac, 
undoubtedly as a result of  the high meiotic irregulari- 
ties. In some ovules archesporial cells collapsed without 
dividing. In other ovules, the sexual tissue collapsed 
during meiosis and the formation of the megaspores. In 
4% of the ovules, degeneration of the embryo sac was 
delayed until the 4 nucleate stage. Mature 8-nucleate 
embryo sacs were not observed. In 33% of the ovules 
examined, active nucellar and integumental ceils deve- 
loped into mature aposporous embryo sacs. Apparently 
cells in all areas of the ovule from the micropyle to the 

Pollen stainability and seed set 

The percentage of stainable pollen grains and seed set 
under open-pollinated conditions are summarized inTa- 
ble 2. Pollen stainability was similar and relatively high 
in P. basedowii, P. polystachion, and P. squamulatum. 
The lower pollen stainability (60%) observed in P. ma- 
crourum and especially P. rnacrostachyum (15%) was 
probably due to the irregular segregation of univalents 
at meiosis. The lower than expected seed set based on 
pollen stainability in the apomictic species P, macro- 
urum and P. squamulatum could be due to some self-in- 
compatibility mechanism that prevented stimulation of 
pseudogamy. Although seed set was determined on in- 
florescences allowed to open-pollinate in the field, seed 
set was essentially a result of  selfing in the apomictic 
species since the genotype of  all 30 plants within each 
species were identical. The low seed set and pollen 
stainability in P. macrostachyum resulted from the high 
frequency of univalents and irregular chromosome be- 

Table 2. Percent stainable pollen and seed set of five Pen- 
nisetum species 

Stainable Open-pollinated 
pollen (%) seed (%) 

P. basedowii 80 55 
P. macrostachyum 15 < 1 
P. macrourum 60 < 1 
P. polystachion 77 80 
P. squamulaturn 82 34 
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Fig. 2A-E.  Embryo sacs in ovules of  five Pennisetum species. A Sexual embryo sac ofP. basedowii with conical mass of  antipodals 
and two polar nuclei. B Two aposporous embryo sacs in P. macrostachyum. C Two aposporous embryo sacs in P. macrourum. 
D Three aposporous embryo sacs (indicated by x) in P. polystachion. E Three aposporous embryo sacs in P. squamulatum, ca. x 300 
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havior  at meiosis and  apparen t  inabi l i ty  o f  the pol len 
to stimulate apomict ic  deve lopment  in aposporous  em- 
bryo sacs. 
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Note added in proof 

According to Dr. G. Davidse,  the accession (PI 354276) 
from New Guinea  and repor ted  in the present  s tudy as 
Pennisetum macrostachyum (Brough.) Trin. is definitely 
not  that  species, but  is p robab ly  an undescr ibed  
species related to Pennisetum setaceum (Forssk.) Chiov. 


