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I NTRODUCTION

Thft Increasing interest in turf problem* whioh results
from the growing demand for ornamental lawns, sports fields
and aecrodromes has emphasised the value of Cynodon species ae
lawn grasses.

any problems have arisen in connection with the
system atic# of the genus Cynodon and there is great necessity
that there anomalies be cleared up and the genus thoroughly
"ovlaed. The confused taxonomy is due to the wide range of
variability existing within so-called species and also to
the large number of intergradln ; forms that occur between
these species.

The study of this genus was undertaken with the object of
disclosing definite characteristics which would enable workers
to distinguish between species and varieties of Cynodon and
to identify isolated plant#.

It was decided to commence the work with the study of
Cynodon grasses in common use. The five lawn grasses selected
are known to gardeners and fleld-workera as "Coarse kweek"

(0. daotylon Pars.), "Florida" (C. transvaalencie Burtt Davy),
"Bradley" (0. Hradleyl Stent), "Mixgeunie" and "Hall's
lelectlon". The three first-mentioned are recognised species.
The writer found '"Vagennis" to be a hybrid between C. daotylon
and jk tranev alensls. Because this hybrid reproduces
vegetatlvely and so remains true to type, It has been given
specific rank and is referred to as Cynodon Magennisii Huroombe
so. nov.. "Hall's Selection" was f« Td to be a variety of
C. daotylon; it is referred to as C”<Uoty_lon Pars. var.
lensus Huroombe v «r. nov. owing to its compact habit of growth.
In the past, morphological distinction has been considered

decisive, or at least of major importance, as a criterion of



INTRODUCTION

The Increasing Interest In turf problems whloh results
from the growing demand for ornamental lawns, sports fields
and aerodromes has emphasized the value c¢f Cynodon species as
lawn grasses.

ny problems have arisen in connection with the
eyate atics of the genus Cynodon and there is great necessity
that these anomalies be cleared up and the genus thoroughly
revised. The confused taxonomy is due to the wide range of
variability existing within so-called species and also to
the large number of intergr&ling forms that occur between
these species.

The study of this genus was undertaken with the object of
disposing definite characteristics which would enable workers
to distinguish between species and varieties of Cynodo.i and
to identify isolated plants.

It war decided to commence the work with the study of
Cynodon grasses in oot-v;on use. The five lawn grasses selected
are known to gardeners and field-workere as "Coarse kweek"

(C. daotylon rers.), "Florida" (C. transvaalensls Burtt Davy),
"Bridle, (<. Bradlst1l Stent), "Magennle" and "Hall's
lelectlon". The three first-mentioned are recognised species,
'he writer found '"Magennle" to be a hybrid between C. daotylon
and C. transvaalensls. Because this hybrid reproduces
vegetatively and so remains true to type, it has been given
specific rank and is referred to as Cynodon Magennlsil Huroornbe
ap. nov.. "Hall's “election" was found to be a variety of
%.»)da(iyl.o.% it Is referred to as G_"dact%lon Pors. var.
deneus Huroombe vir. nov- owing to its compact habit of growth.
In the past, morphological distinction has been considered

decisive, >r at least of major importance, as a criterion of



apeoieca - difference. The rise of other branches of
biology hae exerted a profound effect on the outlook of
taxonomlbta, with the reault that the artificiality of the
purely morphologictl epeolec-oonoept has became apparent.
It le now rocognleed that all aspect# of biological
research must ue utlllcod for taxoncml# purpose#, and that
the final Judgement muet be based on the maximum correlation
of all the available data.

In accordance with this outlook of "The New Systematic#",
It was decided to base the classlfloatlovi of the Cynodon
genus on a study of external morphology, leaf anatomy and

chromosome#.



Qynodon dactylon Perm.

I1ot'C Herbarium 21713



(jynodon dact;, Ion Fere.

Thle cosmopolitan grass 1b widely distributed throughout
the warmer regions of both hemispheres. It is known In
South Africa as "Kweek gras" or "Muilok grass", In Aaerloa as
"Ber uda grass", In Awustralia as "Oouch grass'", as "Bahama
grassk In the eat Indies, and as "Dovib" in India. Bews
(1929) writes: "It is proJably a native of the Mediterranean
region, though it may be indigenous in South Africa, and
elsewhere In the Southern Hemisphere as

Although fairly constant in itti essential characters,
the grass varies In habit according to the locality and to
the conditions under which It Is grown. The species was
first described by Dr. C.H. Persoon in "Synopsis Planta.rum",
vol. 1, TAO05. This original description is very brief and
dubse uent worVers have enlarged it considerably, with the
meceult that these later descriptions vary within fairly wide
Ilulte.

o daotylon la essentially a pioneer grass; It Is
occasional to abundant In all disturbed and exhausted areas,
Inoludlh-, old roads, burned veld, overgrazed land, river
bankE, ter Jte's nests, abandoned kraals, and cultivated
lands. Because of Its capacity fo- binding soil and because
of the -aridity with which It coven bare ground, it has been
used, both In this country and In America, to prevent erosion.
Throughout the war It was found suitable as a turf grass for
lerodromes owlMg to the fact that It rapidly produced a good
oover and was hard-wearing and drought-resistant.

In parts of India, Awustralia, and In the Southern states
>f Amrrloa, C. daotylon Is valued as a pasture grass.
According to Hitchcock (1935N "Bermuda grass [s the most
important pasture rase of the Southern On alluvial

ground it. may grow sufficiently rank to be out for hay. '



In South Africa this grarF seldom attains any height and Is
rrrmerally re nrded as a troublesome *emd chloh Is difficult
to eradicate. Meredith (1944) concluded that 0. dactylon
evas more hardy and usually more nutritious than many other
veld grasses and that It responded well to fertiliser
treatment. He suggests that more attention should be given
to this grass which could be one of the more valuable South
ifrloan pasture grasses.

0. dactylon is extensively cultivated as a lawn grass In
tost of the warm countries where It xioure. Stent (19?7a)
writes: "...It makes a smooth, compact, twt rather coarse

lawn, and withstands drought well..."

Jynodon tranavaalensls Hurtt Wavy

3tent (19;7b) gives the following account of the history
of tMe grass: "The grass was first noticed on the Crenaiston
Town lands and a florist in Johannesburg dug up roots and
planted it in his nursery and thence distributed it as
Oemlston jrase. Subsequently another nurseryman discovered
the seme ,;rass growing at Florida, another suburb of
Johannesburg, and distributed roots of this under the narac of
Florida grass.» According to Meredith (1957) C» transva .lenals
ms need for one of the first grass greens put down in tlxe
TranSVwt. In 1908.

hurtt Davy In his original description of __tranay alunsls
in the "Kew Bulletin", 1921, refers to It as 1l "strikingly
distinct species". He says: "I have >iad tl12 jtr*"lenale
under cultivation for many years, under precisely similar
conditions of soil, moisture, exposure, eto., and alongside
of both 0. dactylrn Pore , and C. .Incanp letuM. Wfoe; It retains
its characters without showing any tendency in the direction
of either species. Transplanted fr<*n the damp sandy soil of
a dam margin to a harder and drier soil, It a:.so retains Its

oharaoters."

Otent (1927a) considers 9. transvaalensls to be a natural



tyhrld Let <« n G. daotylon and C. hl“eutue.

C. transvaalenel# is one of the most popular lawn grasmce
if outli Africa; It raakeu fine, level, oompaot, springy turf
if a vivid yellow-green. It Is fairly hardy and If provided

with a certain amount of moisture will keep green throughout

the hottest summer.

To quote Gtent (["Pjh); HI,. ”~ b,»bb is named after Mr.
/111lam Bradley who first observed It growing on the veld
Just outside Jofiannesburg, and thinking it had possibilities
is a lawn grass, cultivated a plot of it and eventually put
It on the market. It became very popular simply because it
was new.' According to Meredith (1937). kr. Bradley made the
first lawn of this grass prior to 1910.

The original description of C. Bradleyl was made tiy Stent
In "Bothalla", vol. II, 192?. In Stint's opinion the grass
in i natural Iqrbrid between C. daotylon and C. hlreutus,
resapbHng the latter more than the former. (C. hlrsutus Stent -
"Red kweek" or "Transvaal kweek" - is a coarse grass Indigenous
to the Transvaal and Southern Rhodesia.f She did not consider
"Bradley" to be a true species, but conferred specific rank on
the grass for the sake of convenience; "Bradley grass" was
being widely cultivated, and as It did not set soed and was
being propagated vegetatlvely, it remained true to type.

In recent years C. Bradley! has become a very popular lawn
-rase. It has one advantage over C. tranevaalensi? In that
It grows very ra Idly: "....planted In rows 9 In. to 7 it.
apart It will under favorable conditions completely cover the
ground, in 2 months..." (Btent, 1927b), However, it is not as
hardy as 0i trnnovialensls; being a "surface grass" It does not
readily withstand drought or rough usage. It is aleo susceptible
to fungour ulseases and to the attack of a nematode (Ang”LI1Wlna
tumef olene). This endemic parasite ircduoes galls on the

leaves an stem and may in time destroy a whole lawn.
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gynrxton ’ i.'ennle 11 Huroot,be cpe* nov.
tthev'B (1V35), In an article entitled “Lawn Krauses on

trial at Klrstenboeoh", hae Included the following note supplied
by r. . K»nnle on the origin of “ tgennls graae®.
“In August, 19?0, when Magistrate of &aet London, I planted a
fairly large section of Florida graee from the Transvaal In the
teeidency garden at Cast London. The Florida was allowed to
rrow naturally and seeded - not having been out. In the fence
idjninimr the Florida, and along the eldee of the road outside,
the .ast London Kweek gra”“s gr»w profusely and seeded. Polli-
nation of the Florida by the last London Kweek must hive taken
ilaoe for In 19P2 a seedling appeared amongst the Florida. This
seedling grew rapidly and soon a small lawn was planted with It.
This grass has uhe fineness of the Florida with the vigour of
the (week. In 1923 1 took a few rootlets to Kimberley. It
thrived, and Hr. Oharwood of the Kimberley Club beoaae
interested in Its Doeelbllltles for Bowling Gi 'ons and called It
the Magennie grass A green was In course of constriction at
/e selfcon and half of this green was planted with it. Its
a oovee ran ohenoenal. Since then many greens have been
planted wl.h this grass. It seems particularly adapted to the
lorthem Provinces.*

UnforturvitMly thle Bra.. 1. fr.qu.mtly attacks by the red

lit. I tlpnaou. «p.) »hloh may mau.. oon.lderabl. damnge.

aynodon daotylon p«r.. ..ru Jl.m.u. ear, mor.

e,. IJ). Hall, when Mi . vl1.1t to th. o.rul.ton Wit OWW,
in Ueownber, 193), r™”4 that p.Mhw of . >o0o0.r». k..ek- ..r.
.,.InK removed from the 15th green. H. tran.pUntrf . .=d of
thl. ira.e to the turf ekrerlmental plot. »t Kr.nkM.wM
.here It .a. ref.rr.'" to ,. mHall's 8. Lotion."

Thl. variety of C. Aeotylon form. . oompaot, donee oover
.nd he. been found to be hardy and drought re.latent, ror th...

rea.one It 1. partlnnLrly .ultabl. for .port.ground. .hloh

11 b, eubleoted to frequent hard uecage.



f ATSRIAL Aim NIuTHQUS

i'he Cynodon speclee seclected for study were grown In the
experimental plots at Frankenwald, the Botanical Research j
-tatlon of the University of tho Wltwatersrand, 14 miles north
of Johannesburg. C» daotylon was grown from seed harvested
at the end of 1943 on the Nigel aerodrome. (The grass Is
Indigenous to this area). C. daotylon var. denaus war grown
from a sod taken from the (Jermlston Golf Course In Docember,
1933» and J. 1-igennlsll from rhizomes obtained from a lawn at
the University In 1936. Both 0. transvaalensls and C. Bradley!
sere originally planted at Frankenwald In December, 1933» but
their source is unknown. Before the oonmenoement of this study,
therefore, the five grasses had been growing In a common
te tin, ground for at least three year#* and had throu”iout this
time retained their original distinguishing features.

m September 25th., 1945, three sods of each of these five
grasses were planted at random on a clean area of soil at
Frankenwald. The sods were watered once a week and the grass
was allowed to grow rank. On Plates 6 to 8 are photographs
if a sod of each grass taken three months after planting.

"aterlal for both the morphological and the cytologloal
study was taken fro* these sods, as also were the specimens of
each grass which were placed In the University herbarium.

These pressed specimens were numbered as follows

C. daotylon ’oss Herbarium 21717
C. tranevaalenele " " 21712
C. Bradleyl " 21714
fl. yiagenn Isll " " 21717
C. Matylon var.denaus " 21716

Photographs of these herbsrlum sheets will be fJund on
Plates 1 to 5.

A o.reful description of the method, u.ed In the oytolORlool
end in the norpholoeloel study .111 be found In the

., re.p.otl.e

ecotlonn. Although th. writer 1. ...re thnt m detailed



deeorlotlon of routine techniques is not usually included

in an V.So. thesis, yet it was felt that such detail would
be appreciated by students working for the first time -n the

»natcmy or cytology of similar grasses.
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Prevloufl workere have found difficulty In dO#*)&r&ting the
varlouR Oynodon speolee and varieties on a morphological

ijaels. Although certain of thece "meses appear to be quite

distinctive as regards their general appearance, yet oloser
study reveals the fact that they are very similar in ell
essential characters. The writer, therefore, decided to t.SIfIF
the morphology of the Cynodon species selected In great
detail, In order to detect possible minute differences which
aight prove constant or specific.

In order to determine the vernation of the leaves,

sections

of the shoot were cut from a region as far as possible from the

shoot anex where the young leaves were surrounded by at least
two leaf sheaths.

A general description of the extermal morphology of lhe
Oynodon genus Is Included, In order to introduce the

terminology which has been used throughout the description#

of the species.

mraORTPTION OF JXr&HNAk QHPHUUX;|l
vtem al  orpholo”_of,,0jfriodon_ dojie
Perennial grasses with creeping stolons and rhlsor ¥

rooting at the nod., and fitting froo them fa.olale. of

harr.n .hoot, and flo.erlng ouliae; ....ral .lender .oik..
arrang.d dIBltat.1J at th. .urn,It of the oulja] .pikelet. I-
flowered, .oiltar,, . .1 ' Imbrloate, unilateral In 8 row.

on the .lender » .W ra.hl., awnle.., lat.rall, oonpre.ced;

mohllla dl.articulating abowe the g*iM.. and prolong” or

not hejond th. l«— ». a .Lnd.r nak” brl.tl. .om.tb...

bearing a rudimentary floret; floret hannaphrodlte; kl« M
about e nal, k .led, 1-nere”, .hort.r than the floret,

tanmbmnoua; le”a 1, exoe’lng % - A

nembraeoua, .ubtendlng a pal. and a bl..™ al flower; pal. * t



«&G lon% am the lenma, 2-keelei, membr .i. louloulee

,w,n, 3; "T.n gUbrou.; "b"ut ' A

the plunioee etlgmne; grain oblong, eubterete.

jyternal Morphology A ! ALt
fmcmtativ# oharaoterf.

Habit. Ascending and creeping perennial sending out long

surface runner, and underground rhisomee that root and Bhoot

from the nodee; rhlr.omee penetrate to a depth cf < o i*

Stem.

nndwrground stem. Hmnohed; node glabrous; Internode

glabrous, hollos, 2 to k mm In diameter, 1 to 5 cm. long,

OKserted.

Prostrate aerial stem). Node glabrous; Internod*

.rla.bruifl, hollow, green nr brown, t to ? mm in diameter, 3 to

10 cm. long, exported.

Flov.erl.5 culm. Erect or sub-ascending; many-noded;

up to 40) cm. long (excluding inflorescence); node glabrous;

latemod. tlnbroue, hollo., th. lo.T Int.roofle. v.n- .tort ana

insertod, the upper much longer and aore or lee. .w.rted,

euloete, uppemoet Int.rnod. 0.5 to 1 ma. in dimeter.

Bhoot. Circular or elliptical in t.s.

I.eaf. T.eaves conspicuously distichous.

Sheath. 1.5 to 6 cm. long; split throughout its

length; glnbrou. or ep.r.ely holnr, be.rted .t the mouth .1th

tub.role-be.ed hnlr. 1 to 3 — 1«W ,tr1"tei

distinctly keeled-

Li. ulr. leduoed to a short, densely oJ.llate an.

flmbrl'te rim about o»3 mm. long.

jlade. Folded or more usually flat when mature,

fold” in th. bud and on drying; to.led; linear or lano.ol.te;

obtue, to acutely aooumlnate; l.ngtt. «ri.e froa 2 to 1b

3 to .id. near th ha.e; 3 prbaar, n.r... and 5 «= 11

................... - «eve... on either eld, of the midrib; nor... fine.



11.

autm -t, ,r»ln,nt on th. ab.,va -urtoe.; »rgln .«bria,

k.el .,o0=«. « .llghtl, ucabria; u.u.ll, glaucou. gr.«.i rigid;

*b»TI»l «'irfaoe glabrous or 7«rj .par..ly hilry, «dM «UI**W

rsely or Tory Miry, M ir. 1.5 « a tob.rol.-baco-1;

VUMIM .urfoo. ai.tln.tly .oabrld, abnylul aurfao. -ooth.

mnonal character™® «

5,1.... Digital., arising from or. 1.T .1, oooa.lonally

aub-dlgltat.; usua'ly 4 or 5. oft.. 5. mr.ly 2 or 6; 1.5 to

b.5 w long; ourplleh; not reflexed.

moons. Rouna.a st.alght t.ol; Mel and margin minutely

soabrld; glabruu. eTCpt at th. mloros.oplo.n pub..c.nt base;

nearing loosely Imbricating .pikelets, Icct .pikelet bum.

near the ba.e to 4 mm abor. th. ba.s; d.mply and bluntly notched

* margin at the Insertion of the

tn . .pikelets; strlat.; about

0.4 mm

3olkelet. O, 1 and unMual-.1dnd; acute; 2 to 2.5 Mng,

purplish; rmohllla produoed Into . brl.tl. 1 to 1.5 ""« l1l,n«-

usually bearing a reduced purplish floret.

glm ... Usually subequal; upper glum, straight, about

1.6 mm. long.; "loser glum, curred, about 1.8 long; more than

half the length of th. .pikelet,

sometime, almost a. long;

l-nerred; smooth .TO.pt for the soabrld green keel; aouuaMt.

apex. I B .
Lemma, not winged; broadly ovate; 2 to 2.5 1**g”
0.8 mm. wide (foldMi; J-erv I, elde-n.r... run fiom the bus.

to within 0.7 mm. of th. apex, mld-n.rv. distinctly exourrent

below the apex forming a soabrld projection which usually

project, abc. the apex; prominent appre.sedly olU at. keel,

oil,. 0.2 mm. long; apex obtuse and hyaline; purplish.

Pale, mnarrowly elliptic; equalling th. lemma In length;

0.5 mm wide (folded); deeply o.M lloulat. between the 2 dark

green ,Im minutely soab.mlou. keels; apex rounded or M erely

truncate; purplish.

U.dtoul.l. Mute, fleshy, ouneate, 0.5 mm. long.



jngdem :;”9nnl«U Hurcanbo sp
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12.
.t the top of the ovary, plumose

from below the mlMle, pu“”le.

Ovart» Broadly ovate.

grain. Oblong; 1.5 w- lon«¢ 0.6 am. wide.

(Thle graee eeeda fairly freely).

T;,e original description of g. daotjrlw by P.rsoon (1805)

in .synopsis flantarn,- agree. In all respect, .1th that m I

given abovs. Subsequent .orters, ho.ever, have enlarged this

original description and th ... later description, are fouM

to vary oonalderably.

as regards th, length of th, leaf a"l of the spl*., th.

wrtt.r'. cbeervatlcns are supported by th. de.orlptlon of

o. Aaetvlon in .flora O.p.nsl.. (1900); both Fisher (19L 1))

and Stent Hever,

find that the leaf blade, are

a to 10 cm. long, and the .plh.s 3 to 5-3 «* <lon«'

according to these t.c .crter., th. fleering culm, are 30 »

long, .hl1l. Be.. (1929) maintains that the, may reach a height

of 2 feet (appro,. 60 cm.). Stent record. 3 to * spl'<e.,

although most .orter. find that the oumbsr of .pile, does not
erosed 5 to 6. In no de.orlptlon,, other than the .rlt.r'.,

I. a clear dl.tln.tlon made botveen th. h-rlne.. of the upper

and lower leaf surf...., th. leaf being merely described a.

(tlAbroue or hairy.

Or (19h2), in an article on varieties of

found in Indiana, notes that there may be 6 to 10 spikes

(rarely 11 to ttt 5 to 10 cm. long ard that leave, 5 to 6 r1,,

A t-and 25 «... long T,re obeervrt. Unfortunately thl.

article wa. obtainable only In abstract and no reference

unde to th. poestbl. oau.s of such sit. and vigour.

m _ u__himmi— na

deneus Huroombs var. nov. (Pxates and 6).

d daotylene differ! habltu repsntlcm, den.lore

caeB Ito (it Ructa tRrdlore.



Vegetative ohamoters

Habit. Proetr-ate, ve.'y rtr-neely oaeepltoee perennial

gendlnp; out surface runners and undurKroind rtilsaiee whlob

root and shoot frm the nodes; rhlforace penetrate to a depth

of 8 om.

Stem.

Hn&TKround stem. Branched; node gl&broue; Internode
riabrous and hollow, 1.5 to 3 «"> In diameter, 1 to 2.1 om.
long, exaerted.

frostrate serial stem. Mode glabrous; internode
glabrous, hello#, green or brown, 1.5 to 2 -am. in diameter,
1.5 to 3 ora. long, exserted.

Flowering cujft. Greet; 3 to 5-.:oded; up to 10 ora.

ion (excluding Infloreecei.ee); node glabrow; Internode

glabrous, hollow, the lower internedes vtry «hort and Inserted,

the upper much longer and exserted, suloats, uppermost internode
0.5 to 0.8 ram In diameter.
hoot. Circular or elliptical in t.s.
Leaf, heaves conspicuously distichous.
Sheath. 5 to 15 ram. long; spilt throutfiout Its length;
;labrous, bearded at the mouth with tubercle-based hairs 1 to
g mm. long; finely striate; distinctly keeled.
Lj.rule. educed to a short densely dilate and
fimbriate rim about 0. ram. long.
BIn?.. ollefl or flat .h«n m«tur., folllod In the hu4
on drying:; keeled; Uneer or lenoeol.te; apex roood-A or
ohtu.e; 5 to 30 m long; P to 3 — <*«° n"»r ,he 3
primary nerve, and 5 to 9 eeoond.ry nerve, on either eld. of
the midrib; nerve, fine, dl.tlnot, proe.ln.nt on the abaxlal
eorfao.; ,a,,In mlnut.,1, eoabrld; keel «m°oth or .U ~ tly
adaxlal

soahrld; dark gr..n; riplId; abaxlal .url-a.. KUbrou.,

oe. airy or oooa.lonally ~labro..., hair. O.J m. long end



14.

6,ba,nU -t,,,.~; .a.ri.l .urf«. BiigMiv

aurft.oe smooth.

rinM loharaoterfl.

Qplk.g« M gltat., arl.ing from ana 1.T .1; wauall, ,

often E or

V,1-5 to 5.5 om. long; P-.rpU.h; not r.fl.x.<l.

uaohla. Sharp atralg.it k.al; margin »1r..t.U afihrlA,

A..1 month; glahroo, axo.pt at tha «loro.ooplo.ll» puhaaoant

P.,»; baaring oloa.l, mbrlaatlng aplh.l.t. In..rt«> In .hallo.

alternate notoha. on th. mohla. lo.a.t aplhal.t home naar

the baa. to 5 — mb™, th. ba.a; .trlata; approxlmat.l, 0.* j 1

un. wide; flattened.

8olt.l1.t. Broally oval and unmo.l-.14ad; obtu.a; 2 ™,

long; purpll.h; raahliu produaad Into a .l.nd.r hrl.tl.

uaually la - than 1 .... long, and oftan ba»rl..g a raduom.

purplish floret.

am ...- Uaually .ubaqual; upp.r glum. -t'.-lght, about

1.t long; loaar gloria oorval, about 1.6 w . long; .ora thm

half th. length of th, aplk.l.t; l-n.rv«d; ..ooth axo.pt for

the eoabrld greon keel; *cute ftpex*

Lgma. Not. winged; broadly orate; 2 »»e long. 1 mp».

« « (folded); 3-n.r.ad, .ld.-n.rre, run fro. th. ba.a to

within 0.6 ™, of th. .pax, ald-n.rr. d 1.f -.tly exoorrant frm

ju.t b.low th. ap.x fornlng a ao.brld projmtlon; .ppr..aeoly

olH ate keel, olU. 0.2 mm. long; ap.x obtu.. and hyalln.;

ourplleh.

Pul,. N mow elllptlo; .lightly long.r than th. l«»»;

0.5 WIid. (foldad); deeply oanalloulat. b.tweon th. 2 dart

sir .« flm minutely «.b .nil«. k.el.; -P-x nxindm or narrowly

trunoate; purplleh.

Lodlmne. loot., flethy, oon..t., 0.3 ™  Jong.

Btlgaafl. tx.ort.d at th. top of the oral,, plomoe.

froni below the middle, purpUeh.

orary. i.rro.ly orat., uaually under.loped.

Orain. Motor, grain oooaalonal; oblong; 1 ™ long,

nv Virtrtnd .
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Although 0. daotylon olo.«1» reswbloo

0. flAetrloa in 11 e»eentl»]l ohnraotem, theoo t»o

differ m«rtodly me r. »rd. th.lr nshlt «,d gro.th fom.

o| Auntylon tar. d»neu» 1» a aoro proatrate, tuftoO K’ ""!

th. rhltoma. -f 9- dnotflia p.n.tr.to the eoll to a depth of

45 wherpae thoe, «f to. tarlctr ..Ida. gro. deeper theng

$ ora.

leeoolated elth thl. different. In their habit 1» the

faot that the length of the .tea Interned.., of the leaf

uheath and blade, of the floe.ring ouh. am .pike.,

th. tub.mle-ba.ed hair.,

and of

1. much greater In Ctjlaotjflon;

for Inetanoe, the leaf blad. ..Ida. **e 3 » 11" 1"n,!th
in the Tarlety while In C. drntfl af " f 1" 16 10ng
a . daetrlon 1. a ylgorou. gra.i aioh reed, readily;

n- dantvlon t-j. donm. 1. eloe-grortng and eely 000a.tonally

iroduoee mature grain.

y-e¢ .m .i tomhoiogy ofJjinnftiin

(platen 3 and A )e

Vegetative, oharactere.

" Habit. Densely o.eupltoe. perennial .ending out eurfao.

Hunnere .m underground rhlt— * 1=" « ”t and .hoot fron
the nod..;

rhltonee penetrate to a depth of 5 to « on.

3t:3m .

,,m.,rground .tm . Branohed; node gUbrou., u.ually

eon,ranted giving the .tm n bmded .ppearanoe; Infm od.

glahrou., hollow, J to 3 — 1" °-5 10 1

erRerteti.

em .tr,,t. a rial etg . "ode glnbrou.; Intomod,,

glabrous; hollow, dark purple, 0.5 to 0.9 — In dlaaector,

<to 4 O0ll. lon”, exeeci’tiVL



Wn.M-Ing cula. sreot; 2 to fr-noO«d; 5 to 12 0L

loo,; (oxoludIlng infloresoonoe); no*. K*"bMW, ollghtl,

oontr-otod; Internode gUbroue, hollo., ueually e»ert.d,

euln.te, oppemo.t Internode 0.2 to 0.5 In diameter.

Shoot. Circular or elliptical in b.o.

Leaf. Leave* dletlchouB, but not conepiououaly BO.

She, th. About 1 cm. long; split throughout its length;

usually glabrous or with a few scattered tubercle-based hair*

0,5 mm long; boarded at the mouth with tubercle-based hairs

1 to 1.4 mm. long; finely striate; keeled; often purplish.

Hcule. Membranous, 0.3 nun. long, fimbriate, or

reduced to a dilate rim.

Blade. FI».t or more u.n.lly folded .hen nature,

folded in the bud and on drying; dl.tlnotl, heeled; nnrro.l,

linear, eubulate; apex ootu.e or rounded; up to 5 ="' lo'«'

1 to 1.5 -Id. neer the be..; 1 primary nerre end 5 or 6

(umi.lly 5) sec dery nerve, on elthnr eld. of the midrib;

nerve, fine end .lightly prominent on the ebexl.l eurfeo.;

-largln ecoebrid; eel .1l1f-htly eoebrld; bright y.llo. green;

fleoeld, .per.ely hairy .It:' Wberole-be.ed heir. 0.5 mm long

evenly epreed over both eurfao.e; edexlel eurfeo. .lightljr

micabrid, abaxlal surface usually smooth.

floral o'..'radars.

Sulk... Ulgltete, arlelng fro. on. level; uoumlly 2,

rarely 1 or 3; 1 or 2 om. long; light green; often eherply

reflexed.

Raohl.. Keel blunt, .freight or fl.xuou., emooth or

slightly eoebrld; eoebrld margin; gl-broue exo”t at the

iloroeconloelly pube.ee.t 0...; baring very loo.ely Inbrl-

oetlng .pixel.,, m.erted In -hello, eltnrrnt. notohe. on the

reohl., lov.ot .pikelet borne ? to h mm. .hove the be..;

struts; O.p to 0.4 nmm. wide; flattened.

kglkelet. Hnrrovly olllptlo; .out.; 2 to 2.5 mm long;

light green; reohllie orMuoed into e brl.tl. 1 -m. long.
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Olumee. v-.ibequal, straight upper glume 1 mm. long,

ourved lower glume mm. long; ”~ to ~ the length the

.pikelet; l-ne.weu; glabrous or slightly soabrld green keel;

acute or eubacute apex.

Lyss. Not wlng”i mmbranoue; .lllptlo.l; 2

0.8 mm. .14. (folded)! ?-nerved, eld.-n.rve. run from the bne.

«, within OA ». of the ep«. «id-n.rT. » dl.tlnotl, ,»urr.n.

,u,t help, the ape, forming a eoabrld projeotlon; prominent

dal* green epareely olllato keel, olUa 0.3 mm- 1°nRi apeT

aubacute; margins and apex hyaline.

Pale. Narrowly elliptic; slightly longer than the

valve; 0.? «vi. wide (folded); deeply canaliculate between the

o minutely ..oauezuloue flro green keels; hyaline tip narrowly

truncate or rwidftd.

uodloules. Minute, fleshy, ouncete, 0.Y no.

long.
;tl TP« .xsorted at tho top of the ovary, plw”vee
from below the middle; purple.
Ovarf.. Broadly ovate.
Grain. Nature grain rarely seen; oblong; 1.5 lon w»

0.6 mm. ride.

her decorlptlone of G.transvaalensls differ from the

above in certain minor aspects. Burtt Davy (19?D, ?n the

original description ofthis grass, notes that:-

(a) the spikes are nude at the base;
(b) the leaves are very acute not pungent;

(»», the glume, ere more aout. than In Ce dant,lon.

(her... the writer found that the Infloreepeno. mj have 1 to

3 eplkee, Burtt Bevy record, only a dl.teohyou. Inflore.oono.

aaeh he maintain, 1. a eonetant oh.ranter, that 1. "nox

attributable to xerophytlo conditions".

eooorllnp, to FIlLher (W ) and stent (192» , the culm,

of 0, ysnivaaleniu only 2 to 3-noded and the leaf ap «

1. .onetime, minutely aploulate. Ston, note, aleo that the



Gynodon dactylon Pers.

Photographed % raonthe after planting.

n

Photo mp'-ei month, after planting.



Ifl.
1..T ,, be gUbro.., that the ra.hlll. 1. "ot .>=ty

produced, and that the gW " apparently eterlle.

external , - r- '-r-

>

-end.. u.md.U Huredeh. .P ~»

(PI,.tece 4 end 7)-

r. , n...»l.n.i. a O~daotvlbn; !U-$=3U!ml1ISM a

lafltgnltudl ne et habltu rerooat.

Porennle; repene, dence oacapltoea, etolonlfera, fit

rhltomie eubterrennel.; outol t.nu.e, .reotl, 5 - 6 =». altl;

foil,

ab initio plloata d.lnd, angu.ta Iln.arla, fueoa

Tlrldta n.e glauoa; vagina 0.4 - 1.5 »+ long.; °-5

4.5 ... longa, b..l« 2 — Uta, n,n,l'ou. pr...lpol. 5. -P”

eubtuequ. papllll. et olllla *».»!- 0.8

longle; Ugula
0.2 ™  Jonga,

membranaooa v.l ad e.rl« olll.t«, reduota;

eploae 3 v.l 4, dlgltat.., 1.5 - 8-5 =-¢ long..; raohllla

prolong.ta, t.nule, 1 ... long., .«*¥P« 'loeoul. r,du.to; eploul.
aterllla, oecata, 2 ««. long.; gluma. euba.qual.. et .out..,
dl,ial. aploula. part, long.., unln.nr.a; 1— a trln.rvl., n.o
oarlnnta, aplo. .ubaouto, 2 long.; P«l«> 2 long-

y~ej~tlye oharaoterg..

Hablt. Densely o.e.plto.. perennial sending out eurfao.

runner, .nd underground rhltome. .hloh root .nd .hoot from

the nod..; rhltome. penetrate to a depth of 15 om.

3t fitn«

" ,jnderground .mb- Branched; nod. gUhroua; Internode

glabrous, holloa, 1 to 2 mm In diameter, 0.5 to 2 om. long,

exeertmd*

nrp.tr.te a.rl.l eta- "ode gUbroue; Interned.

gUbroue, holloa,

green or purple, 0.8 to 1 ... » diameter.

p to It om. long, exported.

rlpearleg eulm- -eot; 4 to fr-noded; 3 to 6 om. long
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] I

(,.w w « * e * ¥ * A >br,,u'l
M ilo., lo.or internod., .hort ,.nd in.Ttrf, upp.r low ,r

infl .ngiitl, verted, .ulonte, vp,Hin-=.t Int.mod. O.k nm.

In diameter.

ahoot. Circular or elliptical In t.e.

\£it. L.«v.« ftl.tl.hou., but not oon.plou m.l» e

fihiath. C.U to 1.5 om. long; .pUt throughout It.

engthi .« .tl1... glabrou., u.u.l!, h*IW ~th tub.rol.-ba.ed

tal, .bout 1 m. lo«; b..n* at «h. »oath .1th tuborol.-

b...d hair, up to 2 mn. long, tl» U -trl.t.;

Hgule. A fimbriat. monbran, O.i o«.

‘eduoW
to a dilate rim.

Blade. Folded or more usually

e$#n t>avurg,
f,U*I m th. bud r,nd on drflng;

Uno.r or buio.ulat.i

. obtu.e or rounded; length ™rle« 0.5 to 4.5 -i
2 .Id. near the ba..; 2 prlman, a*., 5 « 7
. o.oondarf n.rvo. on .lth.r .Id. of ?Bvé midrlj%:; %e.rrv’e.s' fm# and
101 <

.lightly prominent on th. abaxl.l .urfao.; margin Mabrld;

k..1 .lightly .oaorld; dart gr,.n; flaoold; both .urfao..

.qually hairy, . 1th hair, up to 0.8 »». long and tubarol.-

ba.ml; ada.lal .urfao. mlnuMly soabrld, abaxl.l ~rfao.

usually smooth.

Flom 1 character# *

- Thrr 3plV.o.m Digitate, arising from on. I't.l; uoually 5,

often Hi 1.5 to 2.5 om. long; Ught grt.n; often .haipl,

reflexed.

Haohl.. Hounded, -tralght, .lightly .oabrld h..I;

alnut.ly .oabrld ma~In; glabrtu, «o.pt at th. bn., .hloh 1.

Miry .1th hair, up to 1 mm. long; bearing oloe.ly Imbricating

.Plh.1.t. m..rt.d in ihalln. a" ™ "

lo...t .prtol.t born, near th. b...

to 5 mm above th. b..,;
atrlate; about O.h mm. *1d.|
M lkrt.

flattened.

Oval and unequal-.1d.d; acute; 2 — long;

light green; -aohlU. product Into a brU tl. I mm long.

................ I'Hah floret.



3ub« uwax; upper traxMt, 1.J

10.,r gX*ourrea. Xm.

loug; a * « h.Xt th. XengXh of the

n

*,ikeiet? .z r tti i Z A !

"*rrOTiy °vate: "
a nun, X0,, 0.6

(foUeh); 5-n.rv,,, .Xd.-~rv.s run

fro. the buee to ulthln Ok m . of the

exourrent

»P«%. *’ia' ncrT®

,..t beXo. the apex fomXng . -hrid P-.ectto”

iromlnent derh green .XXV.te k.eX, oXXla 0.3 nm. Xong. epurececa,
olXiate toeeM . the apex; epex eub-aoute; nn”Xn. anh apex

hyaline.

pal,, harrowlJot eXXXpUo; equalling the ie««a

length; 0.4 ... -Xd. (folded); deeply oanalloulate between
tr, *n-.ut.ly

eoaberuloue flm green keel.; hyaline tip

broadly trunonte.
maxlloulee. Minute, fleehy, ecunecate, 0.2 mm long.

>lanao. — ted at the top of the ovanrj plumoe.

from below the middle, ;urple.

Ota,, . n. rowly o,.te, often undayelef-

arail,, no mature grain dleooxer”.

tternal a -rjibology .of.

(rlatee S and S )e

Tegetatiyi_qfcsr»°Ha>

" » suit. Perennial; long eurfao. runner, producing root,

and ehort upright barren and flowering .hoot, at the nod..;

no underground rhltOB.ee present.

3 ten..

" " e.a.w..,t. a.rlal”ta. "Ode glabroue; Interned,

glabroue, hollow, light

reen to pink, c¢./ to 1 mm. In

long (.xeludlr Inflor...— I¥* =Ubrm,i

hOllOW, enelo.ed or ehortlv .xe.rt”, finely etrlat.,
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UIMS1. suua u.!; up,.r gl— ™ » % A

lower glum, oure”l, 1 -m,. lung; about hmlIf the length

, . . 1on o.b w. mid. (Abided.; 3— , .«tde-nerv,e run
re[» », be., to within 0.4 mm of th. .p.x, mld-nerro 1.
oxourrent ,..t b.lo. th. up., doming . -brld prol.otlon;
traninent a.rX green olllnt. 4..1, dUn 0.3 - . Ion,;; epur.olr
.ULt. to..*, th. np.x; ap.x eub-oout.; ««raln. ana ap.x
lyaline.

Pal,. NarrowIf elllptlo; eoualUng th. loi'ima
Iwigth; 0.4 mm. wide (folded); d.«,U oan.ll.ulat. between

th. * minutely eo.b.nrlou. fl» graon 4.01.; hyaline tip

broadly truncate.

, Minute, fl«.l». ouneete, 0.2 mm. long.

3tl,.a0. .ix.erted at the top of the ovaor; plumoe.

frorn below the middle; purple.

9varl. Narrowly owate, often und.weloped.

yralh. NO [nature grain dl.oow.red.

vt.f.rnui i,orohoicgi_ °i-"imi'inn itratHU » 238.

(plates If and 3 )

rametmtive oharnotere.
Hghlt. Perennial; long .urfao. n.nn.r, produolng root.
w short upright barren ad flow-rlng -hoot, at th. nod..;
no underground rhltomes present.
mUnii.
aerial etjg. Nod. gUbrri.; int.rnode

clabrou., hollow, light ireen to pink, 0.7 to 1 mm in

« r Z 1

tons; («< ludln infl CL=-*)» AUbroue; int.rnod.

Mvnf.rted. finely striate,



Cynodoi; trHnflvv-ilenslfl Bui’tt Drxvy

Photographed 3 monthe after planting.

Oynodon 'agrnnlali Huroo-ibe Bp. nov.

Photo raphod 3 monthe after planting.
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iipuemioet Intepnede * < .me in diar €T.

Shoot. Circular or elliptical In t.s.

Liifif. .VP8 dletlohoue, but not ooneplououely eo.

3h<nth. AvoruKO length 1.6 ora.; split throu”out its

length; epi / July <ry with tubercle-lmsed hs-lre 1.5 to 2 rani
long; bearded at the mouth with halre 2 win. long; striate;
Iceoled.

L1Mule. DIftlnotly membranous; 0.5 to 1 nun. long;
I1Hate with cilia up to 0.5 ram. long; seldom reduced to a
dilate rim.

Blade. Plat or folded when ature, rolled In the
hud and on drying; keeled; linear or lanceolate; apex obtuse
or sub-obtuse; length varies from 1.2 to 5 cm., average ?.2 Ola;
about 2-5 mm. wide at the be.ee; 2 primary norvee and 7 to 9
neoondary nerves or either side of the midrib; nerves fine
but distinct and oromlnent on the abaxlal surface; margin
soabrld; keel eoabrld; 11 ht grey-green; flaccid; blades very
hairy on both auri'.tcec but hal * ore numerous on the abaxlal
surface, h*lre up to l.g am. long and tubercle-based; both

mirfEOie ecabri»i.

floral characters.

Spikes, llgltate, arising from one level; sometimes 4,
usually 3, mrely 2; 2 to 3 cm. long; I1"it green; often
sharply reflexed.

UOhls. D*stlnotly keeled; keel sharp, straight or
flexuoue, eoabrld; margin eonbrld; long-hairy at the base,
otherwise glabrous; bearing closely Imbricating splkelete, the
lowest eolkelet borne near the base to 2 mm. above the base;
deeply and bluntly notched on the margins at the insertion of
the splkelete; striate; 0.6 ram. wide; flattened.

Bpikelet. Oval and unequal-sided; acute; 2.4 .ra, long;
light green; raohilla produced, In sane enikelvte only, into
a very slender bristle lee I than 1 mm. long.

Uluiaes. Subequal; straight upper glume 1.4 mm. long,

curve' lower glume 1.6 mm. long; equal to half the length of



upD&ntoet Inter ode m,” to 0.6 . In alum3ter.
Uhoot. Circular or elliptical in 1;«s.
Leaf. Leuves dletlohoue, but not oonsplououoly eo.

Oh "th. averse length 1.6 caa,; split throu”iout Its
length; sparsely hairy with tubercle-thawed halre 1.5 to 2 ram
Ion;; boarded t the mouth with halre 2 mm long; striate;
keeled.

LIgulo. Dletlnotly membranous; 0.5 to I mm. long;
ollicte with ollia up to 0.5 wa. long; seldom reduced to a
olliate rim.

Blade. Flat or fold when mature, rolled In the
bi'd and on drying; keeled; linear or lanceolate; apex obtuse
or sub-obtuse; length varies from 1.2 to 5 ora., average 3.2 ora;
about 2.5 tom. wide at the base; 2 primary norvee and 7 to 9
secondary nerves on elther wide of the midrib; nerves fine
but distinct and prominent on the abaxlal surface; margin
soabrld; keel soatrld; light gr y-gresttj flaccid; blades very
hairy on both surfaces but hairs More nvriwrous on the abaxlal
surface, hairs up to I.3 mm long and tubercle-based; both

surfaoor ooabrld.

Floral character!).

Bplkps. Ul, Itate, arising from one level; eometlmes 4,
usually 3, rarely 2; 2 to 3 cm. long; light green; often
sharply r«flexad.

yiOhlfl. Distinctly keeled; keel sharp, straight or
flexucwe, coabrld; margin soabrld; long-hairy at the base,
otherwise glabrous; boaring closely Imbricating splkelets, the
lowest epikelet borne near the oase to 2 am. above the base;
drsply and bluntly notched on the margins at the Insertion of
the splkelets; striate; 0.6 mm wide; flattened.

Jplkelet. Oval and unequal-sided; acute; 2.4 nm. long;
light gi~ien; rachilla produced, In wane eplkolete only, into
a very slender “ristle lean than 1 mm. long.

Glumel Subequal; straight upper glume 1.4 mm. Ion/,

ourved lower glume 1.6 mm. long; equal to half the length of the



epikeletj 1l-nerved; distinct Rremn ecabrld keel; apex mibaoute.

Lemma. Not winded; broadly vvate; 2 mm. long, O.K
on. wide (folded); 3-nerved; alde-nervee fvmn from the base to
,ilthin 0.6 mm. of the apex, mid-nerve Ifl very rarely oxourrent
below the apex; proml ent dark green appreecedly dilate heel,
ollla up to .5 mm. long; apex eubaoute; marglna and apex
hyaline.

P ..In. rowly elliptic; equalling the lemma In
length; O.h m. wide (folded); 2 dark green firm ecabrld keels;
apex rounded or obtuse.

Lodi gulee. VlInuts, oxmeate, fleshy, mm- long

atlgniae. tixeerted at the topj of the ovary; plumose
from below the middle; purple.

Ovary. Broadly ovate.

Grain. No mature g -n discovered.

The original description of C. Bm tloyl (see Stent, 1927a)

differs from the above on four minor polnto. Stent noted thati-
(a) the flowering culms were 1 to p-nodod.
(b) the leaf sheath wam domettmee glabrous.

(0) the leaf blades were "0.5 - 2 cm. long andabout
1,5 ram. wide at the base".

(d) the glumes had a smooth keel.

Neither Stent (I<>7?ft nor Fisher (19W) make any definite
mntlon of the fact tha% Bradlmyl hae no underground
rhlfc.es. Stent (1927b), nowever, doe- refer to CWHradleyl
as a "surface grass", and Hews (1929) obeer is th.it It "does

not withstand droup”it well, being a surface rooter".



jisaimioN .

Ah previously stated on page 7» the Gynodon material
uiied for this study e allowed to grow rank. This faot
should be borne Im mind when the morphological characters
are studied, and particularly when the key on page '46 le
used for classifying grasses <#hioh have been rolled, mown,
or subjected to considerable wear and tear.

A fter a critical and detailed examination of the external
torphology of the Cynodon species studied, the writer concluded
that these species do not differ greatly, and that the only
reliable and constant characters are thr vernation of the
leaver, the presence or absence of rhl*cmes, the nature of the
oroducwl mahllla, th» number of primary nerves,and the
length of the glumes In relation to that of the splkelet. In
addition, the length and width of the leaf and the hairiness
of the leaf hr- characters which are useful dlagnostically
when they ere considered r Individually but In conjunction
with other oh/iractere. QOooBsens (193®) maintains that muoh
stress should not be laid on length and width which are
variable characters, and Lewton-BmlIn (1904) notes that the
Juilrliiosu of grass leaves varies considerably and can rarely
bo rolled on as distinctive.

The writer's descriptions of C. daotylon, 0. transvaalenaj*
and G. Hr idley! differ 1 oortaln respects irom those of other
writers. The descriptions, however, do not differ In essential
characters, but chiefly as regards size, number of spikes, and
number of nodes In the flowering culm. These writers do not
give the habitat of the material they describe, and it le
possible that In certain oases the material had been taken
from l-wns or frtn- turf used for snorting purposes, in which
case the site an’ habit of the /rase would be greatly modified.

In the writer's (minion G. B*lJ%ayl Ip a distinct species

which differs frnn the other Cynodon species studied in the

following r- apeete?-



Oy-todon Iradleyj. Stent

Photo m»>hed % onthe after 'ilnnttn”e



(i) no u'den round rhltomea are present.

(b) the leaves are rolled In the bud.

(o) the leaves are very ha'ry on both surfaces, with halre
up to 1.5 mm. long. (The hairiness of the leaves
apuears to be a constant character In this species .)

(d) the Illgule le usually distinctly membranous and up
to 1 mr. long.

(e) the rsch)llo ahen produced Is a short bristle less than

1 mm. long, which never bears a reduced floret.

1* transvaalensls differs from the other Oynodon species
studied in that there aie only 3 primary nerves In the leaf
blade. In addition, this species le characterised by loaves
lose than l.g mm. wide, 1 to 3 (usually 2) spikes, glumes £
to 1/3 the length of the cplkelet, and a produced mohllla
which never bears a reduced floret.

C. daotylan le distinctive In that the glumes may be
ilmost as long as the e.ilkelet. "his grass Is vigorous and
lias a more robust habit than any of the other forms; the spikes
-lay be ae many as 6 and 1«5 to u.3 00l I*""Si the leaves arM
3 to 4 mm wide and ' to 16 cm. long, and the flowering culms
lay grow to a hel ht of 4c cm. A comparison of the descriptions
of 0. dactylon given by various workers In 9. Africa, America,
and In other countries, shows that this grass le extremely
variable. > tent (1927*) describes It; C. daptylon Is a
species "fairly constant In Its essential characters, but
varying In height, texture, breadth of leaf etc., tooordlng
to th. locality and conditions under which It Is grown."

A careful study of the external morphology of C. daotylon
var. densg# ("Hall's Selection") shows that this graso Is
closely similar to 0. daotylOB In all osentlal features. Since
these two grasses differ only In sire and habit, it, would
ippnar that "Hall's ITelection" If merely a prostrate, "low-
growing variety of C. daotylon.

olmfely resembles both 0 djtctjlon and



Gjl tr-<n*vHRIlo.nfl8 m external morphology, and appears to be

internedlate bntween these two species. In general

aopearance 1. mennlell Is very similar to C. transvnalengl*

the two grasses are both fine lawn grasses, with the same

growth fora, and fairly short narrow leaves sparsely hairy

m both surfaces. However, as regards the number of primary

nerves in the leaf blade, and the presence of a reduced

floret borne on the produced raehllla, agennlsl& is

cloneiy related to O« daotylon.
A diagnostic key to the species studied, which Is based

on characters of external norohoiogy In Conjunction with

anatomical characters, Is given omn page "



LEAF ANATOMY

tfSTHODS.

Previous workers have found that grass leaf anatomy
varies oonalderably according to the age and position of the
leaves selected, and according to the region of the leaf
studied. tuir Turner (1933) maintain that "for the purposes
of identification the vegetative lower loaves should be used,
never those from the flowering culm." Throughout this study
of Cynobon leaf anatomy, leaf sections were cut from tho
upper portion of the basal third of mature vegetative loaves.
Cactions of the shoot were out from a region where the young
leaves were surrounded at leest two leaf sheaths*

Permanent prepar of mli.otcmed sections were nr.de

according to the method » :wtaenO .u by Johansen (I"tO).

'he following schedule *ed:-

1) Fixation in In - aceto - alcohol ,
TToTi-Tnsen, pw ' we 24 hrn

B fl

(> Dehydration (Johansan, p. 130)
(a) 50",butyl alcohol mixture ... Hhrs.j
by JVf' ™M # 1 overnight
(o] R "M 1 hr*
4) 95! " " " * 1 hr-
(e) loof" " " " LI I RSO I hr-
(f) loo pureTKutyl nkoohol

(2 changes) I hr. each

(g) 100~ pnre”ityl alcohol .. overnight

(3) Infiltration (Johansen, p. 131-13%)

. ef ~ r* "In... * ko M

b’

(o) P.rowa*

(d) P raffin wax overnight.

Thn iftterial was embedded in paraffin wax 0 -P. 52* “ 5%°f)-)i
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-neotlonfi wnre out at 10 ralorons and then double-stained with

safrenin ar faflt green an followe:-

(B> X YLOL e R
(b) xylol - absolute alcohol mixture

(e ual Parte) e Sra*ne *
(0) 95  @alCOoh ol e Smine.
(d) 70- alcohol Smine
(e) aafranln (aleohollo solution urapared

according to Job insen, pe* 62) .. 2/hre
(f) differentiation under the mloroeoopo

in 95 alcohol.
(g) fast green (2 eoln. In olove oil) ... 1 oin.
(h) differentiation under the microscope

in a mixture of o parte clove oil,

25 parte xylol and 25 parte

absolute alcohol .
(1) xylol ( changes) .o smine, eaoh

(J) mount In xylol - balsam.

Jand sections %ere made from fresh green material, or
from aterlal which had be,n ot-'red In * alcohol. Sections
out from fresh material were Immediately fixed In s50' alcohol
for about 15 mine. Double-stained preparations were made
is f llowei-

(a) fiau de Javelle (prepared according to

Cavers, 192% p. 40?7, (D)) v, 10 to 15 rains
(b) Acetic water (0.1 ) i 5 "Ins.
(¢) Todine green (1 aqueouseoln.) .... e« 1(’ coos.
(d) Differentiation In 90 alcohol under

the microscope.

(«) Distilled voter 2 mine.
(f) Carmine - alum (prepared according to

1op and >autle, 192 , P*9*0 10 mine.
(g) Distilled water .o®e e r m*n8e
(h) Differentiation In 70 alcohol uudrr

the microscope.

(1) 95/ alcohol 1 mln.

(J) Alnolute >looho'

(k) xylol ( >change®) . 5 mine, each

(1) 1mnt In xylol - balsam.
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Thia e<tainl.v prooeAure could be ueed only for hand Rectione.
I't ve ver|| Fltlsfactory reoultr with Oynodon material;
the lodlne-g#en proved to be more epoolfio for lignln than
did -afranin, and the alllclfied cello showed very clearly
in the final preparations owing to their refr, tlwe Index-
Rapid permanent mounts were made by pla<|W*2 fr'-shly It

hand mentions In 20? glycerine for 5 mine., and then mounting

the motions in glycerine Jelly containing oafranin. A fter
hours the dignified tissue was stained red.

Adaxlal and abaxlal stripe of the epidermis were also

I taken from the basal third of mature vegetative leaves.
Various methods which might facilitate the stripping of the
epidermis were tried, but the only method which proved
successful * s a edification of Schulze's maceration process.
Leaven were placed In a test tube containing volumes
official nitric acid diluted with 1 volume of water. To this
tere added a few crystals of potassium chlorate and the
% t tube was warned gently until a gas evolved, when the
mterlal was immediately transferred to a beaker of water.
\fter this treatment the epidermis was readily removed from
the leaf. Upldermal strips were stained with iodine-green.

The following mlcroohemlcal tests were applied to hand
uactions or to epldemal strips of fresh green leaves in
order to reveal the nature of the cell walls and cell contents

(a) Test for cellulose. After treatment with iodine
ond sulphuric acid (Lee, 1937, P- oecllulose walls
turned bright blue, lignlfied and suberleed walls, brown.

(b) yet for lignln. hlgnified walls were stained red-
purple when placed in a U solution of phlorogluoln for 2
lalnutes and then mounted in concentrated hydrochloric sold.

(e) tiZUS L Buberised epidermal colls turned
reddish when laced in a saturated solution of 'udan III in

absolute alcohol a cording to the method described by DOp and

Oautld (1928) p* 117+



(d) Test for alHoa. Pieces of the leaves were boiled
In water for aone time and then placed In a concentrated
solution of carbolic acid for 2 to 3 days. All sillolfied
structures vire elllolfled cells, tubercle-based hairs, and
asperities, were, owing to their refractive power, revealed

with great precision after this treatment .

fISN*"RAL U iSCRIPTION OF CYNCOON L/ AF ANATCMX .

Fisher (I9W), In her work on the Chlorldeas, Includes a
general description of the leaf anatomy of this g”Oup. The
following general outline of the anatomy of Cynodon leaves
nay therefore appear redundant, but It Is Included In this
laper for the sake of convenience and In order that no significant
joint should suffer from lack of explanation. This outline Is
largely based on fisher’s description and the anatomical terms

ihe uses have been adopted In order to avoid confusion.

As seen In transverse section, Cynodon leaves are thin
ind oofsonp h distinct midrib with a prominent abaxlal ke 1.
The leaf surface lay be flat, undulated, 0 ridged, the
margin acute, obtuse, or rounded.
epidermis

The epidermis Is complex and highly differentiated. It
le composed of cells arrayed in regular rows extending
lengthwise of the leaf. Two distinct, alternating longitudinal
bands of cells are visible - the one band lying In the region
opposite the nerves, the other In the region between the
nerves. In the abaxlal euldermle, the region between the
vascular strands consists of long ripple-walled cells
interrupted at Intervals by 1 or 2 short oells or by stomata;
this same region In the adaxlal epidermis conelets of motor
oells flanked on either side by a row of ripple-walled colls

interru ted by sto ,ta. The region opposite the vascular



30.
bundlofc in both epldflrtlaoe oonsleta of 1 or more fllo<- of
ahort oelle alternating with filos of ripple-walled oellfl.

In transverse section, epidermal cello are oquare or
rectangular and oloeely similar in appearance. The wallo of
the cello - particularly the outer wall - may be considerably
thickened. This wall le usually arohod outwards M.4 1"
covered by a thin cuticle; the arching of the outer wall may
be exaggerated to form a papilla. The papillae of cello
surroundlnj a etoeu*. arch over the stoma so that it Is often
obscured In surface view. Opposite the vascular strands,
the epidermal cells are smaller aid have thicker walls than
the remaining cells, thus closely resembling the eolevenohyma
cells which they adjoin.

hhierglng from the epidermis are three types of hairs -
long tubercle-based hairs, shorter bulbous-based hairs or

asperities, and small club-shaped hairs. All th

emergences
lay be found on either surface of the leaf.

alpple-wftlled cells. These elements form the greater part
of the epidermal tissue. In surface view, the cells are

rectangular and greatly elongated, the long axis of each cell
being parallel to the long axis of the loaf. The colls are
often conspicuously papillose and have strongly undulated
lateral walls. Ripple-walled cells are longer than other
epidermal cells and attain their greatest length in the region
opposite the vascular strands.

Short cells. In a single file of short elements found
opposite the vascular strand, auberleed cells alternate with
sillclfied cells.

A .sillclfied cell appears colourless and devoid of
contents, is almost circular In surface view, and, in transverse
section, has a concave outer wall. The writer's

observation

that the sillclfied cell is oomplet.'ly filled by a bloov of

silica which contains granular inclusions le confirmed by



FIBhur (191*0) wac unable to determine whether tha oelle

with oonoave outer walls vUlble In a transverse section were

elllolfled or subericed cells. The writer found tU,t sections

tju*ted with carbolic acid showed Vilte clearly tint these

were slliolfled cells*

K suberlsed cell Is thln-walled with dense contents and

;lver, a positive t st for suberin. In a transverse section,

the outer wall is conspicuously arched, while In surface view,

the cell is rectangular and slightly longer than broad, with
undulated lateral walls.

dople-walled cells are often Interrupted by 1 or 2 short

0,Hb. If I only is present, the cell Is suberlsed, but If

2 are present, the one nearest the leaf base Is suberlsed,

the other slliolfled. Slliolfled cells may be modified to

form bulbous-based hairs, while club-shaped hairs sometimes

replace suberlsed cells.

Motor colls. These cells fora groups of 3 to 7 or which

the central cell Is conspicuously the largest, the lateral

cells decreasing in site towards the side. The central cell

is pear-shaped, with the broad end In contact with the

mesophyll, and It occupies at least half the leaf thickness.

In surface view, the motor cells are more or less rectangular,

with no undulations of the walls. They may be papillose

and are usually thln-walled, although the outer tangential

wall is often slightly thickened. An untire group may be

modified to fora the -cushion- of a tubercle-based heir.

jtwwata. The stomata are of the typical grass type and

ii» very unifora In structure. Four cells contribute to the
function of the stoma - 2 guard cells, and adjacent to these,
? accessory cells. In surface view, the guard calls are

dumb-bell-shaped and the accessory cells triangular. A l'rge

intercellular space subtends the stoma and projects into

the mnsophyll.

In both the abatr.a1 and the adaxlal eoldemle, ? longitudinal
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ro B nf stomata are found botween adjsoent vascular stmi.ds.

anerrenoes

fubsrole-baaed hairs. These macroscopic hairs are very

characteristic of all Cynodon species. The hair Is unicellular,

long-tapering, and slliolfied, and :s surrounded at Its base

by slightly thickened cells which are deeper than broad and

project above the gemeral tissue of the epidermis. The hairs,

when present, arc restricted to the region lying between the

vascular strands arl may also occur along the margin. In
the abaxlal eoldemls, these halm are modifications of rlpple-

walled cells, while In the adaxlal eoldemls, they arise frcn

actor oelle.

Julboue-baeed hairs. These short hairs form aeperltles

which are visible only mioroec ploally and which since their
veils are extensively elllolfled, are responsible for the
.tecbrll surface and margin of the leaves. The hair has a
swollen base but tapers rapidly to an acute apex; it Ir seldom
twice as long as broad. Asperttler

are usually found opposite

the vascular strands and arc directed towards the apex of

Qlub-shaped hairs. These mloroeooplo erneif,ones; are

two-celled, the smaller of the two cells tomlog the blunt

apex, and are generally twice as long as broad. They occur
In the regions between the nerves. It Is probable tiv.t

these hairs are modified euberleed cells, since they have
thin walls and dense contents, and often appear to replace

suberlsed cellse

Yasoular tissue.

The vascular strands are embedded at regular Intervals
in th mesophyll and run parallel fraa the base to the apex
at the blade. Minute cross-anastomoses between the veins xro

not Infrequent.

pee-Lnby (1 98) recognises five orders of vascular bundles
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ilHtlngulahed by their degree of development. The vaaoulnr

bundles In Oynodon leaves are found to b, oharaoterletlo of

the first three of these ordare.

First order {pylnaty ngrvei)* 3 O 5 flret dor
bundles may be present; uicee ooour In the Midrib and at
regular interval* in th* lateral part o* the blade.

Typically, there are ? metaxylem vessels In the equatorial
region of each bundle, and 1 af 2 protoxylem el monte present
towards the adaxlal s irfc-.oft; the latter may break down to
font, a lyelgenoue space. The phloem, which occupies the
abaxlal region of the bundle, Is seldom clearly differentiated
Into sieve tubes and companion cells.

The first order bundle Is surrounded by a double sheath.

The Inner sheath Is continuous, thlck-walled, and strongly

Ilgnlfled; as the cells are move strongly thickened along
the inner and lateral walls, tt ie sheath closely resemble* the

typical raonocotyledonous endodemils. The outer parenchymatous

ehe'th consists of large, thln-walled cells which contain
larger ohloroplasts than the mceophyll cells, and are iso-
dlametrlc In transverse section. This sheath may be
continuous or may be Interrupted abaxlally or ad/>xlally by
groups of colourless parenchyma or solerenchyma cells; he
bundles, ho ever, are rarely girdered. (It appear- that
Plsher (1940) uses the tern "girdered bundles" In oases where

the 11,nlfled sheath abuts directly on the fibrous s'rands,

and the outer sheath Is therefore arranged laterally In the fom

of two arcs. Fisher's usage lias been adopted In this paper.)
g.nnn” nrder bundle* (s*oQndarj|[* neryeg”)» These are

similar to first order burdles except that the protoxylem

is absent. They may occasionally be seen near the margin in

i transverse section of the blade, In which case they replace

first order bundles.

a Vititoiz urns)- 160 14 thlrl ora,r

ooour ».t.,on eror, Wo bunil.. of th. first ordor.



T&ey aro amallmr than those of the, first or second order,

and are ohamoterleed by the absence of an inner bundle sheath
and of definite rotoxylem or metfixylom veseele. A number

of Xlgnlfleti elanente may be resent together with several
jhloem cells. The ohlorophylloee sheath 1- similar to that
found in first and second order bundles; It forms a circular
layer around the bundles, but may occasionally be Interrupted

by 1 or 2 large colourless parenchyma cells.

The structure of the bundles ih the various species is
mo uniform that It le not used at a moans of identification:
however, the number of bundles of the different ordere and

t-'e ratio of first to third order bundles Is of importance.

rjh-' 11 .

i/.flt oohyll Is oompriseil of regular, o mpaot, thln-

aied c>Moronohyma cells with few intercellular spaces.

The cells are arranged In 2 layers about the vascular bundles,
with their long axes at rl"ht angles to the bundles. These
sheathing girdles of ohlorophyllcse tinsue are separated by
larger thln-walled cells, leodlametrlo In transverse section,
which extend In 1 or more rows from the motor cells to the
abaxlal epidermis. In certain species, some or all of these

cells may be olear and devoid of chlorophyll.

Odourless parenchyma.
lolourless parenchyma may be found In the midrib region
neoftrating the outer bundle sheath from the adaxial fibrous
strand. This character proved to be variable In any one
sceoles. Fisher (IbUo), however, found the absence or
presence of these colourless parenchyma cells In the m*drlb
to be a feature of some value In separating Cynodon species.
I or 2 colourless cells are often found adjacent to
first or thlid order buwiles, se¢ aratlng the ohlorophyllose

sheath from the abaxlal or adaxial fibrous strands.
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Diagram o| t.s. o| shoot o] Cijnodon dactijlor ters. 80 x

voma
stoma
silicijieri cell
sukensej cell
m iif

club skated kair

—.

gkt wilUd

kulkous-Uxi#d ka

upfle wolUl cell

skof! cell

adoxial r "Imis akoxial epidermis

Portions of epidermis of Cynodon dactylon Pers. 340 X
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Mention lias already been made of colourless cells
between the vascular bundles. In some species, 1
or ? rows of these cells ra>y extend from the central motor cell
to on almost to the abnxial epidermis. Stent (192*) In har
monc*raph on Cynodon, considers the absence or presence of
colourless parenchyma between the bundles to be a diagnostic
feature of Importance. The writer, however, found that the
degree of development of this parenchyma Is not constant but

varies considerably within any one species.

Mechanical tissue-

The decree of development of the mechanical tissue In the
blade is variable. This tissue consists of groups oIW M m H
situated above and below the vascular bundles, forming aoaxlal
and ndaxlal strands. According to most workers, these strands
when they link the bundles to the epidermis - as is often the
case in Cynodon leaves - are -aid to fora girders. Fisher
(19*KM, however, uses the term "gird, red bundles ' in a more
specialised sense. In the midrib, the adaxlal fibrous strand
is a constant feature and the abaxial strand le developed to
mu(h an extent that it may partly encircle the midvein.

A small strand of thick-walled elements extends along
the margin of the blade immediately within the epidermis.

The fibres making uo the mechanical tissue are much

elongated, empty cells with minted ends. Their walls are

thick and often distinctly pitt*

Leaf anatomy of Cynodon daotylon Pers.

(Plates G ™ II )

'Shape In transveras secllon.

Both surfaces flat or undulating; rounded keel; margin
acute, obtuse or rounded.
ipldem I's .

jiotor cells In groups of 3 or 3 oe”ls, the central cell
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of eooh group floepor than broad and occupying at eaet half

the leaf thloknesp; 1 or ? file* of flhort elementfl oppoalte

th*rd. order bundlee, 3 to 5 fUee opposite first order bundles

(6 to 10 files opposite the midrein la the abaxlal epidermis’;

occasional club-shaped hairs found In both epidermises;

asperities occur in the adaxlal epidermis but not In the

abaxi'l epldemls; tubercle-based hairs present In the adaxlal

epidermis but absent or ocoasional In the abaxlal epidermis;

papillae conspicuous In the a&exial epidermis "her, 2 or

often surround a stoma but absent or very minute in the

abaxlal epidermis; epidermal cells slightly smaller adjacent

to the vascular bugles; rlpple-valled cells Interrupted by 1

or 2 short cells; the outer wall of the abaxlal epidermal

cells almost twice as thick as that of the adaxlal epidermal

cells.

7aeoular bundlesm

Flr.t order burale.- S flret order bundle. - the

penultimate b,ndle 1*>«ee "f the eeeorA order; outer bundle

eneath arranged In a elrele or churee-eho." of 7 to 1? ohlor-

enohyma cell., the .heath around the mlde.ln oontlnuou.

adamalU and interrupted ub.x1.lly by eol.renohyna. the etoath

around other flret order Wndle. u.ually oontlnuou. adaxlally

or interrupted by 1 or 2 parenohyna or .olerenohyma eell. and

either oontlnuou. abe tally or Interrupted by the abaxlal

fibrous strand.

Third, o-dor uundlee. V or 4 third order bundle, bete.en

wo bundle. Of the flret order; ol.-cular bundle .heath

,f 6 to 9 thlorenchyma o.11. unlnterrupWd adaxlally or

ibaxlally.

Ooloi.rlefl parspohfiBH .

round in the midrib a. a group of 2 to 5 1*m. oell.

eeparating the Outer bu, 1. .heath fro. the adaxl.l flbrou.

otrond; u.ually found bet.e.n the outer bundle .heath and the

adaxlal or .baxl-1 flbrou. .trend, of third order bundle.;
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Diagram t.s o" shocT o]

Lgnodon dadglon FLrs. var dien&us Hurcombe var .nov.

liciVed cell
subenied €€V 4ub sVviped hair
skort cell 71111C1_]led cell
subensed cell

notor &€V

wexlUd ceil fpUheled 0111
txikovs kowd Wi
stoma slharT cr
-popillo

club Jboped Vcu

tibert'f bawd

odaxial eyiermis abt. <ol ep1defw1b

FLrTions oj epidermis, °| . .
[ gnodor dactglon Per6 . var. densus Hurcombe var.nov.
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photomicrograph of t.n. o

nodon dactylon Pore. var. denrna ir¢ombe var. nov



rosant nr, 1 or 2 rowe of cells extending from the motor oclle
to or ilmoBt to th" ib xlal eil.lermls.
leeophyll*

Confined to 1 or 2 rowe of radiating oelle round the
bundlee and usually separated by e bend of oolourleea
onrenchyraa.

Meohanlom 1 vt-sue.

Fairly wbll developed; abaxlal and idexlal fibrous strands
found adjacent to all the bundles, the abaxlal strands being
lore strongly developed; first order bundles very rarely

slrdered.

Fisher's description of the loaf atiatrmiy of C. daotylon
IIffrre from the above In the following respects

(a) S to 7 motor calls occur In a group.

(b) The outer bundle sheath around first order bundles
consists of 6 to 10 cells.

(o) 1 to 4 (rarely 51 third order bundles are found
between those of the first order.

(d) The midrib Is without colourless parenchyma.

(e) First order bundles are usually glrdered.

Leaf anatomy of C. daotylon Pers. variAyn” Hur""bo

(plates 2 to H+ )

The leaf anatomy of this grass is almost Identical with

that of r. daotylon. Minor differences In structure are

listed below,
(1) There are seldom more than 4 to 7 fllsR of short

elements opposite the mldveln In the abaxlal epidermis.

(2) Thichloroph/lloee sheath around the bundled other
than the midvein im not Interrupt ad xlallyj the celle
making up this eheatn am wusually smaller and more numerous

than those found in C. daotylon.



PL AT 1 Ib

80 X

Drag\am o Ts slioot ¢j  Cyno&in transvaole-nst  Burtt mVy

ekerV rell

etonVk
tufeewl®* ViaAfti kei-f
SIAwA Ol
~<wfemis*d Cfll

-0c"U »JolVd oil

motci cell X I:x)val
cldb skotxd  Wiir
»k>X cfll
adaxiol ppiciermic, ci>oxial epvtlermis
540 x

Poctins o eniceTiis of  Ojnockw) trarAvaoWnyi Buttfjlovy



LWr-

fd

r>"/

PLATE

Diagram

adaxial

Pernons

b
blo<ie
skeoAl
SOX
o] T.s. o] skuot Cj Cgnodbn transvaaleasis Rurtt Dovg
skart eell
" itoma

tikwL kased ka/ - dio’wd ol
SIWnifd ciU —Od«eiMi ctH
AduTtn 0

popiHo

ppiderrms

o( epidermis

— fippL wolVd ofll

-popAla
-rtkfc doped  Wiir
-do«t pell
okoxial epidermis
370 X
o( Lgnodon TronsvaaWnsis BurltDavg



(3) The band of oolourUai m aohyna between the vaeoular
nmdlsr seldom extends to the abaxlal epidermic.
(4) The meohanloal tieeve le not & well developed as In

3. dactylon; first order bundles -re not glrdered.

Leaf anatrmy of Gvnodon transvaalensle Burtt Davy

(Plates 15 to 17)

ahape in transverse seetlor.

AdaxInl surface undulating or with shallow ridges and
furrows, abaxial surface usually flat or slightly undulating;
obtuse keel; mar In aclte or obtuse,
foldem Is «

kotor cells In groupt of 3 or 5 cells, th9 central cell
as denp as broad and occupying a out half the leaf thickness;
1 file of short elements opposite third order bundles
(occasionally 2 files In the abaxial epidermis), 1 to 3 files
ooposlte first order bundles (up to 5 files opposite the mid-
vein in the abaxial epidermis); epidermis of both surfaces
with tubercle-based h&lru and occasional club-shaped hairs;
isporltlee few in the adoxlal epidermis and imrely present In
the abaxial apldermis; rlpple-walled cells of both surfaces
with very conspicuous large papillae (In the case of the stoma
2 or 3 large teak-like papillae of neighbouring cells "~tlally
obscure tne stoma when seen In surface “lew); erldemls cells
scarcely e-nalltr opposite the vascular Vurdltifl, ilpple-walled
-iclls interrupted by 1 or 2 short cells; the outer wall of the
ybuxlel epldemol cells only *lightly thicker than that of the
adadal epidermal cells.

Vaeoular imnlleii.

first ord”r bundles. 3 first order bundles - the pen-
ultim ate bundle often of the second order; cuter bundle sheath
arranged in a wide "horse-eboe" of 7 to 10 ohlorenohyma cells,
interrupted alaxJally by the abaxial fibrous strand, continuous

idaxlally or occasionally Interrupted by 1 or 2 colourless

parenchyma cells.
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photomicro moh of t. . of loaf of

Cynodon tmnevaalunrle Burtt Davy



Third order bundles. 3 third order bundles between
every two bundles of the fire 6 order; bundle sheath of 6 to 8
ohlorenchyma oellc, usually continuous or occasionally
Interrupted adaxlally (rarely abaxlally) by 1 or 2 colourless par;n
ohyraa cells.

Oolourless parenchyma.

Occasionally found In the midrib as 1 or 2 cells
sepu”atlug the outer bundle sheath from the adaxlal fibrous
strand; sometimes found as 3 or 2 cells adjacent to the
abaxlal fibrous strands of third order bundles; often present
is 1 or 2 cells situated between the vascular bundles abaxlal
to the motor cells.

Mesophyll.

Not restricted to arcs of radiating oelle surrounding the
vascular bundles, and not separated by a band of colourless
oare ichyraa between the bundles.

MoWd-cal tissue-

Poorly developed; abaxlal fibrous strands present adjacent
to all vascular bundles, adaxlal strands not as well developed
.is the former and occasionally absent In the case of the
taldrlb and third order bundles; first order bundles very

mrejty girdered.

Fisher (1940), in her description of the leaf anatomy of
d. transvaalensle, noted that the midrib did not Include
oolourleoe parenchyma and that first order bundles were usually
Ordered. Stent (1027a) maintains that the epidermal cells
of C. transvualensls are "not r1 scarcely papillate”, but her
sketch of this leaf does not appear to support her statement.
*I(lher found conspicuous papillae In all the specimens wnloh
Jtent examined with the exception of one; this specimen
,'leher clarifies as a variety of C”trvmevaalensle In Which

the e ildermle has a thick cuticle and no papillae.
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(platen 18 to po)

Shape in tr*jveree”ee”on.

M ax1.] Burfaoe un4uU tl« or .1th .hallo. rldg.. »nd

rurro.., abaxlal .urt.o. unOulatlns; ohtu.a or r»»1.d X.el;

margin .out., obh .e or round.d.

A"ToTor 0.11. in group, or 5 or 5 o.lla, th. o.nJ cell

drop .. hroad and oooup,lng ah .t half th.
1,11. o, .hort ,1» .nt. oppo.lt. thl* ort.r hundl.., . -
,11.. oppo.lt, rirot ord.r — » 5

,h. mlOyoln in th. ahaalal opV-,™1,); tuh.rolWha..d ha

»a club-.hapod hair, too- In both opldoh.1...; a.p.rltl..

ah,nt or ..r, oo.a.lonal In th. aha«al — - A

0.11. .oarg.l, .raallor oppot. th. TO.oul.r

oe]Hle eddrcBAT AL I—i - AW T1R » agm
0.11. Int.rru_};)_t_od h, 1 (rar.ld 2) .hort o.ll., ».

A
’jia{lllea 0eX1»
Tutor ..U of th. abaxlal .pld.m .1 0.11. .U ghtl, th o or

than that of th. ad.rial .pld.™ !

, nr., o,.r w u . - th. pan-

- — er bundle

ultlnat. buodl. .omotlmo, of th. ..oond ord.r;
! = r r r r - r
r ” r r r — r r r

abaxlallj

Oolurleei gfrenoh/na



J-l 16

PLATE

IG

Diagram of

RAon

4

t

of

W efldmm]
T rffW taniU

rolo«’ «w
4VW< errl*' VwlVv
rdwW

U Aranti

mieeod'i )
e e

leaf of r.jno&n Mogenn“u HurcorrBe sp .nov.

M o]

W

NeU
vW'ol “bfoul tftxnd

moAor c«\\

Mg nm

pHD
nibedQai ¢
ctdour ¢  pofer.cyxukw

outer cWan"M"Mot*

,anrr - VgeMwl 4*jV 1

Ml iy Afw\j

740X

‘P no_



PLATE 20

p’ o+onlcro raph of t.o. Of leaf cf

Ovncl -n t;enris 11 Huroanbe ep. nov



41.

tite fibre, 'trend; often
ilniM 1.0 oiiwa.,  =-—-m-mmemememee mtrfBa

> >

between the outer banal, 'be.th end the ed.rlel or eb.n.1

flbroue .trend, of other first order bundle.; usually found

between the outer sheath and the ahaxlal or ndaxial fl )ra*"
oci,weoll

________ 99 -

ytrend, of thin order Ismdle.; often present .. 1 or . oo

si hueted Uet.ee. « . ea.ouler w nle.

V—Qpnyll.

hot re.trloted to eno. of ndletln, oell. -urrmmdW the

veooulor ,m ,I=.. end not «e; ,,tn by ¢ bend of oolourl...

parenouvaa between the bund?

Mechanical tlesuf

.tro, gl, developed; abexlel and edawl.l flbrou.

found adjaoent to all veeouUr W nll,.. the ebe”el .trend.

Lre tronsll developed tton the ede=dnl .trend,

ua.e of eon. thin order bundl.d; fl» t order bunlle. not

sjlrderod

Leaf anatomy of » o n Bradlgtl “tent.

(Platee io 25 )

3hap, in tranever.e eeotlon.

adenel .urfaoe undulate or with .hello, rid*., end

fbrror.. eb.,1.1 .urf.o. flet or subtly unduletlne; obtu.e

iceel; margin acute.

M4S~«t, .. . m .roup, of 7 or 5§ (mrely 7) O.H..

oentml o.H uw.u.ll, d..p.r then broed end oooupyln* er « .

nelf th, leaf thlekn...: 1 fU« "f -bort .!».» *. oppo. t.

E=EE™ B -

eto.pt In th.

fend

abanlel to the notor oelle.

etm nd.
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walled oelle Intern.:)ted by 1 or ehrvt cellp, th« outer

wall of thr abaxlal ep'.demal cell* only slightly thlo

*han that of the idaxlIsl epidermal oeli

yaeconlar bundle#»

-lr»t ord-r bundles. 5 flret order bundlee - the pen-

ultlmrte bundle .metltaefl of the eocond order; outer bundle

cheath usually rraw”ed In a "horse-shoe" of 6 to 9 chloren-

chyma cells Interrupted abaxlally by the abaxlal fibrous

strand, continuous edaxlallf or Interrupted by the adaxlal

fibrous strand or by 1 or 2 colourless parenchyma cells.

Third order bundle#. 3 or 4 (rarely 2) third order

bundles between every two bundle* of the first order; bundlIfi

sheath of 5 to Mohlorenchyma cell*,

continuous or occasionally

interrupted adaxlslly (rarely abaxlally) by 1 or Inrge

colourless parenchyma cells.

holourle** parenchyma.

tlsually found in the midrib ..pirating the outer bunale

eheeth from the adaxlal flbroue .trend (the number of o.llo

verier from o - 10); oommonU found beCTeen the outer bundle

.heath and the adaxlal or abari.l flbroue etrand. of third

order bu.tilee; ven rarely pr.e.nt a. 1 or 2 o.ll. .Ituated

between the ...cular bundle, abaxlal to the motor o.11..

HesophyllL

Hot re.trloted to are. of radiating 0.11. eurroundlng the

veeoular wundlee, and not eeparated by a band of oolourlaec.

“renohyma between the bundles.

ueohanloal tlaeug,*

Not .trongly developed; abaxlal aM adaxlal flbroue

.trand. found adjaoent to all flret order bundle, and to the

majority of third order bundle.; flret order bundle, very

rarely girdered.

Pisher (1940), in her Ascription of the leaf anatomy of

it} mnord* that colourless parenchyma cell* d not
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photomicrograph of t.s. of leaf of

Cynodon_Iradloyl °tent.
260x



-xicurin tho .U nit, and that flr-t order bundle, are u.ually

i“lrdlerea.

AtnCUGSION OF TH:i

Many worXer. have r.coenl..d the (ant that leaf a=at=«,

IB a val viblo aid In the Identification of era ™ ppr *

furrier (1955) A

certain moan, of dlagno.l. than do puroU a“etatlT.

oliamoter., e.peolally In

-her. plant, are gro.n In do
association and sub,scted to cutting,

L]

rolling, or hard usag..

H,.,er, the,, t.o norh.r.

.r. ocnccrnsd nalnly * » a

olasslfloatlon of ald.ly dlff.rlng genera and sp.ol...

-train (190>i) point, out that -th. anatomical stn.otur. of

lea... of nearly related speole. 1. eery .Imllar If hot
pr.otl.all. Identical", partloularl, when the specie. In

question haw. a .1*1lar habitat, vi.kem (1955) ~

th*t
even widely -ep.rated

specie, may strongly r.»e»ble each o er

tn leaf ana.W and that to attempt to dl.tln.p.1.h euoh so,, e

minute dIff.rano.e would sbeo.t o.rtalnl, lead to .onfud...
prat (1953.), on th.

other hand. 0™ ¢, to th. oonclu.lon that

»



)JPecenoe of parenohyna between the bundle* le an Importantl
loeelflo Jharaoter. The writer oOhtildere the ooourrenoe
parenchyma, both In the midrib and between the bundles, to »e
variable and unreliable dlagnoetloally®

The similarity in the leaf anatomy of the Cynodon epeec'es

te correlated «i-h the fact that they were taken from the
name habitat and had been subjected to the earns treatment,
lowever, M sher'e end Stent's descriptions of the leaf anatomy
of 0. daotylon. G. tranevaalenels, and 0. Bradlegl, differ In
IInor reepeote only from those of the writer; these differ-no os
are not found In the epidermis or In the number of bundle,’,
but chiefly in the degree of development of solerenohyma and
parenchyma. This fact suggests that the Influence of environ-
mental factors upon the leaf tissues Is not very great.

n. t.mnnvaaienslB Is characterised by the presence of only
thro, first order bundles, erf O”Jaotjrlon by the unusual nature
of the abeKiel epidermis. A comparison of the lenf anatomy
oppea-e to supoort the contention that C “germ Isll 1. a hybrid -
the result of a cross between C. daotylon and C. * nevaal=nf£U'
m the whole, the Internal structure of the leaf of C*'egenrialU
more closely resembles that of 0Jl tranS=»iS!!iiS,
as regarfs the nature of the abaxlal epldensls; however, the
presence of five first order bundles establishes Its affinity

dth d. daotylon. The leaf anatomy of C ~ttQ lon war. densus.

.a., for .11 practical purposes, Identical with that o f g I

o. daotylon, although these two grasses are ten different la
habit and growth foro. It Is of Interest that the leaf etmotnro
of n. nradleyl IS so similar to that of » . other Oynodon species
»tudl« considering that, In respect to the rolling of the leave,
in the bud, It is so distinct. The only anatomical feature ehlo
secrete. It from th. other specie. 1. the sxc.e.lv. halrln...

, the leaf. -u'T , Turner (1937), however, maintain that too

much reliance should not be placed upon halrln... or It.



fxbednoe as a critical diagnostic feature, owing to the f <ot

that there Is a lack of unlf ralty In this character not

only within the epeoles, but often within a given plant.

It may be concluded that Gynodon leaves do not differ
markedly In Internal structure that a diagnostic key could

be based entirely on anatcMc features. However, these

features have been used In conjunction with the external

morpholo leal characters, to produce a key for the

classification of the dt arent species.



Leaves folded In the bud ...,
Leaves rolled In the bud; leaves dencely
hairy on both surfaces with hairs 1.5
mm. long; raohllla sometimes oroduood
but never bearing a reduced floret;
llgule usually distinctly membranous;

underground rhizomes absent Bradleyl

5 primary nervoit in the leaf-balde

primary nervee in the leaf-blade;
I to 3 (usually ?) spikes; raohllla
always produced but never bearing a
reduced floret; glumes 1/4 to 1/3
the length of the aplkelet; leaves
not more than 1»5 mm. wide; a fine .
lawn grass transvaalenois

>

Both surfaces of the leaf conspicuously

papillate, and sparsely covered with

hairs; glumes & length of spikelet;

leaves less than 2 mm. wide; a fine

| R o I S S 0. Magennlsll
Abaxial surface cf the leaf without

distinct papillae am' usually glabrous;

glumes more than £ length of the

spikelet; leaves more than 2 mra. wide;

COATSE ZTASSECS  erererireririeeetereereneereeereseereseeseseenenee
Spikes 2 to 6, 1.5 to 6.5 cm. long;

leaves 2 to 16 cm. long and 3 to 4 mm.

wide; flowering culm up to 40 cm. high;

hairs on 1 to 1.2 mm long;

a vigorous grass C* dan%]Ign

ikes 2 to 4, 1*3 to 2.5 cm. long;
r *7

1 nrxrn nfi P tO

densufl.



m VIaiS WORK ON CYNOUON CHROMOaOMKS

Avdulow (iq”1) rnorrd.8 n diploid ohromoeooe number of
for Cynodon dnotylon Pers., and maintains that the baulo
number of tho genua is 9« Hunter (193%)» on other hand,
found a somatic chromosome number of 30 In Cynodon daotylon
Pere., and states that the basic number appears to be 10.

Darlington and J nakl Amnial (1975? consider 9 to be the
basic number of the c.'modon genus. Thoy give the following

chromosome counts

C. dlpcloidum n. sp. (Giant Star grass) .. .18...1112}1%% ilis ilell&al

count.

_____________ p; ——

C. daotylor (H r udagrass) 36.. .A)i%%li)*w,

36...Janakl Ammal
unpublished
count.

................................ 30T..Huater, 193»
fhe chromosomenumbers givenare the somatic or dip told numbers.
the question mark is added after Hunter’s number, as the
writers (Darlington ft Janakl Ammal) are uncertain of this

number or of its attachment to the botanical name given.

In a previous cytologioal paper (Huroombe 1975'» the
writer dealt chiefly with the selection of method*, suitable
for the study of the chromosomes in the root and anther of
Cynodon Bradley!, which methods could later be applied to
other Cyuvdon species. This investigation showed clearly that
the temperaXD aceto-oam.lne squash technique afforded a fairly
effective method of obtaining ohromoeme counts in pollen

mother cells, while the paraffin method proved most sueeessfhl

with root tip »itnrlal.



Aogto-q.irnilng aquaah method

Ths aoeto-onmlne ti ohnlque usually affords an ousy and
rapid roethod of obtaining clear chroinosome counts and should
therefore rove of value to field workers. In the oaee of
dynodon species, however, the method was by no means rapid,
is a considerable number of anthers were squashed before one
In the desired stage was obtained. (See Huroombe, 1925» P»3)*

The most successful temporary uoeto-oaralne preparations
were made according to the following method

(1) Young spikes were removed from the leaf sheaths and
Immediately plunged Into the following fixative:

3 parts absolute alcohol

1 part saturated soln. of carmine In glacial acetic
acid, prepared by boiling the carmine and add
for 1 mIn., and filtering when cool.

(?) After 2 to 3 days the spikes were removed fron the
fixative and the solkelets dissected under the microscope.

(3' Anthers were out Into small portions and mounted on
%slide In a drop of aueto-oamilne stain to which Irom had
been added. (The aoeto-camine stain used was a 0.5 soln.
of carmine (Kirlbaum) In 452 acetic acid, boiled for 1 minute,
coiled and then filtered. The Iron solution mordant was a
saturated solution of ferric acetate In 45 acetic acid. A
very small drop of this solution was added to the stain on the
slide.)

(4) The anthers were squashed by placing blotting paper
over the ooverellp, and by moving the blunt end of a dissecting
needle over the blotting paper and ooverellp with a quick
clockwise, antl-olookwlIse movement.

(5) The slide *ae heated over a fl«ee for a few seconds.

My this method, polar views of the pollen mother cells
were frequently obtained, and the chromosomes im the cells
tere stained deep purple against a background of colourless

cytoplasm. It wa found that If the material as kept for morr
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than 3 dflys in the fixative or In 70% alcohol, the pollen

mother cells boome too hard, polar views were rarely obtained,

and the cytoplasm In the cells absorbed stain readily,
resulting; In poor definition of the ohromosamer. On the other

and, If the material wai squashed too soon after fixation, or
irlor to fixation, the cells were found to be eo soft that
they were easily destroyed by squashing, and the chromosomes
did not readily absorb stain. The addition of Iron proved

to be essential for successful stalnlr wheretwe heating the
slide after squashing did not appear to Intensify the stain,
although It was of use In flattening the cells and sp'readlng
the chromosomes.

These temporary preparations could be kept for only a
few hours because the cytoplasm rapidly absorbed the stain
after this period. As there were no facilities for photo-
graohlng the preparations Immediately they were made, the
writer had to experiment with methods for making these
temporary aquash preparations permanent. Several months were
spent in unsuccessful attempts. It was found that the pollen
mother cells were very delicate and shrank In both alcohol
and xylol, and that t 7 did not adhere to the slide and po
were lost as the elide and ooverallp were passed through the
various solutions. The following method suggested by
ur. n. Krupko (Botany Department, University of the witwter.-

rand) gave the best results.

» paper =Hp »>» fl="4 °’er the «U4* hloh ** th*"

,a.«” through th. following rolutlc,.:

(1) 25 Ml. 4# acetic acid

10 mine.
75 ml. 95> alcohol
( )go ml 45%acetic nold
5 rains,
J0 al. 95'tie oho! e
(3 )10 11. 4j acetic add
5 mlns

90 ml» 95 alcohol e«



50.

(4) alcohol « 1s mlna. () 95 alcohol ... 5 mine.
(s)ibeoluts rtloohol 10 rain#. (5) 95 alcohol and.

dlox&n (equal parte) 5 mine.
W./aleolute ilooho* and (6) T dloxan ...evevveennne. 5 mine.

xylol (equal art#) .15 mine.

(7) 1 xylol .. 10 ilno. (7) IT dloxan ... 5 mine.
() TI xylol . .10 mine. <<*) Mount In dloxan-

baleam.

(9) Mount in rylol-b~leam.

Thle method wae effective In that tlxerc

wae little lone

of material. However, many preparations were completely

destroyed when the ooverallp wae raised in order to introduce

the balsam.

The xylol method (A) failed bocauso the
shrank slightly In aleolute alcohol and very
xylol and xylol-baleam. An atter.pt was made

shrinkage by Introducing followed by 10<

pollen mother cells
considerably In
to reduce the

xylol-baleaiu,

under the ooversllp, before mounting in normal strength xylol-

baleam. However, this method proved very laborious and there

was no marked lessening ir. shM).ikage.

The dloxan method (B) w”e preferable to

the xylol raethou

In that lees shrinkage occurred, but It was found that the

cytoplasm absorbed stain during the process

and that the

chromosomes In the final permanent preparations were poorly

defined.

In the writer' opinion, a considerable

amount of time

should be given to the mastering of a squash teeh ilque

F nltable for the anthers of Cynodon and other similar grasses.

However, -s reveral months had already been devoted to the

squash method, and as little progress had been made In tils

time, It was decided to concentrate on the paraffin method,

and to rr'ike chromosome counts entirely frrmi root tip

oroparatl one.



(a) frnpuratlon of mateidal.
Surface ninnere or underground rhlr.omee of the grase
m,.r« oollcotod. All th. advontltlouA

root, -ere renovod and

th» St™ _ . re then ecostsd In the follo-Int; solution for

I houre:
1V ml. "Hortnmone"

569 ml. water (l.e. 1 pint)

This solution found to stimulate the development of

adventitious roots.

The stem. - tht, pis-ed In s dleh bef.en eheots of

moist blottin, d Wit In an ov.n .t . oon.tant

temperature of t. « After 2 to 1 da,, no. adventltlou. roots

had developed, -ten the..- root. ..re t m- «> ¢ In- '<¥*¥

.terns b arlnK th. root, .re plxoed In ..M r for 6 hour.,

woo,dins to Savft.hin (IJJ’t), So» ration 1. olos.Hr r.latad

to the turgor of the plant tie. .. i the r ot, are plso.d

in water the turgor mores... and to. obrswoet... tend to be

iore widely flpread in the oella.
The root tips were then removed by i«<ML« of a sharp

forceps and Immediately plunged into the fleratlve.

(b) Fixation.

For n description of tne fixatives used see p.- ' *

All fixative* wem mixed Just before u.e, 10 their killing and

fixing properties are most effective when the fluid Is #r»

The root tip. were pHoed In a phlul oontslnlng appro: b..-e

>

7 .1. of th. firing .olutlon. The phial ... la»~1l.t,ly planed

under a vacuum pump for 5 minutes In order to rer-.ove

fixative for pU hours.

<r’ hour, fixation, the P.t.rl.1 — fr. the
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ohlal and wamhed in gently running water for 1? houre. In

order to re ove all trace of add from the material.

(d) Dehydration.

The materiel was dehydrated ae follows:

alcohol eeeee sece<e m* 1" Bin®.
10/ " 1 hour.
20 1 "
* ee. 1
40 e 2 hour®.
50; * 2
60 m 2 "
loi " 2 "

OS2 H e 2 "
I absolute alcohol ..o 2
L n W ,.. .4%eee 15 wins

Material was stored for as long a® several aeeks in (5>
alcohol, but was not allowed to remain longer than 12 hours
in absolute aloohol. During dehydration the material waa
placed in al? soln. of safraninin 70 - alcohol for 1 hour.
If the material was notstained in thisway, it wasvery
difficult to detect in xylol or wax, and orientation during

embedding was unnecessarily difficult.

(e) Infiltration.

Ihe following method of infiltration was used:

(1\ place the material in a small phial and cover with
absolute alcohol. Add xylol to the alcohol drop by drop,
allowing a 1 to 2 minute interval between each drop, until
the phial contains absolute aloohol and xylol in equal

proportions.

() place the material in a mixture of $§ xylol and 4

absolute aloohol for 15 minutes.



C*' Transfer tiic material to pure xylol and le .ve for
1 to ? houre.

(4) Cover the material with fresh xylol. Add Jmall pieces
of wax (" .P. 48°0.), waiting until each dissolves before
adding the next. If dissolving le slow place the oorked phial
>n thn oven. .hen the xylol 1? saturated with wax, unoork
the phial and place in the oven. Continue adding wax until
the xylol Is £ of the ro me.

(5) Place the material In pure wax (M.P. 4#*C.) and leave
overnight.

(6) Transfer the material to pure wax (M.P. 54*0.) and

leave overnight.

(f) Redding.

The material war embedded in pur=i wax (a.P. $4*0.).
Care was taken to avoid touching the material with a hot
needle during orientation.
N.3. At no stage during the processes of infiltration or
urnbedding, was the material subject'd to a temperature

higher thon bO*C.

(g) Mlorotaalng.
Thi root tips were out at 7 microns. Ribbons ware fixed
to the elide with H?upt'e adhesive. (See Johansen, 1940,

op. 20 & 150).

(h) Staining.
Heldenhaln's iron haematoxylln stain wae used aftt.r

Lewltc-ky fl.atlon, and crystal violet stain after Nivashln
fixation.
The following staining schedules were used:
Heldenhalnls Iron haematoxylln stalne

(1) XY L0l e 1 hr-

( rvloL-.bsolute aloohol (equal parte) ........ 10 mine.



(5)
(6)
(7)
(8)
(9)
(10)

(1)
(1?7)
(13)

(14)

(15)
(16)

(17)
(18)

(19)

mwash In running water
rinse In aietlll<xl water.

mordant In 3 Iron alum

rlnee in distilled water.
wash In running water

etain In .5 q. haematoxy"N -repared
aocordln*'; to Johansen, 1940, 4

rinse In distilled water.
w.eh off exoi es stain In running water.

differentiate with JT Iron alum under
the microscope.

distilled water
r.ach In ninnlnf, water

dehydrate In gof, 77, 95 and
abeolvte alcohol

absolute aloohol-xylol (equal s)
xylol (? changes)

mount In xylol-balean..

Orystal violet stain.

(1)
>
(3)
(4)
(5)

<7>
()
(9)

(10)

(11)

(12)
(13)

XZ1.1

xyl l-abeolute aloohol (equal parts)

70* alcohol

la (lour, 1942, =+ HD

99 alcohol

nbeolutr aloohol («* ohangfs)

differentiate under the microscope
In clove oil.

xylol changes), .................................

IIlxylol

mount in xylol-baleam.



Crystal vI>let atain eac used after Nuvashln’e fixative
with ixoyllent resulta. The oytoplaun vae almost oolourleso,
ind the ohrcmonomes of a deep violet colour were olearly
defined. The stain preferable to hacaatoxylln as the
ohromoeomeB were thinner and more transparent whloh made for

greater precision in counting.

Plant!vee.
The following fixatives were used:
(1) Lewltsty'e formula for small ohrcmoecmes.

lOf forme 1 8 vole.

1 chromicacid

(2) Lewltnky's for,aula for rge jhir"/)& %ee.

10; formal 5 vole.
1 uhrofiloacid ... 5 vole
(3) Nflvashln * fluid.
aq. chromic acid 10 ml.
Itor fonaol (commerol&l
formalin) ..o * 1 ml
Glacial acetic aold .. 1 ml.
Avdulow (I931) recommends the two fomulae - one for
Urge, and one for email ohroaoecomee - used by Lewlteky.

appears to have found the latter fomuU most suitable for
dynodon chromosomes for he Includes a figure of the ohroao-
aomee of C”n”onJ”ol”lon Pore. (ulag. 5%, P* 17It) and ot ltee
olearly tnat tne fixative used for the preparation was
hewltsky's formula for small chromosomes. The figure Is poorly
reproduced, but It is obvious that the chromosomes are thin
ind fclrly well spread out, and It appears that several of the
chromosomes show distinct constrictions.

cause of Avdulow*e apparent success the writer decided

to use Levitsky' formula. As It is doubtful whether Lewiteky

intended 10 fon.ol to mean W ««r k* of commercial fomaUn



(40 fomol), the writer uaed both theet, peroentogoa In both

the formula for large and for email cihromoaomeo. None of
these fixatives, however, proved to be suitable for cynodon
root tip mateil A. The ohromoecomee were thin and well

soaoed, but were scarcely visible ae they were only slightly

larker than the cytoplasm. Owing to the aosenoe of aoectlo

icld - which destroys the finer plasma structures - the
mitochondria are well preserved by Lewlteky fixation. In

preparations of roots rich In plasma, those mitochondria

might form a deoply stained background against which the
oh.'omosomes are poorly defined. Cynodon root tip cells are
particularly rich In plaema and It Is probably due to this

fact that the lawlteky formulae gave such poor fixation.

Various methods were tries- i order to darken the
chromosomes:

(a) The material was left In the fixative for 2 to }
lays instead of for fctihours.

(b) Aftnr fixation and rinsing In water, the rantorlal
,as placed In H chromic acid for ? days and then washed for
12 hours.

(o) Before mordanting the sections were placed in 1 >
chromic eo‘1 for 2 days and then rinsed In water.

(d) Sections were mordanted In 6* Iron alum for 6 hours,
or alternatively for 12 hours, Inntend of mounting In
Iron alum for 6 hours.

None of these methods met with any success.

In the writerl reviouo piper on Cjx*onJ!rAl2%1
(Hurocb., 19451, -""r-*1 A m tl... «.r. «M1. -V -1-
mntlnn with the p.r.ffln method o. .pplled to root tip ]
m terl.l. of .11 the Vlixotlve. fried, only «ov.«.hln end aBK
field. g .« B®°d ' suite; but even th.e. imo fl»tty.. M M
$,, reveal any detail, of ohromo.om. aorphology. Th. -.dt.r
nelooted Nava,bIn', fluid fr 1" » e Qg™ 77 "

flxatlv. rave the be.t re.ult. rtth ory.tal violet etaln



A fter Nevastiln flxi.tlon, the otromoaomee v.ore fairly well

spread out md v:ir. ole”rly outiin d ufainat a beeliround of

colourless oytoplas i.

Critical observations of chromosomes ware made with a

Bausoh .v Loub 2 rua. (K x) npoohro. u.tio oil immersion objective

and u jios 17x ocular, pivin*' u total meRnifloation of 3000x

wt tubl level. The dlu- ri is of t. v nets phase plates were drawn

tit t 1: a, nivicution vlth the aid o0i a i,el s camera luoida.

Photographs of the snna metar htioe plates waro te-'an at a

magnification of U 50x and subs*quently enlarged twice.

Because of the tendency for ovcl'ippln of the somatic

ohro ..oaoneaBI'-ct determination, of uhronoeo ue numbers ware

obtained onl; .l1th f£ro«t difficulty.

fhe follow in, enromoaome counts were nade from letopheae

plates in root tip cells fixed in avsahin's fluid and ateinad

with crystal viol t.

Cvnodon tn -n.ivnal Burtt. '

Uynndnm dHO¢tvlen Pars

40" 2
(PIsU 2 )
no ion. rta ',J R N
thSION
Hcuant trends in taxonomy hsvr laced e uh, 1 on (he
cation of the results of inveati# atic is in ,n4

0 to probl,n. of olm.slflotion. Cytolo, .c1 data, if
:ully date, lined and used in conjunction with other evidence,

A 4 nel’', 1.1 Tfll1109 -



Oamera lucida drawing of root luotapluice

of :ynodon daotylon Pern. x 3°0C

2)00 x 1150,

photomicrographs ©f iiietnuh/ioe plate nhown in Fig. 1.



Although 1r 1-T r thure appears to be little
correlation between t' xonnmio position and the nature and
number of the chr'vioeot'.ier, yet it la generally agreed that
within real rioted clrelee of affinity the number of chrano-
aomes as well am their else and form may olten afford
important evidence In the dcteralnatlMi of spoolee relationships

In many genera of flowering plants, the ohromoeomee are
$,0 small and si liar in also and shape that no oonet,ant
morphological difference between them can be observed. In
ouch genera trie number of chromosomes has proved a useful
criterion. Certainly, species grouolnge made on the basis of
ohromoecme number frequently correspond strikingly with those
arranged by taxonomists on other grounds. Darlington (1970)
taintains that in a group where polyploidy and other oyto-
I»;lcal irregularities have resulted in systematic confusion,
chromosome numbers are not merely an Indispensable guiflo In
solving the taxonomic problem, but actually providf a rigorous
basis of olarslfloation which is not to be found it the welter
of morphological forms.

It is possible that tha Cynodon genus is such a group,
and that a oareful oytological study of it vould neslst.
greatly in ediving the problem of species groupings within
the genus.

It le obvious from an examination of the somatic
chromosomes of the Cynodon spools, studied that the chromosome.
IB eaoh ocmplement, because they are small and remarkably
unlfom, cannot be distinguished morphologically. Any
ovtnloglcal classification must therefore be based entirely
on differences in chromosome number.

With the exooption of <), Rradlejfl, the nomr'lo ohronosc*,.

numbers of the Cynodon species studied form a polyploid series

with a basic number of 10, in which 1B

th. dip)old fom, @« 7 1t-Inl4> *"*

,nd o. d.ottion.xaii 51B5S1 blth
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It 1r dift io!'It to neoertaln the cytologloal relationship
of 0. 'rndj.ejri to the other epeolee. It Is possible that
.his rafis <y be an aneuplold; as a result of non-dleJunction
or une ual distribution of t*  ohroraosau'es, gametes with one
ouroioeome lese than the usual number may arise, and the
union of two such r - 1 gametes would result In a form with
Jri" hfilr leer than the usual somatic complement. According
to -luirp (19/6) such anecuplold forms differ more from the
normal diploid than do polyploid forme. Church (1929) came
"crocs several such examples in his study of grass genera,
fie found it onvonlent to use the tom "dyeploide" for these
“Irregular deviations from the fundamental haplold base In a
polyploid series." He also discovered that many of these
"dyeploide" had an obvious hybrid origin, and came to the
oonoluslon that hybrldlty and dysploldy were frequently
correlated. The fact that C. Brudieyl Is completely sterile
suggests that this trase may also be of hybrid origin. Quoh
an origin might certainly account for Its umusual chromosome
number.

Alternatively, It may bo suggested that the Cynodon genus
has two basic numbers of 9 and 10, and that the genus has
therefore developed along two separate lines. On this
issumption, It would be difficult to explain why C. Bradleyl.
the diploid form In the 9-serlee, Is completely sturlle.

If two groups are present In the genus, one would expect to
find very distinct morphological and anatomical differences
between C. Hr dleyl on the onj hand, and the other species on
the other. Differences do exist; C. Bradleyl Is distinct
from the other epeolee as regards the leaf vernation and the
ibpenoe of underground rhizomes. Ho over, these differences
Yould appear too slight to provide the evidence In support of
auoh an assumption.

A oa-eful study of the external morphology and loaf

anatomy of C.J gennlill suggests that this grass Is
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Intermediate between '. dfietylon and G. tranevaalenola. In
'lie deeorli.>tlon of the origin of this grass, Mr. W.B. Magennls
definitely oonelders It to be a hybrid between IFloridaM
(C. tm ne’ H'enplp) tnd “Kwoekl” (C\.Vdeotylon). and the
ohroroocome number supports his contention. Historical, »
lorphologloal and cytologloal data, therefore, suggest that
this trlplold Is not an autr-polyplold but a definite allo-
>olyolold arising from a cross between a diploid and a tetra-
olold. The fact that 0. Itagennlsll does not set seed supports
the observation made by many workers that trilplolde are nearly
always sexually sterile, elnoe they cannot undergo regular
nxlw- » reduction owing to the odd number of ohrononomee.

&IC" . t1tfM That 0. dactylon Is a tetmploid serves to explain many
of the characteristics of this suecles. As Is often typical of
tetraplold forms this grass Is larger In size, more vigorous
in growth, and altogether hardier than the diploid form.

3. dactylon has a world-wide distribution and flourishes under
I variety of conditions, whereas other Cynodon species are of
limited distribution nd are often restricted to one
particular habitat.

Many eyetcmatlsts have remarked on the width of variation
which occurs within this one species. (Bee p. 12). According
to Crane (1940) such variation Is obviously correlated with
the tetraplold nature of the plant. He states that "it Is a
00 nonplnoe to find a more complex and wider range of
variation In polyploid speol.es, and especially In high
polypthan In diploid.... Where two or more genes
,;ovem the expression of the same character, as is couimcn In
oolyplolds their effect 1 often cumulative and consequently
Il given character may intergrade frun one extreme to Hie
other."

It is Interesting to note that C. u.iOtyxO|i Ip highly
fertile, wherecas Qm transvaalenslm rarely produces mabdre seed,

po quote Orane (1")40): very considerable evidence It

,pp.,t» ,=..161. t= pr«U«t that the d-h”~llng of th.



Camera luclda drawing of root metaphase of

Cyrodon tranevaalenclo lurtt Davy xJOOO

?Voto lorographfl of metapha late chown In Fig. 1.



ohromoso ;a of otarllo hybr’.ds will 1hil to increased
fertility, but in fertile forma will Liai to » reduction of
fertility." Darlin/ton (14 ) otsorv te n polyploid which
fcfts arisen fro; a non-hybrid diploid is lo »n fertile than the
dlolold t'arent, w'areas doublln of tije chromosomes In a more

or le t*sterile nybrld results In a polyploid which la fairly

ThuBt latter properties, he maintains, are '"due to the
dlas Imllar chrome,somee of opposite parent no longer pairing
with one anotutir but .ith t e new identical "ter reduced
by their own doublln* .* 1t would appear, t; erefor , that
tl u oritIn of a fe. tile tetra: lold hue u sound gi ictlc basis,
and t :t C aaotylon posblbly arose from t e loublla of
ohronoBon a in » fairlv et JEIIO diploid «.c:tor.

C. dcct. Ion vrr. ‘miJjus (" 1" alec lm’™) o 'Y
0. (ir.otylon In imny r apeots; both 1KvC the va-e chromosome

number, t).'elr leaf anatomy is nlno. t 1 J1 1latl, *« rerarde

But whereas C. dactylon lo e vigorous- r* r. .lic mnpy re ch a
helf-Ut of 40 cm. und Vu fairly fertti C. > ' ion v.r, dartsus
la a rlo.-frowinf, proutrrta, tufts: rm r-ic rarely acts
sued. T'lo pecull-.r #rowti; form apv rs to W e t mstaut
character; In the e .per: untal plots at '"rvnkenwri theoe two
ern.iacs have been erow.In wunder ’.rctl. nl dltr cczvl tione for
aeve'i.l ynrrs, M the v;rlcty has rv Ji true tc type through
tills period. The avail ble data, t ;reform, sur sat that “Hall*
Selection” Is merely e¢ form of " a,.ylon. onin Isec

p.- 6) mir.ht le d one to auepoct t mt It irone *» the result of
a mutation which produced an slterttlon In ,rovt "or 1’ is
oertuln that " all's Selection" Ic not nn ooolu!ioel or
feofraphlcal form of C. daotylon In iced by pocuiii ¢ = ron-
mentel conditions, since both these rraasas wher transplanted

to a ot ‘non teatinf-rrounn rcvulnod their orl in 1 M f¢Ln-

puiaUlvn features.



chro ioso 's of atjrllt- hybrids will 1. ¢ >Incroaaad
fertility, but in fartllw for i ,,111 load to wreduction of

)

fertility.” Darlln, ton (19-Vj) obaorveo t mt a polyploid w ich
hio #rloc: fro,, a non-hybrid diploid la le a fertile than the
di loid parent, whereas doubling of tho chronoaori.ia in a more
or gge: a sterile hybrid reaultr in a polyploid which la fairly
ferrl: a , 1: vo.ort on to Itt fertility, true-breeding
Thdtit. latter r-ropertlee, he anintamt, are ”due to the
dissimilar ohromoaomee of opjouito parents nc longer pairing
with onj anoti.er but with the new i 'antlooi mater produced
by their own doublingit woul appear, t; eruform, that
tit orl, ir- of o fu tile tetrnr lol-i s i m r-i'Mc bam.'s,
and that G uactpljt. possibly arose from t e doublin of
ohroaoDons in a fairly Bturlle diploid Qioestor.

C. dact/lon var. denaue (" all’s election") re aibli i
C. dnctylon in many r spaas; both have the same c¢ ronoaoie

nu tber, their leaf anatomy is almo: ¢ ii mticul, (u 75 rer orde

But whereas C. duct: Inn ir e vigorous rro s vhlcli may rof.oh e
hei ht of 40 ¢ . mm' in iairly fertile, C. J-ct. Ion var. dansus
is a slov.-(rowln,- , pro trot9, tufted r»ss whio rarely seta
atied. This peculiar growth form appe rs to be a consla t
character; In the experimental plots at :rankeiiwnl- these two
gra;;sen have been , rowing under exactly ni illnr conditions for
nnveral arre, an the variety has romclned true to type through
this pariod. The avail.'bid dot,., -rafore, cu tat that "Hall'
utilactlon 1la merely e form of C mu:-lou. It; origin (see

p.- 6) might le d one to suspect that it aroae a the result of
b mutevlon Whleb producad an alteration in growt? "orm. It is
oertoln that ” all’s Selection" io not an oeolu/ loel or
geographical form of G. dactylon Induced by picu le nv ron-
raental conditions, since both these grosses when transplanted

to a oomnon ter,ting-ground retained t'.elr orlrinmPajintln-



amera lucida drawln- of root metaphace of

"ynodon ragennlell Hurconbe sp. not. x>0

Photomlcrographn o “nnh/.se plate rbovn In F



>t nt (1927a) oonmiders both 0. Bradlay” and C. trans-

vaalgnflie to be natural hybrids between 0. daotylon and

il »-itu_a. hie does net seem probable In the light of a

nuraerloal comparison of the ohron.osomes of the three first-

lent,toned epeolee. However, the ohroraoeooe number of

1*-hlr«utue must be determined before any stat-ment can be made

rtaln ly, the fact th/it t*aruyaalenel * rareay seta aood

«a that C"Hrjdleyi npletely sterile does suggest that

these two species might have a hybrid origin. Systomatlsts

have been acouetaned to define a hybrid as a cross between

individuals of two different species. The geneticist, however,

lafines a hybrid as a cross between two gametes of different

genetic constitution, and therefore recognises Interspecific

and In*-Aepeolflo hybrids. If this wider use of the tem Is

reoop by the New Systematica", It Is quite possible

that a h- id origin could be attributed to most, if not all,

of the on forms studied.

2jgP-g-rAgcn of tM _ohromosciae numbers with those recorded
in the literature. (See p. 47)
Hunter's chromosome number of 30 for C. daotylon supports

the writer's assumption that 10 Is the basic number of the

Oynodon genus. Hut, whereac the writer found C. daotylon to

be a tetraplold, Hunter finds it to be atrilplold.

The numbers obtained by both Janokl Annual and Avdulowfor

Oynodon species are at variance with those determined by the

writer. These two workers maintain that the basic number oftta

Oynodon genus is 9, since they bothfind 36 chromosome# in

0. daotylon and Janakl .carnal records a diploid count of 18 for

0. dlploldum.
To assume that the Oynodon genus has two basic numbers of

9 and 10 corresponding to two separate lines of development

would appear to solve this problem of conflicting chromosome
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numbers. However, the reaeonfl rhjr tho writer oonsidere
0 « Bradley! to be an aneuplold epeoloe derived from iui anoeetor
»it.th a baele number of 10 rather than a diploid epeolee with
%baeio number of 9, have been given on p. fG . Also,
3. daotylon according to cl Animal and nvdulow should fall
into the 9-serles, while at ng to the witer it should ]
be included in the 10-eetles. From a study of the 1iteraturé
ruid of this present work, it is clear that G. daotylon is
reported to have three different chromosome number* - 30, 3&
and 40. Unfortunately not one of the workers mentioned
describee the morphology of the grans studied, so that it is
impossible to make any comparison. It is, therefore, probable
that these three numbers refer not to one species, but to
three different species of Cynodon.

Tn the writer's opinion, the problem concerning the
basic number of the Cynodon genus cannot be solved until the
uhraaoeome complements of all the known epeolee within the
“euus have been critically examined. The writer is also
convinced that such a oytologioal examination must be

accompanied by a careful morphological description of ecaoh



The problec of the taxonomic relationships of the Cynodon
apeoles wuelooted wes elucidated by a study of their external
,orp oloyy, leaf oi.ato y, and otiro-noeonvj number. The results
of the ¢ tolo lo’il and TOrpholoyleal research showed e ramark-
fiblo uniformity, and It Is certain that the number of chromosomes

uueful additional clur mter in the determination of the
position of these species v oss relationships would otherwise
have been uncertain.

A detailed examination of the external morphology showed
t/et tlui species do not differ rrently. The only rillnhle and
constant ¢ aractera ar the vernation of tne leaves, tee oresenoe
01 absence o. r I.to. i, t! i nr.ture a: the produce 1 raohilia,
and the length of t e flumes in relation to that of the
spitrelet. The r.pool- ilfferad aluo rererds the length,
width, (n! '.nirirerc of tin leaf, the number of apikea, the
nature of the Ilrule, end ilzeflVit these characters were often
found to be v”ry variable uid could be considered only In
conjunction vlth ot"er ¢ rasters,

From a critical stud, of the leaf anatomy f a writer
oonoitVwd t Mt t. ¢ only rvlleb a din no-itlec eat res are the
nature of the abaxlei - @armlIs i t o tii.h er )f first order
bundles present. / dlai o tin ku to the % coles was based
or characters of extern*! nor. .do, in conjunction with
era to aiflbi ohuracteru.

Tho ohromoso:ae numbers indicated that the busic number
of the (siiub was 10 nm tnat the eri for md e polyploid
eetlecs in which 0. tranovwwlensla w, ¢ the diploid form,
9r flfennlsU the tri lold, and C. dcrtylon and
den.ius both t' traplold forms. C. Ife<ll@ji wit; a somatic
number of 10 was assumed to be an eneuplold tipeoiea.

A careful study of all the available lata, oytolorSeal,
morphological and historical, led to the following conclusions

aa regards thn systematic r letlonehlp of the Cynodon species



(1) C. daotylon Pens., C. trannvaalenBIB Burtt Davy
alld Hr mdleyl tent were found to be well-defined speoles.

t ) Li Huroottbe ep. nov. was found to be
a hybrid between 0. daptylon and C. tranavaalenelB. The
writer conferred specific rank on this hybrid because it
'9 a lawn “ramm In common use, and because it remains true
to type ae it reproduces only by vegetative means.

(3) The grass known commonly ae Hall's Selection"
differed from C. daotylon only as regards size and growth
form. The writer therefore considered this grass to be a
variety of C. daotylon arid referred to it as C. daotylon Pore

var. densue Huroombe var. nov.

bUUO LOTIONS FOR r:'TTH%R R.CSKAPCH

Unfortunately time did not permit a revision of the
entire Gynodon genus. The writer, however, Intends to
continue with this work and hopes to include a study of
0. Inoompletue Nees, C. hlrsntus Stent, 0. Polevansll Stent,
and 0. plectostaohyum Pllg., am well as other Cynodon
grasses yet undetermined which are being extensively used
as lawn grasses.

In the writer's oplbton, H valuable contribution to
oytologlcal studies In the Oramlnoae would be the evolution
of a squash technique particularly suitable for the anthem
of Gynodon and other similar grasses. Certainly such a rapid
method of obtalnln 'counts Im pollen mother cells would

assist greatly In the solution of problems of taxonomy and

genetics.



bo.

\CKMD. K'jjgMijrra

I wish to thank Ur. John Phllllpe, Profeecor of
Botany In the Unlreralty of the vllwatorarnnd, In whoaa
Depart lent thl« work was carried out, for suggesting the
aubjeot of thd investigation; Dr. 8, Krupko for hie
ineplrlm guidanoe; Irn. Mobs for her valuable advioe;
Dr. ). loredlth for him practical co-operation; Mr. A.

- Ibany for the photomicrographs. To all theee I am

greatly indebted.

(M»e



67.
UTuwruRt: oit jd

“vdulow, .. (I1931): "Xnryo-oya uematlflOAe UnterauohUiig aer
ill 1< O0n ilneen." Bull. Appl. Pot. (lenet. etc.,
Suppl. 43.

te'p T.+ (1929): "The \<orld,B Qraeece.¥ Lonf-"“iaana, London.

?urr, .Turner, D.M. (I1933): “Irltleh Loonomlo araaaece."
Arnold & Co., London,

Jurtt Dairy, J. (I921): Mew or oteworthy South African
Plants III." XKew Bull., 1921, No.7.

Covelr\s/[ F. (192#;: "PracticalBotany." (3rd- cd.) Univ.
1Tutorial Press, Jzmdon.

Church, O.L. (1 P9): "Melotlo phenomena In br’-yai.JaramineaeM
Bot. Gat., v. %"

Crone, M.B. (1970): "The origin and behaVtOu” Of cultivated
plants." H he Now Systematic#", tiu. by J .3. Huxley,
Oxford, Clarendon Pre s.

Darlington, C . (19>K)): "Taxonoml- species and genetic
systems." 'The New Systematic#", id. by J.3. Huxley,
Oxford, Clarendon Press.

D rllngton, C.). A Janakl Ammal, :.K. (1945): "Chromostee
Atlas of Cultivated Plants." Alien < Unwin, London.

Darlington, C.D. & La Cour, L.F. (1942): "The Handling of
Chro osomes." Allen A Unwin, LiOndon.

Jop, P. * Gautli, A. (192*): "Manuel de Technique Botanlque."
Lamarre, Parle.

ik, CV (1942): "Variations In Cynodon daotylon(L.) Pore."
Proo. Indiana Acad. Sol., v. 51.

Fisher, B.8. (194(,): "The leaf anatomy and vegetative
oh”raotere of certain outh African grasses: The
Chloridrae." "npub. Ph.D. thesis, Univ. of 3. afrioa.

Ooossens, A.P. d 93*): of the 9outh AfplOan 8pt'4$19e

of )porobolus u Hr. with special reference to leaf

anatomy." Trans, oy. Boo. 9. Afr., v. ?6, pt. 2.



Hltohcook . . (135); "Manual of the Grasses of the United
"es. . . vept. At.rlo., Washington.

Hunter, .i. (1” 4)i "A ~ryosystenw 'l9 investigation In
the 1iij'tmlneoe.“ j n . j. of -esearoh, 11.

Hurc . (1945, t0i.. oraoeome studies In Cynodon dae ;ylon
rs." unoub. H.Sc.Hons, thesis, Univ. of the WIt-
siterfrand.

Job w*in, u.A. (1940); MIlant Mloroteohnique." (let. ed.)
oGraw-Hill, Ne* York.

ILea, B. (1937): "The Microtomist's Vade- eoum." (loth ed.)

Churchill, London.
PBH

Lewton-Braln, L. (I90I1): "On the enatcmy of the leaves of
British Grosses." Trans. Llim. Soc. London, 8er. 2.
ii0t., V.6, pte /.

itthewe, J ,W, (1935)¢ '"Uiwn grasses on trial at Kirstenbocoh.
J. w.o. loo. s Africa, pt. 21.

Meredith, u.u.u. (1937)! "Turf maintenance problems in tiouth
A frica." J. Board of Green Keeping Research, v. 5,
no. 17.

Meredith, D.UJb. (1944); "The effect of fertilisers on grasses
In certain areas of Louth Africa, with special refer-
ence to nitrogen." Unpub. D.80. thesis, Univ. of the
.Yltwaterer-ind.

Navashin, . (1930 ! "Die Methodlk der eytologleohen Unter-
snchurv®en fur gUohterlsohe Zweeke." Zeitsohrif. f.
Zuohtung A, 19*

Pee-Laby, ti. (1098); "Ktufie anatomique de la feullle des
OmmlIn~es de la France." Ann. La. Nat. Hot., fior.

a. I I B ;

Pcreoon, CH. (ItiOR): "Synopsis plantamm." v. 1.

Prat, L. (1932a) i "L'Anatomic, It- Physiologic et la

Classification dee ve etaux vivants et fosellee."



prat. H. (1992b): "L1 pldeme dee Grsuulneee.* Ana. dee

30. Nat., sot., 10th soxd.ee, v. 14.

Sharp, L.w. (1926): Mn Introduction to Cytology." (2nd. od.)

voGraw-HI1ll, New York.

3tapf, O. H9(xs): "Gra.,"neae; Dyer'e Flora Capenele."

t. 7, Lowell Reeve, London.

Stent, uM. (1927a): "South African epeclee of Cynudon."

Rothalla, v.2, pt. 1b. >

Stent, . . (1927b): "Lawna and lawn-making: Part II lown graeceece

South \f ’loan Gardening and Country Life.

Viokery, J.V. (1935)i "The leaf anatany and vegetative

oharaotere of the Indigenous grasses of New South

Wlee 1." Proo. Linn. 300. of N.». 'alee, v. 60,



Author Hurcombe R
Name of thesis A Cytological and Morphological study in Cyndon species 1947

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



