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ABST

ACT

Morphology of four species of Panicum, viz., P. antidotale, P. cymbiforme, P. decompositum and
P, repens, is described. Some new morphological features of diagnostic value, which have not been re-
ported earlier for these species, are described and illustrated. An assemblage of characters supposed
to be primitive on the evolutionary scale are also described and their phylogenetic significance discussed.

The Family Gramineae, popularly known as the
‘grass family’, is, beyond doubt, one of great
morphologicai complexity and is considered to be
one of the most dxfﬁcult for the taxonormst The

largest in the tribe Pamceae as well as the entire

Gramineae. A majority of the economically-im-

cmnmbnivt rrrmoanme tim thin mariie ara onfr oyl nalatahla
PUI tant sl dAdOCY 111 U111d BCIJ.UD aiT dUlLlL auu lqua.La.uu,,
having considerable potential for forage In spite

of the fact that the grasses comprismg the genus

Panicum play an important role in the agricultural
economy of many countries, particularly the tro-
pical ones like ours, comparatively very little
attention has been paid to the study of the funda-
mental aspects and cvrotamnomlc classification of
this fascmatmg group of plants. Much work in
morphology, cytology and taxonomy remains to be
done before a full understandmg of the evolution
of this genus is achieved.

In view of the great importance of the genus
and the comparatively little systematic work done
on it in this country or abroad, the present investi-
gations on the cytotaxonomy of the genus Panicum
were started in the year rgsg. Here in this paper
details regardnng morphology of four species of
Panicum are given and some new diagnostic
features which do not seem to have been reported
carlier, are described.

The material for the present investigation in-
cluded the wuowmg Spt‘:mca

Panicum antidotale Retz.: Popularly known as
blue panic grass, it is one of the valuable and
nutritious grasses in India ideally suited for arid
and semi-arid regions. This grass appears to be

native of Northern India and is reported to grow

luxuriantly in Punjab and Upper Gangetic plains
and tha Tammu Pravince (Chonra. Handa, Kanoor

GIU LU JAlllliu L1UVINLY (WdiUplay S4R2388e8y SESpEET

and Singh, 1956).

Panicum cymmforme D. K. Hughes (n.b 9719) ¢
This Australian spec1es behaves as an annual under
Indian (Delhi) conditions. After seeding it dies
out and comes up in thc followmg year from the

Pamcum decomposzmm Br. (EC 14384): A native
of Austraha, is a very tender and succulent, pereh-
fiial grass wuu a LyPiCz’iL, 1u51uy hranchmg and
spreadmg type of inflorescence. Probably it owes

0 +f 140 A nannd rone nf Infavac,
h.a spf.CiuC name i:.s uecemyvuuu iy e O1 ln.uvnw-

cence whose branches spread on all sides, The
grass, being quite leafy, appears to have hxgh ptro-
mise as feed for the livestock. It remains almost

green in winter also.
P/mu‘um repens L.

Lreil s

Commonlv known as Tor-

ORI £220

pedo grass, 1t has a w1de ecologlcal range. 'This
stoloniferous, perennial grass owes its specific epi-
thet to its prostrate habit of growth. The gra%s
seems to thrive well in moist conditions and can
withstand flooding. Considerable possibilities there-
fore exist for its being used in permanent pastures in-
the more humid tropics and subtropics. On the other
hand, it is droughtresistant also as its rhizomes
remain alive during spells of long, dry period. The
stoloniferous, prostrate growth habit of the grass
makes it well suitable for soil conservation.

EXPERIMENTAL RESULTS AND "BISCUSSION

A detailed description of the morphology (includ-
ing floral morphology) of the four species has been
given by Jauhar (1963, Ph. D. Thesis), In addition
to the characters described for them in the litera-
ture, a number of new characters of dlagnostlc

value were discovered and are described below for
these four species:

Panicom antidotale Retz. (Plate I, figs. 1-11)
The morphological description based on the

present observations tallies. to a hnvgs meagurs;

eagil SRS VRIAVIS  tRAAilYy WP &k ARl L a2 ]

thh the one given by Blatter and McCann (1935)

* Part of the thesis submitted by the author in partial fulfilment of the requirements for the Ph. D: degres of the Fost-

graduate School, I.A.R.I., New Delhi, 1963,
1t
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who compiled their data from a number of autho-
ritative sources, and also with that given by Bor
(1960). However, some of the important charac-
ters, including those which seem to be of diagnos-
tic value, have not been reported by the earlier
taxonomists. Some of these characters are:

Plate . Panicum antidolale Retz.
Figs. 1-11 : 1, Panicle. 2. A portion of leaf showing ligule.

3, A pair of acuminate spikelets, 4. Lower glume showing
7 nerves and minute bristles at its base. 5, Upper glume showing
7 nerves and notched apex. 6. Lower lemma with nerves showing
anastomosis. 7. Lower palea showing heavily serrated margins.
8. Upper lemma. 9. Upper palea. 10. Pistil and stamens.
11 'Fnﬁd stigma occurring occasionally in this grass.

Note the foliaceous, multi-nerved glumes, Figs. 4-10 are to
the same scale. Stamens of the staminate floret have not been
shown.

A procerus, hardy, densely tufted, perennial
grass varying greatly in height. Culms 150.4-290.5
e tall (upto 150 cm tall, Blatter and McCann,
1935 pp. 163-164), glabrous, woody, conspicuously
11-17 noded, highly branched above; nodes and
internodes glabrous and free from pigmentation.
Leaves glabrous, striated (Fig. 1) with scaberulous,
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undulating margins and prominent mid-rib; leaf-
sheaths scaberulous, a white patch present at the
joint of the leaf blade and leafsheath. Second
leaf 16.5-336 cm long and o08-1.5 cm brbad.
Ligule (Fig. 2) membranous, fimbriated, 1.8-2.1
mm Jong, no hairs behind the ligule. Panicle
(Fig. 1) 234447 cm long (1523 cm long,
Blatter and McCann, 1935), highly effuse and
branched, 2948 branches; branches almost fili-
form, lower ones fascicled, 9.8-222 cm long (7.5
10 cm, Blatter and McCann, 1935). Spikelets (Fig. 3)
almost crowded and somewhat obliquely placed
on the panicle branchlets; 3.2-3.4 mm long (upto
3 mm long, Blatter and McCann, 1935), almost
acuminate ; 2-flowered, the upper hermaphrodite
and the lower male. The glumes and lower lemma
almost foliaceous and strongly nerved. Lower
glume (Fig. 4) 1.95-2.15 mm long, longer than 3/4
the upper ‘glume, 57 nerved, acutely to acuminu-
-lately pointed. Blatter and McCann (1935) des-
cribed it as half as long as the upper glume, 3-
nerved, sub-obruse. Bor (1960) classifies this species
under the group of species having lower glume one-
quarter to half or one-half to three quarters the
length of the spikelet or more. Upper glume (Fig.
5) 2.452.60 mm long, 7-10 nerved, apex somewhat
notched. Several uniceflular bristles about o.5
mm long arise from the base of the glumes (Fig. 4).
Lower lemma (Fig. 6) slightly longer than the
upper glume, and not equal to it as described by
Blatter and McCann, 1935; paleate, 7-9, rarely 10-
rerved. Nerves of glumes and lower lemma some-
times exhibiting anastomosis and small spinelike
projections scattered on the surface of the glume
and lower lemma. Lower palea (Fig. 7) 2.4-2.5 mm
long, slightly shorter than the lower lemma (and
not equal to it as described by Blatter and McCann,
1935). almost ovate-oblong, acutely pointed, with
margins heavily serrulated (Fig. 7). Upper lemma
(Fig. 8) 1920 mm long, somewhat coriace-
ous, smooth, cream-white, inconspicuously nerved
(visible under x' go). Upper palea (Fig. ) sub-coria-
ceous, acutely pointed. “Anthers upto 1.5 mm long,
whitish to cream-white with a violet tinge (and not
yellow as in other species investigated here). Pistil
mostly 2-fid; 3-fid stigmas (Fig. 11) were observed
in about 8 per cent. of spikelets examined ; stigma
highly plumose (Figs. 10, 11), upto 1.4 mm long,
chalky white (not pigmented as in all other species
investigated here).

Most of the above characters do not seem to have
been taken note of by the -carlier taxonomists.
These characters being almost constant for the
species should be of great help in its diagnosis.
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Panicum cymbiforme D. K. Hughes (Plate I, figs.

1-10).

Morphologically, the present material' resembles
largely with the one described by Hughes (1923).
The present author has, however, noticed a few
characters which do not seem to have been reported
upon by Hughes. Some of the characters indicated
below appear to be of diagnostic value for this

species :

Plate 11. Panicum ¢ymbiforme Hughes

Figs. 1-10: 1. Panicle. 2. A portion of leaf lhcm;ing ligule.
3. A pair of acuminately-pointed spikelets. 4. Lower glume with
5 nerves. 5. Upper glume with 7 nerves. 6. Lower lemma.

7. Lower palea showing heavily serrated margins. B. Upper
lemma. 9. Upper palea. 10. Pistil and stamens.

Note the foliaccous nature of the glumes. Figs. 4-10 are to
the same scale. Stamens of the staminate floret have not been

A profusely flowering, annual grass, highly vari-
able in height. Culms go-122 cm tall, 7-10 noded ;
nodes with poorly pronounced nodal fuzziness
(densely pubescent, according to Hughes, 1923), pig-
mented with Rood’s Violet (Ridgway, 1912); inter-
nodes glabrous, Cosse green (upper ones) to Rood’s
violet or maroon (lower ones). Leaves almost
glabrescent with apices and margins generally pig-
mented with maroon colour. Second leaf 16.8-37.2
cm long and 0.6-1.4 cm broad (30 cm long and 0.6
cm broad, Hughes, 1923). Leafsheaths glabrous,
Bordeaux in colour. Ligule (Fig. 2) short, about 1
mm long, membranous, ciliate, small hairs and a
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Tyrian pink pigment present behind it. Panicle
(Fig. 1) 20-52.5 cm long (upto 40 cm long, Hughes,
1923), 9.8-16.4 cm broad, sparsely and laxly branch-
ed, branches being slender. Spikelets (Fig. 3) closely
spaced and obliquely placed on the panicle bran-
chlets ; 3.32-3.45 mm long, acuminately pointed,
Peacock green, when young, becoming pigmented
with maroon at maturity. Lower glume (Fig. 4)
1.35-1.5 mm long (1 mm according to Hughes, 1923),
more than 3/4 the length of the upper glume, folia-
ceous, 3-5 nerved, sometimes 1-2 additional, incons-
picuous nerves also present; acuminately pointed.
Upper glume (Fig. 5), as. the lower glume, some-
what boat-shaped (or Cymbiform, Hughes, 1923);
7-9 nerved (7 nerved, Hughes, 1923). Lower lemma
(Fig. 6) 2.728 mm long, 59 nerved (57 nerved,
Hughes, 1923). Lower palea (Fig. 7) almost equal
in length to the upper lemma, almost oblong,
tapering towards the apex which i¢ obtuse and
slightly cupular; margins heavily serrated. Upper
lemma (Fig. 8y 1.8 mm long, laevigate, sub-coriace-
ous to coriaceous. Anthers almost deep orange in
colour becoming somewhat blackish purple at the
time of maturity.

Panicum decompositum Br. (Plate-III, figs. 1-10)

The present material of Panicum decompositum
bears some resemblance with the specimens des-
cribed by earlier taxonomists. Hughes (1923) has
described four different varieties, viz., fenuis, typi-
cum, acuminatissimum and scaberrimum, of P.
decompositum, but the collection under the pre-
sent study differs from all these four varieties des-
cribed by him. The following are some of the addi-
tional distinguishing characters of the present col-
lection of P. decompositum :

A dwarf, glabrous, tender, leafy, moderately tiller-
ing and densely tufted, perenmial grass exhibiting
erect-open type of growth habit. Culms 6490 cm
long, terete, unbranched, 68 noded; nodes and
internodes smooth and almost laevigate. Leaves
long, succulent, with inconspicuous mid-rib ; second
leaf 19.5-31.4 cm long and o0.5-0.7 cm broad. Ligule
(Fig. 2) 1.3-1.4 mm long, fimbriate, having no hairs
behind it. Inflorescence (Fig. 1) a large, highly
spreading, thyrsoid panicle, about one-third the
height of the plant, 2032 ¢m long and 1623 cm
broad with 18-30 branches which spread on all sides
giving the panicle a decompound appearance. At
one point on the slender peduncle 16 secondaries
arise which diverge to different directions giving
birth to tertiary branchlets which bear the spikelets
cither singly or in pairs; quite often even secon-
daries may directly bear the spikelets which, in
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that case, have very long, slender rachillae.
Spikelets (Fig. 3) 2.6-27 mm long, acute, almost

Plate 111, Panicum decompositum Br,

Figs. 1-10: 1. A highly branched, spread, thyrsoid panicle.
2. A portion of leaf showing ligule. 3. A pair of spikelets with
long rachillae. 4. Lower glume. 5. Upper glume, 6. Lower lemma
with a notched apex. 7. Lower palea with a cupular apex.
8. Upper lemma. 9. Upper palea. 10. Pistil and stamens.
. Note figs, 4-10 are to the same scale. Stamensof the staminate
floret have not been shown.

ovate, light parrot green, suffused with purple pig-
ment at maturity. Lower glume (Fig. 4) 0.8-0.9 mm,
long and 0.85-1.0 mm broad, about one-third the
length of the spikelet ; faintly 1 nerved, semi-hya-
line, apex abruptly pointed. Upper glume (Fig. 35)
2324 mm long, 58, generally 67 nerved (6
nerved, Willis, 1963). Lower lemma (Fig. 6) almost
similar to the upper glume. Lower palea (Fig. %)
1.4-1.5 mm long (i.e. much shorter than the upper
lemma), almost oblong. tapering towards the apex
which is somewhat cupular, thin, hyaline, snowy-
white in colour, with smooth margins, Upper
lemma (Fig. 8) obtuse, with an inconspicuous cen-
tral nerve, smooth and glossy. Upper palea (Fig. g)
obtuse.. Stigmas (Fig. 10) short, feebly plumose,
spinel-red in colour.

Most of these characters which typify this
species have not been described by earlier taxono-
mists (Hughes, 1923 ; Willis, 1963).
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Panicum repens L. (Plate IV, figs. 1-10)

The rulture of P, repens under the present study
is similar, to a large cxtent, with the one described
in the literature. Some of the followi‘ng important
characters, however, do not seem to have been re-
ported carlier.
diagnostic valuc:

These characters appear to be of

Plate IV.  Panicum repens L.

Fgs. 1-10: 1. A distichously-leaved culm with effuse panicle.
2. A portion of the pubescent leal showing ligule. (Note small
hairs behind the ligule). 3. A pairof spikelets. 4. A rudimen
lower glume. 5. Upper glume, 9 nerved. 6. Lower lemma,
nerved, 7. Lower palea showing flat apex with a small protuber-
ance, 8. Upper lemma. 9. Upper palea, 10. Pistil and stamens,

Note figs. 4-10 are to the same scale. Stamens of the
staminate floret have not been shown,

A tough, decumbent, semi-aquatic, ruderal,
perennial grass with rhizomes long and creeping ;
multinoded and distichously-leaved, growing upto
127 cm tall. Leaves coriaceous, with involute mar-
gins, tending to become rolled, finely pubescent on
the upper surface. Ligule (Fig. 2), a small, mem-
branous, ciliated rim about 1 mm long. Panicle
(Fig. 1) 13.521.0 cm long, 1016 cm broad. Spike-
lets (Fig.-3) about 3 mm long sub-sessile, ovate-ob-
long, acute to acuminulate, glabrous, sea-green.
Lower glume (Fig. 4), a small, almost rudimentary,
orbicular structure, inconspicuously 1 nerved ; about
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oneifth the length of the spikelet. Upper glume before. Some other characters were such as are not
(Fig. 5) 2-2.1 mm long, 8-10 nerved (729 nerved, considered to be characteristic of either the parti-
Meredith, 1955), sometimes 1-z additional, faint cular species or even of the genus Panicum ; such
nerves also present. Lower palea (Fig. 7) oblong, instances include the presence of bristles at the
exceedingly thin, hyaline, with apex flat and slight- base of the glumes in P. antidotale (Pl 1, fig. 4). This
ly sunken; a small protuberance is present in the character has not been noticed by earlier taxono-
sunken portion of the apex; 2 nerved. Upper mists and is not typical of the genus Panicum, but
lemma (Fig. 8) acutely pointed, semi-coriaceous, 3 rappens to be quite characteristic of the material
nerved, the nerves being faint and inconspicuous, (P. aniidoiale) studied by the present author.
feebly rugulose. Stigmas (Fig. 10) finely plumose, Primitive characters and their phylogenetic signifi-
pink. cance:

WUMislasm thn sunca famal
VYV illllii  uc 51485 Laiill,

vanced along many lines. The Bambuseae are con-

Ter coialigns hae ad
xy a €Cidil oauuu 11as aa-

MODE OF REPRODUCTION

The seed progenies of-P.. antidotale exhibited a sidered to be the most primitive of all living grass-
tremendous range of variation from plant to plant es (Rews, 1020 : Lawrence, 1051 ;: Harlan, 19¢6). The
. S \u\-v.vo, 1 ey uuvv;:—nu,\«, AR , 4iarian, 1Yoy v
with regard to several characters, for example, Panicoideae are relatively morg advanced and spe-
height of culm (varying from 15042905 cm), cialised. Bews (1929), Hubbard (1948), Hutchinson
number of internodes (11-17), length (9.2-16.4 cm) (1948) and Harlan (1956) considered that the fol-
and thickness (2.4-38 mm) of second internode; lowmg characters represent primitive conditions
length (16.5-33.6 cm) and breadth (0.8-1.5 cm) of within the family'
second leaf, length of panicle (23.4-44.7 cm) and Woodv or eous stems : hichlv branche
vy uuu] v usu\,uuo DLLLLLD 5115111 ULtaliLiivu allu

length of longest secondary (9.8-22.2 <m). This

large variation in the seed progeny indicates the spreading panicle ; spikelets many-flowered, flowers

all fertile ; glumes and lemmas foliaceous and many-

prc'dommantly sexuaf; mode ;f. rep rosiucuolg facili- nerved, the nerves being conspicuous ; lowér glume
ta“élog nlatur:;)l genfl. OW;I m t 1rsldspec1es. . Zgayalz well developed (reduced or rudimentary condition
(1960) also observed predominantly sexual mode o representing advanced condition)' stigma 3fid.
reproduction in this species. The ‘blue panic’ era sidot dl
. . 2418 S1UC panic grass \l . uuuuuwal«c}, supposem‘j
; iforme also pre-
) 'I;h(el seed .grogemes °§ P "yt”"b f o llantp .,  indigenous to this country where it is known as
cnted a wide range ol variation irom plant desi bansi in the local dialect, bears considerable
Plan‘t n respe(:t Of Several CharaCters’ lnCIUdlng I‘PQth]nnt‘P to the hamhane lacally bnawn  ag
. 4 P T W b DLt 2 ¥ S e v (¥ oL AL UUST \l\l\-“lly AL TV LS “av
c .5-3.2 mm . A
lmmhhelg;tb@o'd’:; C;Ill) a;ld ;hslcknesz (205 6:?12 n;m;’ ‘bans) in as much as it possesses most of the primi-
lmgth anc dfea 1‘)’ eah'(l - ‘37'2 yl : '48 ’ tive characters typical to the bamboos. Some of
engtn, wid and branc mg oI panicie (19 ~52-5 the i important characters are:

cm, 9.8-16.4 cm and 11-29 branches). A slight varia-
tion in hairiness of leaf and nodes was also ob
served. This variation in all these characters from
plant to plant strongly suggests the presence of
predominantly sexual mode of reproduction in this

and branched pamcles beanng branches in fasct-
I‘]es v entlalata harma 10 hiinechae © anmner alhimes and
~ A F] Or'll\\--l\rl.a MUVl IAU 11 Uull\—ll\fﬂ E) \«lllt) L] alullx\,c RALNA

lower lemma foliaceous, with highly conspicuous,:
many nerves; lower glume well developed and with

species. .
upto 8 nerves; upper glume and lower lemma with
ADDITIONAL DIAGNOSTIC CHARACTERS upto 10 nerves; rare occurrence of tri-carpellary
Morphology, in the conventional sense, is con- ovary and highly plumose, trifid stigmas (Pl I,
cerned with the external organography of the plant fig. 11).
and includes those characters which usually are The above characters, which are common in the
visible to the naked eye or an eye aided by a hand bamboos and are also present in P. antidotale, sug-
lens, In the present investigation the minute flo- gest the existence of some morphological affinity
ral characters were, however, examined under the between the two. Harlan (1956) surmised that:
low power of the Bausch and Lamb microscope ( x “Rather directly derived from the bamboos and
90 magnification). This helped in bringing to light their allies is the Panicoideae, a sub-family recog-
a number of new diagonstic characters of the nised as early as 1810 by John Brown”. The pre-
glumes, lemmas and paleas, described above. Most sent study tends to support Harlan’s vxews,.
of these, such as the variation in the number of The 3-fid stigma condition is a highly pnmitive
nerves on the apices of floral parts and some othets, condition whch appears to have some phyletic sig-

do not seem to have been reported for these species nificance. The carpel number in the plsuls of the
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grass family has been a point of controversy among
different workers. Haeckel (1887), Bews (1929),
Rendle (1930) and others considered the pistil to
consist of a single carpel terminated by 2-1 branch:
ed stigma, whereas Weatherwax (1929), Arber (1934),
Randolph (1936) and others held the view that the
gynoecium was fundamentally a tricarpellate organ
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sides, and bearing spikelets with very long, fili-
form rachillae. P. repens has the many-nerved
condition of the upper glume and lower lemma.

Thus, the presence in different Panicum species,
of a combination of primitive characters typical to
bamboos, would support Harlan’s view regarding
the derivation of the Panicoideae from the bam-
boos and allied genera.

Council of Agricultural Research, New Delhi, is
gratefully acknowledged.

LITERATURE CITED

ARBER, A, The Gramineae: A study of cereal bamboo and grass.
Cambridge, England, 1934.

Berk, E. Studies in the anatomy and morphology of the spikelet and
Slower of the Gramineae. Ph. D. thesis, Cornell Univ., 1939,

Bews, J. W. The world’s grasses. Their differentiation, distributicn,
economics and ecology. London, 1929,

Bun*'rzn, E. AND G, McCann. The Bombay grasses. Imperial
Council of Agricultural Research (Scientific monograph
No. 5), Delhi, 1935.

Bor, N« L.  The grasses of India, Burma, Ceylon and Pakistan. Per-
gamon Press, London, 1960.

CHoPra, R. N,, K. L. Hanpa, L. D. KAPoOR AND sz SINGH.

Nutritive ‘m]nn of orassey of Tammu and Kaskmis Todion
ANULNIGIVE vail€ o1 grassés O jammu anG ANasnmir, ineien

J. agric. Sci. 26 :415-457, 1956.

Haecker, E. Gramineae in Englcr, A. and Prantl, K. Naturl,
DL1L. IT /9\ . 9_07 1007
IJ yulu lL

\&) ¢ &=Ji, 100/,
HarvraN, J. R. Theory and Dynamics of Grassland Agriculture.
Princeton, New Jersey, 1956.

Hussarp, C. E. Gramineae in Hutchinson. J. British Flowering
Plants : 284-348, London, 1948.

Hucues, D. K. The genus Panicum of the Flora Australiensis.
Kew Bull. 9 : 303-332, 1923.

HurcHinsoN, J.  British Flowering Plants. London, 1948.

Javnar, P.P. Cytotaxonomic mmtzgahom in the genus Panicum.

Ph D thatie TADT Nas alk: 10
ra. 22, tnesle, 1LALRLLL, INEW uuun LIS

LAwreNCE, G.H. M. Taxonomy of vascular plants. Macmillan
and Co., New York, 1951.

Merepit, D, The Grasses and Pastures of South Africa. Cape
Times Ltd., Parrow, CP., 1955.

NarAYaN, K. N. Apomixis in some species of Pennisetum and in
Panicum antidotale. In Plant Embryology, a symposium. Council of
Scientific and Industrial Research, New Delhi, 1960,

Ranpovrey, L. F.  Developmental morphology of the Caryopsis
in maize. J. agric. Res. 53 : 881-916, 193?

RENDLE, A. B. The classification of flowering Plants, 1. Gymnosperms
and r;wnocogylzdom (ed. 2). Cambridge, 1930.

RinowaYy. R. Golour standards and nomenclature, Washington D.C
l\.tuu'vnl, AN UUNWKT Jsariinw ﬂélllllslu 2 dS o\

1912,
WeaTtHERWAX, P. The morphology of' thc > spikelets of six genera
0{ uryzeae. dﬂlGT' J. ﬂol IU J‘tl-DOC’, 121[3

Wirss, J. R. A hand book of plants in Victoria, 1 : 191-192.
Melbourne Univ. Press, 1963,



