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Apowixis is senetically contvolled, Erast {(1918) suggests that this mode

28D

of reproduciion is the vesult of hybridization, Meiotic disturbances ave con-
monly encountered, and apomictic groups are usually highly polymorphic,

- Hybridization evidently promiotes apomixis in thai gene combinations wihich can
produce apomixis are brought together, The fact that most apomicts are poly-

ploids further indicates that hybridization wmay have played a role in the wide

distribution of apomixis in the plant Kingd

i, Stebbins {(1950) sugzests that the

close association between apomixis, polyploidy, interspecific hybridization, and

polymorphism may be explained on an indivect rather than on a divect basis,
foth diploid and polyploid aporsictic taxa ave kaown, and although mwst apouiicts
are polyploids, strictly sexual polyploid species are comsmionly encountered,

The genetic basis of apowmixis is poorly vnderstood, Levan (1937) demon-

strates that bulbil production in Alliuw carinatuin is controlled by a siosle pene,

although the expression of this character may be modified by other genes, as
viell as environraental factors, Huntzing and Munizing {1943), from studies in

Potentilla, suggest that apomixis is cootvolled by multiple genes, This aiso

appears £o be frvue in Bigrachum (Chyristofi, 1942). Cewvstel and Wishanec (1950)

indicate that apoinixis is inherited as a recessive character in Partheniu

¥

argentatuim, buai acts as a dominant when two genormes carrying the genes Joz

#

apomizis arve con

aod with a single set of genes controlling sexuatity,
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between a series of developmental processes. Such o balance
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CHAFTER T
DISTRIBUTION OF APOMIXIS IN PLANTS

The term apomixis is recognized to include 21l types of asexual repro-
duction, This may cither be purely vegetative, or seeds may be produced without
fertilization, Seed formation without fertilization was first described by Smith

{1839) for Alchormea ilicifolia, a dioecious member of the Euphorbiaceae, The

embryo of this species develops directly from adventitious bude of the nucellar
tissue. Juel (1900) demonstrates apomictic seed formation in Antennaria alpina,
and shortly afterwards Murbeck (1902) described g simliar phesomenon in
Alchemilla, Cytological sbnormalities during macrosporogenesis in apornictie

representatives of Hieracium were observed by Rosenberg (1917). Ostenfeld and

cdaer (1903) earliey demonstrate that seed set is normal in this genus, as
well as in Taraxacum, after emasculation and prevention of pollination.

Winkler (1920, 1934) indicates the relationships between apomictic pheno-
mena and the corresponding sexual processes, Types of apomictic reproduction
are fully discussed by Stebbins and Jenkins {1939), Fagerlind (1940), Gustafsson
(1946, 1947 a, 1947 b) and Stebbins (1941, 1950). These authors recognize two
principal types of apomixis. |

One type is vegetative reproduction where seed formation is completely
absent or forms only a secomdary means of reproduction, This is particularly

well demonstrated in Slodea canadensis which in porthern Surope reproduces




strictly by asexual meons, bt cisewhere is normally sexual. The mest common

mede of vegetative reproduction in higher pls

nts is by means of bulbs, runsers,

layers, and buds. In Polygonum viviparum and some members of the geners

Atlivm, Festuca and Poa the vegetative propagules cccur within the inflorescence

and replace the flowers., This type of vegotative reproduction is commonly referred

The second recognizexd type of spomixie {8 agamospermy, where the embryos

and geed are formed by asexual means, through the clrcumvention of meiosis and

fertilization. Twe major types ave recoguized by Stebbins (1950). The embryo may

~ develop directly from the diplofd, sporophytic tissue of the nucellus or ovule inte-

gument, aod the gametophytic stage is consequently completely omitted. This,

adventitious embryony is often encountered in the genus Eitrus, and ig common

and Liltaceae, Nore commwon are methods of reproduction whict

gt east, inchde a complete al g of generations, The diploid pametoph

however, is forimed without fertilization as a result of some method by which
meiosis is circgmventsd, |
Two principal ways of circumventing meiosis are recognized. Apospory

is recognized to fociude types where the embyyo sace are formed direct

y from
a cell of the mucellug or the isner Integument of the ovary by a series of gsomatic
divisions, Vhen the embryo sace arige from s cell of the archesporium, in

omitted: or we modified that chiromos

ue reduction does

which melogis ia cither

not occur, the process is referred 1o ag diplospory.



Diploid gametophytes, formed either by apospory or diplospory, may give
rise to embryos through parthenogenesis by means of the multiplication of the

egg cell, or by apogamety where some other cell gives rise to the embryo. These

processes, apogamety and parthenogencsis, as well as adventitious embryony
- may be autonomous. in pseuwdogamous apomicts, however, pollination without
fertilization is required to initiate these processes of embryo development.
Plants are often facultative apomicts, both diploid and hapicid embeyo
sacs are formed in the same ovary., The latter usually function sexually and the
other develop parthenogenetically. In experimental material, at least, the
diploid embryo sac may occasionaily function sécua;ﬂy and the haploid one often
developes parﬂzem;gﬂneticauy Most gametophytic apomicts ave characterized
by essentiaﬁy normal chromosomal behaviour during microsporogenesis. Thus,
the absence of chromosome pairing, and irregular chromosome reduction during
'macmsporagemsis can not be due to a lack of chromosome homology. Potentially,
therefore, most apomicts should be able to reproduce sexually under certain
conditions, Stebbios (1950} suggests that the meiotic disturbances during
macrosporogenesis are both genetically and environmentaily controlled,
Apomixis is neither necessary, nor is it an effective means for promoting
phylagenaﬁi: éé\feiapmeat. Nevertheless, apomixis is widespread among mem-

* bers of the plant kingdom and recurs over and over again in unrelated groups.

Recent reviews, by Stebbins (1941, 1950) Gustafsson (1946, 1947 a, 1947 b),
WMyers £1947), Nygren {1954), Steil (1951), Manton (1952), Rousi {1956), and
Carnaban and Hill (1961), indicate that apomixis occurs in at least 40 families

«cf Anglosperms, and that this mode of reproduction is widespread in the



Pteridophytes. Among the Anglosperms an apomictic mode of reproduction is
commonly encountered in three of the largestand perhape most successful families
of flowering plants, the Rosaceae, Compositae and Graminese. These reviews
make a survey of literature superfluous, Table I lists species reported by recent
workers to reproduce apomictically,

Apomdxis was so far reported for at least 39 genera of the family Gramineae
{Table Hj. Although poorly sampled as a whole, it may be of significance to
‘note that this mode of reproduction was reported only in genera belonging to the
more advanced subfamilies (Table Ill), being particularly well represented in
the Paniceideae.

Geserally speaking, agamic complexes consist of several basic diploid
species together with a guperstructure of interrelated apomicts, Ia the genera

Festuca and Poa, bowever, apparently basic diploid species reproduce by means

of vivipary (Nygren, 1954), Gametophytic apomixis was reported in dipioid

species of Potentilla and Ranunculus (Gustafsson, 1947 a), and also among the

Gramingae in Ponicum, Pennisetum and possibly Brachiaria {Table II),

Clagsically, apomixis was regarded as a process that shuts off all sources
of genetic variability except for mutation, produces clones imcapable of adapting
to changing environments, and eventually leads to extinction, Clausen (1961),
however, points out that apomictic groups represent balanced genetic systems
in which some degree of sexual reproduction is maintained indefinitely. Com-
‘pletely obligate apomicts appear to be rare or absent among the Gramineae
{Harlan ¢t al., 1961; Price, 1959). The diploids usnally reproduce sexnally and

the polyploids exhibit various degrees of sexuality., Even these that produce



TABLE I

RECENT REPORTS ON APOMICTIC ANGIOSPERMS AND GYMNOSPERMS

Name Type of 2n Authority

- =
Amaranthaceae
Aerva tomentosa Murgai, 1959
Bombacaceae
Pachira oleaginea AE 72 Baker, 1959, 1960
Buxaceae
Simmondsia chinensis Gentry, 1955
Casuarinaceae
Casuarina distyla Ps 22, 23 Barlow, 1958, 1959
C. nana Ob 22, 23, 44 Barlow, 1958, 1959
Compositae
Cichorium iatybus A Plumier, 1960
Helianthus annum A Ustinova, 1951
Townsendia incana 28, 30 Beaman, 1954
T. montana 36 Beaman, 1954
T. parryi 36 Beaman, 1954
T. rothrockii 36 Beaman, 1954
T. spathulata 36 Beaman, 1954
Liliaceae
Allium odorum D 32 Hakansson and Levan, 1957
Lilium longiflorum P 48 Emsweller and Uhring, 1962
Paris tetraphylla v 10 Kurabayashi and Somejima, 1953
Meliaceae
Lansium domesticus Bernardo et al., 1961
Orchidaceae
Dactylorchis " Heslop-Harrison, 1959
Zygopetalum mackayi ca. 96 Afzelius, 1959
Pinaceae

Pseudotsuga menziesii Ag Orr-Erwing, 1957



Table I (Continued)

Name Type of 2n Authority
apomixis®

Piperaceae
Piper nigrum 52, 104 Gentry, 1955
Plantaganaceae
Plantago coronopus 10 Paliwal and Hyde, 1959
P, ovata 8 Paliwal and Hyde, 1959
Rosaceae
Fragaria P 56 Lord, 1955
Mallus hupehensis Fa ca, 51 Sax, 1959
M, rockii Fa ca, 68, 85 Sax, 1959
M, sargentii Fa ca, 51, 68 Hjelmquist, 1957; Sax, 1959
M, sieboldii Fa 68 Hjelmquist, 1957; Sax, 1959
M, sikkimensis Fa 51, 68 Sax, 1959
M. toringoides Fa ca, 51, 68 Sax, 1959
M, zumi Fa Hjelmquist, 1957
Fotentilla argentea 42 Muntzing, 1958
Prunus domestica Ps 48 Olden, 1959
Rubus Ps, Fa Davis, 1958
R, calvatus A Haskell, 1960
R, idaeus A 14, 21  Prattetal., 1958
R, laciniatus A Williams, 1957; Haskell, 1960
R. nitidioides A,D 28 Haskell, 1959
R, procerus A 14, 28 Haskell, 1960
Sorbus aria=

S. pyrus A 34 Liljefors, 1955
S. teodori A 51 Liljefors, 1953
Rutaceae
Citrus Rangaswamy, 1958
Saxifragaceae
Ribes induced Zatyko and Simon, 1960
Solanaceae
Nicotiana rustica Kordjum, 1955
Solanum melongena P Hagiwara and Takeda, 1957
Verbenaceae
Verbena Schnack et al., 1959

A= Apospory, AE= Adventitious embryony, Ag= Agamospermy, D= Diplospory,

Fa= Facultative apomict, Ob= Obligate apomicts, P = Parthenogenesis, Ps =
Pseudogamy, V= Vivipary.



TABLE 11
APOMIXIS IN THE GRAMINEAE

Name Tribe Type® 2n Authority

Agropyron Gaertn, Hordeae

A, scabrum D 42 Hair, 1956

Agrostis Lina, Aveneae

A, stolonifera v 28,35,42 Nygren, 1954

A, tenuis

= A, vulgaris v 28-42  Nygrea, 1954

Anthephora Schreb, Paniceae

A, pubescens A 40 Brown and Emery, 1958

Bothriochloa O, Ktze, Andropogoneae

B. acidula A 40

B. caucasica A 40

B. decipiens A 40 Brown and Emery, 1958;
Celarier and Harlan, 1957

B. ewartiana A 50,60 Brown and Emery, 1958
Celarier and Harlan, 1957

B. glabra A 40 Covas, 1952; Brown and
Emery, 1958

B. grahamii A 40

B. intermedia A 40,50,60 Brown and Emery, 1958
Celarier and Harlan, 1957

B. insculpta A 50, 60

B. ischaemum A 40,50,60 Brown and Emery, 1958;
Celarier and Harlan, 1957

B. kuntzeana A 40

B. odorata A 40

B. oryzetorum A 40

B. pertusa A 40 Brown and Emery, 1958;
Celarier and Harlan, 1957

B. radicans A 40 Brown and Emery, 1958;
Celarier and Harlan, 1957

Bouteloua Lag, Chlorideae

B. curtipendula A,Ob 20-102 Harlan, 1949; Brown and

Emery, 1958; Gould, 1959



Table 1I (Continued)
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Name Tribe Type* Zn Authority

Brachiaria Griseb  Paniceae

B. brizantha A 18,36,54 Brown and Emery, 1958

B. serrata A 18,36 Brown and Emery, 1958

Buchloe Eagelm, Chlorideae

B, dactyloides A Brown and Emery, 1958

Calamagrostis Roth, Aveneae

C. canadensis D 42-66  Nygrem, 1954

C. chalybaea D 28,42  Nygren, 1946, 1954

C. inexpansa D 28,56,58 Nygren, 1954

C. langsdorfii D 84-104,28 Nygren, 1954

C. lapponica D 42-112 Nygren, 1946, 1954

C. purpurascens D 28,42-56, Nygren, 1946, 1954

58,84

C. purpurea D 56-91  Nygren, 1946, 1949, 1954

Capillipedium Stapf

C. arachnoideum A 40

C. kwashotense A <0

C. parvifiorum A 40 Brown and Emery, 1958;
Celarier and Harlan, 1957

C. spicigerum A 40,50

Cenchrus Linn, Paniceae

C. setigerus A,Ps 34,36  Bashaw and Fisher, 1953;
Fisher, Bashaw, & Holt,
1954,

Chloris Sw. Chlorideae

C. gayana A Browa and Emery, 1957

Deschampsia Beauv,

D, alpina v 26,39-56 Nygren, 1949

D. caespitosa v 26,26-28 Nygrea, 1949

D. rhenana v Nygren, 1949

Dichaathium Willem, Au.lw

D. anoulatum Brown and Emery, 1958;
Celarier and Harlan, 1957

D, aristatum A 40 Brown and Emery, 1958;

= D, nodosum Celarier and Harlan, 1957
D, caricosum A 40 Brown and Emery, 1958;

Celarier and Harlan, 1957
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Table I (Continued)

Name Tribe Type®* 2n Authority

D, fecundum A 40

D, pallidum A 40

D, papillosum A 60

D, tenue A 40

Echinochloa Beauv, Paniceae

g, frumentacea A 54 Yabuno, 1953

Eleusine Gaertn, Eragrosteae

B, coracana A Nygren, 1954

Hragrostis Beauv.

E, chloromelas D 40,60-63 Brown and Emery, 1958

E. curvula D 50 Brown and Emery, 1958

E. heteromera D 40 Brown and Emery, 1958

Eremepogon (Hack, ) Stapf Andropogoneae

Eriochloa Kunth Paniceae

&, borumensis A Brown and Emery, 1958

E, sericea A 54 Brown and Emery, 1958

Euclasta Franch. Aulwe

E, cm:lylotrldn

Festuca Linn, Festuceae

F. ovina \'4 28,35 Piotrowicz, 1954; Nygren,
1954

F. rubra v 28,42  Plotrowicz, 1954; Takeoka,
1954; Nygren, 1954

Fingerhuthia Nees. Chlorideae

F. africana D 40 Brown and Emery, 1958

Heteropogon Pers.  Andropogoneae
H. contortus A 40,60 Brown and Emery, 1958

Hordeum Linn, Hordeae
H. vulgare P 14 Forlani, 1950
MP Davies, 1958
%Aﬂuﬂ. Andropogoneae
H, A 40,44,45, Brown and Emery, 1958



Table II (Continued)
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Name Tribe  Type* 2n Authority
H, rufa A 30,40 Brown and Emery, 1958
Melinis Beauv. Paniceae
M, minutifiora Fa Bumpus, 1960
Naxdus Lina, Nardeae
N, stricta D de Coulon, 1923
Papicum Linn, Paniceae
P, antidotale A 18 Shama Kumari, 1960
P, deustum A 36 Brown and Emery, 1958
P, maximum A 18,32,36, Warmke, 1954; Brown and
44 Emery, 1958
P. obtusum A 20,36,40 Browa and Emery, 1958
P, purpurascens Warmke, 1951
P, virgatum A 21,25,30 Brown and Emery, 1958
Paspalum Linn, Paniceae
P, dilatatum Ps,A,Ob 40,50 Smith, 1948; Hayman,
1956; Brown and Emery,
1958; Bashaw and Forbes,
1958
P. hartwegianum A 60 Brown and Emery, 1958
P, malacophyllum A Brown and Emery, 1958
P, notatum A 20 Burton, 1948; Burton and
Forbes, 1960
P. screbiculatum A 40 Warmke, 1954
P, secans A,Ob,Ps 40 Snyder, 1957
Pennisetum Rich, Paniceae
P, ciliare A,Ps,Ob 32,34,36, Bashaw and Fisher, 1953;
40,43,48, Sayder et al., 1955;
54 Figher ot al., 1954;
Bashaw, 1962
P, cladestinum A Narayan, 1951, 1955
P, dubjum A 66 Gildenhuys and Brix, 1959
P. latifolium 36 Narayan, 1955 b
P. orientale Fa, A 35,36  Hrishi, 1952, Narayan,
1955
P, purpureum A 27,56 Brown and Emery, 1958
P, ramosum A7 10 Narayaa, 1955
P, ruppellii A 27 Narayan, 1955
P, setaceum A 27 Narayan, 1955
P. typhoides P 28 Raman, et al. 1962
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Table II (Continued)

Name Tribe  Type* 2n Authority
P, villosum A 18,27,36, Narayaa, 1955
54

Poa Lina, Festuceae ;
P, alpina v,D 14 Nygrean, 1950, 1953, 1954
P, ampla A 100 ca. Nygren, 1950
P, arachnifera v 54-56 Nygren, 1954
P, arctica V,A 72 Nygren, 1950
P, arida A 63-103 Nygren, 1950
P, bulbosa v 39 Nygren, 1950
P, compressa A 30 Nygren, 1953
P, depauperata A Nygren, 1950
P, elongata A ' Nygrea, 1950
P, glauca D 49,56,6 Nygrem, 1953
P, gracillima A 81-86  Nygrea, 1953
P, herjedalica v 47-64  Nygream, 1954
P, jemtlandica v 37-39  Nygrea, 1950
P. nemoralis D 35 Nygren, 1953
P, nervosa D 62-70  Nygrea, 1953
P, palustris D Nygren, 1954
P, pratensis A 22-147 Nygrea, 1954

var, vivipara v 42/48  Nygren, 1954
P, scabrella A 44/£-104 Nygrenm, 1953
P. secunda A 74-87  Nygrea, 1953
P, stricta v 38,39  Nygrea, 1950
Saccharum Linn, Andropogoneae
S, officinarum D Nygrea, 1954
S. spontaneum D 40-128 Nygren, 1954
Schmidtia Steud, Pappophoreae
S. bulbosa 36 Brown and Emery, 1958
S. kalahariensis Brown and Emery, 1958
Secale Linn., Hordeae
S. cereale Kljucareva, 1957
Setaria Beauv, Paniceae
S. leucopila A 54,68,72 Emery, 1957
8. villesissima A 54 Emery, 1957
S. viridis v Nygren, 1954
Themeda Forssk, Andropogoneae
T. quadrivalis A 40 Brown and Emery, 1958
T. triandra A 20,40,71 Brown and Emery, 1958



Table II (Continued)
Name Tribe  Type®* 2n Authority
Tricholaena Schrad, Paniceae
T. monachne A 36 Brown and Emery, 1958

Tripsacum Linn.  Maydeae

X Triticale Hordeae

Zea Linn, Maydeae

Fa,Ps,D 45,54,72

> >

L]

90, 108

36

30

28E
14,30

20

20

Farquharson, 1954, 1955;
Brown and Emery, 1958

Brown and Emery, 1958
Brown and Emery, 1958
Brown and Emery, 1958
Brown and Emery, 1958

Nakajima, 1956

Yarnell and Hills, 1959

*A = Apospory, D= Diplospory, Fa= Facultative apomict, MP= Male Partheno-
genesis, Ob= Obligate Apomict, P = Parthenogenesis, Ps = Pseudogamy, V=

Vivipary.
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TABLE Il

DISTRIBUTION OF APOMICTIC GENZRA AMONG

TRIBES OF THE GRAMINEAE

Sub~-family Tribe Number of Apomictic genera

Bragrostoideae Chiorideae 4
Eragrosteae 2
Pappophorese 1

- Festucoideae Aveneae 3
Festuceae z
Nardeae 1

Panicoideae - Andropogoneae 9
Maydeae 2
Paniceae , _12

TOTAL 39 genera and one
intergeneric
hybrid
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predominantly apomictic embryo sacs usually produce functional pollen (Celarier
and Harlan, 1957), Recently, Harlan and de Wet (1962) demonstrated that in the
generic-complex Bothriochloa and Dichanthium facultative apomixis actually

promotes hybridization, giving rise to a highly adaptable system capable of
rapid evolution, In such a system mechanisms which maintain a sexual poten-

tial, others which insure cross-fertilization, and still others which insure the
formation of balanced gametes are nicely checked the one against the other.
Apomixis, on the other hand, provides an escape from sterility and 2 means
for rapid colonization of new habitats,



CHAPTER I

CHROMOSOME NUMBER AND MODE OF

REPRODUCTION IN THE BOTHRIOCHLOININAE

The grass tribe Andropogoneae is one of immense morphological varia-
tion, subdivided into six subtribes by Pilger (1954), The Andropogoninae remains
a large subtribe, and was subdivided by de Wet (1963) into seven smaller, appar-
ently more natural, generic-complexes.

Seven genera, Bothriochloa O, Kuntze, Capillipedium Stapf, Dichanthium
Willemet, Euclasta Franchet, Eremopogon (Hack.) Stapf, Spathia Ewart, and
Indochloa Bor, form such a complex, and is referred to for convenience, as
the Bothriochloininae. The genera Bothriochloa, Capillipedium, Dichanthium, and
Eremopogon are widely distributed throughout the tropics and the subtropics of
the Old World, Some species of Bothriochloa also extend into the warmer parts

of Europe, and a few species are confined to the New World, The monotypic
genus Euclasta is present in both tropical Africa and tropical America and India.
The genus Indochioa is confined to India, and Spathia is endemic to northern
Australia, The latter two genera are unknown cytologically. Embryological
studies (Brown and Emery, 1958; Celarier and Harlan, 1957; Harlan et al. 1958),
as well as cytogenetical studies summarized by Harlan et al. (1961) indicate
that dipleid (20=20) representatives of the Bothriochloininae reproduce sexually,
while polyploids are usually apomicts, Exceptions are some Australian and
American polyploid species of Bothriochloa which appear to reproduce sexually.

i8
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Chromosome numbers were determined for species belonging to the
genera Bothriochloa, Capillipedium and Dichanthium, These data will be
correlated with mode of reproduction and geographic distribution,

MATERIAL AND METHODS

Chromosome numbers were determined from developing microspore
mother cells stained with acetocarmine. Degree of sexuality was determined
by means of emasculation and pollination experiments. At least 40 florets of
each species were emasculated and polfinated with pollen from a related species
or from a morphologically different collection of the same species, Embryologi-
cal studies were conducted on some species at different ploidy-levels.

RESULTS

The cytogenetical data are summarized in Table IV, The diploid species
(20=20) are regular in their chromesomal behavior. The chromosomes associate
strictly inte bivalents during microsporogenesis, and regular chromosome
reduction takes place. The tetraploids are characterized mostly by bivalent
formation, although some chromosomes : occasionally fail to pair or associate
into multivalents, Higher polyploids are usually more irregular in their cyto-
logical behavior than the tetraploids. Bivalent formation and regular chromosomal
distribution, however, is the rule, and functional pollen is always produced. The
strictly sexual Old World tetraploids and hexaploids, are characterized strictly
by bivalent formation during microsporogenesis.
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Cytological abnormalities are closely correlated with an apomictic mode
of reproduction. Harlan et al. (1961) indicate: that after staining with sceto-
carmine (Bradley, 1948) the embrye sacs of the diploid species have two con-
spicuous polar nuclei and a group of antipodal cells, The asexual embryo sacs,
of apomictic species, are characterized by a single polar nuclens and oo anti-
podal cells, Sexual embryo sacs were ebsarvéd in all the species studied. Those
characterized by 2 facultative apomictic mode of reproduction {Table IV) have
both sexual as well as apomictic embryo sacs at the time of anthesis, In those
clessed as obligste apomicts the sexual embryo sacs are crowded out by numerous
apomictic ones at the time of anthesis,

Mode of reproduction is based, in the majority of species, on cytogenetical
obgervations, Emasculations, and pa‘ﬁimian with poliea from a related species,
or marpholngicaﬁy different collection of the same species will give rise to the
production of hybriﬂ-s-, or result in the absence of seed set in the sexually repro-
duc‘ing‘ species. This is true in all the diploids (20=20) as well as the American

B,

poiyploids B, alta, B, barbinodis, B. edwardsians, B, exaristata, B, hassleri,

and g saccharoides. The American species B,

hybrida (20=120) B, palwmeri

{20=180), B. springfieidi (20=120), and B. wrightii (2r=120) were not available
for study. Cytological behavior (Gould, 1956, 1957), bowever, suggests that
these species also reproduce sexually, The enly Cld World polyploid species
that reproduce strictly by sexual meaus ave the f‘xustfahian B. decipiens (2=40)
a cleistogamous species, B. erianthoides (2=60), and B, ambiguy {2p=60).
Thése species are all characterized strictly by bivalent formation during

microsporogenesis,
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TABLE IV

CHROMOSOME NUNMBER AND MODE OF

RAFEPRODUCTION IN THE BOTHRIOCHLININAE,

Name No. 2n No. No. %  Diodeof
Emasc. Plants Reproductions
- Maternal
Bothriochloa O, Kuntze
B. acidula {Cropdd de Vot S 4158 4D 55 11 106G bl
B, alta (Hirche, ) Henr, 6094 60 81 0 0 Sex
B. ambigua §. T, Blake 6137 60 356 =3 Q Sex
B. barbinodis {Lag, ) Henr, 6697 180 196 0 G Sex
vaxr. perforata (Trin.)Could 3700 i8¢ 44 e 0 Sex
B. compressa (Hook,f.) Henx, 9086 20 44 (b 0 Sex
B. concanensis (Hook. f.) Henr, 9101 20 48 g Sex
B. decipiens (Hack. ) Hubb, S498 40 256 0 G Sex
var. cloncurrensis (Uomin)Hubb, 6510 40 140 8 G Sex
B, edwardsiana (Gould) Parodi 3682 60 44 ] g Sex
B. erianthoides {(F. Meull.)Hubb, 5786 60 80 ¢ 2 Sex
B. ewartiana {(Domin) Hubb, 5803 50 531 8 100 bl
» 6137 60 480 128 99,2 £Cbl
B. exaristata {(Nash) Henr. 85901 60 84 0 Q0 Sex
B. foulkesii (Hook.f.) Henr. . ¢ Sex
B. glabra (Rogb,.) 4. Camus 5297 40 90 53 86.5 Fac
636C 40 44 12 100 Ubl
- 7699 40 180 40 100 Obl
: 7010 40 195 24 92,3 Fac.
B. grahamii (Haines) Bor 2655 40 1366 907 86.7 Fac
v 4028 40 302 117 91.7 Fac
4393b 40 140 72 98.6 Fac
5400 40 154 62 96,9 fac
5450 40 160 42 89.6 Fac
8860 '
B. hassieri (Hack.} Henr, 3145 60 40 0 5] Sex
B. hybrida (Gould) Gould 120 Sex
B. imsculpta (Hlochst.) A. Camus 4090 50 350 36 100 Okl
3704 60 160 24 100 Obl
var, vegetior (Hack, ) Hubb, 5470 40 156 18 99.8 £0bl
B. intermedia (R.Br.) 4. Canmus 6587 40 120 60 100 bl



Table IV (Continued)
Namea He. Zn  No. No. % Mode of
‘imasc, Plants Heproduction
’ Maternal
5496 60 84 58 100 Obl
4607 80 44 18 166 bl
B. ischaemum (Linn, )Keng 5704 49 150 23 wo Gkl
1359 60 1672 i8z 100 Cibl
var, soagarica{Rupr,)Celidtari, 6459 50 379 58 96,2 £0b1
7055 59 179 &l 16 e
1347 &0 267 182 1an 53 |
B. kuntzeana (Hack. } Henr, 9106 20 8% 5 g Sex
. 8299 40 79 31 100 bl
B. longifolia (Hack. ) Bor 8300 20 48 O 9 Sex
B, odoraia (Lisboa) A, Camus 5409 40 45 27100 bl
723z 40 93 i8 100 bl
B. oryzetorum (Hack.) Bor 88944 40 44 14 25.5 A
B. palmeri (Mash) Pilger ' 180 Hex
B, pertusa (Linn. )} A, Camus 5431 40 0 24 15 163 31
B. radicans (Lchm,) &, Camus 3055 45 184 61 94,6 Fac
B. saccharoides (Sw.) &ydb. 2579 60 324 0 G Sex
var, longipanicuiata (Gould)Gould 3133 120 685 3 2 Sex
var. puivinata (Gould) Gould 7302 60 315 ] 0 Se
var, torreyena (Steud. ) Gould 43%6 HO 44 7 & Sex
_ 4085 83 81 0 g Zex
B. springfieidii (Gould) Gould 120 Sex
2. woodrowii (Hook. f, jA, Camus 9114 40 A
B, wrightii {Hack, ) Henr, 120 Sex
Capiliipedinm &Stapf :
€. arachnoideum Henr, {428 40 Tol
o 4798 3G 6l 4 180 Ol
. assimile (Eteud) 4. Camus 9116 20 Sen
C. caucasicum ({ria.) de Vet 7700 40 185 10 190 Chbl
C. buegelii (Hack,) A, Camus 5794 20 90 4 0 Sex
C. kwashotense (Hyata) de Vet 6156 40 64 10 100 bl
C. parvifloram (R, Br, ) Stapf 3054 40 67 5 108 bl
8460 20 44 0 g Sex
C. splcigerum &, 'L, Blake 4599 40 100 18 100 Chl
Dichanthium Willemet
D, annulaturn (Forssk, ) Stapf 3234 20 156 35 G Sex
3965 20 89 17 0 Sex
5396 20 263 63 G Sex
3182 40 372 121 93.5 Fac
4009 40 263 93 78.5 Fac



Table IV (Continued)

Nanie No. 2n No. No. % [Iodeof
¥“masc, Plants Reproduction
Maternal

4393 40 897 253 100 Gbl
S523¢ 44 136 66 97.9 Yac
_ 5430 40 493 136 88.2 Fac
D aristatum (Poir, ) Flubb, 7199 26 311 4] 2 Sex
257% 40 321 33 89.1 ¥rac
A6 40 239 49 98,5 Fac
428 4 38 4 190 L ¥)]
£, caricosum {Linn.) A, Camns 1520 40 140 52 96,4 Hac
D, fecundum 8, T, Biake 6525 40 252 102 100 bl
7. huinilius J. ¥, Block 3723 W 44 a 0 Sy
. maccannii Blatr, 0349 20 Sex
. pallidum (Hook, £, } Henr, £178 40 64 12 96,8 Feae
), panchganicnse Blatt, et McCann 9040 20 Sex
1}, serviceum (R, Br.) 4, Camus 4810 2 63 0 0 Sex
i3, setosum S. T, Blake : 7784 2 44 ¢ g Sex
£, superciliatum {Hock.} A, Camus 6527 20 38 1 & Gex
2, tenue (K. Br.} 4. Camus 2585 40 212 33 87.2 Rac

*Reproduction: Sex= Sexual, Fac = Pacultative apomict, Tbl = essentially
chtigate apuiaict. v
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The apomictic representatives are classified in Table IV, as either
facultative or obligate apomicts, on the basis of breeding behavior. Hmbryologi-
cal studies, however, indicate that even in those species classed as oblipate
apomicte gexuel embryo sace, as well as functioral pollen, are always produced.
some degree of sexuality is thatefcre ailways maintained, In the facultative
apomicts the degree of sexuality varies between 0, I and 25 percent. Completely
sexual representatives of the predominantiy apomictic tetraploid species may
occur in pature, but were not chserved among our coilection. The data on
mode of reproduction, hewever, is based only on a selected nwuber of plants

used in hybridization experivacats.
DISCUSSION

The basic diploid species of Dichanthium are restricted endemics, one

group in india and the other im Australia. The Indien diploids L. paschganiense

and . maccannii ave avnuals closely related morphologically, and mﬁy represent
relics of the original basic stock thet gave rise to the widely distributed polyploids.
Morphological data suggest that the dipln‘iid races of D, annuletum and D, avistatum
are naturally occurring polvhaploids, Zzperiwentally produced polyheploids,

from tetraploid representstives of these two species, resemble the paturally
aceurring diploids ia detail cytologically ag well as rmorphologically. The

" Australian diploids are anmuals and mostly self pollinated. This could give rise

to a awnber of disiinct biotypes, each adapted te & yather narrow ocological area,
It was suggested by de Vet and 'Ez’éarla# (1962) that the species &2, humilius, D,

setosum and D), supercilistum may represent scobictypes of the more widely
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distributed D. sericesm.

The diploid species of Bothrigchloa are perepnizls and endemic :a India,
Bor {(1960) indicates thet B. compressa iz confined to Deccan, B. coucanensis
te the western Ghats, B, kintzeana to Madhya Prodesh, B, longifolis to the
vicisity of h;zadxas, and B. foulkesii is endemic to the Nilgiris,

The diploid annual C, huegelii is extremely variable morphologically, and
widely distributad in, but restricted to central and western Incia. The diploid

races of C.

rarviflorsm extend irom India to Hong Kong. Capillipedium assimile
is widely distributed, extending from India to southzast Asia, Chiua and Japan.,
Thke collcctions availabie for study ere indian in origin and diploid.

Pelyploid species of Bothriochloa, Capilligedium and Dichanthiure are widely

distributed. The sexually reproducing representatives, as well as those which
are essentially obligate apomicts are usually charactorized by a wiore limited
range of distribation than the facultative apomictic specles, FPolyploid aexual

species, sll belonging to the geous Bothriochloa, arve confined to Australia and

America, Singh and de Wet {1961) demonstrate cytopenstically that the Australian

and American species ave clossly related, This weuld suggest a onece world

to Avgtralia, B, inscnipte to Africa, B, iechaemam i typically 2 Zurasian species,

snd B, pertusa extemds from India io southeast Agla. Shioilarly, ia the genus

Zichanthinm the two cbligate spomictic species I, fecundum and . papillosum

ars confined to Australiz and Africa respectively.
Harvlan et g, {1951}, Marian, Chheda, and Xichardson {1962), Havlen (1963},

and de Vet, Harlan, and Farugi (1962) demonstrate that the genera Bothriochioa,



Capiltipedium, and Dichanthium form an interrelated hybrid-complex. The

species B, interivedia, widely distributed throughout the tropics and subtropics

of the Old World, hybridizes in nature with B. igchaemnum, C. parvifiorum, and

D, annulature wherever their ranges of distribution overiap., The latter species
further forms a hybrid-complex with L. caricosuym which in turn hybridizes

in nature with D, aristatum, f“hese hybrid combinations are usually referred

to as species, but survive in nature only due 1o thelr apomictic mode of repro-
duction, Chromoseme asseciation is not severely affected by hybridization,

be it intraspecific, interspecific or intergeneric, Yrudies on ertificially pro-
duced hybrids indicate that the chromosomes usually pair preferentially within
genomes devived from each pavental speciBS" {de Vet, detiva, and Borgaonkar,
1961). Harlan and Chiieda (1962} indicate that this mode of chromosome
association is geoetically controlled,

Cytogenetical and morphological studizg indicats that ﬁerivatives of intro-~
gression between E. ischuerum and B. inftermedia éx:eem:% from Kashmir through
China, Hybrid derivatives between the latter species and €. parvifiorum ave
referved to taxonomically as B, glabra, C. caucasica,and C. gpicigerum. The
latter species is confined to Austvalia, U. caucasica td the Caucasus region,
end B, glabra is widely distributed from southern Adrica o Australia, Hybridi-
zation and introgression between B. intevmedia and 13, amnulatuin aiso gave rise
to a number of distinct biotypes., Typically, D. annulatum is a tropical Indian
species. Hybridization products between this species and B, intermedia are
particelarly common in Gie Gangetic plains of India, It pmsént over the

complete range of sympat:cxc distribution of these two species, Taxonomically
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these plants are referred to as B, grahamil, Zxperimentally produced hybrids |
between U. annulature and B, grabamil resemible the Mediterrancan ecotype of
3. aopnelatum describad by Melwa and Celarier (1558), and Niehra (1262) in

detail. The bexaploid, U, papillosum, o devivative out of an apparcat cross

between the Tropical and Mediterrauean ccotypes of L. anaulatum, cxtesds
across the whol: of tropical and subtropical Africa. This species was synthe-
sized (Harlan gt al. 1961} by ferdlizing the cytologically unreduced {emale
gamete of the Mediterranean ecotype with pollen fxem the Tropical ecotype,
¥rom & ‘Tmiasysmmaﬂc point of view a n;amber of species within each genus
should be united into iarpe hetercmorphous hybrid compicexes. Horlan and

de Wat (1963} fuclude ol the hybrid derivatives between B, intermedis and other

representatives of Bothylocliloa, as welt ag Capiilipediwm and Dichanthium,
into & single taxonoinic unit, the compilosgecies B, intgrmedia. Cardner (1952)

and Roberty (1960}, purely on the basis of groas morphological data, combine

cillipedims as 2

5,

the gesera wothriochios and Pichonthiwm, hat retain

distinct genus, For the present, owever, these yenera aré regardad as distinet.

&

4 revizion ai this tme will wot be complete, awd will kead to furthor vearrange-
ment a§ more daty secome available.

T,

The genera Eremopogon and Suclasta appear to be senetically isolated from

zach other, zs well o8 the remainder of representatieshelonging to the
Sothriochloininae, The zpecies studied are tetraploid and appear to reproduce

strictly by gametophytic apomixis. Zremopogon foveolatus is widely distri-~

buted in the drier regions of India apd Africa, The species Huclasta condylo-

tricha is present in both tropiest Africa, America, and Indie. Merphological
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data suggest affinities with Dichanthium,

The genera iscluded in the tribe Andropogonesae, although usually sub~
divided into subtribes, are so iaterlinked morphologically as te form a single
coherent group. Cytological data (Celarier, 1956, 1957, 1958, 1559; and
Brown, 1950, 1951) sugzest that the tribe needs reviaion, Norphologicsl
observations presented by Roberty (1960} coincide with these cytogeunetical

data, and this vevision :nay serve as 2 guide for future biosystematic studies,
SUMMARY

The genus Bothiriochlea is characterized by chrowosome numbers ranging
almost continuously in multiples of 10 from 20220 to 2p=180, Chromosome
mumbers of 20,20, 40 and 60 were encountered in Dichanthium, The gepus

Capillipediuin is characterized by 2n=20, 40, sad 50 chromoscmes, whereas

representatives of the genera [uclasts and Sremopogon which were studied are

tetraploids (2p=40).

In these geners diploids (23=20) reproduce sexually, tetraploids are
mostly facultative apomicts, and bigher gmiy;;iﬂid’s are essentially obligate
aporuicts, Zxceptions arc the American and some Australian poiyploid repre-
gentotives of Bothriechlos (20060, 80, 120, 180} which repreduce sexually.

The digloids are all aarrow endemdcs, the facultative agomicts are
widely distributed, and the sexually veproducing as well as apemictic poly-

sally resiricted in their distribution range.




ANEUPLOIDY AND SEXUAL BALANCE IN

THE BOTHRIOCHLOININAE

Morphological and cytogenetical data indicate that interspecific as well
as intergeneric hybririizaﬁen takes place among, and between some facultative
apomictic representatives of the genera Mhﬂachlaa O. Kuntze and Dichanthium
Willemet (Harlan et al. 1958; and Harlan et al. 1961). Classically, apomixis
was regarded as @ process leading to a phylogenetic dead end. Increase of
genetic variability is limited to mutation, and changing environment should
eventually lead to extinction,

Recently, Clausen (1954, 1961) points out that in all apomictic groups

studied in detail, conptact with sexuality is maintained indefinitely. Apomictic
groups should, therefore, be regarded as potential sources of genetic varia-
bitity., The zgresené paper repoxts some of the cytogenetical data on hybrids

produced between facultative apomictic species and bioty;

s of Bothiriochioa

and Bichanﬁhmm.

Plants were grown in a uniform nursery as described by Celari

Harlan (1956). Morphological data are based on as many plants as were avail-

able for study, both in the field and in the herbarium, Chromosome numl

25
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chroraosome association were determined from developing microspore mother
celis stained with acetocarmine, Hybrids were produced by %, L. Richardson,
using the technique described by Richardson (1958). Second gemeration populations

were obtalned from self-pollinating selected hybrids,
RESULTE

More than 1000 hybrids, representing intraspecific, interspecific and

intergeneric combinations within, and between the genera Bothriochloa, Capilli-

pedium, and Dichanthium have so far been produced. Among the 300 second

generation populations grown, 25 exhibit a large degfee‘ of morphological vaxia~
tion., The majority reproduce strictly maternal progenjes, and in gsome others
the second generation populations were not large enough for cytogenetical
studies..

The ¢

bhromnosome aumbers and cytological behiavior of the plants used

as parents are discussed by Harlan, de Wet, and Richardson (1961). The cytology
of the hybrids, a.nd..vthe second generation populations is summarized in Table |

V. The hexaploid (25=60) B, ambigua repraduces sexually, and is characterized
strictly by bivalent formation during microsporogenesis. The remaining

parentsl species, B. grobamii, B. Intermedia, D). annulatum, D. aristatum,

and D. caricosum are facultative apomictic tetraploids exhibiting various degrees
of sexuality. These behave cytologically Hke segmental allopolyploids as defined
by Stebbins (1947). The chromosomes usually associate into bivalents ﬂaﬁng
meiogis, although some ehrommés often fail to peir or thege form multi-

valents. Chromosomal bebavior of the hybrids is variable, but fanctional
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TABLE V

CYTOLOGY OF SOME SEGREGATING HYBRID POPULATIONS

Hybrid 20  Neo, Chromesome Assoclation®

Pits, 1 I 5 v

B. ambigua 5643 {(6n) x B. grabamii S50 2 $.24 19.68
5450 (4n) 4-14 17-23

e

F9 progeny | 43 1 f. §7 i?. gg

oo
3

46 1 3.15 21.00 0.20
0-8  19-23 0-1

49 1 5.25 21.18 0.56
2-9  19-23 -2

2-14° 14-24 0-4 O-2
60 1 3.25 27,60 0. 20
2-8 26-29 -1

65 1 7.50  28.75 0,50
5-10 26-29 g

B, grehamii 5450 (4n) x B. inter- 60 1 23,45 0,04
media 3965 (4n) \ 0-36 12-30 0-1

oo
s
o+
L

3
~3

Iy Progeny 87 I 2,80 27.10
' 1-5  26-28

5 22-29 0-3 0-2

6 4 2.42 27.60 0.18 0.45
0-6  22-30 0-3 Q-2

62 1 2.89 29.55
0-6 28,31

6 1 7.20 28,80
3-15 25-81
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Table V (Continued)

Hybrid 20 No. Chromosome Association®

Pits. 1 il W IV

D, apnulatum x-98 (4d0) = D, angu- 60 1 3.10 24,20 0.4 1.8
latum 4390 (4n) 0-~4 22-26 0-2 0-2

¥, progeny 60 14 2,28 26,54 0.25 0.95
2-12  22-30 0-3 0-3

30 2 2.68 13.14 0.13 0.18
0-6 7-14 @¢-2 ©0-2

B. imtermedia 6573 (4n) x B. inter- 40 1 15,50 2.25
media 5410b (4) 12-20 14

¥4 progeny ‘ ' 40 10 .52 17.57 0.05 0.40
: 0-2  12-20 -3 04

D, aristatum 4084 {4p) x D, cari- 40 1 1,53 15,20 0.46 1.53
cosum 2583 (4n) 0-4 13-20 0-2 0-3

¥ progeny 40 1 0.63 18.86 0.09 0.27
0-2  16-20 0-1  ©0-1

42 1 i.44 19,83 0.22
0-4  17-2i1 0-2

B. grshemii 4028 (4n) x B. grahamii 40 1  2.41 17.06 0.77 0.29
X-750 (4n) 08 15-20 0-2  0-1

¥, progeny 32 1 i. ;6 ig. ag
-3 18-19

4 3 1.5 18,95 0.13 0.01
g-8 16-20 0-1 0-1

2-4 18-21 0-1

46 . 1 433 19.66 0.33 0.33
45 1921 01 0-1

D. annulatum X-98 (4n) x (8. grahamii
2655 x D, annulatum 5398) (6n) 5 1 7.38 19.23 0.15 0.92
4-12  17-21 0-2 p-2




Table V {Continued)

No, Chromosome Association®
Ps. 1 H o iV

bl

F, progeny 4 3 2.18 18.83 0.36
o-6  17-20 0-1

4"1 2 20 83 18. 50 Qo 25 ﬁo 1
1-5 16-20 0-2 0-1

42 1 3.83 18.08 2.30
2-6  14-20 0-2

1 19-21 0-1

D, annolatum 4099 {4p) x (D. snnu-
latum 5797 x D, annulatum 4099) 40 1 1.53 15,20 0.46 0-3
{4n) 0-4 13-20 ¢-2 0-3
Py progeny - 4 5 <21 19.30 0.01 0.04
4 18-20 o-1 ©-1

®iverage and range of chiromosome association at first metaghase are given,
I= ppivalent, ¥= bivelont, = frivalent, and TV s gurdrivaiong,
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pollen g always produced, This is true of Intraspecific, iaterspecilic, as well

a8 inteygens

vic hybrids. Chromosome pairing, o5 demonstzated by de “et,
Mehra, and Borgaonkar {1961), takes place preferentisily between genomes

derived from each parenial species, Harlan aad Chheda (1962) demonstrate

that ﬁm mode of chromosome agaociation is genetically controlied,

Degree of morphological variation among second generation populstions
is graphicaily presented in Plate L. The majority of hybrids produce strictly
maternal progenies, amd consequently reproduce apomkﬁtic&lly. Those hybrids
that exhibit genetical segregation in the scoond peneration must reproducse
sexually, Those sexuslly reproducing hybrids selected fo: detlkd studies are
all euploids, Many of the artificisily produced hybrids (Harlan sed Chheda, 1962)
are ancuploids, This could be expected, as the facultstive apomictic parental
species ave characterized by irvegular chromosome behavior during microsporo-
genesis,

Variation in chromosome nunber was gever observed among the maternal

pregenies of both cuploid as well as aneuploid hybrids, Aseuploidy was commounly

anterved axmony the sepregsting progenies of hexaploid and pentaploid hybriﬁs.
Among the s&grming progenies of tetraploid 'I*gzm:ids. aneuploidy is common
only among those hybrid

characterized by extremely variable chiromasomse

assoclation during microsporogenesis (Plates II and W),

- The tetraploid B, grobamii numbers 5450 from Delhi, Indla, 2655 from

British Guians, snd 4028 from Mt, Abu, India, when emasculated and gollinated

with 8 moxrpholo

gically different biotype of the same species, produce approxi-

mately 10 hybrids among a progeny of 100 plants. The parental plant designated



Figure 1.
Figure 2,
Figure 3.
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LEGEND FOR PLATE 1

Morpholegical variation in the Fy population of B, ambigna < B,

Mﬁ:pmlégiea! variation in the I, population of B, intermedia x
B. intermedie sexual hybrid.

Morphological variation in the ¥y population of B, grahamii x
B. intermedia sexual hybrid.

Morphological variation in the Fy population of I, snnulatum x
(B. grabamii x D, gnnulatum) sexual hybrid.

Morphological variation in the F, population of B. grahamii x
B. grabamii apomictic hybrid.

Morphological variation in the ¥» population of D, amaiaium x

D. annulatum sexual hybrid,
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Figure 5,

Figure 6.

Figure 7.

Figure 8.

Figure 9,

LEGEND FOR FLATE I

C;ymlogy of parents and some hybrids

hietaphase I ia . apaulatum 3242 (=29}

Metaphase 1 in iJ. anoulatum 4365 (2=40).

Metaphase I in a i? plaat {2p=60) showing 4 univalents and 28 bivalents,
Memphaze 1ima Fy plant (25=57) showing 5 univalents and 26 bivalents
{one ovexlappmg). |

Metaphase $ia 2 ¥, plant {“rr 20} shiowing 1 univalent, 18 bi#alem:s, an
1 trivaient,

Metaphase 1 in aa z plaut {Z=42showing 21 bivslents.

Metaphasze 1in a ¥, plant {2m=60) showing 3¢ bhivalents,

ifarly Aaaphase 1 in a Fy plant (2p-42) showing delayed separation of
some cliromogsomes,

Metaphase I in a B, plant (21=50) showing 9 univalents, 19 bivalents,

and 1 trivalent,

Figure 10. Metapbase I in D. pupillosua 3716 {21=60).
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LEGEND FOR PLATE III

Figure 11, Anapbase I in a ' plant {20=42),

Figure 12, Anaphaseiina Eq plant (2er60).

Figure 13. Anaphase Iin a Fg plant (20060) showing 31 and 28 chromosomes

at poles and 1 laggard,

Figure 14. Anaphase I in a F, plant (2r=46).

Figure 15. Anaphaselin a Fy plant (25=43).

Figure 16, Telophase I ie a F, plent (20=60) showliag 7 dividing laggards,
Figure 17. Telophase Iin D, papillosum 3716 (2r=60) showing 2 dividing and




Plate 111
Cytology of parents and some hybrids
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X-750 in Table V represecnts a completely sexual and self-ste rile hybrid between
two facultative apomictic biotypes of this species,

Twe hybrid plants were obtained when a facultative apomictic tetraploid
B. grahamii wags crossed with a sexual hexaploid B. ambigua. Both hybrids are
pentaploid, characterized by nummerous univalents and uneven chromosome distri-
bution during microsporogenesis. Eleven second generation plants were obtained,
six of which are pentaploid and the others are aneuploids ranging in chromosome
aumber from 2p=43 to 2p=065.

Hybrids between facultative apomictic tetraploids of B. grabamii mostly
reproduce apomictically, but occasionally some of these hybrids are character-
ized by genetical segregation in the second peneration. The populations may
gither be aneuploid or have the same chromasome number as the hybrid parents.

The B, intermedia parental plants, aumbers 5410-b from Matiana, India,
6573 trom Kandahar, Afghanistan, and 3965 from Calcutta, India, when used as
the female pareut exhibit approximately 7% sexuality, These cross readily with
each other, as well as with B. grabamii. The latter species can also be crossed
with D. annulatum. The D. annulatum parents, numbers 4099, 5398, and 5797,
are Indisa in origin, whereas number 4390 was collected in Tunisia, These
exhibit frem 10-20% sexuality. The plant designated X -98 is a completely
sexual autotetraploid derived from naturat doubling of the chromosomes of an
Indian diploid race of D, annplatum,

VWhen a tetraploid facuitative apomict is used as the female parent,
the cytologically reduced as well as unreduced female gamete may function

sexuaily., When the male parent is also tetraploid, the hybrids ave sither
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tetraploid or hexaploid. Apomictic, as well as sm:uaﬂﬁ reproducing plants
were obtained among both tetraploid and hexaploid hybrids. The latter, when
reproducing sexually, ave characterized by large numbers of aneuploid plants

in the second generation.
DISCUSSION

Harlan et al. {1961) demonstrate = experimentally that Bothriochloa

intermedia hybridizes in nature with both Capillipedium parvifiorum and

Dichanthium annulatum. Cytogenetical data indicate that §_ grahamii represents
a natural hybrid between D, annulatum aad B, intermedia. Experimentally

B. grabamii crosses readily with both D. annulatum and B, intermedia. These
artificiaily produced hybrids resemble assumed natural hybrids in detail, The

~ bexaploid B, ambigua resembles B. intermedis in gross morphological characters,
and cytomorphological observations suggest that these two species hybridize in
nature, Harlen (1963) demonstrates natural hybridization between B, ischaemum,

and both B, intermedia and B, gral

Experimentally produced hybrids, as indicated by Chheda, de Wet, and
Harlan (1961), are often characterized by aneuploidy. Natural hybridization
should, therefore, also produce aneupleid plants, For this reason aneuploidy
was expected to be common among polypleid members of the Bothriochloininae,
Harlan et al. {1958, 1961), however, demonstrate that among approximately 600
collections studied, representing most of the genera and species included in the
Bothiriechloininae, ane&ploidy iz almost completely absent, Artificially produced

ancuploids are usually less vigorous than the euploid hybrids, Naturai selection



for complete genomes could, therefore, explain the rare occurrence of aneu~
ploid plants in nature,
Completely sexzuai races of the predominantly apomictic polyploid species

appear to be rare or absent in nature, Artificially produced hybrids between

facultative apomicts are sterile, reproduce apomictically, or are sexual to
various degrees. Crosses between a facnliative apomict, and the artificially pro-
duced sexual plant (X-750) of B, grahamii produce hybrids which are elther
facultative aporiicts or they reproduce sexually, Vhen the sexual plant is
used as the female parent and crossed with a race that is essentially an obligate
apomict, the progeny always reproduces as facultative apomicts. Apomixis in
this group must, therefere, be inherited as a dominant character over sexuality,
Naturally occurring hybrids are euploids, and either facultative or easen-
tially obtigate apomicts, Hybridization at the polypleid level apparently became
possible after the establishment of an apomictic mode of reproduction, Geneti-
cally contrelied preferential chromosorae pairing, demonstrated by Harlan and
Chheda {1962), insures the formation of balanced gametes, amxd the possibility
-of further hybridization as well as introgression, Plants that reipmdme strictly
by sexual mems are at a disadvantage, Their progenies are characterized by
a laxge percentage of aneuploids, which will be eliminated by natural selection.
Being completely sexual, and under experimental conditions largely seli-sterile,
these hybrids will crogs readily with apornictic races., Apomixis, being
dominant over sexuality, will give rise to introgressive derivatives which again
reproduce apomictically. The ability of the facuitative races to cross and pro-

duce strictly sexual plants, which in turn get swamped by apomicts, will increase
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geuétic variability. ‘Acccrding to the population models of YWright (1935), such
a breeding system shouid be close to.maximum in evolutionary efficiency.

The maintenancs of a sexual potential and the genetically induced prefer-
eatizl chromwosome paiving are integrated systesns, This, together with apomixis,
permit the maxinmm aiwount of variability to be maintained in 2 populaticn,
Harlan and de Yet (1964} indicate that at this stage of evolutionary develspment,
such a gystem iz better designed for the destruction of species rather than the |
production of new ones, Such a population, howaver, has unlimited evolutionary
pétentialities. Ceombining genes fmm various species of different genera,
adapted to a wide array of ecological ani climnatlc niches, such 2 hybrid popula-
tion is widely distributec over the range of the Dothriochloininee, Uistinct bio-
types, localized in particular ecological Tegions, and which maintain their naity
of type by means of essentially abfligaté apomictic reproduction, are commonly
encountered, The stricily African hexapicid i, papiilosumn, ag introgressive

bybricization derivative between 1. apnulatum and B, intermedia is an example.

e e p———

For biotypes to become genetically isolated from each other, however,
a change over to sexuality is necessary. This witl be a long term preject.
Hcological, seasonal, or geographic isolation will lead to the formation of
locally inbreeding popuiations, E£election will favor only apomicts or cytologi-
cally balanced sexually reproducing clones. Harlan and Chheda (1962) demon-~
strate that the genes controlling prefevertial chromoseme rpairing aiso induce
nonhomologous pairing when close homologues are absent. Segmental inter-
‘change will eventualiy lead to the establishment of new karyotypes, ilrastic

environmental changes could eliminate the apomicts and new sexually reproducing
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populations will evolve,
SUNMDMARY

i, Hybrids between facultative apomictic representatives, and between
sexual andapomictic species within and between the genera Bothriochloa and
Dichanthium reproduce either sexually or are apomicts,

2. Chromosome association during microsporogenesis in these hybrids
is irregular, but degree of irregularity is not correlated with mode of repro-
duction,

3. Second generation progenies of sexually repreducing hybrids are
characterized by a high degree of aneuploid plants,

4, As aneunploidy is rare iu nature, aithough natural hybridization i3
connnonly encounterved, this cytological condition is selected against in nature,

5. Indirectly, therefore, plants that reproduce apomictically have a
selective advantage over their éexuai counterparts,

6. BSuch an apomictic population, which has the ability to hybridize,
will be highly variable genetically, and shouid consequently be close to maxi-

murn iz evolutionpary potential,



CHAPTER V

THE GENETIC BASIS OF APOMINIS IN TiiE BOTHRIOCHLOGININAK

The grass genera Bothriochloa C. Kuntze, Capillipedium Stapf, and Dichan-

thium Willemet form an interrelated agamic-complex referred to as the Bothrio-
chioininae for convenience. The various types bf apomixis are fully discussed
by Gustafgson (1946) and Stebbins (1950), Seeds in apomictic reéresentatives
of the Bothriochloininae are produced by means of pseudogamous apospory.
Stebbins (1950) indicates that gametophytic apomixis must be controiied by a
aumber of genes forming a genetically balanced systemn in sexually reproducing
races. Interaction between these genes in different hybrid combinations may
resuit in apomixis or sterility. ’I‘ﬁe available data discussed by Gerstel and
Mishanec (1950), Stébbins (1950), and biuntzing (1958) suggest that the apomictic
condition is recessive to sexuality, but an increase in chromosoime number often
increases the tendancy towards sexuality,

The genetic basis for inheritance of apomixis and sexuality was studied
in intraspecific, interspecific and intergeneric hybrids produced among repre-

sentatives of the Bothriochloininae.
MATEAIAL AND} METHODS

Approximately 1000 hybrids were available for study, The majority of

these were produced by ¥, L. Richardson, using facultative apomictic races of

46
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various species as the female parent (Harlan et al. 1961). These include intra-
specific, 'int,erspe;:iﬁ:c as well as intexgeneric hybrids. Hybrids in which a
sgﬁxual race of B, grahamii was used as the female parent were produced by
H. R, theda (Harlan et al. 1961), while those having sexual D, anpulatum as
the female parent were supplied by A. P. Singh (Harlan et al. 1961},

Self pollinated progenies of 555 hybrids, as well as backcross populations
in various combinations, were grown in a uniforin nursery. These were studied

cytologically and morphologically in order te determine the degree of sexuality.
RESULTSE

Harlan et al. {1961) demoanstrate that, in the Bothriochloininae, diploids
reproduce sexually, tetraploids are facultative apomicts, and higher polyploids
are essentially obligate apomicts. Uxceptions are the high polyploid American
representatives of Bothriochloa and some Australian tetraploid and hexaploid
species of the same genus. Species that reproduce sexually are characterized
strictly by bivalent formation amonyg the chromogomes during microsporogenesis,
Apomictic species behave cyiologically like segmental ailopolyploids. The
chromosomes usually form bivatents during meiosis, although some chrome-
somes often associai e into multivalents or fail to pair at ail. Hybridization
between facultative apomicts, be it interspecific or intergeneric, does not severely
affect chromosome pairing, Studies by de Viet, Mehra, anl Borgaonkar (1961)
indicate that the chromesomes usually pair preferentially between genowmes derived
from each parental species. Harlan and Chheda (1962) demahstrate that this

mode of pairing is genetically controlied, and that nonhomologous pairing is
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induced when close homologues are absent, Uiybrids between naturaily occurring
sexual species, in which preferential chromosome pairing does not take place,
are sterile due to an almost complete absence of chromosome homology.

Hybrids were produced between sexual plants as well as facultative apo-
micts, natural as well as artificially produced sexual plents, withia and between
ploidy levels. The apomictic species and hybrids exhibit from 0-229; sexuality,
These are divided into obligate, and facultative apomicts, OUbligate apomicts |
exhibit less than 1% segregation in the second generation, or less than 1% of
the seed from emascuiatﬁd florets of a female parent ptoduce hybrid offspring.
Facaultative apomicts, in this classification, exhibit from 1-22% sexuality, Truly
sexual plants produce strictly hybrid populations after emasculation and poiliaation,
and 100% segregation in the second generatien. Hybrid plants that are sterile
| produce no seed on selfing, and no functional pollen,

The data are sunurarized in Table VI, The majority of the second gener-
ation populations are strictly maternal, while a few appear te be fully sexual, and
some are facultative apomicts., Many of these classed as obligate apomicts may
represent facultative apomicts, The second generation z;oguiations only rarely
exceeded 40 plants, ‘The probability of observing genetic segregation among
facultative apomicts in such a small population is limited.

The sexual tetrapioid‘ L. anoulatum was obtained from doubling the chromo-
some number of a sexual diploid race, idybridization between two facultative
aponictic = races gave rise to the sexual tetraploid B, grahamii, “hen the

it

chromosome number of a facultative apomictic tetraploid plaut of 8. grahamii

was doubled, the resulting octoploid is aimost completely sexual in its breeding



MODE CF REPRODUCTION OF HYBRI

TABLE VI
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28 IN THE BOTHRIOCHUININAE

Hybrid

Number of Hybrids®

Ster

Sex Fac ©bl

Sexual
D, annulatum (2o}
D. annulatum (4n)

© B. grabamii (4n)

B. Saccha.roiﬂes (6n)
E. saccharoides (8n)

B. saccharpides (12n) -

Fac, Apomict
L. anaulatum {(4n)

B. grahamif {4n)

B. ischaemum {(5n)

Sexual

x D, ammulatum (in)
% D, apnulatum (21)

% D. panchgaalense (2n) 30

x B, grahamii (4n)

x D. anpulatum (2n)
x B, annulatum (4n)
z D, aristatum (2n)

z D). panchganiense (2n) 30

% B. longifolia (Zn)
x B. exaristata (6n)
x B, decipiens (4n)
x B. ambigua (6n)

% B, erianthoides (6n)
x B, saccharoides (6n)

Sexual
x D, anaulatum (4n)

% . avnulatum {(20)
xz B, grahamit (4n)

% D. annulaturn (Zn)
x D, annulatum (4n)
X ﬁ annuiatum (4n)

- Fac, Apomict
% D). annulatum (4n)

x L. aristatum (4n)
x . caricosum {(4a)

285888539888

588
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Table VI (Continucd) ,
Number of Hybrids®
Hybrid ia  Ster Sex Fac Obl
' x B. grahamii (4n) L H i 4 15
B. ambigua (6n) % B, grahamii (a’sg) 50 2
B, grahamii (42} x B. grahamii (4_1_1} 40 i 5 24
x B. glabra (4n) 40 3 i
% B. intermedia {(4n) 40 1 6
x . annulatum (4n) 4G 2 18
x I, aristatum (4n) 40 3
, x D, caricosum {(4n) 40 i 2
D, annulatum {(4n) % (D, annulatum x
D. fecundum) (4n} 40 5
x (B, grahamii x
. annulatum) (6n) 50 i 12
B. grabamii (4n) % (B, grahamii x
C. parviflorum) {(4n) 40 8
Sexual Obl. Apomict
D, annulatum {4n) £ O, fecundum (4u} A4 3
% D. papiliosum (651_) 50 14
. B. cmbigus (6r) z U, ischaemum (4n 50 )
B grabamil {4p) % B. ewartiana (6n) 50 S
- x B, ischaemum {40} 40 5
x B. ischaemum (Sn) 45 2 i
- x B, ischaemum {6n) 50 4
x B, Jontzeana (4n) 40 5
x B. odorata (4n) 30 2
x B. pertusa (4n) 0 2
% €. caucasica (4n) A9 5 i
x C. parviflorum {4n) 40 4
% C. spicigerum {4n)  4C 3
x D, fecundum (4n) 4 1 4
% . papillosurmn (6n) 50 5
Fac, Apomict Fac, Apomict
©. annulatum (4ny  x D, annulatum (4n) 40 2 18
ooxD arxstatumgfm) 40 4
60 2
2, aristatum (4n) z I annulatum (4n) 40 2
% D, caricosum {(in) 4 1 3
50 3
[, caricosum (4n) s [y, aristatum (4n) 40 1 3
50 piA
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Table VI {Continued)
' Number of Hybrids®
Hybrid 2n  Ster Sex Fac Obl
% U, annulatum (4n) 4G 1
% B. grahamii (4n) 40 1 7
5. grabareii (40; % B, grahamii {4n) 4G 1 6 23
60 8
x B, intermedia (4n) 4 4 16
60 2
X 2, sanulatum (4a) 40 2 15
60 1
D, anpulatum (4n) x {2, anpulstum x
D. annulatum) (4n) 40 1 6
x (8. grahamnii x
L2, annutatum) {(4n) 40 1
&0 1
Jac, Apomict Chbl, Apomict
1, annulatum {4n) x D, papitiosum (6n) 50 5
L. grabamii {40} % B, ewartiana {6n) 70 8
x B. ischaemum (4pn) 40 4 16
60 3
- x B. ischaemum (6n) 50 2
Fit 1
% B. odorata (4n) 49 1
% ¥, pertusa (4n} 40 1
60 1
x 8, radicans (4n) 50 1
% C. parviflorum (4n) 40 7
x T, spicigerum (4n) 2

*Ster = Sterile; Sex = Sexual; Fac = Facultative Apomict; Obl = Obligate apomict.
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behavior.

Hybrids between facultative apomicts usually reproduce apomictically,
Occasionally the hybrid is completely sexual, More frequently the hybrids are
facultative apomicts. The hybrids often exhibit no more sexuality than their
parents, while in other crosses a range of hybrids, varying from almost com-~
pletely sexual to essentiaily @iiga’te apomdcts, are obtained,

Beth ﬂ;e cytologically reduced as well as unreduced female gamete of
tetraploid facultative apomicts mway function sexually or develop parthenogeneticaﬁy. v
The hexaploid hybrids are usually facultative apormicts, although occasionally a
completely sexual hybrid is obtained. FPolybaploids are always complctely sterile,
Yhen facaitative aponiicts are crossed with an obligate apomict as the male
parent the hybrids are aiways apomictic.

Hybrids between facultative apomicts as the female parent, and sexual
races of the same or g related species, are apomicts, or they reproduce sexualiy,
¥hen the cytoiegic;aﬁ;f unreduced gamefe of the facultative apornict is fertilized
with a male gamete of a sexual tetrapioid, the hexanloid hybrid reproduces apo-
mictically, Similarly, pentaploid hybrids between 3 facultative apomictic tetra-
ploid and a sexusl diploid are apomictic, but the triploid hybrids are sterile,

Using the sexual species as the female parent, the progeny is sterile when

parent is 2 related obligate apomict, and cither sexual or apomictic when the male
parent ig a related facultative apomict,
Hybrids between distantly related sexual species are steriie due to the

absence of chromosome homology. Artificially produced sexual races of
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m‘eﬂsﬁninaﬂﬂy apomictic species, when crossed, gave rise to strictly sexual
offspring., Triploid hybrids between sexually reproducing tetraploid, and
sexually reproducing diploid races of the ssme or a related species are either
sterile or lethal,

Backcross populations are either apomictic or reproduce sexually. The
mode of reproduction belng determined by both chromosome aumber, and

breeding behavior of the parental species,
DISCUSSION

At the same ploidy level, hybrids between a sexual and essentially obii-
gate apomict always regroduce_ apomictically, Vhen crossed with a facultative
apomict the hybrids either reproduce sexually or apomictically, Hybrids
between sexually reproducing s,pecies are either sterile, due to absence of
chromesome homology, or reproduce sexually when functional gametes are
produced. These observations indicate that the apomictic mode of reproduction
is dominant over sexuality,

Cytologically the apomiicts behave like segmental allopolyploids as
defined by Stebbins (1947). Bivalent formation is the rule, and functionat gametes
are alwayé pmdﬁceﬂ. The truly sexual species are characterized strictly by
bivalent formation during microsporogenesis, ipmid species always reproduce
sexually, and polyploids are either apomicts or strictly sexual, These obser-
wvations indicate that polyploidy by itself does not induce apomixis. Purthermore,
the artificially produced autotetraploid, derived from a éexua‘ny reproducing

diploid, is sexual. Mode of chromosome pairing among the predominantly
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apomictic polyplolds is genetically controlied (Harlan and Chheda, 1%2}. In
hybrids, the chromosomes assally pair preferentially between genomes derived
from esach parental species, |

Genetic segregation will therefore follow the pattern described by

Muller (1914), based on random distribution of chromesomes., Harlan gt al,

{1961} indicate that the apomictic species of Baihr-iochloa, Capillipedimg, and
- Dichanthium form an interrelated gcmerir; ~co¥nplex. The observed dats indicate
that the genes controlling mode of reprc@ucﬂan are present in each basic genome
of the polyploids. Stebbins '(1,956} and Powers (1945) suggest that apomixis must
be controlled by a number of different genes, These act in correlation with
each other to produce a series of developmental disturbances. Cnly in dmz
particular combination will all the requirements for sexual reproduction be met,
This appears to be true also in members of the Bothriochleininae, and the genes
controlliing mode of reproduction, present on each basic zenome, is inberited as
a uait, Crossing over and chromatid segregation, as long as the chromasomes
pair preferentially and are distributed at random, will not severely affect genetic
~ ratios. For these reasons gporixis is assigned the symbol A and sexuality a.
Zach genome is assigned a number, The possible gene combinations are listed
in Table VIL |
Obligate apomictic tetraploids will have the genetic constitution AAAA,
Facultative apomicts are divided into classes, AAMa (1), Adaa (LI, Asda
(iV), and Aaaa (V). Harlan et al. (1961) point out that sexual embryo sacs are
abways formed in the obligate apomicts, but that these are usually crowded out

by numerous apomictic ones. Cccassionally, less than 17, hybrids ave obtalned



ABLE VII

r‘

COMBINATIONS DIET ERVINING

WCDE OF REPRODUCTICN

Ploidy level Genome Reproduction Passible Gametes* Class

2n alal Sex  al

in alalpa2a2 Obt  AlaZ, Alala2aZ 1

= algls2,2 Fac  AlaZ ala2, alalaZa? .
AlAlAz 2 Fac 1;\2 ;(Si 2. [AIAI‘%Z 2 un
a1, 142«2 Fac 1,@' algls2.2 ]
g&lﬁl 2,2 Fac Alg 2 }\}‘Al 2,2 | 7 ‘ I
“&1 lAz 2 Fac Al&g, 3152,2, g%.‘larz, ala? alalpZa? w
21515242 Fac ,;&;132. aiaz, A;.ﬂlazaz A
al, 1A2 2 Fac al.z‘f;?“, a_l'az, atalaZs? ¥
l 3 2‘32 Sex ala? Vi

&E}; AI%IAAZ‘&& &3953 Okl

alala2e223,3 sex  alaad

*Based on chromosome distribution following preferential chromosome pairing, and
on function of unreduced gametes,



when obligate apomicts are used as the female parent. These may have the
genetic constitution AAfa, Facultative apomicts exhibit from 1-22 percent
sexuality, but this does not seem to be correlated with the genetic constitution
of the plants. Pareotal species showing 35 and énather with 10% sexuality when
crossed to a sexual female paient behave exactly alike in later gencrations.

Strictly sexual telraploids, when crossed among each other, never pro-
duée apomictic offspring. Assuming genetic centitﬁtions, and segregation as
indicated in Table VI, crosses between sexual and facultative apomictic races
will only rarely produce truly sexual hybrids (Table VIll}. Homozygous recessive
hybrids will result fmin gmssés between sexnal plants sad facultative apomicts
ef ciasses IV and V (Aada, Assa). The hexaploid hybrids behave as facultative,
or obligate apomicts, except for one of the two hexaploids obtained when the
cytologically unreduced female gamete of the sexual D. anpulatum functioned
sexually, This hybrid may represent a homozygous recessive, while the other
combines one or two dominant genes with recessive ones, Hybrids between
sexual and vabiigate aporaictic tetrapleids reproduce apomictically ag could be
expected. Similarly hybrids between facultative apomicts and obligate apomiets
will reproduce apomietically,

Hybridization among facuitative apomicts can produce truly sexual off-
spring only when representatives of class IV or class V cross among themselves,
or between each other (Table VIII). Al the other hybrids will either be faculta-
tive or cbligate apomicts, Mot a single truly sexual hexaploid was obtained
experimentally when two facultative apomicts were crossed. This would suggest

that even in a hexaploid, 2 single genome dominant for apomixis will induce
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apomictic reproduction,

Triploid hybrids, representing crosses between either sexual or facultative
apomictic tetraploids, and a sexual diploid, are always sterile, Vhen the cytologi-
cally unreduced female gamete of a facuitative apomict is fertilized by a sexual
diploid, the pentaploid hybrids are always apomicts, Hxperimentaily produced poly-
haploids from tetraploid as well as hexaploid facultative apomictic hybrids are
similarly sterile. Why apomixis cannot function in triploid hybﬁdé as well as
diploid and triploid polyhaploids, is difficuit té explain, The diploids are character-
ized essentially by bivalent formation during microsporogenesis, although functional
polien is never produced, Sterility may be due to a physiological unbalance in both
diploids and triploids.

The phylogenetic potential of such a partially apomictic population is
unlimited, a9 pointed out by Clausen (1954, 1961). Vithin the Bothriochloininae,
facultative apomnixis makes possible, not only interspecific, but aiso intergeneric |
hybtidi;ation. Harlan and de Wet (1963) demonstrate that in such a breeding
system, mechanisms which insure cross fertilization, others which promote the
formation of balanced sexual gametes, together with apornixis, form a balanced
genetic systeuns. I‘ he result is a polymorphous population, adaptable to a large
array of environmental conditions, and consequently capable of rapid evolution,

At this stage, however, species barriers are being broken down, amd an
unlimited number of biotypes are present in pature, Many of these are often
regarded a8 species{de Vet, 1962), while othersdefy classification. Many of these
are adapted to specialized ecological regions, are essentially obligate apo-
micts and form hybrid complexes which are referred to by Harlaa and de Vet

{1963} as compilospecies. These are apomicts that maintain contact with sexuality.
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TABLE VI

GENETIC CONSTITUTICN OF AN INTZRBREEDING TETRAPLODD

POPULATION CONSISTING OF SUXUAL, FACULTATIVE, AND

OBLIGATE APOMICTS

{lass

Hybrid Genotypes®

Vil
‘HBxVi

Hix Vi

Vi

ViVt

Hx
Bxi

nziv

CIxV
11 x 31
MmMxIv
mxV

iVe&iv
ivav

V&Y

AAAG

Adas

Adag

Abaa

Aaia

Agnga

Obl

BABA
aaan
azaa
aaas
faae

Fac
Alda

Adag

Aaha

Aaaa

40

40

10

40

40
40
40
#0
50

40
60

40
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&& 888

Alan

Yhfaa, 1iaas:
AAdaas

finas

AAsaaa

1£Aaa, 2Aaaa, laaaa
l4zaa, laass
Aagnaa

18A4A, 2Aah8A, 1AaAa

LAARsAa, 1AAMRLYA

IigAsz, 1AAAa

lAddada, 1AAaada, 14Aaadl

1AAAAL, 3AAAa, 2AaAa, 1AAaa, 1Aaaa

l1AsAadd, 2A0Aasa, laaAals, 1hAAaaa,
14aAala

1AAAa, 1AaAa, LAdan, lAaaa

1AAAaAa, 1AAAaas, lAaagd A, lAsagia

Aaha

AdaaAa

14AAz, 2AsAa, lAasa

1AAaahA, 1Aadada, 2AAaaas, 1AAaaaa

1sata, lAaaa

1AAashia, 1AAagaa, lAgaada

1AAAL, 4hALa, 4hada, 2AAR0, 4Aaas,
Iaaas

Yhadalh, 2AzAnde, lAataaa

1aAAa, 2Aaha, 1AAsa, 3Aaaa, laaas

isatatra, lhanadl, 1Aazaan, 2Asaaia,
l%aaaaa '

léata, 24aan, laua,

lAaaspda, 1lanaaa

*Inclede combinations from reciprocal crosses,



Truly sexually reproducing plants nwst occasionally be produced, but are imme-

diately swamped by the apomitts,
SUMMARY

The natuce of inheritance of apomixis was studied in the generic~compiex

Bothriochioa, Cspillipedium, and Dichanthivim. Apomixds is loberited as a

dgominant character over sexuality.

Genes cantrolling mede of rem&iucﬂm appear to be present in each Jaszc
genome of the polypioids. These genes ave icherited as units, and the presence
of one suc‘h unit in a poiyploid {4n, 3n, &) is sufficient to induce aporixis,

Polyhayicids derived from tetrapicid facultative apomictic tetraploids,
as well as tripicid hybrids obtained from crossing facultative tetraploids anc
sexual diploids, are completely sterile. This may be due to a physiological
unbalance which prevents these plants from reproducing apomiciically.

‘Partial apoinixis silows introgressive hybridization to take place within
species, between species, as well as between some representatives of the three

genera Bothriochioa, Capillipedivem, and Ujchanthium. Such a breeding system

i polymmorphic, highly adaptable, anc consequently capable of rapid evolution,
At this stage of pliylogenetic development, however, this genetic gysiem
is better designed for the destruc:ion of species, than the produciloa of new

ones,



CHAPTER V1

THE RELATIGNSHIPS BETW 5N DICHANTHIUM

The species Dichanthium annulatum (Forssk. } Stapf and &, fecundum S,
T. B‘la&é are closely related morphologically, Biske (1944), when describing the
latter species, indicates that it is usually regarded to be identical with D, annu-
latum, or eise it is trested as a variety by Hackel (188%) and Domin (1915).
These two species are similar in habit, but . fecundum d‘iiférs conspicuously
from D, anmuiatum in haviag, except in the homogamous spikelet pairs at the base
_of each raceme, bisexual sessile as well as pediceliate spikelets, This develop-
ment of a bisexual pedicellate Spikelet is of particular interest, as it represents
the key character by which Pilger (1954) and de Vet (1962) distinguish some of
the assumed more primitive subtribes of the Andropogoneae.
The species D. fecundum, an obligate épomict, was crossed with a sexual
race of D. annulatum in an attempt to determine the relationships of these two
species and the mode of inheritance of the distinguishing character of pedicellate

spikelet,
MATZERIAL AND METHOLS

Hybrids were produced as described by Richardson {1938). The sexual

race of U, annulatum was used as the fernale parent, The hybrid obtained was

60
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self pollinated, and the second generation grown and studied morphologically.
Backcrosses to DU, annulatum were also produced, and the progeny of these

were also studied.
RESULTS

The sexually reproducing L. aunnulatura is a tetraploid derived from
doubfing the chromosome number of a diploid sexual plant of the same species,
The apomictic . fecundum is a tetraploid, and behaves cytologically like a
segmental allopolyploid (Borgaonkar and de YWet, 1960). The autotetraploid I,
annulatum is characterized mostly by bivalent formation and normal chromo-
some reduction during mlcmspﬁrogéuesis {de *Wet, Mehra, and Borgaonkar, 1961),
These cytological data are summarizeﬁ iu Table IX,

The zalient morphological characteristics of the parents and the hybrid
are summarized in ’1‘ahi,e X. In general appearance, this hybrid ressmbles the
male parent closely, except for inflorescence structure, and is characterized by
bisexual pedicellate spikelets. Yhen this hybrid was self-pollinated, 18 plants
weve obtained, These exhibit no or very little morphological variation and
resembie‘ﬂm F 1 hybrid in detail (Plate IV, Fig, 1). Apomixis, in this bybrid,
evidently behaves as o dominant over sexuality, and the second generation pro-
geny is consequently completely maternaii. Vhea backcrossed to L. annulatum,
116 plants were obtained, These were extremely variable morphologically
{Plate IV, F ig 2), with 64 plants characterized by male pedicellate spikelets,
and 52 had bisexual pedicellate spikelets, Degree of sexuality among these plants

were not determined, but it could be assumed that some of them will reproduce
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TABLE IX

CYTOLOGICAL DATA OF DICHANTHIUM ANNULATUM AND

D. PECUNDUM AND THEIR HYDRIDS

Species Zn Chromosome Association®

I L i1 v

b, annulatum 40 0-4 12-20 0-1 ©1-4
0.75 15,50 0.08 2.16

D, fecundum 40 0~-3 15-20 0-1 g-2
0.46 18,42 9,03 0. 65

Hybrid (D. ann, xD. fec.) 40

0-4 17-20 0-1
0.73 19.50 0.97

Backcross 40 0-2 18-20 0-1 0-1
D, aon, x (D, aon. x D, fec.) 0,325 19,58 0.08 8.08

*Range and average number of various configurations obsexved are listed,
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MORPHOLOGY OF D, ANNULATUM, D. FECUNDUM AND THE

ARTIFICIALLY PRODUCHD HYBRID

Character

D. annulatum

Hybrid

Pedicellate Spikelet
Raceme nummber
Average
Primary axis length
Average
Raceme length

Average

Male
3-20

11.6 mm,
5976 mam.

68. 5 mm.

Bisexual
2-10

3.7

4-13 mim.
9.5 mm,
63-80 mm.

63, 6 mum,

3.2

5-15 mm.
10.9 mm,
56-104 mm.

94, 1 mm.
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LENGTIH PRIMARY AXIS IN MM

Plate IV
M@l%pho'logy of Dichanthium annulatum, D. fecundum and their hybrids
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Figure 1, Morphological variation in the Fy population of D, annu-
latum x D, fecundum apomictic hybrid.
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Figure 2, Morphological variation in the back-cross population

D. annulatum x (D. annulatum x D, fecundum).
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sexually {cf. Chapter V).

‘The gene determining bisexual pedicellate spikelets is inherited as a
simple dominant character over male pediceilate apikelets, This wight have

been expected, Vithin the genus ! Pichanthivz, as well as ithe whole suiirite

Andropogoninae, L, fecunduin is the only species characterized by bisaxual
pediceilate spikelets. This change evidentiy came about, in this facultative

apomictic tetraploid, through mutation, The sexual T, annulatusa, being an

s o e 2 Ve

autotetraploid, must fiave the recessive gene in four doses and may be assigned

an 8888 genetic consitution, The segmiental allotetrapioid L. fecundum may

L

be homozygous dominant 55¢S, or heterozygous 535s, Shss, Ssss for this char-

acter. If this inutatiou took place at the tetrapioid level, #hich appearstobe
the case, ihe chances are that only one locus mutated, Being essentially an
obligate apomict, no or very little genetic segrepation will take place and the
natural population will be strictly Ei.sexnal in respect to pedicellate spikelats,
Functional pollen is always produced by ¢ £, fecundum,  Assuming & genetic

e o bt

ccnstiution of Ssss, both Ss and ss gametes can be produced. The hybrids

between this species and L. annulatuiy should therefore be characterized either
by bisexuai or male pediceliate spikelets, Unly three hybrids were obtainad
from 300 emasculated florets and these are all chavacterized by bisexual pedi-
cellate gpikelets.

Natural hybridization apparently takes place in fustralia between plants

of I3, fecundum as well as between this species and I3, anpulatum, S“ome of the
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Australian specimens filed with the herbarium of the Koyal Botanic Gardens at
Kew, England resembie Ui fecundum in inflorescence structure, but are char-
acterized by male pedicellate spikelets, Cilersagain resemble I}, annulatum
more closely but have bisexual pedicelfate gpikelets {(de Tvet, 1962}

Be that as it may, the hybrid between . annufatum and £, fecundum has
at least one dominant gene for bisexuality of the pediceliate spikeiat, This
hybrid is highly apomictic and produces no genetic segregation ia the secomd
generation progeny. Backerossed to D). annulatum, the expected sepregation into
plants with bisexual, and others with male pedicellate spikelets were observed,
Agsuming a genetic constitution of Ssss in the hybeid, th-e gametes will either be
S8 or g8, Pheaotypicolly, 50% of the back-cross generation plants should be
male, and 507, bisexual in respect to pedicellate spikelet structure, This,
essentially was the ratio obtained experimentally.,

Kumerous other morphological characters, such as pubescence, raceme
number, raceme lenpth, number of nedes ef the inflorescence and racemes. and
length of the primary axis of the inflorescence were also studied, These aze
variable within individual plants, and averages arve used in constructing the |
ecatter dizgrams (Plate IV, Fig, 1,2). For these reasons, these characters
do not lend themselves to & cytogenetical study. They serve, however, to indi-
cate that genstical segregation takes place, and that the distingtﬁshhig characters
between these two S@acigfas,, except for bisé:mality of the pedicellate spikelet, arconly
a mastter of degres,

Cytological data do not seﬁe to indicate clearly the relationships betveen

these two species. Chromosome association in hybrids between species, and



aiso between races of the same species in the genus Dichanthium takes place
preferentially between genomes devived from each parental plant (e Vet, Mehra,
and Borgaonkary, 1961), V'hen close homologues are absent, Harlan and Chheda
{1962) demonstrate that non-hormologous chivemosone pairing is genetically
induced.

From a biosystematic point of view, 1. asnulatuis and I, fecendus» should

.

be combined into 2 single taxonomic unit, Valeutine and Love (1958} poiat out
that, in apomictic groups, a species concept hased on the absence of gene
exchange cannot be applied, Mutation will give rise to 2 number of distinct
biotypes {Baker, 195‘»?), each one often adapted to o distinct ecologicel niche,
Although morphologically, and often also ccologically distince, these As:'imuid not
be recognized as biological species, This study indicates that as soon as the
apomictic barrier is bruken down, the characters separating these two species
have no taxonomic significance, The species concept in apomictic groups is
fully discussed by G&smféson (1 94?!3), Stebbins {1950}, Rollins (1950) and
Valentine and Love (1958}, From a practical point of view B}, fecundum shouid
be regarded as a vaviety of 2. annulatwin. The latter species is widsly distri-
buted in India, extends eastward to Austraiia and westward to central Africa,
The othex, 1. gf_c_:gg_ggggg. appears to be endemic to Justralia. Logicaily the

varietal name D, annulatum var. monostachya ¥, Meull, (ex Beptham, FL.

Austral, 7, 531, 1878) should be adopted., The pame, however, suggests a

plant with 2 gingle raceme, whereas raceme numberx in D, fecundum varies

from one to five, Domin's varietal namwe, D. apnulatum var, gradispiculatus

{in Bibiioth, Bot._ 20, 85, 269, 1915) slsc does not describe this plant in detail,



[
(o]

For these reasons Blake (1944) bases his description of I, fecundum on a new
type. The varietal combination D, aﬁnulatnm var, fecundum {Blake) comb, nov,
is therefere proposed to include all plants resembling D. annulatum, but which

differ from this species in the bisexuality of the pedicellate spikelets.
CONCLUSTONS

1. ‘The major distinguishing character between Dichanthivm annulatum

(Forssk, ) Stapf and D, fecundum S. T, Blake, bisexuality of the pzdiceilate
spikelet, is isherited as & simple dominant.

2, Dichanthiur fecundum is predominantly apomictic, and consequently

may have arisen from 17, annulatum through mutation.

3. The new taxonomic combination D. annulatum var. fecundum (5. T,

Btake) comb, nov, is proposed to include plants presently referved fo as I,

fecundum.



CHAPTHR VI
APOMIXIS AND SPECIATION IN THE BOTHRICCHLOININAE

The Andropogonese, subtribe Andropogoninae (Pilger, 1954), includes a
diverse group of genera subdivided by de Wet {(1962) into a aumber of generic~
complexes, The Bothriochloininae is characterized by sessile spikelets with 2-
keeled lower glumes having inflexed maxgins, and the gtipitiform lemma of the
bisexual floret passes difeeuy' into an awn, In these respects it differs from
other generic groups. Seven genera are inciuded., The monotypic Australian

endemic Spathia neurosa Bwart et Archer was not available for cytogenetical

studies, Morphoelogical data, however, suggest affinities with DRicbanthium,

The genus Indochloa Bor is represented by two species, L clarkel (Hack.) Bor
and I. oligantha (Hochst.) Bor, both i;e«caiiizeé endemics in India. These species |
are unknown cytologically and their phylogenetic affinities within the Bothrioch~
loininae are not clear. Two species of

Eremwopogon Stapf are recognized by

de Wet (1962), One, E. tuberculatus (Hack.) A. Camus is an Indian endemic,
and the other, 5. foveolatus (Del.) Stapf is widely distributed in the drier

regions extending from lmha te Africa. Harlan et al, (1961) indicate that this
genus is genetically isolated from the others included in the Bothriochicininae.

Maorphological data suggest affinities with Schizaschyrium Nees belonging to the

generic group Andrepogoninge. The monotypic Euclasta condylotricha (Hochst.)

Stapf is present in both tropical Africa and tmpicaii America. Spikelet morph-

ology suggestsaffinities with Dichanthium, but these two genera are isolated

69
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genetically. The three genera Bothriochloa O, Kuﬁz;ze. Capillipedivm Stapf and

;s;::éciea. The fatter genus extends throughout the tropics and subtroples of the

Old World. The greatest concentration of species belonging o Capillipedium is

in India and southeast Asis. Une species, the morphologically variable C.

parviflorum (R. Br.) Stapf, extends from Indiz to Japan, Australia, and southern

Africa. Only this species and its close relatives we i:e studied in detail, Two
distinct species groups are evident in the genus Bothriochloa, The m «imbers of

| the group, confined to the warmner parts of the Americas, are high polypiolds,
reproduce sexually and appear io be closely related to some &ustm‘iiéﬂ s;;eﬁ:ies.
The other group is widely distributed throughout the tropics and subtropics of
the Old World and mnéﬂy reproduces apomictically.

- The relationships within and between ihe genera Bothriochloa, Capillipedinm,

and Dichanthium will be discussed.
MORPHOLOGY

The generic Hmits of these three geners are not always distinct, Classi-
cally, Hackel (1889) inciudes them with the genus Andropogon Linn. as sections.
Stapf (1917), however, indicates that they differ so canﬁpicmnsly from Andropo-
gon, and except for some dubious species also from each other, that each of

these deserves generic rank., From Andropog

on they differ most conspicuously
in vespect to lesuna characteristics, The bisezual flovets are awned frem the
sinus of a bilobed lemma in Andropogon, while the lemma forins the hyaline

base of the awn in members of the Bothriochloininae. Two Australian species,
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Bothriochlos biloha 5. T. Blake and B, erianthoides (¥, Meull ) C. 2, Hubbardg,

resemble

Andropogon in having bitobed lemmas, They, however, resemble
Bothriochioa more closely in respect to inflovescence structure. The species

Dichanthium polyptychun (Stewd) /. Cainus with bilobed lemmas was veferred to

£Andropogon by de Wet (1962).

The two genera, Bothriochloa and Dichanthivm may be subdivided into &

sumber of morphologically similar specica-complexes., Four major groups are

recognized in the genus Dichanthium aad six groups in Bothriochios,

RELATIONSHEE

S WITHIN DICHANTHIUR, -~ Relationships within this
genus are discussed by de Wet and Richardson (1963). Two diploid complexes
are recognized., The Australian group includes L. humilius J. . Black, €,

gericeum (R. Br.) 4, Tamus, D, setoswm 5. T, Blake and U, superciliatun

(Hack.) &, Camus, These arve charvactevized by sessile or subsessile racemes
which are fasciculate, and the lower ghume of the sessile spikelets is loag
ciliate above the middle, usualiy forining ¢ subapical arch. They are distinguished,
the one from the other, mostly by racerne nurmber and distribution of cilia on
the fower ,gi—umes. It was suggested by de Wet and Harlan (1962) that these
species represent ﬂothiﬁg more than distinct biotypes of D. sericeum isolated
from each other by means of self fertilization. Hybrids within this group are
almost lmpossible fﬂ produce as they are cleistogamous under Cklahoma cli-
matic conditions. The other diploid complex is confined to India, and includes
species characterized by pedicellate spikelets having the lower glumes armed
with mazginal bulbous-based bristles. Two of these, U, maccannii Blatter and

B. panchganiense Blatt, et WcCann are characterized by indentations {pits) on




thie lower glume of the sessiie spikelets. The latter species differs from L.
armatum (Hook, 1,} biatt, et MicCGann conspicuously only in respect ro ihis char-
acter. DNiorphologically these species resemble the genus Indochios in haviag,
except for the lower 1-8 humogamous spikelet pairs, tie remaining spikelets

of egel: pair both heterogawous and heteromorphous, Uybridization within this
group are wow being atternpred, Redationships with U, apnulatum were deron-

strated in 2 cross between this species and O, pancnganiense,

The remaiaing two. groups are mostly polyploid and reproduce aponicti-
cally. Celarier, ehwa, and Vulf (1958) demonstrate that D, anaulatuin (Forssk,)
Stapf may be subdivided inte a tropical and a mediterranean ecotype. Harian

et al, {1961) reconstruct the hexaploid species U, papillosws (Hochst, § Stagf

almeost in detall by crossing tetraploid representatives of the two U, asnulatum

ecotypes, The latter species is charactorized by dipioig as well ag tefrapicid
races, elationships between D, caricosum (Linn. ) 4. Camug and 13, aristatum
{Peir.} €. L., Hubbard were discugsed by Celarier, de “wet, and Bakshi {1962).

To this species compiex also belongs 1), pallidum (Hook, £.) Stapf, D. tenue

(R. Br.) A, Camus,and . theiniwinii Bor which may represent apomictic bio~
types of D. caricosum. AHrtificlat hybrids wore produced between D, aristatum
and D. caricosuin, and morphological data presented by Celarier, de Viet,

ard Richardson (1961) indicate that these tw# species also hybridize in nature,
The species D. aristatum is genetically isolated from L. aﬁmlamm but apo-
mictically reproducing hybrids between the latter gpecies and the other species
included in this complex can be produced with relative case, Assuimed natural

hybrids, as weil as artificially produced hybrids between L), aristatum and



D). caricosum also cross readily with IJ. annulatam,

The affinities of two imperfectly kuown species, 2. andringitrense .

Camus and D. mucronuiatum Jansen, are uncertain, Morphological data suggest

relationships with both . snnulatum and 1. caricosum.

RELATICMNSHIPS CITHIN BUTHRIGCHLGA, -- The two dipleid species-
comaplexes are confined o india, Both of these appear to be related to the widely
distributed B, interinedia (. Br.) A, Camus. The one group, includes the
»dipimd B compressz {fiook, f,) Henrard the tetraploid § woodrowil {(Hoof. £.)

A. Cames,and the cytologicaliy unknown species B, ensiformis (Hook. f.) Henrard.

These species differ {rom each other mainly in degree to which the culmns are
compressged, asd miner inflorescence characteristics,
The cther diploid group includes B, concanensis (Hook, f.) Henrard, B,

kuntzeana (Hack. ) ilenracd, and B, loagifotia {Hack. ) Bor. Inflorescence struc-

ture sugpests affinities with L: pertusa {iinn, ) A, bamus and growih habit méx-

cates velationships with B, intermedia, Hybrids within and between these groups

have as yet not been produced. Their locaiized distribution and morphological
characteristics {Harlan et al, 1961} indicate that they wmay vepreseat relics of
the originsl basic steck which gave rise to the polyploid species of this genus.

Attempts to hybridize tetraploid 2:% interracdia and b longifolia, however, were

not successiul.
The Australian tetraploid B. decipiens {(Hack, T, <. Hubbard, the hexa-
ploids B. ambigua 5. T, Biake and B, eriantheides (I, ieull.) C. &, Hubbard,

and the cytologicaily unknown B, biloba 5. T, Blake resempje the American
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‘.polygl@id species-complex in inflorescence structure, The racemes are sessile
or subsessile, and the spikelets are often atmost completely coverad by long
sitky hairs on the pedicels and rachis. Singh and de Wet (1961) indicate that
- sterile hybrids between members of this group and the American complex can
be produced,

The remaining species could be subdivided into three large complexm
The more typical Surcpean speciés B. ischaermum (Lian. ) Keng which extend
castward to China and adjacent igla;nd;s appesr to hybridize in nature mth B.
intermedia wherever these two species are sympatric (Harlan, 1963). Artificlal
hybrids between these two species can be produced with relative ease (Harlan

et al, 1961), and the species B, oryzetorum (Hack.) Bor, and B, pseudoischaemum

(Nees) Henrard may represent apomictic derivatives of introgressive hybridi-
zation between B. intermedia and B. ischaemum.

The widely distzibm B. intermedia (X, Br.) A. Camus is extremely
variable morphelogically. A number of species, B, ewartiana (Domin) C. X,
Hubbard, B. grahamii (Hzines) Bor, B. glabra (Roxb.) A. Camus, B. haenkei
resl.) Ohwi, and B, odorata {Lisbea)’., Camus are usually recopnized (de Vet
1962), These specieé raproduce apozﬁicticaﬁy, can be crossed artificially in
various combinations, and are so interlinked morphologically as to form a single
ccherent specieg-complex (Harlan et al. 1961).

The species-complex B. acidula (Stapf) de “vet, B. insculpts (Hochst.) A,
Camus, B, panormitana (Parl.) Pilger, B, pertusa (Linn.) A, Camus, and B,
radicans {Lehm.) A. Camus form a group im which the individual species are

often difficult ox impossible to identify with certainty., They reproduce
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apomictically, and ove tetraploids except for B, insculpta w&ﬂch is mostly hexa~
ploid or pentaploid. Attempted hybrids botween members within this complex
were not successful, Tetraplaid representativesof B, pertusa and B, intermedia,
however, hybridize. Morphological data indicate that the B, inscuipte may have
'or-igmaaéd from such a cross. The remaining species may represent apomicti-
cally reproducing eco-biotypes of B, pertusa.

RELATIONSHIPS WITHIN Cé}?ILLEFZi}IUV -~ Only C. parviftorum {&.Br. )ﬂ

Stapf, and its apparently close relatives C. arachpoideum Henrard, C. caucasicun

(Trin.) de Wet 2nd C. spicigerum 5. T, Blake were studied in detail, Both the
latter two species may represent derivatives of introgressive hybridization

between Bothriochloa jntermedia and C. parviflorum (de Vet, Harlan, and Farugi,

- 1963; Harlan and Chheda, 1963).

The apecies C. parviflorum is widely diétributed, highly variable mosph-
ologically, and characterized by both diploid and tetraploid races. This species
apparently also forms an integrated complex with C. assimile (Steud.) 4. Camus
widely distributed in northern India, southeast Asia and China, These tweo species

differ from each other mainly in growth habir (Bor, 19560), f:apillipemum caucasi-

cum, confined to the Caucasus region is included with the genus Bothriochloa by
Henrard (1940) and Hubbard (1939). Inflorescence structure, however, places it

more nearly in the genus Capillipedium. Blake (1944) described C. spicigerum

from Australia to include plants intermediate in morphological characteristics

between Capillipedium and Bothriochloa.

RELATIONSHIPS BATYEEN THE GENSRA BOTHRICCHLOA, CAPILLIPE-

DIUM AND DICHANTHIUM, -- Conclusive evidence of intergeneric bybridization
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between these three genera was presented by Harlon et al, (1961). Natural
hybridization between B. intermedia and both I, annulatum and C. parviflorum
was demonsirated by de Vet, Harlan, and Fareat (1962). The genera Capilli-

pedium and Dichanthiwia are genetically isolated from each otheyr, [arlan and

de Wet (1963) indicate that B. intermedia, as recognized by them, includes a
hybrid complex, referved to as a compilospecies. This compilospecies (Plate

V, Fig, 2) comprises a gene pool which includes genetic material of the genera

Dichanthium and Capillivedlum as weil as B. ischuemunn and probably also other
species of Bothriochloa,
Over its complete range of distribution B. intermedia is sympatric with

€. parviflorum and D, anuulatum. On the basis of gross morphological cher-

acteristics Por (1960) subdivides the compilospecies g mtermedaa into three
d-iffereatr species, Plants with 10-25 simple or sparsely branched racémes
arranged on an elongated primary axis are referred to B. interimedia {#. Br.)
A. Camus. This species is further characterized by 30 or more spikelet pairs
per raceme, and the spikelets are lanceoiate in ontline, Farticularly in Africa
and Australia the majority of specimens are characterized by strongly branched
racemes consisting of 15-25 spikelet pairg, These plants are usually referred
to B. glabra (Roxb,) A. Canws. Artificially produced hybrids between B,

intermedia and C. parvifiorum (de Wet, Borgaonkar, and Chheda, 1961) indi-

s e ot i O

cate that plants included with B, glabra could have originated from such 2 cross.
fatrogressive hybridization may exslaia the range of meorpholegical variation
observed among plants in regions where these two species are sympatvic., The

Australian species, €. spicigerum as well as O, cavcasicum confined to the
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Plate V

Relationships in the Bothriochloininae
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Caucasus, apparently vepresent well establisbied apomictic biotypes derived from
introgression with C. parviflorum,

indian plants resembling . intennedia, but having the racemes subegual
in length to the primary axis of the inflorescence, awmd oblong-lanceolate spikelets,
represeant hybridization derivatives with 1, annulatum (Harlan et al. 196i;. Dor
{1960) describes B, grahamii th include these plants, and Jelariar and Harlan
(1955) refer to them as the Gangetica race of £, intermedia. These plants resemble
Dichanthium in detail, except that the lower sessils spikelets on each raceme
are bisexual and awned. Tn contrast, Dichanthiur is characterized hy 1-6 male
and awnless spikelets at the bage of the racenes,

In western Pakistan and northern India introgressive hybridization hetween
B, igg_e__n_gz_gd_g ard the smiore typical Znropean species 3. ischaemum is chvious
(Harian, 1963). Artificial hybrids between these bwo species ressmble these
assumed natural bybrids iu detail morphologically and cytologicaily, Celarier
and Harlan (1958) sugpest that B, ischsemurs var, songarica mey have criginated
through hybridization between these two spécies. |

horphological data suggest that b, pextusa also contributes genes o the
B. intermedia compilospecies. The typleaily African species 8. lnsculpta,
resembles artificially produced hyerids between certain biotypes of §. inter-

media and B. pextusa, This species-commplex is now being studied in detuil,
DISCUSSION

fivolution within each of the genera Sothriochloa, Capillipedium, and

Dichanthiom was probalily governed, at the diploid level, and again later in the
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polyploid level, by the classical forces of mm;atian, recombination, selection,
and isolation. Zach geonus is characterized by sexually reproducing diploid, and
essentiaily apomictic polyploid species. At the diploid level, at least at the
present time, these three genera are genetically isolated. Movphological data
suggest that not one of the polyploid species, except for the compllospecies, g
intermedia, combines genes from any two or gl three of these genera, The Cld
World polyploids behave cytdiogiea;iiy like segmental allopolyploids, and are
gxtremely variable morphologically, These are mostly apomicts, but always
maintain some contact with sexuality, Mutation, together with occasional hybridi-
zation consequently could glve rise to a large number of distinct biotypes, The
presence of sexually reproducing allopolyploids in the New Verld would suggest
a world-wide distribution of Bothriochloa some time in the past.
Apomixis, together with genetically controlled prefereatial pairing in the
- segmental. ailopotyploids (Harlan and de Wet, 1963) made intergeneric as well
as inpterspecific bybridization possible. This, however, only takes place between

the compilospecies B, intermedia and various memkbers of Capillipedium and

Dichanthium. Hven at the polyploid level the latter two genera are completely
isolated gepetically,

The original B, intermedia, which initiated this chain of interspecific and
intergeneric hybridization, could not be distinguished among 300 collections
atudied. Thasevrégresent biotypes collected over the complete range of the
species, extending from sotthern Africa to Australia, The basic B, intermedia
was probably completely swamped by an inflax of genes from species of the same

and the two related genera,  Hybridization within this compilospecies gave rise
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to a complex that defies classification,

The net result of such a genetic system, as indicated by Harlan and de Wet
{1963), is a heterozygous population capable of rapid evolution, At this stage of
evolutionary development, however, this system is better designed for the destruc-
tion of species, then for the production of new onres, Apomixis provides a means
for rapid colonization of new babitats, and morphologically distinct biotypes cas
be maintained indefinitely.

Harlen and Chheda {1962) demonstrate that the genes which control preferen~
tial pairing also induce gome degree of non homotogous pairing. This process
should eventually lead, threugh segmental interchange, to a cytologically balanced
system. At the present time apomixis provides an escape from sterility amd a
genetic system in which segmental Interchanges are possible when cytologically
reduced gametes are produced. |

This is also true of polyploid species-complexes within the genera Bothrie-

chloa and Dichanthium (Harlan et al. 1961; de Vet and Richardson, 1962). The

cytology and breeding behavior 6:& a typical agamic complex is preseated in Plate
V, Fig. 1. Apomixis and a sexual potential are nicely balanced, and heterozy-
gosity is increased through the ability of both the cytologically reduced as well |
as unreduced female gametes to function sexually or develop parthenogenetically.
Hvidently, as aiso demonstrated by Clausen (1961) for the genus Poa, hybridi-
zation is actually facilitated by apomixis. This wreckage of species will continue
as long as the hybrids can reproduce épomicticaﬁys Sexually reproducing plants,
can be obtained from crossing two facultative apomicts. Apomixis in these

genera is inherited as a dorpinant character ever gexuality, Through selection,
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however, cytologically unbslanced offspring will bz elimioated in the sexually
reproducing bietypes. This may eventually lead to genetic isolating mechanisms,

and the establishing of completely sew spocies,

CONCLUSIONS

1. The genera Lothricchioa, Capillipedium, and Sichanthium are geneti-
cally isolated from each other at the diploid level,

2. At the polyploid level tids is alse true of Capillipedium and Dichagthium

One species-complex, E intermedia, on the other hand, hybridizea both ia
nature and under artificial conditions with representative of both the other two
genera, |

3. Hybridizaﬁien is made possible by the meintenance of a sexual poten~
tial, genetic controlled preferential chromosome pairing and apomixis,

4, At this stage of evoluﬁun#ry development introgressive hybridization
together with apomixis are breaking down species as well as generic barriers.

5. New biological species could develop fiﬁm these gpomictic biotypes
only after new genetical isolating mechanisms become established,

6. This could take place through the establishment of a halanced cyto-

fogical system by means of segmental ipterchange and sexual  reproduction.
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