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ABSTRACT 

The research for this study was conducted at the research labo

ratory of the Agricultural Research Service located at the Tucson Plant 

Material Center and at the Department of Agronomy and Plant Genetics, 

The University of Arizona, Tucson. The objectives were to determine 

mode of reproduction, chromosome and nucleoli behavior, chromosome num

ber, origin of the megaspore mother cell, and type of embryo sac of 

vine mesquitegrass (Panicum obtusum H.B.K.). 

Immature inflorescences were collected in the field (1968 to 

1971) for microsporogenesis studies. Cytological material was analyzed 

by the squash technique using either acetocarmine or propiocarmine. All 

stages of microsporogenesis were analyzed. 

Histological studies were conducted on inflorescences of all 

ages. Florets were dehydrated by using the tertiary-butyl-alcohol 

series and were embedded in paraffin. A softening agent was used. 

After being microtomed and placed on slides, the sections were stained 

with safranin-fast green and counterstained with orange G. 

Examination of the chromosomes showed three levels of ploidy; 

diploid (2n=20), triploid (2n=27), and tetraploid (2n=36 and 2n=40). 

The primary basic chromosome number was x=9. 

Diploid plants had chromosome configurations of nine bivalents 

and two univalents, or ten bivalents. Synizesis occurred at leptotene 

for all levels of ploidy. Various numbers of nucleoli were present 

from leptotene through telophase II in some sporocytes. 

vi 



vii 

Sporocytes of the one triploid plant usually contained 27 chro

mosomes but a few sporocytes had up to 31 chromosomes. The additional 

chromosomes were univalents. A variable number of nucleoli were pres

ent. Pairing associations ranged from nine trivalents to nine biva-

lents plus nine univalents. 

The 36-chromosome plants were tetraploid. The range of quadri-

valents in these plants was from zero to six. One ring of four chro

mosomes was usually present. The number of nucleoli varied from cell 

to cell and from stage to stage. A variable number of univalents were 

observed. 

The 40-chromosome plants were tetraploid. These plants had 

univalents, bivalents, and quadrivalents at diplonema and diakinesis, 

and at least one ring of four chromosomes was present. Variable num

bers of nucleoli were present and some of these persisted until telo

phase II. Pairing associations varied from 10 quadrivalents to 20 

bivalents at diakinesis and metaphase I. 

The anatropous ovary of vine mesquitegrass contained a mono-

sporic Polygonum-type of mature embryo sac. This type of sac was found 

in the sexual florets of diploid and tetraploid plants. The archespor-

ial cell originated in the hypodermis and then elongated and became the 

megaspore mother cell. The megaspore mother cell gave rise to a tetrad 

of megaspores. The lower megaspore was functional and divided mitoti-

cally three times to give an eight-nucleate embryo sac. 

The triploid and tetraploid plants were facultative apomicts 

with both sexual and apomictic florets. The hypodermis produced an 
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archesporial cell, which then enlarged and became the megaspore mother 

cell. The megaspore mother cell produced a tetrad of megaspores, some 

of which degenerated. Nucellar mother cells were visible when the 

megaspore mother cell was present. The nucellar mother cells were often 

out of position and were large. From one to six nucellar embryo sacs 

were observed in an ovary. 

Apomictic ovules were found with endosperm but without develop

ment of an embryo. Presence of endosperm without an embryo and inade

quate endosperm development in multiple embryo sacs would account for 

the low germination percentage of vine mesquitegrass seed. 



INTRODUCTION 

Vine mesquitegrass (Panicum obtusum H.B.K.) is a perennial 

rangeland grass indigenous to southwestern United States. It is found 

at elevations of 1,000 to 6,000 feet in Arizona and generally grows in 

low-lying areas of heavy soil which flood occasionally during the grow

ing season. 

All types of animals utilize vine mesquitegrass. It is some

times harvested for hay. It has stolons which may grow up to eight 

feet in length, making it an excellent plant for controlling erosion in 

waterways and on stream banks. 

Vine mesquitegrass reproduces vegetatively and grows in dense 

stands. Propagation by seed is difficult because of low germination 

percentage and poor seedling establishment. Laboratory tests have 

shown 20 to 33% germination plus hard seed. Seed planted in the field 

in competition with other plants will establish a very low percentage 

(17.) of plants. 

Grasses may produce seed sexually or asexually. Sexual repro

duction involves the fusion of haploid gamete nuclei, which result from 

meiosis. In asexual seed production there is no fusion of gametes. 

This process is usually referred to as apomixis. 

The objectives of this study of vine mesquitegrass were to de

termine: (a) chromosome numbers, (b) pairing associations of chromo

somes, (c) levels of ploidy, (d) occurrence of nucleoli, (e) origin of 

1 
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megaspore mother cell, (f) type of embryo sac, and (g) mode or modes of 

reproduction. 



LITERATURE REVIEW 

Apomixis 

Panicum obtusum H.B.K.. vine mesquitegrass, is a member of the 

tribe Paniceae. one of the largest tribes in the grass family, Gramin-

eae. The tribe contains 60 genera and 1400 species. Panicum is the 

largest genus in the tribe with 500 species (Brown, 1948).. 

Occurrence of apomixis in grasses has been reviewed by Myers 

(1947b),Gustafsson (1946, 1947a, 1947b), and Carnahan and Hill (1961). 

Apomixis is defined by Burnham (1962) as the modes of asexual reproduc

tion without fusion of gametes, but the structures involved are those 

commonly concerned in sexual reproduction. Agamospermy and vegetative 

reproduction are the two types of apomixis. Vegetative reproduction 

may be by bulbs, bulbils, stolons or rhizomes, or by cuttings of vari

ous types (Maheshwari, 1950; Burnham, 1962). A strict application of 

the definition of apomixis could exclude vegetative reproduction by 

means of structures not involved in sexual reproduction. No distinc

tion will be made between them here, since the end result is geneti

cally the same. 

Agamospermy, or apomixis through seed production, is of major 

interest. The essential feature of agamospermy is that meiosis and 

fertilization are circumvented so that the embryo is genotypically 

identical with its maternal parent. Agamospermy may be divided into 

three categories: adventitious embryony, agamogony, and the non

recurrent type of apomixis (Stebbins, 1941, 1950). 

3 



During adventitious embryony, the usual gametophytic state of 

development is omitted and the embryo that is formed arises from a cell 

in the diploid sporophytic tissue of the ovule (Swanson, 1957). This 

cell could be from the nucellus or the inner ovule integument. Ma

ternal inheritance is inevitable, since the offspring are of the same 

chromosomal and genotypic pattern as the mother plant. 

Agamogony is a type of apomixis in which gametes are formed. 

There are four types collectively known as apomeiosis. The process uti

lizes either somatic or archesporial cells. Somatic apospory is a form 

of agamogony where the cells involved are somatic and are usually of nu-

cellar or integumental origin. A diploid embryo sac is formed directly 

by a series of mitotic cell divisions (Swanson, 1957; Stebbins, 1941). 

Generative apospory is a form of agamogony where the archesporial cell 

develops directly into the embryo sac mother cell. Here the process of 

meiosis and megaspore formation is omitted. Diplospory and semiapo-

spory are other forms of agamogony in which the meiotic processes are 

missing or abortive so that a gametophyte of 2n character is preserved. 

The nonrecurrent type of apomixis consists of a normal meiosis 

which produces a haploid egg that gives rise to a haploid sporophyte 

(Stebbins, 1941). 

Once the embryo sac is formed with all of its nuclei, the em

bryo could develop by cell division from the egg nucleus (partheno

genesis) or from one of the remaining nuclei (apogamety). Parthenogenesis, 

in which the development of the embryo from the diploid egg is autono

mous, is the most common method of sporocyte development in agamogonic 

plants. In pseudogamy the embryo develops from the diploid egg cell 
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only after pollination takes place. Apogamety is the development of an 

embryo from a nucleus of the gametophyte other than the egg nucleus. 

The apomictic mechanism characteristic of the Paniceae is 

somatic apospory (Brown and Emery, 1958; Carnahan and Hill, 1961). 

Several authors (Warmkc, 1954; Snyder, Hernandez, and Warmke, 1955) 

have reported that aposporous embryo sacs have only four nuclei at ma

turity, instead of the usual eight found in sexual embryo sacs. The 

four nuclei are either the egg, two synergids and a polar; or the egg, 

one synergid and two polars. 

In observing three plants of vine mesquitegrass, Brown and 

Emery (1958) found two with eight-nucleate embryo sacs and the third 

with a four-nucleate aposporous embryo sac. Hutchison and Bashaw 

(1964) reported the occurrence of apospory in Panicum deustum Thunb. 

and Panicum laevifolium Hack. Thirty percent of the older ovules stud

ied contained multiple embryo sacs of nucellar origin, often in the 

same ovule as a sexual embryo sac. Aposporous embryo sacs have also 

been reported in two sources of blue panicgrass, _P. antidotale Retz. 

(Marayan, 1962). Buffelgrass fPennisetum ciliare (L.) Link], common 

dallisgrass (Paspalum dilatatum Poir), and guineagrass (P. maximum Jacq.). 

reproduce by an aposporic embryo sac which forms a gamete by pseudogamy 

(Bashaw, 1962; Bashaw and Holt, 1958; Hanna, Schertz, and Bashaw, 1970; 

Snyder, Hernandez, and Warmke, 1955; Taliaferro and Bashaw, 1966; 

Warmke, 1954). 

Seven Paspalum species were studied by Burson and Bennett 

(1971). Five of these species reproduced apomictically with four of 
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them requiring pollination for endosperm development and one species 

having its endosperm develop autonomously. 

Apomixis has been regarded as an evolutionary dead end for many 

years (Darlington and Mather, 1949). It has been called an escape from 

sterility into a blind alley of evolution (Darlington, 1939). Several 

authors, however, have proposed that apomicts be used in maintaining 

the heterosis established in hybrid crops (Bashaw, Hovin, and Holt, 

1970; Burnham, 1962; Burton and Forbes, 1960; Hanna et al., 1970). Hy

bridization of male obligate apomictics with sexual female plants pro

vides the opportunity of producing new gene combinations and fixing the 

heterosis observed. Specific genes may be recalled again and again 

through hybridization of apomicts with new sexual parents. 

Chromosome Number and Polyploidy 

Chromosome numbers of 2n=20, 2n=36 and 2n=40 have been reported 

for vine mesquitegrass (Brown, 1948; Carnahan and Hill, 1961). The 

basic number of chromosomes of the tribe Paniceae has been reported as 

x=9 or x=10, with nine being most common (Brown, 1948; Myers, 1947b; 

Wright and Hall, 1965). 

Currently, the number of diploids occurring in the Gramineae is 

not great and even some of the numbers listed as diploid may be ques

tionable (Booth, 1964). The basic number of chromosomes of the grasses 

could be either five or seven, as multiples of each occur frequently 

(Myers, 1947b). The evidence thus far available for the Gramineae does 

not provide an answer regarding the primary basic chromosome number 

(Myers, 1947b). According to Carnahan and Hill (1961) the primary 
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basic number of x=9 predominates in Panicum. They reported chromosome 

numbers for 1,550 grass species and 413 had multiples of five, 572 had 

multiples of seven, and 290 had multiples of nine. 

Nearly all grass genera contain species with chromosome numbers 

that are multiples of the original basic chromosome number. In the 

panicgrasses (Panicum) the numbers are 18, 36, 54, and 72 (Stebbins, 

1956). Of the 2,300 grass species for which chromosome numbers are 

known, about 807. are polyploid (Carnahan and Hill, 1961). 

The high frequency of amphiploids in the grass family can be 

attributed to several factors. First, different species of grasses 

grow together in large numbers, which gives many opportunities for hy

bridization. Secondly, the grasses have light, wind-borne pollen which 

can be carried long distances with many self-incompatible species which 

must be fertilized by pollen from another individual of a different 

genetic type. Thirdly, the individuals of a species are long-lived and 

have efficient methods of vegetative reproduction. Therefore, inter

specific hybrids and newly formed polyploids, many of which are highly 

sterile, can persist and produce offspring. Grasses can easily pass 

through the "bottlenecks" of partial sterility which accompany evolu

tion by polyploidy. Lastly, the grasses are by their nature adapted to 

a role as pioneer colonizers of newly available ecological niches 

(Stebbins, 1956). 

In general, autopolyploids with higher chromosome numbers have 

greater nuclear and cellular volumes. Differences may be so great that 

a 4n plant may be distinguished from a 2n plant by examining the leaves 
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under low magnification. In most plant species there is a progressive 

increase in size of leaves, flowers, and in thickness of stalks and 

leaves as the chromosome numbers increase from 2n to 4n. This rela

tionship occurs in Datura, with the autotetraploids also being dark 

green, longer flowering, and later maturing. There is an optimum 

ploidy level for each species, above which the plants produced are weak 

and often sterile (Burnham, 1962). Polyploid species of the Gramineae 

tend to be adapted to a wider range of ecological conditions and to oc

cupy wider geographical distributions than their diploid relatives 

(Myers, 1947b). 

Autotriploids occur occasionally among the progeny of diploids 

as a result of formation and function of diploid gametes. Triploids 

also occur in the progeny of tetraploids crossed with diploids. At 

meiosis each set of three chromosomes may form a trivalent or a bi

valent plus a univalent. 

Autotetraploids are derivatives of chromosome doubling within a 

fertile species. The configuration of the chromosomes at diplotene of 

meiosis may be a chain of four chromosomes, a ring of four chromosomes, 

a cross-shaped configuration, a trivalent plus a univalent, or two bi-

valents (Burnham, 1962). 

An individual whose chromosome complement is composed of multi

ples of two or more different genomes, each from a distinctly different 

species, is an allopolyploid. Cytologically, an allopolyploid might be 

expected to form bivalents at meiosis rather than multivalents. 
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Interspecific hybridization followed by chromosome doubling accounts 

for the formation of new allopolyploid species (Burnham, 1962) 

Polyploidy is an important source of apomictic forms (Stebbins, 

1941, 1950). Whenever sexual reproduction fails in an individual for 

genetic or cytogenetic reasons, an opportunity for survival is offered 

if the plant can reproduce either vegetatively or by some form of apo-

mixi s (Burnham, 196 2). 

Synizesis 

At the leptotene stage in plants and in some animals, the chro

mosomes, probably as a fixation artifact, form a knot attached to the 

nucleolus (Brown and Bertke, 1969). This dense chromosomal aggregate 

is called the synizetic knot and is thought by some cytologists to be 

comparable to the bouquet stage in animals. LiIlium and Happlopappus 

gracillis (Nutt.) Gray both have synizesis during leptotene (Brown and 

Bertke, 1969; Swanson, 1957). The chromosomes of muskmelon (Cucumis 

melo L.) and corn (Zea mays L.) have been observed at an early stage 

clumped in a mass at the side of the nucleolus (Duewer, 1969; Walters, 

1968). 

Nucleoli 

The nucleolus is a membraneless body within the nucleus. It 

contains up to 907* protein and RNA and it is prominent in cells that 

are actively synthesizing protein (Bresnick and Schwartz, 1968). Nu

cleoli are sites for production of the 16S and 28S RNA's of animal and 

plant ribosomes. Nucleoli are typically associated with specific chro

mosomal sites, called nucleolus organizers. The general concept of the 



10 

nucleolus is that it represents a special genetic locus, where active 

RNA synthesis from a DNA template results in accumulation of the ribo-

somal product as a visible, electron-dense mass (DuPraw, 1970). The 

shape of nucleoli varies from cell to cell, and the number of nucleoli 

ranges from 0 to 2,000 or more. In most instances the number of nucle

oli in cells is smaller than the number of nucleolar organizers present 

in the cell (Bush and Smetana, 1970). 

The number of nucleoli is highly variable throughout the plant 

and animal kingdom. In some cells, such as bacteria and viruses, there 

are no organized nucleoli. In tulips, Tulipa. there may be as many as 

13 nucleoli per cell. 

Walters (1966) observed from one to five nucleoli in micro

spores of Bromus. The number decreased during interphase, and at dia-

kinesis a single large nucleolus remained, which disappeared by meta-

phase. Jauhar and Joshi (1966) found cells of Panicum decompositum 

R.Br, in which the nucleolus persisted until late metaphase I and, 

rarely, nucleolar material was observed between the poles at ana

phase I. 

Univalents 

A univalent chromosome is a single chromosome which is observed 

during meiosis when bivalents are present, and which has no synaptic 

mate (King, 1972). Aside from multivalent formation, the most commonly 

reported irregularity observed at meiosis in the grasses has been the 

occurrence of univalents or unpaired chromosomes at metaphase I and 

lagging chromosomes at anaphase I (Myers, 1947b). 



11 

A univalent is usually positioned at random on the spindle at 

metaphase because unpaired chromosomes do not move toward the equator 

as early as the paired chromosomes. Univalents are also observed lying 

to one side of the metaphase plate. The univalents never reach the 

plate, and they actually do not move until after the bivalents have di

vided (Darlington, 1965). 

When the paired chromosomes separate at anaphase, the unpaired, 

or univalent, chromosomes could follow one of two courses: those lying 

far away from the metaphase plate are included with the group of daugh

ter bivalents passing to the nearest pole; or those lying near the 

metaphase plate move onto the plate, orient themselves axially, and pos

sibly divide after a short interval into their two chromatids, which 

then pass to opposite poles as in mitosis (Darlington, 1965). 

Myers (1947b) discussed the behavior of univalents reported in 

various autotetraploid grass species. In species with unpaired chro

mosomes at metaphase I, the percentage of sporocytes with one or more 

univalents varied among plants. Orientation of the univalents within 

the sporocytes was variable in each species. Some were oriented on the 

metaphase plate along with bivalents and multivalents. Other univa

lents were scattered through the sporocyte during metaphase but became 

oriented some time before the completion of anaphase I. Some univa

lents divided equationally and the daughter chromosomes reached the 

poles in time to be included in the interphase nuclei. Others were 

left in the cytoplasm and were observed as chromatin clumps at inter

phase. The daughter chromosomes behaved abnormally in the second 
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division and others lagged at anaphase II and became chromatin clumps 

or micronuclei in the microsporocyte quartets. 

Myers (1947a) found a high incidence of univalents at metaphase 

I in autotetraploid perennial ryegrass, Lolium perenne L. The chromo

somes tended to lag and divide equationally at anaphase I and to be 

left in the cytoplasm at telophase I and II. 

Celarier (1957) observed univalents in polyploid beardgrass, 

Bothriochloa ischaemum (L.) Keng. He found as many as ten univalents 

in one cell. Usually from two to four univalents were observed in a 

cell and all entries had some cells with no univalents. Lagging chro

mosomes of both the dividing and nondividing type were observed at 

anaphase and telophase. 

Burson and Bennett (1971) found univalents, bivalents, and 

quadrivalents in the autotetraploid longtomgrass, Paspalum lividum 

Trin. From one to ten laggards were present in half of the cells ob

served and micronuclei were present at telophase. Two to four laggards 

were observed in 12.6% of the anaphase I and II cells of P. cromyorhi-

zon Trin. ex doell and F. guenoarum Arech. but micronuclei were present 

in less than 10% of the telophase cells of both species. 

Accessory Chromosomes 

Accessory chromosomes are chromosomes which occur in variable 

numbers in some individuals of a population and are absent in other 

individuals without noticeable phenotypic effects. They are usually 

small and heterochromatic and do not pair with the primary complement 

of chromosomes at meiosis (Muntzing, 1958). 
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The accessory chromosomes have no effect on the external form 

of the plant and they have no apparent specific action. Their tendency 

is toward neutrality. Previously, they were thought to be inert, but 

Darlington (1963) has stated that they probably contain genes which are 

like polygenes. Polygenes produce small and nonspecific effects and 

are concerned in quantitative variation. 

The origin and role of these extra chromosomes are not under

stood. Their origin could be due to fragmentation or structural re

arrangement (Carnahan and Hill, 1961). Accessories are probably 

derived either recently or ultimately from the A or primary set of 

chromosomes (Darlington, 1963). 

Accessory chromosomes are thought to be useful to the individ

uals of a population that carry them. Plants with and without acces

sory chromosomes exist side by side in competition. The individuals, 

races, or populations without accessory chromosomes do not replace the 

individuals, races, or populations with accessory chromosomes. The 

two types of individuals, with and without accessories, seem to exist 

in equilibrium, which may change in different races and populations 

(Darlington, 1963). 

The advantage of accessory chromosomes depends on their numbers; 

a few may be advantageous while many may be detrimental. Each species 

containing these chromosomes in its meiotic cells has an upper limit of 

the number it can carry and not have detrimental effects. Accessory 

chromosomes confer the advantage of variability on the species carrying 

them because they apparently contain quantitative genes. Too many 



accessory chromosomes can cause deleterious effects. Large numbers of 

accessories in corn cause a reduction in vigor. In rye, as their num

ber increases, the kernel and straw weight decreases and there is a de

crease in fertility (Muntzing, 1966). 

About 50 species of Gramineae are known to have accessory chro

mosomes (Carnahan and Hill, 1961). Hoff (1967) found one to six acces

sories in common bermudagrass CCynodon dactylon (L. ) Pers.]. Burson 

and Bashaw (1969) and Hutchison and Bashaw (1963) reported the occur

rence of accessory chromosomes in South African kleingrass (Panicum 

coloratum L.). These small chromosomes were one-half the size of a 

univalent, did not pair with each other, and were often associated with 

or were adjacent to the chromosomes of the normal complement. 

Heterochromatic accessories have been described in many grass 

species by Bosemark (1957) and Muntzing (1958). Carnahan and Hill 

(1961), Darlington (1963), and Muntzing (1958) presented a basic review 

of accessory chromosomes and their behavior. 



MATERIALS AND METHODS 

Research facilities of the research laboratory of the Agricul

tural Research Service located at the Tucson Plant Material Center, 

Soil Conservation Service, and the Department of Agronomy and Plant 

Genetics, The University of Arizona were used to conduct the study. 

Vine mesquitegrass plants were grown from seed collected in 

1961 at various elevations throughout the Southwest. Plants were grown 

in the greenhouse in pots for six months and then transferred to the 

field in 1962. From 1 to 10 plants of each source were planted in the 

nursery for a total of 460 plants (Table 1). The plants were planted 

on six-foot centers in the field. Root tip studies were conducted in 

1962 to determine the chromosome number. These numbers were deter

mined for studying the relationship between the elevation where col

lected and the chromosome number (Wright, 1968). 

Immature inflorescences were collected in the field in 1968, 

1969, 1970, and 1971 between 9:00 and 11:00 AM for June collections and 

between 8:00 and 10:00 AM for August collections. The sheath which 

covers the inflorescence was removed and the inflorescences were placed 

in containers with a killing and fixing solution of 95% alcohol and 

glacial acetic acid (3:1 ratio, respectively). The 1971 collections 

were placed in 957* alcohol and glacial acetic acid, in a ratio of 9:7. 

This solution aided in spreading the chromosomes. After 48 hours, the 

chromosomes were ready for examination. 

15 
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Table 1. Vine mesquitegrass (Panicum obtusum H.B.K.) source numbers, 

collection information, and chromosome numbers. 

Source Collection Chromosome number* 

no. Origin Elev. (ft) Somatic Meiotic 

644 Arizona 4,600 36 — 

645 Arizona 3,635 36 — 

647 Arizona 4,140 36 — 

649-1 Arizona 3,430 36 — 

649-2 Arizona 3,430 36 — 

651 Arizona 4,920 36 — 

652 Arizona 4,320 36 — 

655 Arizona 4,320 36 — 

656 Arizona 4,570 36 — 

657 Arizona 4,950 36 — 

659-1 Arizona 4,300 40 — 

659-2 Arizona 4,300 — 40 

660 Arizona 4,240 36 — 

661 Arizona 4,180 36 — 

662 Arizona 4,540 36 — 

663 Arizona 4,100 36 — 

664 Arizona 4,980 36 — 

665 Arizona 4,880 36 20 

666 Arizona 4,350 36 — 

667 Arizona 4,485 — — 

668 Arizona 4,730 36 — 

669-1 Arizona 4,500 36 — 

669-2 Arizona 4,500 36 — 

670 Arizona 6,500 36 — 

671 Arizona 5,550 36 36 

672 Arizona 4,320 36 — 

673 Arizona 4,420 — — 

674 Arizona 4,640 — — 

675 Arizona 5,700 36 — 

676 Arizona 5,720 36 — 

677 Arizona - 5,170 36 36 

678 Arizona 5,350 36 — 

679-1 Arizona 5,100 36 — 

679-2 Arizona 5,100 36 — 

680-1 Arizona 4,100 36 — 

680-2 Arizona 4,100 36 — 

681 Arizona 3,000 — — 

682 Arizona 4,750 36 — 

683 Arizona 4,500 36 — 

684 Arizona 4,150 36 — 
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Table 1.—Continued 

Source Collection Chromosome number 

no. Origin Elev. (ft) Somatic Meiotic 

688 Arizona 4,250 36 — 

689 Arizona 5,000 36 — 

690 Arizona 5,250 36 — 

691-1 Arizona 2,580 36 — 

691-2 Arizona 2,580 — — 

692 Arizona 2,350 36 — 

693-1 Arizona 5,600 — — 

693-2 Arizona 5,600 — — 

694-1 Arizona 2,600 36 — 

694-2 Arizona 2,600 36 — 

695 Arizona 4,050 36 — 

696 Arizona — 36 — 

697 Arizona — 36 — 

698 Arizona — • 36 — 

930 Texas ~ 36 36 

931 Texas — 36 — 

932 Texas — 36 — 

933 Texas — 36 — 

934 Texas — 20 20 

935 New Mex. — 40 40 

936 New Mex. — — 36 

995 Arizona 4,200 36 — 

997-1 Okla. — 36 36 

997-2 Okla. — — 27 

998 Arizona 4,500 36 — 

999 Arizona 4,500 36 — 

1000 Arizona 4,000 36 — 

1001 Arizona 4,500 36 — 

1002-1 Arizona 5,000 36 — 

1002-2 Arizona 5,000 36 — 

1003 Arizona 4,550 — — 

1005 Arizona 4,300 36 — 

1006 Arizona — 36 — 

1007-1 Mexico — 36 — 

1007-2 Mexico — 36 — 

1008 Texas — 36 — 

1009 Texas -- 36 — 

1011 Texas — — — 

1012 Texas — 36 — 

1013 Texas — 36 — 

1014 Texas — 36 — 
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Table 1.—Continued 

Source Collection Chromosome number* 

no. Origin Elev. (ft) Somatic Meiotic 

1015 Texas — — 

1016 Texas 36 — 

1017 Texas 36 — 

1018 Texas 36 — 

1020 New Mex. 36 — 

1021 New Mex. 36 

1022 New Mex. 36 — 

1023 New Mex. 36 — 

1024 New Mex. 36 — 

1025 New Mex. 40 40 

1026 New Mex. 36 — 

1027 Mexico — 36 

1028 Mexico — 20 

1029-1 Mexico — 20 

1029-2 Mexico 20 — 

1030 Mexico — 20 

1031 Mexico — 40 

1032 Arizona 36 — 

1033 Arizona 36 — 

* Somatic chromosome counts were available (Wright, 1968). Meiotic 

chromosome counts were determined by the author. 



Meiotic chromosome counts were made on sources chosen to sample 

the variability shown in the somatic counts (Wright, 1968). Microspor-

ocytes were analyzed by both the acetocarmine and propiocarmine squash 

technique. One floret at a time was placed under a binocular micro

scope. The lemma and palea were separated and the three anthers from 

the fertile floret were removed and placed on a microscope slide in a 

drop of stain. The anthers were cut apart with a bent needle and 

squashed with a glass rod. A cover slip was placed on the slide and 

the slide was heated on a boiling water bath. 

All stages of microsporogenesis were examined. Counts of chro

mosomes were made at diakinesis and anaphase I. At least 10 cells were 

counted in each stage. 

Material used for histological study of megasporogenesis and 

megagametogenesis was placed in 95% alcohol and glacial acetic acid 

in either a ratio of 9:7 or 3:1. Florets which had been killed and 

fixed in formalin-acetic acid-alcohol (FAA) were also examined. There 

was no visible difference in staining ability and fixation of the cells 

when either 957. alcohol and glacial acetic acid or FAA was used. In

florescences not yet emerged and all older stages of florets up to ma

ture seed were collected and placed in the killing solution. The top 

one-half to one-third of each floret was cut off to aid in infiltra

tion of the paraffin and was discarded. The part containing the embryo 

sac was dehydrated in an automatic dehydration unit using the tertiary-

butyl-alcohol method and embedded in paraffin with an automatic embed-

der. One floret was embedded per block and all blocks were trimmed so 
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that the excess paraffin was removed from around the floret with a 

small portion of the floret exposed. 

The blocks were soaked in a 5% solution of Aerosol 0 T for one 

week to aid in cutting, rinsed in tap water, air dried, and placed in a 

freezer at 0 C. The blocks were microtomed at 14 microns while frozen. 

Three different blades were used to cut this material, a microtome 

knife, stainless steel razor blades in a microtome holder, and disposa

ble microtome blades. Very few blocks would form ribbons when the mi

crotome knife and razor blades were used. The material is hard and 

tends to dull these blades quickly. With the disposable blades, ribbons 

could be formed from over one-half of the blocks. 

Serial sections of each floret were placed on one or two slides 

and were stained with safranin-fast green and counterstained with 

orange G. 

A Zeiss microscope with a Zeiss Ikon 35 mm automatic photo-

micrographic camera was used. Photographs were taken with Kodak Pana-

tomic-X film. All microsporocytes were photographed at x800. The 

megasporocytes and megagametes were photographed at x320 and x200. 



RESULTS AND DISCUSSION 

The sequence of flowering of vine mesquitegrass is from the top 

to the bottom of the inflorescence. The oldest florets are at the top 

of each branch and the oldest branch is at the top of the inflores

cence. The stigmas are two-branched, feathery, and purple, and they 

begin to emerge at 10:00 AM. Ihe purple anthers do not emerge until 

approximately 6:00 PM with maximum pollen shedding at approximately 

7:00 PM. 

Florets are not uniform in the progression from youngest to 

oldest within a branch. One floret may be in the synizetic knot, and 

the next older one is at the quartet of microspores stage. 

Florets within a branch range from small to large. If the 

large florets have quartets of microspores the small ones will probably 

be at prophase I. Vine mesquitegrass is indeterminate in flowering and 

in general produces inflorescences when growing conditions are favor

able. Different sizes of florets could be a reflection of the growing 

conditions of the plant during the period of floral initiation and de

velopment. 

Diploid (2n=20) 

Meiotic studies showed that five plants were diploid with 2n=20 

chromosomes (Sources 665, 934, 1028, 1029-1, and 1030). In these 

plants leptotene and zygotene were characterized by long, stringy chro

mosomes and one large nucleolus (Fig. 1 a). During leptotene the 

21 



Fig. 1. Microsporogenesis of vine mesauitegrass (Panicum obtusum 
H.B.K.) diploid (2n=20) plants. 

a. Zygotene and synizesis. 

b. Pachytene showing heterochromatic regions (arrow). 

c. Diakinesis with nine bivalents and two univalents. Three 

chromosome pairs are associated with the nucleolus. 

d. Diakinesis with ten bivalents. 

e. Metaphase I. 

f. Anaphase I with nucleoli in cytoplasm (arrow). 

g. Telophase I with nucleoli in cytoplasm. 
h. Metaphase II. 

i. Quartet of microspores. 

Photomicrographs of Fig. 1 a—i approximately x800. 



22 

Fig. 1. Microsporogenesls of vine mesquitegrass (Panicum obtusum 
H.B.K.) diploid (2n«20) plants. 



chromosomes clumped to one side of the nucleolus in a synizetic knot. 

At both zygotene and pachytene, the chromosomes were character

ized by dark and light staining regions. The dark staining regions 

were found at the ends and in the main body of the chromosomes (Fig. 

1 b, arrow). These particular regions will be referred to in the pres

ent discussion as heterochromatic regions. The euchromatic regions 

discussed will be in reference to the light staining regions at zygo

tene through pachytene. 

The 20-chromosome plants had nine bivalents plus two univalents 

(Fig. 1 c) or ten bivalents (Fig. 1 d) occurring at diplonema and dia-

kinesis. From one to three pairs of chromosomes might be associated 

with the nucleolus throughout diplonema and diakinesis (Fig. 1 c). 

The bivalents consisted of either a single circular mass of 

chromatin or two small circular masses of chromatin associated adjacent 

to each other. By late diakinesis the "doughnut-shaped" bivalents 

typical of diakinesis in other species were formed. The two univalents 

may or may not be paired at diplonema and diakinesis. Two-thirds of 

the time they were associated side by side and one-third of the time 

they were not associated. 

At metaphase, the chromosomes were dark staining and were 

tightly clumped on the plate (Fig. 1 e). In some cells from one to ten 

small nucleoli were seen around the metaphase plate. These nucleoli 

often persisted during anaphase and telophase I (Fig. 1 f, arrow, g). 

Prophase II was characterized by at least one nucleolus and x-shaped 

chromosomes. 
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At metaphase II the chromosomes were again tightly clumped on 

the plate and were not countable (Fig. 1 h). After anaphase and telo

phase II, the quartets of microspores were formed. One or two nucleoli 

were present in each microspore nucleus (Fig. 1 i). 

The primary basic chromosome number of x=9 has been reported 

for the Paniceae (Brown. 1948; Myers, 1947b). The 20-chromosome 

plants can be considered to have this basic number by the pairing asso

ciations of nine bivalents and two univalents at diakinesis. 

Triploid (2n=27) 

One plant source, 997-2, was a triploid. Fifty percent of the 

microsporocytes had 27 chromosomes and the rest contained up to four 

additional univalent chromosomes. 

During the early stages, up to four nucleoli were observed. At 

leptotene, synizesis occurred (Fig. 2 a). The chromosomes included 

both euchromatic and heterochromatic regions, with heterochromatic re

gions being found at the ends and in the main part of the chromosomes 

(Fig. 2 b). 

At late diakinesis, univalents, bivalents, and trivalents were 

present (Fig. 2 c). Since this plant was a triploid, the possible 

pairing associations varied from nine trivalents to nine bivalents plus 

nine univalents. The chromosomes looked sticky and associated closely 

with each other. Some of the cells contained extra chromosomes which 

appeared as univalents. 

Metaphase I was difficult to count. The chromosomes were 

tightly clumped on the plate. One cell was observed with nine 



Fig. 2. Microsporogenesis of vine mesquitegrass (Panicum obtusum 
H.B.K.) triploid (2n=27) plants. 

a. Synizesis. 

b. Pachytene. 

c. Late diakinesis with 28 chromosomes. 

d. Metaphase I with nine bivalents and nine univalents. 

e. Metaphase I with nine trivalents. Arrow denotes a 

trivalent. 

f. Anaphase I showing 15—15 disjunction. 

g. Prophase II with two nucleoli and 14 x's. 

h. Anaphase and telophase II. 

i. Quartet of microspores. 

Photomicrographs of Fig. 2 a—i approximately x800. 
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Fig. 2. Microsporogenesis of vine mesquitegrass (Panicum obtusum 

H.B.K.) triploid (2n»27) plants. 
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univalents plus nine bivalents (Fig. 2 d). Several cells were observed 

with nine trivalents (Fig. 2 e). 

Odd numbers of chromosomes were observed moving to the poles at 

anaphase I. Disjunction of chromosomes from the metaphase plate was as 

follows: 11—17, 13 — 14, 15—15 (Fig. 2 f), 15—16, and 17—14. Twenty-

five or more cells were counted. Prophase II cells had variable numbers 

of x's in each dyad (Fig. 2 g). 

During anaphase II the chromosomes frequently did not appear to 

move to the poles as a group (Fig. 2 h) because the univalent chromo

somes were in the cytoplasm and began moving to the poles first. At 

telophase II, the chromosomes had reached the poles. Cytokinesis oc

curred and quartets of microspores were formed (Fig. 2 i). 

The chromosome complement, 27, is a multiple of nine, the pri

mary basic chromosome number. Most sporocytes in this plant had tri-

valent formation, and the range of pairing associations varied from 

nine bivalents plus nine univalents to all trivalents. The fact that 

nine trivalents were observed strongly suggested that this plant is an 

autotriploid. 

If a functional diploid egg with nine bivalents and two uni

valents was fertilized by a pollen grain with 10 or 11 univalents, it 

would be possible for the resulting triploid plant to have three or 

four univalents plus the complement of 27 chromosomes. Up to 31 chro

mosomes were counted in anaphase I cells. In the cells with 27 chro

mosomes, the univalents were lost during formation of the sporocyte. 
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Tetraploid (2n=36) 

The sources examined and found to be tetraploid with 36 chromo

somes were 671, 677, 930, 936, 997-1, and 1027. With the exception of 

two plants, all Arizona sources showed chromosome numbers of 2n=36 in 

root tip studies. 

Prophase I usually had one nucleolus present (Fig. 3 a—d), and 

up to five chromosome pairs were attached to the nucleolus. Synizesis 

occurred during leptotene and the chromosomes were seen clumped to one 

side of the nucleolus (Fig. 3 b). One large nucleolus with a homolo

gous pair attached to it is shown in Fig. 3 b. Both homologues can be 

seen (arrow) and the heterochromatic and euchromatic regions are also 

visible. 

At early diplonema many univalents were observed. Possibly, 

the chromosomes were actually paired but the points of contact were not 

visible. Diakinesis had from 1 to 17 or more nucleoli. At this stage 

the chromosomes and nucleoli may stain so that they cannot be distin

guished from each other (Fig. 3 d, e). The pairing association ranged 

from 18 bivalents to univalents, bivalents, and six quadrivalents. At 

least one ring of four chromosomes (arrow) was present at diakinesis 

and up to six quadrivalents were present in some of the sporocytes. 

One source, 930-4, had a cell with a ring of eight chromosomes at dia

kinesis. 

The rings of four appeared as four circles of chromatin con

nected by thin strands of chromatin (Fig. 3 d, arrow, e). From the 



Fig. 3. Microsporogenesis of vine mesquitegrass (Panicum obtusum 

H.B.K.) tetraploid (2n=36) plants. 

a. Early prophase I. 

b. Synizesis with one homologous pair attached to the nucleolus 
(arrow). 

c. Early diplonema. 

d. Diplonema with 17 bivalents and one quadrivalent (arrow). 

e. Diakinesis showing five chromosome pairs attached to one 

nucleolus and two quadrivalents. Pairing associations con

sist of two univalents, 14 bivalents, and two quadrivalents. 

f. Early metaphase I with 18 bivalents. 
g. Metaphase I showing nucleoli in the cytoplasm. 

h. Telophase I showing many small nucleoli in the cytoplasm. 

i. Metaphase II with one univalent near each plate. 

Photomicrographs of Fig. 3 a—i approximately x800. 
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presence of quadrivalents, these 36-chromosome plants could be auto-

tetraploid or allotetraploid of two closely related plants. 

At metaphase, the chromosomes assorted onto the plate (Fig. 

3 f). The chromosomes were clumped on the plate and were uncountable 

(Fig. 3 g). Several small nucleoli were found in the cytoplasm and 

often persisted through telophase I (Fig. 3 g, h). There might or 

might not be univalents scattered around the plate. When the univa

lents were present at metaphase I, they were usually present at meta

phase II (Fig. 3 i). When univalents were present, one to six were 

observed around the metaphase plate. 

With x=9 as the basic chromosome number, the 36-chromosome 

plants were considered to be tetraploids. The univalents found scat

tered around the metaphase plate could be the univalents observed in 

the 20-chromosome plants. These 36-chromosome plants were probably 

formed by the doubling of a 20-chromosome plant. Some time after the 

process of doubling, four univalents were lost. 

Tetraploid (2n=40) 

Five plants had a chromosome number of 2n=40. The source num

bers were 659-2, 935, 1025-3, 1025-6, and 1031. These plants were 

highly irregular in their meiotic behavior. 

All 40-chromosome plants had synizesis occurring during lepto-

tene (Fig. 1 a). The chromosomes contracted through pachytene (Fig. 

4 b) and diplonema. The homologues of each chromosome pair contracted 

near each other and often thin strands of chromatin can be seen con

necting the homologues (Fig. 4 c). 



Fig. 4. Microsporogenesis of vine mesquitegrass (Panicum obtusum 
H.B.K.) tetraploid (2n=40) plants. 

a. Synizesis. 
b. Pachytene. 

c. Diakinesis showing four chromosome pairs associated near 
the nucleolus. 

d. Diakinesis showing three pairs attached to the large 

nucleolus and seven chromosomes associated around a 

small nucleolus (arrow). Small nucleoli and bivalents 
are indistinguishable. 

e. Metaphase I. 

f. Anaphase I with 40 chromosomes. 

g. Telophase I with many small nucleoli in the cytoplasm. 

h. Metaphase II showing a nucleolus in the cytoplasm of 
each cell. 

i. Quartet of microspores with a micronucleus in each 

microspore. 

Photomicrographs of Fig. 4 a—i approximately x800. 



Fig. 4. Mlcrosporogenesis of vine mesquitegrass (Panlcum obtusum 
H.B.K.) tetraploid (2n»40) plants. 



Usually three to four chromosome pairs were associated with the 

large nucleolus during diplonema and diakinesis (Fig. 4 c, d), and more 

than one nucleolus could be present in a cell (Fig. 4 d). All 40-

chromosome plants had at least one ring of four chromosomes in some of 

their sporocytes and often there were associations of more than four 

chromosomes (Fig. 4 d, arrow). Bivalents, univalents, and quadrivalents 

were visible at diakinesis as well as a variable number of nucleoli. 

Pairing associations varied from 20 bivalents to five or six quadriva

lents plus bivalents. 

Metaphase chromosomes were clumped on the plate and were not 

countable (Fig. 4 e). Some plants had more than four univalent chromo

somes scattered around the metaphase plate. 

Anaphase I and telophase I could have many small nucleoli pres

ent (Fig. 4 g). Sometimes these nucleoli persisted in the cytoplasm 

until telophase II (Fig. 4 h). Quartets of microspores were observed 

with and without nucleoli (Fig. 4 i). 

One source, 1025-3, was observed with 10 quadrivalents. Pair

ing associations varied from 10 quadrivalents to 20 bivalents at dia

kinesis. At anaphase I and prophase II, ^0 chromosomes were found in 

each end. No univalents were scattered around the metaphase plate and 

no micronuclei were observed in the quartets of microspores. 

If the 20-chromosome plant were doubled, a 40-chromosome plant 

would be produced. There would be a high frequency of quadrivalent 

formation and rarely a cell with 10 quadrivalents. There would be 

enough homology between the four univalents for a quadrivalent to be 
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formed, theoretically, 257o of the time. There should be bivalents and 

quadrivalents present at diakinesis. This was observed in the 40-

chromosome plants. 

ffyers (1947a) studied autotetraploid perennial ryegrass and 

never obtained well-spread preparations at diakinesis. There was a 

high incidence of univalents at metaphase I that tended to lag and 

divide equationally at anaphase I and to be left in the cytoplasm at 

telophase 1 and II. 

Burson and Bennett (1971) found univalents, bivalents, and 

quadrivalents at diakinesis in Paspalum autotetraploids. They en

countered considerable stickiness which made counting the chromo

somes difficult. Celarier (1957) studied polyploid Bothriochloa with 

2n=40. Only a few successful counts were made at diakinesis in Celar

ier' s study because the chromosomes were small and hard to study. He 

found as many as 10 univalents in one cell, up to 20 bivalents, and 

from zero to five multivalents. 

Vine mesquitegrass is also a difficult grass to study. The 

chromosomes do not condense uniformly or at the same rate. There is 

considerable stickiness and clumping of the chromosomes; they stain 

darkly; they do not spread well at metaphase; and they do not spread 

well at anaphase. 

Leptotene, where synizesis occurs, appears to be a long stage, 

but diakinesis and metaphase seem to be very short stages. 
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The presence of univalents confuses the chromosome count. The 

number of univalents varies from cell to cell in 2n=27, 2n=36, and 2n= 

40 chromosome plants; their behavior was similar to that of accessories. 

Mep.asporog.enesis and Mep,afiametoftcnesis 

Sexual Mode of Reproduction 

The mature ovary of vine mesquitegrass was of the anatropous 

type with a monosporic, Polygonum type of mature embryo sac. This type 

of sac was formed in the 2n=20 plants and in the sexual florets of the 

2n=36 and 2n=40 plants. 

The archesporial tissue originated beneath the epidermis from 

the hypodermis. One cell of the nucellus, situated directly below the 

epidermis, enlarged and became the primary archesporial cell (Fig. 5 a, 

b), which enlarged and became the megaspore mother cell (Fig. 5 c). 

The megaspore mother cell had two meiotic divisions which gave 

a tetrad of megaspores. Vine mesquitegrass had a monosporic type of 

embryo sac in which only one of the megaspores was functional (Fig. 

5 d). The upper three megaspores degenerated. 

The megaspore underwent three mitotic divisions to produce an 

eight-nucleate embryo sac. There were two groups of four nuclei at 

each end of the embryo sac. At the micropylar end, an egg nucleus 

(Fig. 5 h), two synergids, and a polar nucleus were formed. The polar 

nucleus moved up toward the middle of the embryo sac. The chalazal 

quartet of nuclei differentiated into three antipodals and a polar nu

cleus, which moved down to the middle of the sac. The two polars fused 

to form a secondary nucleus (Fig. 5 i). 



Fig. 5. Megasporogenesis and megagametogenesis of sexual plants of 
vine mesquitegrass (Panicum obtusum H.B.K.). 

a. Archesporial cell. 

b. Archesporial cell. 

c. Megaspore mother cell. 

d. Megaspore 

e. Two-nucleate sac. 

f. Eight-nucleate sac. 

g. Eight-nucleate sac under oil. 

h. Two nuclei of an eight-nucleate sac. Arrow denotes 

the egg nucleus. 

i. Two polar nuclei of an eight-nucleate sac. 

Photomicrographs of Fig. 5 a—c, e, f, and h approximately 

x320; Fig. 5 d and g approximately x800. 



Fig. 5. Megasporogenesls and megagametogenesls of sexual plants of 
vine mesquitegrass (Pan!cum obtusum H.B.K.). 
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Apomictic Mode of Reproduction 

Apomictic embryo sacs were formed in florets of the 2n=27, 2n= 

36, and 2n=40 chromosome plants. Vine mesquitegrass could be a faculta

tive apomict, since both sexual and apomictic florets were found on the 

same plant. 

The archesporial cell was of hypodermal origin. One cell di

rectly below the epidermis enlarged and became the primary archesporial 

cell. This cell elongated and formed the megaspore mother cell. Ihe 

megaspore mother cell divided meiotically and produced a tetrad of meg-

aspores. Three or four of the megaspores degenerated and one or more 

nucellar cells began to enlarge (Fig. 6 a—c). As many as four cells 

were seen enlarging within one ovule (Fig. 6 a). Each nucellar mother 

cell formed an embryo sac and began to grow. Frequently they were out 

of position and they were always quite large. When two or more embryo 

sacs were present (Fig. 6 e—g) much of the space within the ovule was 

occupied. If one or two sacs grew faster than the others, they were 

able to crowd the other sacs and to cause them to degenerate (Fig. 6 g, 

h). There appeared to be competition between the growing embryo sacs 

and they never seemed to reach maturity. Often the sacs looked as if 

some were degenerating. 

In guineagrass, four-nucleate aposporous embryo sacs were 

formed from unreduced nucellar cells (Warmke, 1954). Multiple embryo 

sacs were formed in birdwoodgrass (Cenchrus setigerus Vahl.) and buffel

grass (Fisher, Bashaw, and Holt, 1954). The multiple embryo sacs of 

buffelgrass usually were crowded into the central part of the ovule 



Fig. 6. Megasporogenesis and megagametogenesis of apomictic plants 
of vine mesquitegrass (Panicum obtusum H.B.K.). 

a. Four nucellar mother cells. 

b. Megaspore mother cell and four nucellar mother cells, 

c. Megaspore mother cell and nucellar mother cell. 

d. Two-nucleate sac with cells degenerating near the 

lower nucleus. 

e. Three embryo sacs. 

f. Three embryo sacs. 

g. Two embryo sacs with antipodal nuclei degenerating in 

the upper corner. 

h. One large sac with one nucleus in the lower end and 
antipodals being crushed in the upper end. 

i. Multinucleate endosperm crowding out the nuclei of the 
apomictic embryo sacs. 

Photomicrographs of Fig. 6 a—d approximately x320; Fig. 6 e, 

f, g—i approximately x200. 



Fig. 6. Megasporogenesis and megagametogenesls of 
of vine mesquitegrass (Panlcun obtusum H.B.K.). 

apomlctic plants 



and by maturity, occupied most of the former region of the nucellus. 

Eknbryo sacs were found in the periphery of the ovule where they in

vaded and disrupted the integuments. They were also found in the 

funiculus where they sometimes invaded the tissues of the ovary wall 

(Snyder et al., 1955). 

The nucellar embryo sacs of apomictic buffelgrass were extremely 

vacuolate and usually contained one to four nuclei. Plants studied by 

Bashaw (1962) averaged four nucellar sacs per ovule. 

Sorghum formed aposporous embryo sacs with two to five well-

differentiated embryo sacs within each ovule. The nucellar cells began 

to enlarge and divide about the time the functional chalazal megaspore 

was formed (Hanna et al., 1970). 

The apomictic ovules of vine mesquitegrass always had more than 

one embryo sac within the ovule. The usual number was three and the 

range was from two to six. When these embryo sacs were developing, 

they did not all develop at the same rate. Some were larger and had 

more nuclei than others (Fig. 6 e, f). At anthesis, the apomictic 

ovules had from two to six embryo sacs within the ovule, none of which 

were mature. 

A mature apomictic embryo sac may have a few nuclei, an egg nu

cleus, and one or two polar nuclei. A mature sexual or eight-nucleate 

apomictic embryo sac will have eight nuclei consisting of an egg, two 

synergids, two polars, and three antipodals. Species of the Paniceae 

have pseudogamous development of the seed. When pseudogamy occurs, the 

endosperm forms, but the egg nucleus may not develop. The growing 
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endosperm could crowd out. developing embryo sacs (Fig. 6 h, i). Pollen 

tube penetration of tin.- embryo sac was not detected in the sectioned 

material of vine mesqui t c;;i ass. The results were discussed on the as

sumption that vine mesqui t.egrass was a pseudogamous apomict. 

King (1972) defines pseudogamy as the development of an unfer

tilized egg following stimulation, but not fertilization, by a male 

gamete. The pseudogamoui; development of an embryo in an aposporic em

bryo sac may or may not have triple fusion occurring, but it always has 

the stimulus of pollination (Maheshwari, 1950). 

The occurrence of apomixis creates some irregularities in the 

ovules of vine mesquitegrass. Apomictic ovules may have endosperm for

mation without development of an embryo (Fig. 6 i). Pollination appar

ently provided the stimulus for endosperm development, and the develop

ing endosperm crowded out the multiple embryo sacs. Apomictic embryo 

sacs were later maturing than sexual embryo sacs. Probably stimulation 

of the ovule caused endosperm development to start, but none of the em

bryo sacs were mature enough for the egg nucleus to develop partheno-

genetically into an embryo. 

Some ovules contained multiple embryo sacs, but no developing 

endosperm. These embryo sacs were of different sizes and contained a 

variable number of nuclei (Fig. 6 g, h). 

Assuming multiple embryo sacs within an ovule were mature by 

anthesis, pollination should stimulate endosperm development. The 

amount of endosperm formed and available to the germinating multiple 

embryos would not provide sufficient food reserves for development. 



When two or more embryo sacs are formed in an ovule, the space avail

able for the developing endospei'm is much less than that available in 

an ovule with one embryo sac. The assumption here is that the endo

sperm available to one sexual embryo within an ovule is the amount nec

essary for initial development. 

The germination percentage of vine mesquitegrass seed is low 

(25 to 337o) and seedling establishment is poor. Inadequate endosperm 

development by the apomictic types, which means insufficient food re

serves, largely contributes to low germination percentage with poor 

seedling vigor and subsequent establishment. Lack of embryo develop

ment also contributes to low germination percentage. 

These interpretations suggest that improvement of vine mes

quitegrass in apomictic sources could be limited initially to determin

ing the variability among apomictic sources for complete development of 

both the embryo and the endosperm. Variability of germination percent

age among apomictic sources would be a reflection of endosperm and em

bryo development which could be determined by laboratory germination 

tests. If adequate variability was not available among apomictic 

sources for selection, then improvement of sexual sources would be the 

appropriate approach. Selection among sexual sources for improved seed 

development would be expected to relate to seed germination, seedling 

vigor, and establishment. Most promising sources would be the diploid 

(2n=20) plants. 



CONCLUSIONS 

The following conclusions were drawn from this research. 

The basic chromosome number of vine mesquitegrass is x=9. 

Vine mesquitegrass has at least four chromosome numbers, 2n=20, 

2n=27, 2n=36, and 2n=40. 

Three levels of ploidy were determined, diploid, triploid, and 

tetraploid. 

The pairing associations were determined by the level of ploidy. 

a. Diploid sporocytes had nine bivalents plus two univalents, or 

ten bivalents. 

b. Triploid sporocytes had a range of pairing associations from 

nine bivalents plus nine univalents to nine trivalents. 

c. Tetraploid 36-chromosome plants contained 18 bivalents or 

univalents, bivalents, trivalents, and up to six quadrivalents 

at diakinesis. 

d. Pairing associations of the tetraploid 40-chromosome plants 

ranged from 20 bivalents to 10 quadrivalents at diakinesis and 

metaphase I. 

Synizesis was observed in this species at all levels of ploidy. 

Univalents were present in the 20-, 27-, 36-, and 40-chromosome 

plants. 

Micronuclei were observed in the quartets of microspores when uni

valents were present in the 27-, 36-, and 40-chromosome plants. 

40 
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8. Vine mesquitegrass had a variable number of nucleoli which some

times persisted through all divisions. 

9. The archesporial cell was of hypodermal origin. 

10. Vine mesquitegrass had an anatropous, monosporic, aposporous embryo 

sac. 

11. Nucellar mother cells were observed in apomictic ovules at the same 

time as the megaspore mother cell or functional megaspore. 

12. Both sexual and apomictic modes of reproduction were found. 

13. Diploid plants were sexually reproduced. 

14. All triploid and tetraploid plants were facultative apomicts. 

15. All apomictic florets contained more than one embryo sac. 

16. Endosperm developing in a single embryo sac crowded out the other 

apomictic sacs. 

17. Endosperm development was very irregular for the apomictic sources. 
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