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ABSTRACT 

Almost all commercial bermudagrass seed in the 

United States is produced in Yuma Countj1-, Arizona. Two 

types, usually identified as Arizona common and giant, 

bermudagrass, are grown for commercial seed production,. 

Objectives of this study were to determine (a) 

chromosome numbsr and rn.ei.otic behavior of bermudagrass 

plants from the commercial seed fields, (b) seed-set per

centage and the relationship of fertility and meiotic 

behavior, (c) presence of natural hybridization between 

common and giant types, 

Material for determination of seed-set percentage, 

stainable pollen percentage, and meiotic behavior was 

collected directly from 47 plants growing in Yuma County 

seed fields. Seed-set percentage was determined by 

counting filled and total florets of five inflorescences 

from each plant. Mature pollen was stained with aceto-

carmine to determine percent normal stainable pollen. 

Cytological preparations for the study of microsporogenesis 

were made by the acetocarmine smear technique. 

Giant bermudagrass had 18 chromosomes associated as 

nine bivalents at metaphase I. Seed-set percentage of 

giant plants ranged from 84.15 to 92.37% except for one 

plant which averaged 14.95%. Common bermudagrass had 36 

vii 
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chromosomes irt the normal chromosome con\p lamer.':. pl'..s one to 

six accessory chromosomes. Average chromosome configura

tions of common plants at diakinesis ravaged ficm 13.8 7 to 

15.73 L/ivalents and 1.13 tro 2.07 qnadri valents per cell. 

Quadrivalent associations suggest an autotecraploid origin 

for common bermudagrass. The accessory chromosomes often 

divided precociously during diakinesis. Seed-set per

centages of common type plants ranged •:roru 73c  19  to 91 .34%.  

A large number of plants in f o seed fields were 

morphologically different from the giant and common types. 

Many plants were intermediate between common and giant 

types. These offtype plants had small indehiscent anthers. 

Seventeen of 21 offtype plants collected were triploid and 

four were tetraploid. Triploid plants apparently result 

from hybridization of giant and common plants. Three tri-

valents, six bivalents, and six univalents was the most 

common configuration at metaphase 1 of the triploid plants. 

Seed-set percentage of the triploid plants ranged from 0 .0  

to 4.07o. The off type tetraploid plants had an average of 

1.3 to 5.4 univalents per cell and seed-set percentages 

ranging from 7.7 to 20.7%. The offtype tetraploid plants 

probably result from backcrossing of triploids to common 

plants. 

A significant correlation was obtained between 

seed-set percentage and stainable pollen percentage. 
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Flowering behavior, self fertility, and inter-

fertility of common and giant bermudagrass were studied to 

determine the relationship of these factors to the apparent 

high degree of crossing between the two types. Giant 

bermudagrass flowered from 2:45 pm to 7:00 pm and common 

flowered from 6:30 pm to 12:30 am. Seed-set percentage 

from selfing under bags ranged from 0.0 to 1.5% for common 

and from 0,0 to 3.0% for giant, plants. 

Interfertility of common and giant bermudagrass was 

determined by controlled cross pollination without emascu

lation, Average seed-set was 21.2% for common by common 

crosses and 33.7% for giant; by giant crosses. Seed from 

these crosses were normal in size and germination. Average 

seed-set of giant inflorescences pollinated with common, 

pollen was 30.0%.- -Seed from this cross were slightly 

misshapen, but germination was normal and seedlings pro

duced were vigorous. Seed-set of common inflorescences 

pollinated with giant pollen averaged 20.3%. Seed from 

this cross were small and shriveled and seedlings were weak 

and slow to become established. Once established these 

hybrid plants were as vigorous as progeny from giant 

maternal plants. 

The lack of any barrier to intercrossing between 

giant and common bermudagrass suggests a close phylogenetic 

relationship. However, chromosome configurations in the 

triploid and abberrant tetraploid plants indicates a lack 
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of homology between some chromosomes of the common and 

giant types. 



INTRODUCTION 

Bermiadagrass, Cynodori dactylon (L.) Pers,, is a 

perennial warm season sod forming grass that spreads 

rapidly by rhizomes and stolons. It is found throughout 

the tropical and subtropical parts of the world. In the 

United States it is best adapted to the states south of a 

line connecting the southern boundaries of Virginia and 

Kansas (9) although it is occasionally found as far north 

as Massachusetts, Michigan, and Oregon (20, 26). 

Bermudagrass is the most important pasture grass in 

the Southern states; it is also widely used for lawns, 

football fields, stabilization of road shoulders, air 

fields, waterways, and many other turf and conservation 

purposes. 

Improved vegetatively-propagated forage and turf 

varieties have been developed for all areas to which 

bermudagrass is adapted. Although these improved 

vegetatively-propagated varieties are readily available a 

large acreage of bermudagrass is still established from 

seed. 

- Commercial bermudagrass seed production in the 

United States is centered in Yuma County, Arizona. Only 

two bermudagrass types are used for commercial seed produc

tion. These C. dactylon types are usually referred to as 

1 
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Arizona common bermudagrass and giant bermudagrass. The 

terms common and giant when used in this dissertation will 

refer only to the common and giant bermudagrass types. The 

giant type produces seed which is generally planted for 

forage while common is used for both forage and turf. Con

siderably more acreage of common than giant is harvested 

for seed. 

A number of breeding procedures have been developed 

for plant improvement and the application of a particular 

breeding procedure is largely dependent on the reproductive 

behavior of a species. A knowledge of potential fertility 

and differences in fertility of plants within a species is 

important to the plant breeder concerned with developing 

improved varieties which must be established from seed. 

Studies of chromosome number and meiotic behavior may pro

vide information on chromosome races, nature and degree of 

polyploidy, and taxonomic relationships of species. Such 

information may provide an explanation for differences in 

fertility and aid the plant breeder in the selection of 

parental plants for interspecific or intraspecific hybridi

zation . 

Arizona common and giant bermudagrass are the only 

types used for commercial seed production in the United 

States and they can be expected to play a major role in any 

attempt to develop improved bermudagrass varieties which 

can be established from seed. 
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There have been no studies on the meiotic behavior 

of Arizona common bermudagrass or on the potential 

fertility or fertility differences of common and giant 

bermudagrass in Yuma County, Arizona. The need for this 

information was the basis for the initiation of this 

investigation. Specific objectives of this study were 

(a) to determine the percent seed set of common and giant 

bermudagrass under conditions similar to those of commercial 

seed fields and to determine if any major differences in 

fertility occur within a given type, (b) to determine the 

chromosome number and meiotic behavior of plants from the 

bermudagrass population of Yuma County seed fields, (c) to 

determine if differences in fertility could be related to 

meiotic differences or disturbances, (d) to determine if 

natural hybridization occurs between common and giant types 

and if so to study the factors affecting natural hybridiza

tion. 



LITERATURE REVIEW 

The value of fundamental knowledge of the cytology 

and fertility of a species to a breeding program has been 

well established. Comprehensive reviews of cyto'logical 

data in relation to forage crop breeding have been pre

sented by Atwood (1), Myers (3"'), and Carnahan and Hill 

( 1 0 ) .  

Little information has been reported on the 

fertility of Cynodon species. Burton (6) conducted an 

investigation at Tifton, Georgia on the factors affecting 

seed-set in 10 grasses adapted to the humid southern United 

States. One of the grasses included in this study was 

Arizona common bermudagrass. He studied seasonal variation 

in seed-set and the effect of different fertilizer treat

ments on seed set and seed head abundance. He found that 

the addition of fertilizer had no significant effect upon 

seed-set in any of the grasses when they were grown on a 

soil of good initial fertility. However, addition of 

phosphorus and potash as well as nitrogen increased the 

number of heads produced by common bermudagrass. He 

reported 78.6% seed-set from heads produced early in the 

growing season, 58.2% during midseason and 23.1% during the 

late season with an average of 52.5%. Seed set was 

4 
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measured by determining the percentage by weight of filled 

florets to total florets. 
i 

Baltensperger reported an average of 30% open-

pollinated seed-set from common bermudagrass and an average 

of 11% open-pollinated seed-set from giant bermudagrass. 

In addition he obtained an average of 2% seed-set when 

common was selfed under greenhouse isolation and 10% 

average seed-set when giant was s'elfed under similar condi

tions. 

According to Elliot and Love (14), in cross 

pollinated long-lived perennial species capable of asexual 

increase, natural selection may favor plants that are 

vegetatively aggressive, some of which can survive in spite 

of irregular bivalent formation and low fertility. Hanson 

and Carnahan (18) stated that low fertility is often 

associated with meiotic irregularity. 

According to Myers (37) and Carnahan and Hill (10) 

cytological investigations of the grasses have been 

initiated primarily to provide information on the systematic 

and phylogenetic relationships within the Gramineae and 

also to provide fundamental information of possible value 

in the improvement of grasses by breeding. Love (28) 

1. Baltensperger, A. A. 1962. Bermudagrass 
breeding, pp. 7-9. Report of the Joint Meeting of The 
Western Grass Breeders Work Planning Conference and Nine
teenth Southern Pasture and Forage Crop Improvement 
Conference. 
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stated that cytogenetic studies are a useful tool in the 

improvement of forage crops; in helping to delimit species, 

in selecting meiotically stable parental material, and in 

providing information on species hybrids. 

Burton (7) reported that a study of mitotic figures 

from a number of selections indicated that the somatic 

chromosome number of C. dactylon was probably 36 and several 

fragments. He also stated that the extreme range of 

variability found among spaced seedlings seemed to indicate 

that C. dactylon is a highly cross pollinated species that 

reproduces itself entirely by sexual means. Hunter (21) 

reported 30 as the 2n number of C. dactylon in the material 

he examined. Hurcombe (22) found a gametic chromosome 

number of nine and a somatic number of 18 for C. bradlei 

Stent from examination of pollen mother cells and root tip 

cells. Moffett and Hurcombe (32) reported a somatic 

chromosome count of 40 for C. dactylon. Rochecoste (42) 

reported chromosome counts from root tip cells of 40 and 

30 for C. dactylon biotypes. 

Burton (8) reported obtaining 13 inter-specific 

hybrids from a C. dactylon by C. p 1 ect.ostachyum (K. Schum) 

Pilg. cross. Cytological studies of mitotic figures in 

root tips gave somatic chromosome counts of approximately 

36 for C. dactylon, often with several fragments, 1.8 for 

C. piectostachyum and 27 for the hybrids. Ourecky (39) 

described the pachytene morphology of the chromosomes from 
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a diploid clone of C. dactylon. Forbes and Burton (16) 

studied both pollen mother cells and somatic cells and 

found the base number to be nine for .35 Cynodon accessions 

and they believed that previous reports of multiples of 10 

resulted from satellites of the nucleolar chromosomes being 

counted as whole chromosomes. They observed a maximum of 

nine trivalents per cell, at diakinesis of triploid hybrids 

between C, dactyl on and C, transvaalensi s Bur tt-* Davy. 

According to Harlan et al. (19) the evolutionary 

pattern in Cynodon is classical and conservative with the 

most characteristic evolutionary mechanism being autoploidy. 

Most of the species were found to have diploid and 

tetraploid chromosome races and all lines of evidence 

indicated the 4x forms were primarily autotetraploids 

rather than alloploids. The occurrence of a high frequency 

of unreduced male and female gametes was considered indica

tive of the mode of origin of the autotetraploids. 

According to Stebbins (43) we should expect inter-

varietal or intersubspecific polyploids to be the commonest 

type of autopolyploids in nature. Muntzing (33) proposed 

that the presence of multivalents indicates autopolyploidy 

while bivalents indicates alloploidy. Riley and Chapman 

(41) have shown that the diploid behavior of chromosomes of 

common hexaploid wheat is under genetic control. 

Muntzing (34) reported an average of 3.48 quadri-

valents with a maximum of seven quadrivalents for 28 
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chromosome Dactylis glomerata L. Pollen fertility of 

tetraploid D. glomerata was usually 90% or better. The 

triploid hybrids of D. glome.raba by D. aschersoniana 

Graebn. were found to have an average of 4.58 trivalents 

with a maximum of seven trivalents per cell. He stated 

that the mode of chromosome association at meiosis in the 

triploid hybrid strongly indicates that the three genomes 

are completely homologous. The triploid hybrids all had 

non-dehiscing anthers and good pollen varied from 4 to 10%. 

McCollum (30) studied chromosome associations in 4 diploid 

subspecies, three diploid hybrids, induced tetraploids of 

these seven and in several naturally occurring tetraploids 

of the Dactylis complex. His findings suggested absence of 

significant chromosome structural differences among the 

diploids and confirmed the autopolyploid nature of D. 

glomerata. 

Wernsman et al. (44) found an average of one 

quadrivalent in every four pollen mother cells of birdsfoot 

trefoil, Lotus corniculatus L., while the majority of-the 

cells contained 12 bivalents. A synthesized autotetraploid 

of L. tenuis' Wald. et. Kit. had a mean frequency of 2.85 

quadrivalents per cell. Hybrids of 4x L. tenuis by L. 

corniculatus were characterized by 12 bivalents. When the 

F-^ hybrids were backcrossed to L. corniculatus the 

resulting progenies generally produced 12 bivalents and 

were highly fertile. In Medicago sativa L. Cleveland and 
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Stanford (11) observed an average of 1.62 quadrivalents per 

cell where the theoretical maximum would have been eight. 

A trlploid hybrid of M. sat iva by M. falcata L. produced 

an average 3.31 trivalents per cell. 

McClintock (29) reported that at diakinesis in 

triploid maize nine trivalents plus a bivalent and a 

univalent were most frequent. No cells were observed with 

more than four univalents. At metaphase 1 10 trivalents 

were found frequently but commonly there were fewer 

trivalents with a resulting increase in bivalents and 

univalents. Erichsen and Ross (15) obtained a triploid 

sorghum plant by selfing a haploid and found the number of 

trivalents per cell at metaphase 1 to vary from 2 to 10 

with a mean of 7.05. Most of the cells had from five to 

nine trivalents. 

Small chromosomes which are in addition to the 

normal chromosome complement and designated as fragment, 

supernumerary, accessory, or B chromosomes have been found 

in many plant and animal species. According to Muntzing 

(36) these chromosomes have several features in common and 

therefore seem to represent a fairly uniform category. He 

stated that the better term is accessory chromosomes, as 

these chromosomes represent a more or less incidental 

addition to the normal chromosome complement. 

Randolph (40) stated that the B chromosomes in corn 

are transmitted freely by both male and female gametes. He 
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also reported that corn plants with large numbers of B 

chromosomes were characterized by reduced fertility and 

vigor. Bosemark (5) studied the influence of various 

numbers of accessory chromosomes upon fertility and 

vegetative development in Festuca pratensis Huds. He found 

no noticeable reduction in pollen fertility in plants 

having one and two accessory chromosomes, but plants with 

high numbers of accessory chromosomes had a lower percent

age of morphologically good pollen. Pollen fertility 

decreased correspondingly with an increase in the number 

of accessory chromosomes, also seed-set and vegetative 

vigor were affected in a negative manner by high numbers 

of accessory chromosomes. Muntzing (35) found only a 

slight decrease in vegetative vigor in rye plants with a 

high number of fragment chromosomes. He reported fertility 

to be more influenced by fragment chromosomes than vegeta

tive development. He found a significant negative 

correlation between number of fragments and kernel weight 

per plant, number of kernels per ear, seed-set percentage, 

and pollen fertility. As a possible explanation for loss 

in fertility and seed yield of crested wheatgrass plants 

with supernumeraries, Baenziger and Knowles (3) suggested 

that these chromosomes may cause disturbances in macro -

sporogenesis and embryo development. They recommended 

elimination of plants with supernumeraries from breeding 

programs. 
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Bosemark (4) observed that the accessory chromo

somes in F. pratens Is do not pair with chromosomes of the 

normal complement but tend to form pairs with other acces

sory chromosomes. According to Baenziger (2) supernumerary 

chromosomes in crested wheatgrass paired among themselves 

but not with chromosomes of the basic set. When an even 

number of supernumeraries were present they generally formed 

bivalents and their behavior at meiosis was similar to that 

of the normal chromosomes. The supernumerary chromosomes 

were readily distinguished on'the basis of size, they were 

usually one-third to one-half the size of normal chromo

somes . 

The meiotic behavior of accessory chromosomes in 

Panicum coloratum L. , kleingrass, was studied by Hutchinson 

and Bashaw (23). They found accessory chromosomes in 27 of 

79 tetraploid plants, but none was found in the three 

diploids studied. The accessory chromosomes were easily 

distinguished on the basis of size. They were approximately 

half the size of a normal univalent, and showed no differ

ence in reaction to staining with aceto-carmine. The 

accessory chromosomes were never seen to pair with each 

other but frequently showed secondary association with 

chromosomes of the normal complement. 

The accessory chromosomes divided in meiosis I and 

a limited build-up of accessory chromosome numbers in 

progeny were observed. Precocious division and random 



distribution of accessory chromosomes to the microspores 

were observed. Accessory chromosomes were sometimes 

accompanied by loose pairing and chromatid division of 

chromosomes of the normal complement during meiosis 1. 

Pollination control is almost always a problem in 

the production of controlled hybrids among sexually 

propagated grasses. According t'o Keller (25) in some 

practical breeding operations a high degree of control of 

pollination is not required and among naturally cross-

pollinated grasses a high degree of self sterility in the 

seed parent appeared to be the most useful and widely 

applicable means of producing hybrids without emasculation. 

Knowles and Horner (27) stated that in view of the marked 

self-steri1ity of crested wheatgrass under paper bags, 

emasculation during crossing is usually unnecessary. 

Satisfactory amounts of seed were produced using bulk 

pollination on unemasculated heads by means of a bag 

transfer of pollen and by means of interconnecting glassine 

sleeves. 

Hansen and Dewey (17) reported that with crested 

wheatgrass detached pollinators maintained in distilled 

water produced 69.5% as much seed as intact pollinators. 

Crowder (12) obtained a better seed set and more 

hybrid plants when the plant with the fewest chromosomes 

was used as the female parent in Festuca by Lolium crosses. 
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Jones and Brown (24) reported that bermudagrass 

inflorescences required an average of 3.1 days for comple

tion of blooming. Milner (31) reported that in August at 

Tucson, Arizona the active period of pollen shedding for 

both common and giant bermudagrass occurred from 6:30 pm 

to 11;30 pm. He also found the average pollination cycle 

per inflorescence to be 3.9 days for giant and 3.5 days for 

common, 

X According to Baltensperger seed of giant averaged 

about 50% larger than seed of Arizona common bermudagrass 

and seedling vigor of giant was also greater than common. 

He reported that examination of common bermudagrass seed 

fields revealed that giant bermudagrass was distributed to 

some degree, throughout Yuma County, Arizona. 

1. Baltensperger, A. A. 1963. Common bermudagrass 
purity study, pp. 21-22. Report of the Seventeenth Annual 
Western Grass Breeders Work Planning Conference. 



MATERIALS AND METHODS 

Source of Plant Material 

At the initiation of this investigation it was 

observed that individual bermudagrass plants could be dis

tinguished in commercial seed fields which had been 

established for five or more yt .-.rs. Many of the plants in 

these fields were 5 to 20 feet or more in diameter. 

Apparently the natural aggressiveness of bermudagrass 

eliminates all but the most competitive plants from a field 

in a relatively short time. The ease of distinguishing 

individual plants and the size of these plants suggested 

their possible direct use in this Investigation. The 

limited amount of information available on the culture of 

bermudagrass for seed production as well as a lack of 

suitable experimental plot space for duplicating commercial 

field conditions necessitated the use of selected plants in 

the commercial seed fields of Yuma County for nearly all 

phases of this study. 

Forty-seven plants were selected from commercial 

seed fields during May and June of 1964 and 1965 for use 

during this study. Normal appearing Arizona common and 

giant type plants plus morphologically offtype plants and 

plants with poor fertility, determined by observation of 

apparent seed-set or by observation of indehiscent anthers, 

14 
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were selected. Plants selected usually covered an area at 

least 10 feet in diameter. When a plant was selected a 

large wood or plastic stake was placed near the center of 

the area covered by the plant and distances were measured 

to a permanent structure or to stakes placed outside the 

field. At the time the planes were selected vegetative 

material was collected and lrarisplarit ed to 2 gallon plastic 

pots which were maintained at the I icson Plant Materials 

Center of the United States Department of Agriculture Soil 

Conservation Service. Herbarium specimens and materials 

for cytological and pollen fertility studies were also 

collected at the time the plants were selected. The 

bermudagrass plants selected for this study were collected 

from two important, seed producing areas in Yuma County; 

plants 1 to 7 and 30 to 50 were collected from the area 

east of Yuma, Arizona in the South Gila Irrigation District 

and plants 8 to 29 were collected from fields in the 

Welton-Mohawk Irrigation District near Roll, Arizona. 

Description of Plant Material 

The description of the plants collected and used 

during the course of this study was made from notes taken 

in the field and from measurements made on herbarium 

specimens collected from the seed fields. 
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Average culm length, internodes per culm, internode 

length, leaf length, and spike length and the range in the 

number of spikes per inflorescence were determined from 

five culm samples. Culm as used here refers to the upright 

stem on which an inflorescence is borne. Culm length was 

measured from the ground level to the lower portion of the 

inflorescence. Internode length was determined by measuring 

the second internode below the inflorescence. Leaf length 

was obtained by measuring the length of the leaf blades of 

all leaves arising from the third node below the inflores

cence. The measurements obtained are listed in Table 1. 

Some plants which appeared to be vegetative had 

large numbers of upright vegetative stems that did not 

terminate in an inflorescence. These vegetative stems were 

usually taller or longer than the flowering culms and gave 

the plant the appearance of being almost completely vegeta

tive. In other plants the taller upright stems almost 

always terminated in an inflorescence after the initial 

flush of flowering. 

Cytology 

The most satisfactory time to collect inflores

cences for the study of diakinesis and metaphase I figures 

was from approximately 7:30 to 10j30 am. All times listed 

in this dissertation are Mountain Standard Time. The 

inflorescences were collected just prior to the time they 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
21 
2 2  
23 
24 
25 
26 
27 
28 
29 

Plant identification numbers and descriptions of the plants used in 
this study. 

Culm Internode Leaf Spike 
length Internodes length. length length Spikes per Dehiscent 
cm per culm mm mm mm inflorescence anthers 

48 5 56 40 48 4 to 5 no 
48 6 52 96 52 4 to 5 yes 
61 7 80 105 54 5 to 6 yes 
51 7 78 71 63 5 to 6 no 
43 6 78 91 48 4 to 5 yes 
51 6 95 80 52 4 to 5 yes 
69 6 112 95 64 6 to 7 no 
38 6 78 54 52 4 to 6 yes 
48 7 110 93 61 4 to 6 no 
30 6 72 34 55 5 to 6 yes 
59 7 73 49 67 5 to 7 no 
30 6 64 34 49 5 to 5 yes 
43 7 74 50 53 4 to 5 no 
50 6 99 52 65 4 to 5 no 

511/ 
84T/ 661/ 

7 90 115 53 5 to 6 yes 
511/ 
84T/ 661/ 

9 147 119 71 5 to 7 no 
511/ 
84T/ 661/ 6 120 100 67 6 to 8 no 
30 6 77 44 44 4 to 6 yes 

331/ 80— 
6 69 34 49 4 to 5 yes 331/ 80— 9 122 100 73 5 to 6 no 

56 9 109 66 57 5 to 6 no 
56 7 117 55 55 5 to 8 no 
53 7 104 64 51 5 to 6 yes 
48 7 71 54 56 4 to 5 no 

541/ 
64— 

7 96 80 64 5 to 6 yes 
541/ 
64— 7 71 84 64 Q to 6 no 



Table 1.--Continued 

30 17 5 41 49 38 4 to 5 
31 40 5 85 51 50 4 to 6 
32 36 6 76 51 45 4 to 5 
33 101 10 111 139 68 4 to 7 
34 48 6 117 65 50 4 to 5' 
35 76 8 62 8 7 51 5 to 6 
36 54 6 96 114 66 4 to 5 
37 23 5 48 42 35 4 to 5 
38 72 8 100 145 65 6 to 6 
39 451/ 59— 

6 88 76 50 5 to 6 
40 

451/ 59— 7 105 113 60 4 to 6 
41 50 6 112 83 55 4 to 6 
42 38 6 91 54 55 4 to 8 
43 35 8 84 43 52 4 to 5 
44 23 7 70 27 38 4 to 5 
45 39 8 85 63 52 4 to 6 
46 51 8 110 62 63 4 to 5 
47 61 8 80 68 60 5 to 

—} 

/ 

48 40 6 108 39 56 4 to 6 
49 511/ 

61— 
7 75 96 71 '' 5 to 8 

50 
511/ 
61— 8 113 109 60 5 to 6 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
yes 
no 
yes 
yes 
yes 
yes 
yes 
no 
no 
no 
no 
no 

—/Large numbers of upright vegetative stems , which were longer than the 
flowering culms, were present in these plants. 
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would have emerged from the uppermost leaf sheath (boot) 

Inflorescences were collected from all accessions at the 

time they were selected during May and June and fixed in 

3 i1 alcohol-acetic acid solution. Chromosomes of some of 

the tetraploid common type plants tended to be sticky and 

to clump at metaphase I. In an attempt to eliminate the 

clumping, inflorescences from some of the accessions were 

also fixed in Newcomer's solution (40), 6;3:1, and 3sl:4 

alcohol-acetic acid-chloroform solutions (15). However 

stickiness and clumping was approximately the same for all 

fixatives used. Material collected in 3:1 alcohol-acetic 

acid and Newcomer's solution were stored in the fixative in 

a refrigerator at 5 G while material fixed in the alcohol-

acetic acid-chloroform solutions were changed to 70% alcohol 

24 hours after collection and then stored at 5 C. 

Chromosome examinations were made by smearing 

anthers in acetocarmine. Sufficient iron was added for 

proper staining by using iron needles for preparing the 

smears. After the cover slip was placed on the slide, the 

slide was heated over an erlenmeyer flask of boiling water. 

Chromosome numbers were determined for all 47 plants and 

chromosome pairing relationships were studied in selected 

diploid, triploid and tetraploid plants. For the detailed 

study of pairing relationships a minimum of 50 pollen 

mother cells were examined from each of these plants. 

Diakinesis, metaphase I and anaphase I cells were 



20 

satisfactory for accurate analysis of ra.eiot.ic behavior in. 

most of the diploid and triploid plants and in some of the 

tetraploid plants. Diakinesis was the only stage satis

factory for accurate analysis of chromosome pairing in the 

common type plants due to the clumping of the chromosomes 

at metaphase and anaphase I. Chromosome pairing relation

ships were also studied in four synthesized common by giant 

triploid hybrids and in four synthesized giant by common 

triploid hybrids. 

Fertility 

For the determination of percent open-pollinated 

seed-set five mature unshattered inflorescences were 

collected in June 1964, just prior to the first seed 

harvest, from 19 of the 29 plants collected in 1964. 

Material for seed-set determination was not obtained from 

the other 10 plants either because they were destroyed by 

the seed producer as undesirable offtypes or because they 

could not be relocated. Inflorescences were collected in 

a similar manner in June 1965 from plants numbered 30, to 
I' • 

50. Average seed-set of each plant was determined from 

five inflorescences as the percentage of the total florets 

that contained a caryopsis. The filled and empty florets 

were determined by placing an intact spike on the stage of 

a dissecting scope and shining sufficient light through the 

florets to distinguish those which contained a caryopsis. 
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Inflorescences which had just initiated anthesis 

were collected and fixed in 3 s1 alcohol-acetic acid for use 

in determining percent stainab'le pollen. Mature anthers 

were squashed in acetocarmine stain. Pollen grains that 

stained with acetocarmine and were well filled and of 

normal shape and size were classified as normal stainable 

pollen. Pollen grains that were small, misshapen and 

poorly stained with acetocarmine were considered to be 

abnormal or aborted pollen. A minimum of 1000 pollen grains 

J 

were classified from each plant and all pollen grains on a 

slide were counted to eliminate any effect of differential 

distribution of normal and abnormal pollen grains on the 

slide. 

Flowering 

Flowering behavior of giant and common bermudagrass 

in Yuma County, Arizona was noted at various times through

out the growing seasons of 1964 and 1965c In addition 

detailed observations on the time of flowering and on the 

length of the flowering period per inflorescence were made 

on three dates in 1.965, May 23-24, August 5-6, October 6-7. 

For this study inflorescences from selected plants were 

tagged prior to initiation of anthesis and the time that 

the florets began to open was noted along with hourly 

observations of the progress of flowering until such time 

that the florets ceased to open. 
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Effects of Bagging on Percent: Seed-set 

To determine the direct effect of bagging on seed 

set and seed development, six inflorescences per plant from 

plants of known high fertility were tagged when they began 

to bloom during the early part of the flowering period. 

The following morning between 6;00 and 7s00 am three of the 

tagged inflorescences per plant were bagged. The six 

inflorescences from each plant were collected at maturity 

to obtain a comparison of seed-set. and seed development 

under ba.gs after open pollination and under similar environ

mental conditions without bagging. An adjusted percent 

seed-set was determined for the open-pollinated bagged 

inflorescences by subtracting from the total number of 

florets the consecutive unfilled florets that occurred at 

each end of the spikes. The total percent seed-set of these 

inflorescences was adjusted in this manner because the 

information of value in this study was the percent seed-set 

of those florets pollinated under natural open-pollinated 

conditions and all florets on these inflorescences had not 

completed flowering at the time these inflorescences were 

bagged. The effect of isolation under bags on seed-set 

was determined at the same time by bagging three inflores

cences, from each of these highly fertile plants, approxi

mately one day before initiation of flowering. The 

inflorescences in this study were bagged or tagged from 

May 21 to 23, 1965 and harvested June 10, 1965. 
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The bags used for these studies were 2 by 1 by 7 

inch semi-transparent, plastic treated paper bags (Corn 

States Hybrid Service Inc. bag No. 571). The bags were 

always expanded as much as possible when used to enclose 

the inflorescences and sufficient room was left above the 

enclosed inflorescence to allow for normal elongation of 

the culm. The bottom of the bags were wrapped around a 

metal stake and stapled shut thus effectively attaching the 

bags to the metal stakes. 

In June 1966 three inflorescences from each of 10 

giant type plants and 10 common type plants that appeared 

to be highly fertile were bagged in Yuma County seed fields 

to obtain additional information on self-fertility under 

bag isolation. 

Hybridization of Giant and Common Types 

Two plants each of common and giant were used for 

this study. These plants were growing in a commercial seed 

field in the South Gila Irrigation District. Large 

vigorously growing plants that had previously been deter

mined to be highly fertile were selected for this study. 

This study was carried out during July 1965 using two 

methods of pollination control. One of the methods used 

was hand pollination. For this method six inflorescences 

that appeared as if they would begin to flower in the 

evening were bagged from each plant during the day prior 
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to initiation of anthesis. The bags were temporarily 

closed and secured to the metal stakes with a paper clip. 

The following morning three bagged inflorescences from each 

plant were pollinated with giant pollen and three with 

common pollen. The giant maternal plants were pollinated 

between 6:30 and 8s30 am and the common plants between 

8:30 and 10:30 am. The pollen was dusted on the exposed 

stigmas using a soft pipe cleaner. The pipe cleaners were 

discarded after each pollination. The bag was then replaced 

and stapled shut around the metal stake. Pollen was 

obtained by making a random collection of either giant 

or common inflorescences which were beginning to flower, 

including 10 to 15 of these in one of the plastic treated 

paper bags and placing the culms in water over night. In 

the morning the bags were then shaken in a horizontal 

position and when the inflorescences were removed adequate 

pollen remained in the bag to pollinate at least three 

inflorescences. Each group of 10 to 15 inflorescences was 

used to pollinate only three inflorescences on the same 

plant. 

For the second pollination method three to four 

pollinator inflorescences, sustained in a vial of water, 

were enclosed in a sleeve together with an intact female 

inflorescence prior to flowering. Three inflorescences 

from each of the four plants used as the maternal parent 
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were pollinated with giant pollen and three with common 

pollen. The pollinator inflorescences used in a given 

sleeve were each selected from different plants. The 

pollinator inflorescences in the vial of water were posi

tioned in the sleeves in such a manner as to be above the 

female inflorescences. The sleeves were constructed from 

two of the plastic treated paper bags which were taped 

together with masking tape. The sleeves were placed over 

metal stakes which had loops approximately 1 inch in 

diameter. The metal stakes added the necessary rigidity to 

the sleeves and the loop kept the sleeves fully expanded. 

The bottom of the sleeves were stapled shut in a manner that 

firmly attached the sleeves to the metal stakes. The top 

of the sleeves were stapled shut after the pollinator heads 

had been properly placed. The female inflorescences were 

harvested 3 weeks later and percent seed set determined. 

Seed from the giant by common and common by giant 

crosses were threshed and cleaned to the caryopsis. The 

weight of 100 seed from each cross was determined. Seed 

from each giant by common and common by giant cross as well 

as common by common and giant by giant seed from the same 

maternal parents were germinated on filter paper in petri. 

dishes in a Stults Scientific Engineering Corporation 

Junior Seed Germinator alternating 12 hours dark at 20 C 

with 12 hours light at 30 C. The seedlings were transferred 
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to soil in small plastic pots and when the seedlings were 

well established they were transplanted into field 

nursery. Morphological characteristics of the hybrids were 

noted and meiotic behavior of eight of these hybrids was 

studi ed. 



RESULTS 

Chromosome Number and Meiotic Behavior 

The chromosome numbers of all plants used in this 

study are shown in Table 2. All plants studied were found 

to be euploid with 18, 27 or 36 chromosomes in their normal 

complement. In addition small accessory type chromosomes 

were present in some of the triploid and tetraploid plants. 

All of the giant type plants had 18 chromosomes 

which were always associated as nine bivalents at diakinesis 

and metaphase I (Fig. 4). Plant 33, although very low in 

percent seed set, appeared to be a cytologically normal 

diploid with nine normally paired bivalents in all cells. 

No accessory chromosomes were observed in any of the 

diploid giant plants. Bivalents were distinctly separate 

in cells in the pachytene stage and in some of these cells 

all nine bivalents could be identified in a given cell. 

All of the highly fertile common type plants had 

36 chromosomes in the normal complement and in addition up 

to six small accessory chromosomes per cell. The chromo

somes were associated as bivalents and quadrivalents at 

diakinesis (Fig. 1). The number of quadrivalents observed 

in pollen mother cells from common plants ranged from zero 

to five per cell for the seven common plants in which at 

27 
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Table 2. Chromosome number, percent seed-set., and percent. 
stainable pollen of selected bermudagrass plants. 

Plant 
number 

Chromosome 
number 

Percent 
seed-set 

Percent 
stainable 
pollen 

Common type 

8 
10  
12 
21 
2 2  
26 
28 
30 
31 
32 
37 
39 
41 
42 
43 
44 
45 

Giant type 

2 
3 
5 
6 

15 
33 
34 
35 
36 

Off types 

1 
4 
7 
9 

11 

36 
36 
36 
36 
36 
3b 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 

18 
18 
18 
18 
18 
18 
18 
18 
18 

27 
2 7 
27 
27 
27 

82. 72 
88.69 
84,1.0 

86.02 
80 .08  
90. 13 
85.13 
87.34 
91 .34 
83.95 
73.19 
90.22 
83.49 
90.86 
88.09 

14.95 
92.37 
84.15 
88.60 

1. 73 
0.53 

1.69 
3.56 

98 „ 54 
96.45 
98.13 
99.56 
91.43 
97.54 
97.91 
98.49 
98.60 
99.47 
96.62 
99.08 
97.80 
99.18 
98.41 
99.16 
98. 33 

98.10 
94.10 
96.35 
98.28 
96.75 
97.88 
95.31 
96.40 
98.12 

2.84 
6.49 
2.35 
7.69 
3.24 
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29 

13 27 3.31 
14 27 5.59 
16 27 0.16 2.61 
17 27 0.80 2.12 
23 27 0.87 2.23 
24 27 0.00 0.00 
25 27 1.61 0.24 
27 27 4.03 8.95 
38 27 0. 79 0.55 
40 27 0,86 4.14 
47 27 0.00 1.11 
49 27 0,13 0.00 
29 36 20,66 10.07 
46 36 14,86 17.07 
48 36 10.80 3.97 
50 36 7.68 5.56 



Figures 1 to 9. Photomicrographs of chromosome behavior 
during meiosis I in bermudagrass 

Figure 1. Diakinesis of common plant 28 showing 16 
bivalents, one quadrivalent attached to the nucleolus and 
one accessory chromosome. Figure 2. Pachytene of common 
plant 41 showing an accessory chromosome (arrow) and the 
association of the heterochromatic. knobs of the bivalents. 
Figure 3. Pachytene of common plant 39 in which individual 
bivalents are distinguishable and also some association of 
the heterochromati.c knobs of the bivalents (arrow), Figure 
4. Diakinesis of giant- plant 6 showing nine bivalents. 
Figure 5. Anaphase I of synthesized triploid, plant 
34-40-3, showing 25 univalents arid one bivalent.. Figure 
6. Metaphase 1 of synthesized triploid, plant. 34-40-3, 
showing four trivalents, five bivalents and five univalents. 
Figure 7. Metaphase 1 of naturally occurring triploid, 
plant 7, showing five trivalents, four bivalents, four 
univalents and two accessory chromosomes with one already 
divided. Figure 8. Metaphase I of naturally occurring 
triploid, plant 38, showing three trivalents, six bivalents, 
six univalents, and an accessory chromosome which has 
already divided. Figure 9. Metaphase I of probable 
backcross tetraploid, plant 29, showing four univalents, 
14 bivalents, one quadrivalent and one accessory chromosome. 
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Figures 1 to 9. Photomicrographs of chromosome behavior 
during meiosis I in bermudagrass 
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least 50 cells per plant were analyzed. The average number 

of bivalents and quadrivalents per cell ranged from 13.87 

bivalents and 2.07 quadrivalents per cell for plant 8 to 

15.73 bivalents and 1.13 quadrivalents per cell for plant 

28 (Table 3). Eighty-one percent of the pollen mother 

cells studied from common plants had a quadrivalent 

associated with the nucleolus (Fig. 1). The quadrivalents 

associated with the nucleolus accounted for 47% of all 

quadrivalents observed in the common plants. The pollen 

mother cells from the common plants contained from 1 to 6 

small accessory type chromosomes at diakin.esis (Fig. 1). 

The accessory chromosomes in plants 39 and 41 were studied 

from pachytene through metaphase I. Pollen mother cells 

from plant 39 .contained 1 accessory chromosome and cells 

from plant 41 were found to contain 3 accessory chromosomes 

during the pachytene stage. These accessory chromosomes 

were approximately 1/8 to 1/4 as long as a normal bivalent 

and they stained similar to the normal chromosomes (Fig. 

2). These accessory chromosomes often divided precociously 

during diakinesis. However this was not the case in all 

cells and in cells from plant 41, with 3 accessory chromo

somes, sometimes none, one, two or all three accessory 

chromosomes divided precociously. _ 

The individual bivalent as well as quadrivalent, 

formations could be distinguished in the pachytene stage 

of common bermudagrass (Fig. 3). A phenomenon observed in 



Table 3. Chromosome pairing at diakinesis and metaphase I. 

Chromosome configurations 

Univalents Bivalents Trivalents Quadrivalents 

Plant Number mean range mean range mean range mean range 

Common type 

8 
10 
28 
39 
41 
43 
45 09 0-2 

13.87 
14.08 
15.73 
14.50 
15.60 
13.88 
14.68 

10-18 
8-18 

12-18 
12-18 
10-18 
10-18 
10-18 .06  0 - 1  

2.07 
1.96 
1.13 
1.75 
1 . 2 0  
2.06 
1.59 

0-4 
0-5 
0-3 
0-3 
0-4 
0-4 
0-4 

Giant type 

2 
3 
33 
34 
35 
36 

9.00 
9.00 
9.00 
9.00 
9.00 
9.00 

9-9 
9-9 
9-9 
9-9 
9-9 
9-9 

Natural triploids 

38 
40 

5.77 
6 . 2 6  

3-9 
4-8 

5.77 
6.26 

3-9 
4-8 

3.23 
2.74 

0-6 

1-5 



Table 3.--Continued 

Cytologically abnormal tetraploids 

29 3.78 0-9 13.86 10-17 
46 1.70 0-5 15.30 11-18 
48 1.30 0-4 15.18 12-18 
50 5.42 0-13 10.36 5-16 

Synthesized triploids 

Giant X Common 

35-27-1 5.96 
35-27-2 5.65 
34-41-2 5.63 
34-40-3 5.43 

Common X Giant 

3-9 5.96 3-9 
3-8 5.65 3-8 
3-9 5.63 3-9 
2-8 5.59 2-9 

39-16-2 5.50 
39-17-3 5.46 
41-6-2 5.33 
41-6-3 5.75 

2-9 5.50 2-9 
2-9 5.46 2-9 
3-9 5.33 3-9 
3-9 5.75 3-9 

.86 0-3 .48 0-2 

.42 0-2 . 62 0-2 

.22 0-2 .92 0-2 

.58 0-2 2.08 0-4 

3.04 
3.35 
3.37 
3.50 

0-6 
1-6 
0-6 
1-7 

3.50 
3.54 
3.67 
3.25 

0-7 
0-7 
0-6 
0-6 

OJ 
LO 
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some cells at the pachytene stage was what appeared to be 

an association in an end to end manner of the heterochroma-

tic knobs at the end of two bivalents. In some cells this 

end to end association was observed to occur between several 

pairs of bivalents (Figs. 2 and 3). 

Most of the offtype plants collected were triploid. 

The morphological variation among these triploid plants was 

quite diverse, varying from those that appeared to be 

vigorous sterile common types to those which appeared to be 

very similar to giant type, plants. Plant .38 most closely 

resembled the triploids synthetically produced and the 

chromosome configuration averaged 5.77 univalents, 5.77 

bivalents and 3.23 trivalents per cell (Table 3). The 

number of trivalents ranged from zero to six per cell and 

in all cells the combination of bivalents and trivalents 

totaled nine. Plant 40 was the triploid which most closely 

resembled the giant type and the average chromosome 

configuration was 6.26 univalents, 6.26 bivalents and 2.74 

trivalents per cell (Table 3). The number of trivalents 

ranged from one to five per cell and the combination of 

bivalents and trivalents always totaled nine. 

None of the chromosomes of the triploids appeared 

to lag at anaphase I and very rarely were micronuclei 

observed at telophase I or telophase II. 

Four plants 29, 46, 48, and 50, which were somewhat 

intermediate between the common arid giant type, were found 
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to be tetraploid but with different cytologlcal behavior 

from the normal common type (Fig. 9). These four plants 

differed cytologically from the normal tetraploid common by 

the presence of varying numbers of univalents plus an 

occasional trivalent at diakinesis and metaphase I (Table 

3). 

Chromosome associations from eight synthetically 

produced giant-common triploids were studied. Four were 

from giant maternal parents and four were from common 

maternal parents. The average number of trivalents per 

cell from each plant ranged from 3.04 to 3.67 (Table 3). 

The distribution of 431 pollen mother cells with zero to 

seven trivalents per cell was 8, 32, 80, 118, 96, 65, 28, 

and 4. Some of the pollen mother cells from the triploid 

plants contained nine bivalents and nine univalents. The 

most common configuration was three trivalents, six 

bivalents, and six univalents (Fig. 8). No cells were 

observed with more than seven trivalents. Accessory 

chromosomes were observed in six of the eight synthesized 

triploids that were studied cytologically. Two triploid 

progeny from common plant 39 had one accessory chromosome 

each. One of the triploid progeny of common plant 41, 

41-6-2, had two accessory chromosomes and the other, 41-6-3, 

had one accessory chromosome. No accessory chromosomes 

were observed in progeny from giant plant 34 but one of the 

triploid progeny of giant plant 35, 35-27-1 had one 



accessory chromosome and the other, 35-27-2, had three 

accessory chromosomes. 

Fertility 

Percent seed-set was determined for 37 plants and 

percent stainable pollen was determined for 47 plants. 

Percent seed-set ranged from 0 to 92,3 7 and percent 

stainable pollen ranged from 0 to 99.56 (Table 2). 

Seventeen of the plants were common type and percent seed-

set for these plants ranged from 73.19 to 90.86 with per

cent stainable pollen ranging from 91.43 to 99.56. Nine 

plants were giant type and percent stainable pollen ranged 

from 94.96 to 98.28. Percent seed-set was determined for 

four of these giant type plants. Three giant plants had 

from 85.15 to 92.37% seed-set, but giant plant 33 averaged 

only 14.95% seed-set. This giant type plant was morpho

logically similar to other giant plants except for a more 

robust appearance, larger leaves and longer internodes than 

usual and with culms longer than normal which usually 

lodged before the inflorescences were exserted. Additional 

observations of seed-set on this plant confirmed that it 

was always low in percent seed-set. The percent stainable 

pollen for all giant plants was high, ranging from 95.31 to 

98.12%. The reason for the apparent differences in male 

and female fertility in plant 33 was not determined. 
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Naturally occurring triploid plants, apparently 

resulting from hybridization between common and giant 

plants, had a seed set ranging from 0 to 4.03% and 

stainable pollen ranging from 0 to 8.95%. 

Percent stainable pollen from 8 synthesized giant-

common triploids ranged from .68 to 3.32%. 

Plants 29, 46, 48, and 50 which morphologically as 

well as cytologically appeared to result from back-crossing 

of the triploid hybrids to common plants, had a seed-set 

that ranged from 7.68 to 20.66% and stainable pollen that 

ranged from 3.9 7 to 17.07%. 

A highly significant correlation of r = .986 was 

obtained between percent stainable pollen and percent seed-

set of the plants for.which both seed-set and stainable 

pollen were determined. 

Flowering 

The flowering behavior of common and giant bermuda-

grass is similar except for time of flowering. The process 

of flowering is similar to many other wind pollinated 

grasses. When the right stage is reached the anthers 

appear at the tip of the floret, the lemma and palea open 

out at an angle, and the branches of the feathery stigma 

are extruded almost immediately. If the stigmas are 

receptive at this time the florets should be slightly 

protogynous since the anthers do not. dehisce until after 
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they are fully exserted. The anthers usually hang below 

their own floret when they are fully exserted. The anthers 

dehisce longitudinally. 

The Inflorescence of C. dactylon is digitate with 

four or more spikes present in each inflorescence. Flower

ing begins near the center of a spike and proceeds towards 

both ends simultaneously. The spikes on a given inflores

cence do not always begin to flower at. the same time; a 

third of the florets on some spikes may have flowered before 

other spikes on the same inflorescence begin to flower. 

All florets on a given inflorescence usually complete 

flowering in two or three days. 

Under warm summer temperatures the florets of giant 

start to open at approximately 2:45 pm and continue to open 

until approximately 7s00 pm. The florets of common start 

to open at about 6:30 pm and continue to open until, about 

12:30 am. An inflorescence may start to flower at any time 

during the usual period of flowering. 

Effects of Bagging on Percent Seed-set 

The effect of isolation under bags on seed-set and 

the effect of bagging on seed-set and seed development 

after open-pollination were determined for eight common and 

three giant plants. The seed-set percentage of florets on 

bagged, open-pollinated inflorescences, after adjusting for 

unpollinated florets, was similar to the seed-set percentage 
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of unbagged inflorescences. Common had an average adjusted 

seed-set of 84.15% and giant had an average adjusted seed-

set of 76.87% (Table 4). The seed developed under bags 

were of normal size and appearance. 

Selfed seed-set produced by isolation under bags 

averaged ,32% for common with a range of 0.0 to 1.52% and 

averaged 1.68% for giant with a range of .47 to 3.00% 

(Table 4). 

In June 1966 selfed seed-set of 10 additional 

common plants averaged 0.34% and ranged from 0.0 to 0.95%. 

Selfed seed-set of 10 additional giant type plants averaged 

1.20% with a range from 0.0 to 4.4 7%. 

Hybridization of Giant and Common Types 

To determine the degree of cross-fertility between 

the giant and common types, controlled reciprocal crosses 

were made between, the two types. Controlled crosses were 

also made among both the giant and common types at the same 

time for comparison. Seed set of giant plants pollinated 

with giant pollen, averaged 3.3.7% and the same plants when 

pollinated with common pollen averaged 30.0% seed-set 

(Tables 5 and 6). Seed-set of common plants pollinated 

with common pollen averaged 21.2% and the same plants when 

pollinated with giant pollen averaged 20.3% seed-set 

(Tables 5 and 6). 
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Table 4. Percent seed-set of unbagged inflorescencesot 
bagged inflorescences under enforced self-
pollination, and of inflorescences bagged after 
open-pollination. 

Plant 
number 

O.P. 
unbagged 

Selfed 
bagged 

O.P. 
bagged 

Adjusted—^ 
O.P. 

bagged 

Common type 

32 81.69 0.22 68.22 78 .33 

37 92.91 0.00 78.18 91.35 

39 84.86 0.13 74.15 84.75 

41 88.84 0.00 77.96 90.56 

42 84.26 0.09 80.68 84.85 

43 92.67 0.46 61.46 84.13 

44 93 .99 1.52 72.34 92.16 

45 84.66 0.11 46. 54 70.^5 

mean 87.99 0.32 69.94 84.5 7 

Giant type 

34 93.25 0.47 83.84 92.51 

35 96.00 1.58 83 .79 91.96 

36 76.02 3.00 30.30 46.13 

mean 88.42 1.68 65.98 76.87 

—^Adjusted for unpollinated florets. 



Table 5. Percent seed-set and number of seed produced after hand pollination of 
intact unemasculated inflorescences. 

Seed-set per individual inflorescence 

Maternal (1) (2) (3) Average seed-set 
plant type Pollen — —__— •——— — — 
and number source % No. % No. % No. % No, 

Giant 

34 ' giant 42.5 182 37.8 121 60.3 175 46.9 159 

35 giant 26.9 82 14.1 52 1.2 3 14.1 46 

34 common 61.9 265 6.1 15 22.4 78 30.1 119 

35 common 27.4 79 33.3 75 30.8 161 30.5 105 

Common 

39 common 10.1 36 10.0 38 10.0 37 

41 common 17.7 33 2.4 5 3.1 8 7.7 15 

39 giant 7.2 18 15.0 42 19,6 45 13.9 35 

41 giant 3.7 9 21.0 61 14.9 33 13,2 3^ 



Table 6. Percent seed-set and number of seed produced when the pollinator 
inflorescences were enclosed in a sleeve with the intact unemasculated 
maternal inflorescences. 

Seed-set per individual inflorescence 

Maternal 
plant type 
and number 

Pollen 
source 

(1) (2) (3) Average seed-set Maternal 
plant type 
and number 

Pollen 
source % No. % No. Jo No. 7o No. 

Giant 

34 giant 31.3 80 50.8 136 22.5 49 34.9 88 

35 giant 23.3 87 35.9 80 57.5 235 38.9 134 

34 common 5.2 17 49.7 150 22.0 78 25.6 82 

35 common 26.8 89 44.7 131 - - _ _  35.8 110 

Common 

39 common 18.2 65 22.0 53 34.9 84 25.0 67 

41 common 57.5 165 52.5 145 4.4 12 34.8 107 

39 giant 35.'6 99 24.5 60 22.3 75 27.5 78 

41 giant 15.7 49 43.5 113 _ _  29.6 81 
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The seed produced on the common plants pollinated 

with giant pollen were small or shriveled compared to seed 

produced when pollination was effected with common pollen. 

Approximately 50% of this seed was nearly normal in shape 

but only about half the size of normal common seed. The 

other 50% was shriveled and misshapen. The average weight 

of a seed produced on common plants pollinated with giant 

pollen was less than half the average weight of a seed pro

duced from pollination with common pollen (Table 7). Seed 

produced on giant plants pollinated with common pollen were 

slightly misshapen or shriveled and weighed slightly less 

than normal giant seed (Table 7). 

Percent germination was similar for seed from all 

crosses. However some seedlings from the common by giant 

seed failed to develop normally and nearly all seedlings 

produced from this cross were initially very weak and 

difficult to get established. Once established these 

hybrid plants were very vigorous. In the early vegetative 

stage these plants appeared morphologically similar to 

common seedlings except for slightly less pubescence. 

However when transplanted to the field the hybrid plants 

spread much more rapidly than the common plants and were 

taller and more robust than common plants, also the hybrid 

plants produced inflorescences earlier and in greater 

abundance than the common plants. 
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Table 7. Comparative weights of seed from artificial 
crosses within the common and giant, types and 
between the common and giant types . 

Common maternal plants Giant maternal plants 

Plant 
number 

Pollen 
source 

Weight of 
100 seed 
in grams 

Plant 
number 

Poll en 
source 

Weight of 
100 seed 
i n g rams 

39 common .0193 34 giant ,0341 

39 giant .0090 34 common ,0296 

41 common .0221 35 g i ant .0340 

41 giant .0092 35 common .0283 

Hybrid seedlings from the giant by common cross 

were very vigorous and similar to the giant, by giant 

seedlings until they reached approximately 3 inches in 

height. At this stage the hybrid seedlings exhibited a 

type of geotropic response and the upright stems began to 

lean and within a short time became stoloniferous. The 

stems of the giant seedlings continued to grow in an up

right manner until they reached a height of 2 to 3 feet and 

at this stage the stems tended to lodge, after which the 

lodged stems became stoloniferous. 

The triploid hybrid plants from the common maternal 

parents were similar to those from the giant maternal 

parents once they were all well established. The giant by 



4 5  

common hybrid plants were only a little shorter than 

related giant plants and they had a considerably denser 

growth habit than that of giant plants, All of the giant 

by common and common by giant hybrid plants had non-

dehiscing anthers. 

Both the enclosed pollinator method and hand 

pollination were satisfactory as methods for controlled 

cross pollination of bermudagra-ss. On the average a 

satisfactory number of seed were obtained from each pollina

tion (Tables 5 and 6). Over 50% seed-set and over 200 seed 

per inflorescence were obtained from some inflorescences of 

the giant plants whether pollinated by hand or by the 

enclosed pollinator method (Tables 5 and 6). A maximum of 

57.5% seed-set. and 165 seed per inflorescence was obtained 

from common plants pollinated by the enclosed pollinator 

method (Table 6). Percent seed-set was lower on the common 

plants which were hand pollinated (Table 5). A maximum—of 

only 21.0% seed-set and 61 seed per inflorescence were 

obtained from the hand pollinated common plants. 



DISCUSSION 

All plants collected for this study were found to 

be euploid with 18, 27, or 36 chromosomes in the normal 

chromosome compliment. These results furnish additional 

evidence that the basic chromosome number of Cynodon 

dactylon is x = 9 as previously reported by Burton (7) and 

Forbes and Burton (16). 

All giant type plants were diploid with normal 

bivalent pairing. The common type plants were tetraploid 

with an average of 1.13 to 2.0? quadrivalents per cell. 

Chromosomes of the normal complement which were not 

associated as quadrivalents were present as bivalents. 

Common bermudagrass therefore appears to be of autoploid 

origin if the presence of multivalents indicates autoploidy 

as proposed by Muntzing (33). Harlan et al. (19) have also 

suggested that 4x forms of Cynodon species were autoploid 

rather than alloploid. Arizona common bermudagrass has 

fewer quadrivalents than some species of autoploid origin. 

Muntzing (34) reported an average of 3.48 quadrivalents for 

28 chromosome Dactylis glomerata. Wernsman (44) however 

found an average of only one quadrivalent for every four 

cells in 24 chromosome autotetraploid Lotus corniculatus. 

The number of quadrivalents present in the pollen mother 

cells of a plant may not always be a true indication of the 

46 
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degree of homology between the genomes since the amount cf 

quadrivalent pairing may be under genetic control. Riley 

and Chapman (41) have shown that bivalent formation in 

wheat is under genetic control. According to Stebbins (43) 

fewer quadrivalents may be present in natural autotetra-

ploids because intervarietal or intersubspeci f ic. polyploids 

are the type of polyploids that usually occur under natural 

condi tions. 

One quadrivalent which was always attached no the 

nucleolus accounted for 47% of the quadrivalents observed 

in common bermudagrass. This indicates that the quadri

valents did not occur at random among the homologous or 

homeologous sets of chromosomes. 

Large numbers of poorly fertile off type plants were 

present in many of the bermudagrass seed fields in Yuma 

County. The chromosome number of 21 of these offtype 

plants was determined and 17 of these plants were found to 

be triploid. Many of' these triploid plants appear inter

mediate between the diploid giant and tetraploid common 

types. Since giant is the only diploid and common the only 

tetraploid bermudagrass widely grown in Yuma County these 

triploids must have resulted from hybridization of the 

giant and common types. The large number of the apparently 

triploid plants present in the seed fields indicates that 

giant and common types hybridize readily under natural 

conditions in Yuma County. 
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The average number of trivalents present m cells 

of the triploid plants ranged from 2.74 to 3.67. A maximum 

of seven trivalents were observed in some cells and the 

combined total of bivalents and trivalents always equaled 

nine. The presence of quadrivalents in the common plants 

plus the report by Forbes and Burton (16) that a maximum of 

nine trivalents occurred in a C. dactyl on by C, t rans-

vaalensis triploid hybrid indicates that the bivalents 

which occur in the triploid giant-common hybrids probably 

result from autosyndesis of the two genomes received from 

the common bermudagrass parent. Since less trivalent 

associations occurred in these triploids than in most 

synthesized autotriploids, it appears that the giant genome 

is not completely homologous with the common genomes. 

However, the trivalents which did occur suggest a fairly 

close phylogenetic relationship between the common and 

giant types. 

The large amount of morphological variation among 

the naturally occurring triploids when compared to the 

limited variation among the synthetically produced triploids 

suggests that some backcrossing of the triploids to the 

parental types may have occurred. Most of the triploids 

produced some seed under open pollination indicating that 

some backcrossing should be possible. The occurrence of 

poorly-fertile tetraploid plants that appear to result from 

hybridization of the triploids with the common plants 
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indicates that at least some of the oft"type poorly fertile 

plants in the seed fields are progeny from backcrosslng of 

the triploid hybrid to either the giant or common type. 

Backcrossing of the triploid hybrids should result. in some 

aneuploid progeny. The absence of aneuploid plants in the 

material used in this study probably is due to the inability 

of the aneuploid plants to compete successfully under field 

conditions and also because only vigorous competitive plants 

were collected for this study. 

In the tetraploids that appear to result from back-

crossing of the triploid hybrids to the common type an 

average of 1.30 to 5.42 univalents per cell indicates that 

even under conditions in which there was no competition for 

chromosome pairs, as in the triploids, some of the giant 

and common chromosomes apparently lacked sufficient 

homology to pair consistently. 

Small accessory chromosomes were present in the 

tetraploid common type plants as well as in many of the 

triploid plants studied. The effect of accessory chromo

somes on vegetative vigor and fertility was not determined, 

however they apparently did not have any major adverse 

effect on vegetative vigor since the plants collected were 

among the more vigorous plants in a field. Also any adverse 

effect on fertility must have been small or non existent 

since the common type plants with accessory chromosomes had 

a high percent seed-set. 
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The results of this stxidy have shown chat both the 

giant and common type bermudagrass plants have a high per

cent seed-set when grown for commercial seed production in 

Yuma County, Arizona. The average percent seed-set of both 

common and giant type plants was usually over 80% and per

cent stainable pollen was usually over 95%. Also individual 

inflorescences occasionally had a seed-set over 95% indi

cating that under ideal environmental conditions the maximum 

potential seed set for this plant material should be 

approximately 100%. The high seed set of the giant and 

common type bermudagrass is probably one of the main 

reasons these two types have been found acceptable for 

commercial seed production. 

The high fertility of these morphologically variable 

types suggests that improved highly fertile varieties could 

be developed from the giant and common bermudagrass popula

tions in Yuma County. 

The high seed-set percentage and high percent 

stainable pollen of common bermudagrass indicates that the 

quadrivalent associations do not adversely affect fertility. 

There was no indication that interchange heterozygotes with 

their resulting lower fertility were present in the bermuda

grass populations in Yuma County. 

Triploid plants from the Yuma County bermudagrass 

seed fields were low in fertility with an average seed set 

ranging from 0.0 to 4.03%, however these plants were very 



robust and aggressive and quite rapidly tended to crowd 

out normal fertile plants. The aggressive behavior of the 

triploid plants supports the observations of Elliot, and 

Love (14) that natural selection may favor vegetatively 

aggressive perennial plants even though they are low in 

fertility. Many fields were heavily infested with triploid 

or other poorly fertile plants that increased in size each 

year. This may explain the tendency :or older fields to 

have a lower seed yield than fields more recently estab

lished . 

The offtype cytologically abnormal tetraploids, 

which apparently result from backcrossing of the triploid 

giant-common hybrids to the common type, had a much higher 

fertility than the triploid plants which indicates that 

fertility can be restored by backcrossing. This suggests 

that gene exchange can occur between the common and giant 

types under natural conditions as well as under manipula

tion by the plant breeder. Although the tri.ploi.ds had. a 

very low seed-set, the large number of florets produced by 

a bermudagrass plant in a season means a fairly large amount 

of backcross seed can be obtained from an individual plant. 

The highly significant correlation between percent 

stainable pollen and percent seed-set suggests that for the 

giant and common bermudagrass populations in Yuma County, 

percent stainable pollen may be used to screen for 
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potentially highly fertile plants even under environmental 

conditions in which seed set is low. 

Except for giant plant 3 3 all plants with low per

cent seed set had indehiscent: anthers and .recognition of 

the indehiscent anthers is probably the easiest way i.o 

identify plants with low fertility in the bermudagrass seed 

fields. 

Flowering behavior of both the common and giant 

types were studied, to determine the effect this factor 

might have on hybridization between the common and giant 

types. During most of the growing season the florets of 

the giant type plants begin to open at approximately 2:45 

pm and additional florets open until approximately 7:00 pm. 

Florets of the common type plants begin to open at approxi

mately 6:30 pm and continue to open until approximately 

12:30 am. This difference in time of flowering is probably 

sufficient to prevent a large amount of hybridizing between 

the giant and common type when grown in mixed populations. 

However the overlapping period of flowering, plus the fact 

that occasionally on extremely still days the giant plants 

did not effectively shed their pollen until after the 

common plants began to flower, should allow for some 

hybridization between common and giarit to occur even when 

adequate pollen is available for cross pollination within 

a given type. 



5 3  .  

The amount of self fertility of common and giant 

plants was determined under bag isolation to evaluate the 

effect of self sterility or self fertility on natural 

hybridization between the common and giant types and to 

determine if it would be possible to make satisfactory 

controlled pollinations between bermudagrass plants without 

the tedious emasculation of the florets, Keller (25) has 

stated that self sterility in the seed parent is a widely 

applicable means of producing hybrids without emasculation. 

Self-f ert.ility was usually less than 1% for common 

plants and usually less than 5% for giant plants. 

Baltensperger"*" also reported giant bermudagrass to be more 

self-fertile than common bermudagrass. SeIf-ferti1ity of 

giant and common plants under bag isolation was lower than 

that previously reported by Baltensperger from selfing under 

greenhouse isolation. This may mean that: all florets of 

the bagged inflorescences were not satisfactorily pollinated 

and additional studies should be conducted to determine 

maximum self fertility when adequate self pollination has 

been assured. 

The low self-fertility and the large number of 

relatively isolated giant plants which were present in the 

1. Baltensperger, A. A. 1962. Bermudagrass 
breeding, pp. 7-9. Report of the Joint Meeting of The 
Western Grass Breeders Work Planning Conference and Nine
teenth Southern Pasture and Forage Crop Improvement 
Conference. 
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common bermudagrass fields, as previously reported by 

Baltensperger"'" may have provided the situation in which a 

large amount of hybridization could occur between the 

common and giant types. 

The low self fertility of bermudagrass shows that 

for most purposes controlled crossing in bermudagrass could 

be accomplished without emasculation. The results of this 

investigation have also shown that the bagging of inflores

cences has very little effect on seed development and seed-

set except for its effect 011 pollination. 

Controlled reciprocal pollinations were made 

between the common and giant types to determine the degree 

of cross-fertility between these two types. The seed-set 

of common type maternal plants was similar when they were 

pollinated with either giant or common pollen. Giant type 

maternal plants had a similar seed-set when pol linated -with 

either common or giant pollen. This indicates that there 

is no effective barrier to intercrossing of giant and common 

bermudagrass. 

Crowder (12) obtained more hybrid plants in Festuca 

by Lolium crosses when the plant with the fewest chromo

somes was used as the female parent. Somewhat similar 

results were obtained from the giant-common crosses in 

1. Baltensperger, A. A. 1963. Common bermudagrass 
purity study, pp. 21-22. Report of the Seventeenth Annual 
Western Grass Breeders Work Planning Conference. 
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which nearly normal seed was produced by the diploid gia;it 

plants when pollinated with common pollen but the tetra-

ploid common when pollinated with giant pollen produced 

small and shriveled seed apparently resulting from a 

failure of the endosperm to develop normally. 

Two pollination methods were used to make controlled 

crosses, hand pollination and the enclosed pollinator 

method; both methods appeared to be satisfactory tor making 

controlled crosses in bermudagrass. However there is less 

possibility of contamination with the enclosed pollinator 

method and it also has the advantage that crosses can be 

made throughout most of the day. 

Percent seed set of the common maternal parents was 

lower from hand pollination probably because these plants 

were pollinated later in the day than the giant plants. 

The giant plants were pollinated between 6:30 and 8:30 am 

and the common plants were pollinated between 8:30 and 

10:30 am. The greater length of time from flowering to 

pollination or the increased temperature at the Lime of 

pollination apparently lowered the viability of the poLlen 

or caused the stigmas to be less receptive. 

A maximum of 265 seed per giant inflorescence and 

165 seed per common inflorescence with controlled pollina

tion indicates that controlled pollination using bag 

isolation without emasculation is a satisfactory breeding 

method for use with bermudagrass. The difficulty and cost 
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of maintaining separate berinudagrass plots under isolation 

may require that most controlled crossing be accomplished 

using isolation under bags. Sufficient seed for poiycross 

and topcross tests could probably be economically obtained 

by means of controlled cross pollination using bag isola

tion even though the necessary plots are not physically 

located in the same area. 



SUMMARY 

The cytology and fertility of bermudagrass types, 

grown for commercial seed production in Yuma County, 

Arizona, were investigated to provide necessary information 

for a bermudagrass breeding program aimed at producing 

improved varieties that, can be economically established 

from seed. 

The meiotic behavior, chromosome number and 

fertility of 47 plants collected from commercial seed 

fields in Yuma County were studied to determine cytological 

differences and the relationship of these differences to 

differences in fertility. 

The plants collected from the bermudagrass seed 

fields were found to be either diploid, triploid, or tetra-

ploid. All giant type plants were diploid and common type 

plants were tetraploid. The triploid plants apparently 

result from hybridization of the giant and common type 

plants. Pollen mother cells from the highly fertile common 

type contained quadrivalent formations suggesting an auto-

ploid origin for common bermudagrass. Trivalent pairing in 

the pollen mother cells of the triploid plants suggests a 

close phylogenetic relationship between the common and 

giant types. Tetraploid plants with varying mjmbers of 

univalents in their pollen mother cells were also found in 

57 



the seed fields. They apparently result from backcrossing 

of the triploid plants to the tetraploid common plants. 

Small accessory chromosomes were present in many of the 

tetraploid and triploid plants. 

Percent seed-set and percent stainable pollen was 

high in most of the common and giant plants. The tripl.oids 

had a very low seed-set but they did produce some seed. 

The cytologically abnormal tetraploids had a low fertility, 

however their seed-set was higher than that of the triploid 

plants. Poorly fertile triploid and tetraploid plants bad 

indehiscent anthers which were easily recognized in the 

field. A highly significant correlation was obtained 

between percent seed set and percent stainable pollen. 

Self-fertility and seed development under bags and 

flowering behavior of giant and common bermudagrass were 

determined and the relationship of these factors to natural 

hybridization between giant and common type bermudagrass 

was also studied. 

Self-fertility under bags was low in both the 

common and giant types; with an average of .34% for common 

and 1.20% for giant bermudagrass. 

Seed developed normally on bagged inflorescences 

when the florets were satisfactorily cross pollinated. 

Controlled reciprocal crossing of the giant and 

common types produced a large amount of hybrid triploid 

progeny indicating that there was almost no barrier to 
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hybridization between common, and giant bermudagrass in Yuma 

County, Arizona-

Satisfactory hybridization of giant and common 

bermudagrass was carried out using bag isolation without 

emasculation. Two methods of controlled pollination were 

used, hand pollination and inclosing the pollinator 

inflorescence in the bag with the maternal inflorescence; 

both methods produced satisfactory amounts of hybrid seed. 

This suggests that these methods can be used for making 

controlled crosses in a bermudagrass breeding program. 
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