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ARSTRACT.~ -Vegetative characlers stud-
ied included presence or abscnce of rhi-
zomes, kind of rhizome, modification of
stolon lips, branching patterns and winter
hardiness. Growth habit, together with
geographic distribution, ecological adapta-
tion, and affinity based on cytogenetic
studics suggests a sequence of evolutionary
cvents in Cynedon.

A blosystematic study of the genus
Cynodon was conducted at Stillwater,
Oklahoma lrom 1963 to 1967 result-
ing in a revigion of the genus (Clay-
ton and Harlan 1970, Harlan and
de Wet 1969, ITarlan et al. 1969).
The species and varicties as now
recogrized are presented in Table 1.

TasLe 1.— The Species and Varieties of Cynodon.

2n
Chromosome -
Epithet Number Distribution
C. aethiopicus Clayton et Harlan. ... .. .. 18, 36 Thast Africa; Ethiopia to 'I'ransvaal
C. arcuaius J. 5. Presl ex.
CoB o Preslo.oo oo 36 Malagasy, Cevlon, India, Southeast
'Asia, Philippines, Taiwan,
Indonesia to Australia
C. barbert Rang. et Tad. ... . ... ... 18 South India
C. dactylon (L.} Pers '
var. dactvlon . . oo o 36 Cosmopaolitan
var. afghanicus Harlan et de Wet. .. .. 18, 36 Afghanistan
var. aridus Harlan et de Wet. ..., ... 18 South Africa to Palestine to
South India; intre. in Hawaii,
Arizona
var. coursit (A, Camus)
Harlan et de Wet................... 36 Madagascar
var. elegany Rendle. .. ............ ... 36 Southern Africa; Mozambique,
Zambia and Angola southward
var, polevansit (Stent) Harlan
ctde Wet.......o.oo 36 Baberspan, South Africa
C. incompletis Nees
var. facompletus ... 18 South Africa
var. hirsutus (Stent) Harlan
etde Wet. .. ... e 18, rarely 36 |[South Africa
C. nlemfuensis Vanderyst
var, mlemfuensis. ... . o L 18, rarely 36 |Tropical Africa; Fthiopia to
Zambia, west to Angola
var. robustus Clayton et Harlan. ... ... 18, 36 Eust Africa; Ethiopta to Rhodesia
C. plectostachyus (K. Schum.)
Pilger. ... 15 lithiopia, Uganda, Kenya,
‘T'anzania
C. transpaalensis Burtt-Davy. ... ... 18 ‘Transvaal and Orange Free State
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Bpecimens were examined at Kew,
British Musenm, Paris, Brussels,
Berlin, Florenece, Feneva, TTonoluly,
Bangkok, Manila, Los Banoes, and
Washinglon, The revised classifica-
tion, however, was bascd primarily
on a living colleetion of some 700
accessions grown in uniform nuvser-
iew at Stitlweter. In the living ma-
terial, it was noted that most of
the taxa eould be distinguished by
characteristie growth habits. Vege-
tative characters are difficult to de-
geribe and are highly subjecl to eu-
vironmental modification, yef they
are usefui for fleld identification and
have evolutionary implications. They
tend Lo go unnoticed in the herbari-
um because few speeimens arve suf-
flelently complete to reveal growth
characteristies. The main types of
arawlh habits are deseribed in this
paper as an aid to identification and
to shed some light on evelution in
the renus,

DEgcurermon

RHIZOMES: The genus is essen-
tlally eacspitose; only €. tfransva-
afensis and fonr of the six varieties
of € dactylon have rhizomes. There
are, however, two kinds of rhizomes,
Fig. 1. Ome tends to be relatively
slender, straight, with lone inter-
nodes and the tip always stays below
the sorfaee. Lateral buds grow up-
ward and emerge to form culms, but
the rhizome itself remauing under-
ground, Fig. 1A, The other kind of
rhizome is relatively large in diame-
ter, fleshy, nsually crooked with
short internodes and the tip may
grow o the surface where the rhi-
zome is converted into a stolon, Fig.
13, The first type grows faster and
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decper than the seeond.  The dis-
tribution of rhizonme t¥pes is given
in Table 2,

Fisure 1.
Cynodon,
4. A true thizeme in which the tip
always stays below the soil surface.
E. Rhizome tha: cmcerges and is con-
verted to a stolon.

Twao types of rhizomes in

The inheritancs of rhizome forma-
tion was studied in a limited number
of the hybrids produced in the
course of the biosystematie study.
Table 3. In hybrids between mnon-
rhizomatous and rhizomatous species,
rhizome formation was suppressed,
but the nonrhizomatous varieties of
(. dactylon werc not able to suppress
rhizome formation. The tetraploid
race of €. nlemfuensis var. robustus
does not suppress rhizomes complete-
Iy, and, indeed, rhizomes were pro-
duced in hybrids between it and
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stolons, rooting is usually also sup-
pressed so that in the larger forms,
one may lift up a stolon one or two
meters long unattached to the soil,
and with regular alternate branches
down its length. TUnder nstural con-
ditions, stolons of this type may fes-
toonr shrubs and even small irces
three meters or more in height. They
tend to have long internodes (> 10
e and sometimes > 20 em) and
are very fast growing. Under nurs-
ery eonditions they may grow 10
meters or more in 4 single Lcason.
Plants of this type produce a loose,
open mat of growth rather than o
dense turf.

At the other extreme, are taxa in
which the upper bud at a node de-
velops almost immediately after the
lower one, producing a branching
pattern that appears to be opposite
and subegual, T, 4C, These tend
to have short internodes, root freely,
and form a dense turt covering the
soil almost completely.  Further-
moee, the branches themselves branch
guickly and nedes only a short dis-
tanee back from the tip may show
a knot of growth econsisting of sev-
eral culms, short stolon branches,
and many leaves. In the absence of
cormpetition, the turf creeps in a
closed, dense [ront across the soil
surface, rooting immediately behind
the stolon tips.

Again, the two extremes are con-
spicuously different, but some laxa
show intermediate behavior
Fig. 413, An individnal plant may
also be rather wvariable. During
periods of maximum growth, inter-
node elongation is sufficiently rapid
that the branching appears alternate,
but as growth slows down the de-
velopment of the two buds at 5 node

a8 1In
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beavine more nearly synehronous and
the branching approaches opposite.
The upper latera’ bud usnally grows
eventually even in forms that have
a distinetly alternate branching pat-
tern, Despite the variability, branch-
ing habits of some laxa are con-
spicnonsgly  different from others.
Cynodon acthiopiens, €. nlem fuensis
var. #lemfuensts and 2x var, robus-
tus, O, urenaties, . barberi and €.
daclylon var. aridus, afghanieus and
elegans have consistently alternate
branching, at least along the distal
portions of the stoloms. Cynodon
plectostachyus, €. nlemfuensis var,
robustus (4x), O, Incompletus, €.
transvealensis, and €, dectylon vars.
duciylon, conrsi, and polevonsii have
eszentially opposite branching pat-
terns,

RIZE: There sve striking differ-
ences among taxa with respeet to
plant size. This, again, is a variable
character and readily inflnenced by
cnvironment. Under conditions of
a wuniform nursery in full sunlight
and with ecompetition with other
vegetation removed, the differcnces
are so consistent that plant size is
one of the most conspleuous of all
characters, Under these conditions,
small plants are usually 15 em or
less in height and large plants are
generally 40 cm or more. Some of
the most robust forms may exeesd
a meter in height. A rough classi-
fication of plant size 18 presented
in Table 2

HARDINESS: Cynodon is basical-
Iy a tropical genus and plants of
most specics are very sensitive to
Mreezing. Planiws of O, grewatus, €.
barberi, C. gethiopicus, C. plecio-
slachyus, €. nlemfuensic, €. docty-
lon var. eoursit and some races of
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var, dactylon aure completely de-
stroved by a killing frost under Ok-
laloma conditions. . daciylon var,
artdis  apparcntly has no  tissue
hardiness, but can usually overwin-
ter at Stillwaler by virtue of the
deep rhizomes that escape killing
temperatures. O, dactilon var. ele-
gans has the same laculty, but the
rhizomes do not go as deep and mor-
tality is very high. DPlants of the
tropical raece of var. dactylon may
survive especially mild winters, but
always with very severe injury.
Deep rhizomes can aet as a survival
mechanism for plants without tissue
hardiness,

Cynodon incompleius and €. dac-
tylon var. ofghanicus, on the other
liand, have good tissue hardiness but
no rhizomes. Toth overwinter well
in Oklahoma. Cynoden fransvaalen-
sis, € daetylom var. pelevansis and
many accessions of var. dactylon
have hoth tissue hardiness and rhi-
Z0Imas,

LEAF SHADPE: Three species can
he easily recognized by leaf shape.
In €. barberi, the leaves are broadly
ovate-lanccolate, consgpicuonsly dif-
ferent from all other taxa in ihe
zenus.  In O, arcwalus, the leaves
are broadly linear-lanceolate, rather
intermediate between €. barberi and
most of the other taxa. There is
no overlap, however, and the leaves
of €. arcuatus are readily recogmiz-
able. Cynodon transvaalensis repre-
sents the other extreme, with slender
linear leaves finer than in any other
species in the genus. Tlants of all
other taxa have linearlanceolate
leaves more or lesy alike in form.
There is a conspicuous range in size,
but only the three species mentioned
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can be consistently distinguished by
leaf shape,

IXTERPRETATION

Cynodon barbers and €. arcuatus
are well geparated from the rost of
the genus mot only by lenf shape
and growth habit, but by inflores-
eemce and spikelet eliaracters and
by genctic barriers (ITarlan and de
Wot 1969, Harlan ef af. 1969). The
distribution of €. areuslus aeross the
islands of the Indian and South Pa-
cific Qeeans from the Comoros and
Heychelles to Australia suggests an
ancilent distribution of  ancoestral
forms, elearly distinet from the geo-
graphie patterns of the rest of the
genus. Cynodon barbert shows some
morphological affinity to the nearest
genus, Brechyachne, which is rep-
resented by a number of species in
both tropical Africa and Australia
that were at one fime assigned to
Cynodon. Cynodon barbert and C.
arewatus appear, therefore, to rep-
resent a very early differentiation
from the ancestral Cwynodon stock
and are mno longer closely related
to the remaining taxa.

A second elearly separable group
includes the large East African spe-
cies . gelhiopicus, (. nlemfuensis,
and €. plectostachyus. They share
a number of growth habit charac-
teristics such as lack of rhizomes,
leafy stelon tips, Iack of hardiness,
large size, open growth and mostly
alternate branching patterns. All
three have distributions closely as-
sociated with the Great Rift Valley.
In erossability studies reported by
Harlan ef al. {1969), it was shown
that €. plectostachyus is completely









