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A B S T R A C T  

Morphology of four species of Panicum, viz., P. antidotale, P. gmbiforme, P. &co.mpadhm ma 
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 suppmed 
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, beyand doubt, one of great 
morphological complexity and is considered to be 
one of the most difficult for the taxonomist. The 
genus Panicum, pntaining over 500 species, is the 
largest in the tribe Paniceae as well as the entire 
Gramineae. A majority of the economicalIy-im- 
portant grasses in this genus are soft and palatable, 
having considerable potential for forage. In spite 
of the fact that the grasses comprising the genus 
Panicunz play an important role in the agricultural 
econorby of many countries, particularly the tro- 
pical ones like ours, comparatively very little! 
attention has been paid ro the study of the funda- 
mental aspects and cytotqwonornic classification of 
this fascinating group of plants. Much work in 
~norphology, cytology and taxonomy remains to be 
done before a full understanding of the evolution 
of this genus is achieved. 

In view of the great importance of the genbs 
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 jrear 1959. Here in this paper 
details regarang morphology of four species of 
Panicum are given and some new diagnostic 
features which do not seem to have been reported 
earlier, are described. 

MATERIAL 
The material for the present investigation in- 

cluded the following species : 
Panicum antidotab 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 pIahs 
and the Jammu Province (Chopra, Handa, Kapoor 
and Singh, 1956). 

Panictcm cymbiforme D. K. Hughes (EC 9719) : 
This Australian species.behaves as an annual under 
Indian (Delhi) conditions. After seeding it dies 
out and comes up in the following year from the 
shattered seed of the previous year. 

Panicum decompositum Br. (EC 14384): A aadve 
of Australia, is a very tender and succulent, peren- 
nial grass with( a typical, highly branching and 
spreading type of inflorescence. Probably it owes 
its specific name to its decompound type of id- 
cence whose branches ,spread on all sides, Qe 
grass, being quite lea£y, appears to have Egh pf6. 
rnise as feed for 'the live-stock. It remains almost 
green in winter also. 

Panicum repens L. : Commonly known as Tor- 
pedo grass, it has a wide ecolo@cal mge.  m s  
stoloniferous, perennial grass owes its spcific epi- 
thet to its prostrate habit of growth. The grabs 
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 drought-resistant also as its rhizomes 
remain alive during spells of long, dry period. The 
stoloniferous, prostrate grow& habit of the grass 
makes it well suitable for soil c6n8ervation. 

EXPERIMENTAL RESULTS A N D  'BISCUSSION 

A detailed description of the morphology (includ- 
ing floral morphology) d the four species has been 
given by Jauhar (1963, Ph. D. Thesis). In a d d i t b ~  
to the characters described for them in the litera- 
ture, a number of new characters of diagnostii: 
value were discovered and are described below for 
these four species : 
Panicom antIdotale Tietz. (Plate I, figs. 1-11] 

The morphological description bared' bn the 
present observations tallies, to a large meamre, 
with the ohe given by Blattei and 3lcGnn (1935) 

* Part of the thesis submitted by the author in partial fulfilmgnt of the requirements for the Ph. D: d a r e  of m q m t  
graduate School, I.A.R.!,, New Delhi, 1963. 



who compiled their data from a number of aurho- 
ritative sources, and also with that given by Bor 
(1960). However, some of the important charac- 
ters, including those which seem to be of diignolc 
tic value, have not been reported by the earlier 
taxonomists. Some of these characters are: 

PEe. 1-11 : 1. Panicle. 2. A portion of ldrhowingliyle. 
5. A p.ir of asuminste sp*d*l. 4. Levm glume a h m g  
7 -a sad minute brirtlm at iu buc. 5. U p p r  glurne ahowing 
7 n- and notched apex. 6. Lawn lrmmr with nc- ahowing 
w m d . 7 .  Lower pales showin8 heavily ~rrarcd margins. 
8. U per lcmmz.. 9. Upprr palea. 10. h t i l  and stamens. 
11. 'ihd stimna occurring ocaaiondly in thin gram. --. - ~ - 

Note the fo l iaow,  multi-nerved g l u m .  Figs. 4-10 am to 
the urns r d e .  Summa of the staminate flora have not been 
Ibawn. 

A procerus, hardy, dauely tufted, pl-1 
gnss varying gmt ly  in height. Culms 1p449.5 
cla tall (upto r p  cm tall, Blaner and McCnm, 
1935 pp. 163-164), glabrous, woody, conspicuously 
11-17 noded, highly branched above ; nodes and 
Lttcmodes glabrous and free from pigmentation. 
baucr glsbmus, striated (Fig. I)  with suberulour. 

undulating margins and prominent mid-rib ; leaf- 
sheaths scaberulous, a white patch present a t  the 
joint of the leaf blade and leaf-sheath. Second 
leaf 16.5-33.6 cm long and 0.8-1.5 cm br6ad. 
Liple  (F~R. 2) membranous, fimbriatcd, r.B.2.1 
mm long, no hairs behind the liguk. Pmticla 
(Fig. I) 234-447 cm long (15-23 cm long, 
Blatter and McCann, 1935)~ highly &se and 
branched, 2948 branches ; branches almost fili- 
form, lower ones fascicled, 9.8-22.2 cm long (7.5- 
lo  cm, Bktter 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) 1.954.15 mm long, longer than 314 
the upper 'glumc, 51 newed, acutely to acuminu- 
-lately pointed. Blatter and McCann (1935) des  
cribed it as half as long as the upper glume, 3- 
nerved, sub-obtuse. Bor (I*) classifies this spedes 
under the gmup of species having lower glume one- 
quarter to half or one-half to three quarters the 
length of the spikelet or more. U&n glurne (Fig. 
5) 2.951.60 r n l u  long, 7-10 nerved, apex sotnewhat 
notched. Several uniee..ular bristles about 0.5 
mm long arise fmm the base of the glumcs (Fig. 4). 
Lower lemma (Fig. 6) slightly longer than the 
uppcr glume, and not equal to it as ducribed by 
Blatter and McCann, 1935; paleate, 79 ,  rarely 10- 

nerved. Nerves of glumcs and lower lemma some 
times exhibiting anastomosis and small spindike 
projections scattered on the surface of thc glume 
and lower lemma. Loruer @ka (Eg. 7) 2.4-2.5 mm 
long. dightly shorter than the l w c r  lcrnmo (and 
not equal to it as described by Blatter and McCann, 
1935). almost ovate-oblong, acutely pointed, with 
margins hcavily serrulated (Fig. 7). Upper lemma 
(Fig. 8)  1.pl.o mm long. somewhat coiiace- 
ous, smooth, cream-white, inconspicuously nerved 
(visible under x m  go). Upper palea Fig. 9) s u b r i a -  
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 
mmtly 2-fid : 3-fid stigmas (Fig. I I) were obrerved 
III abbut 8 per cent. of spikelets examined; stigma 
highly plumose (Figs. lo, PI),  upm 14 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 tho earlier taxonomiam. 
These characters being almost constant for the 
species should be of great help in its diagnosis. 



P8nicum e).mblfom~~ D. K. Hughes (Plate II, 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 &em to have,been reported 
upon by Hughes. Some of the characters indicated 
below appear to be of diagnostic value for this 
species: 

Plate 11 .  IJo,~i:um g m b i j o m  Hugh- , 

Fip. 1-10 : I .  Pnniclc. 2. A portion of leaf showing l iyle .  
3. Apair of ncuminately-pointed apikclcb. 4. h w f f  glume with 
5 nerva. 5. Upper glume with 7 nerva. 6. Lower lemma. 
7. h a  plls showing havily s m t d  margins. 8. Upper 
lemma, 9. Upper plca. 10. Putil and stamens. 

Note ihc ialiaccous nature of the,qluma. Fip. 4-10 are to 
the =me scale. Stnmcnr of the atanunatc floret have not been 
thorn. 

A profusely flowering, annual grass, highly d- 
able in height. Culms p l a a  cm tall, 7-10 noded ; 
nodes with poorly pronounced nodal fuzziness 
(densely pubescent, according to Hughea, 1923). pig- 
mented with Rood's Violet (Ridgway, ~gra) ;  inter- 
nodes glabrous, Cosse green (upper ones) to Rood's 
violet or maroon (lower ones). Leaves almost 
glabmcent with apices and margins generally pig- 
mented with mamon colour. Second leaf 16.8-37.1 
cm long and 0.b14 cm b d  (30 cm long and 0.6 
cm broad, Hughes, 193). Leaisheaths glabrous, 
Bordeaux in colour. Liguk (Fig, a) short, about I 

mm long, membranous, ciliate, small hairs and a 

W SOME BPRZE8 OF DANICUM L 18s 

Tyrian pink pigment pment W i d  it. P a i e l ~  
(Fig. I) 2~92.5 cm long (upto 40 cm long. Hugha, 
1923)~ 9.8-164 cm broad, sparsely and laxly branch- 
ed, branches being slender. Spikelets (Fig. 3) closely 
spaced and obliquely placed on the panicle bran- 
rhlets; 3.323.45 mrn long, acuminately pointed, 
Peacock green, when young, becoming pigmented 
with maroon at maturity. h e r  glume Fig. 4) 
1.35-1.5 mm long (I mm according to Hughes, 1923)~ 
more than 314 the length of the upper glume, folia- 
ceous, 3-5 nerved, sometimes 1-2 additional, inconb 
picuous nerves also present ; acuminately pointed. 
Upper glume (Fig. s), as the lower. glume, some 
what boat-shaped (or Cymbiform, Hughes, 1913) ; 
7 9  nerved (7 newed. Hughes, 1923). !-ewer Lemma 
(Fig. 6) 2.7-2.8 mm long, 5.9 nerved nerved, 
Hughes, 1923). Lower @lea (Fig. 7 )  almoat qua1 
in length to the ,upper lemma, almost oblong, 
tapering towards the apex which is obtuse and 
s!ightly cupular ; margins heavily serrated. U p p ~  
lemma (Fig. 8) 1.8 mm long, laevigate, subriace- 
ous to coriaceous. Anthers almost deep orange in 
colour becoming nomewhat blackish purple at the 
time of maturity. 

P.aifom dcrompodhm Br. (Plate-III,.figs. 1-10) 
The present material of Punkurn decomporitum 

bears some resemblance with the specimens deti 
crib* by earlier taxonomists. Hughes (1923) bar 
described four different varieties, viz., renuis, typi 
cum, acumi~tissi~num and sccrbmimum, of P. 
decompositum, but the collection under the pre  
sent atudy differs from all these four varietien deb 
cribed by him. The following arc some of the addi- 
tional distinguishing characters of the present col- 
lection of P. decompositum: 

A dwarf, glabrous, tender, I*, moderately tik- 
ing &d densely tufted, perennial grass exhibiting 
erect-open type of p w t h  habit. Culms 6490 cm 
long, terete, unbranched. 6-S noded ; nodes and 
internodes smooth and almost laevigate. Leaues 
long, succulent, with inconspicuous mid-rib ; second 
leaf 19.5-314 cm long and a5a.7 cm broad. Ligub 
(Fig. 2) 1.3-14 mm long, fimbriate, having no hairs 
behind it. lnflorejcencc (Fig. I) a large, highly 
spreading, thyrsoid panicle, about onethird the 
height of the plant, 2e32 cm long and 1ba3 cm 
broad with 18-30 branches which spread on all aids 
giving the panicle a decompoud appearance. At- 
one point on the alender peduncle 16 ~cond- 
arise which diverge to dierent direction8 giving 
birth to tertiary branchlets which bear the spikelets 
either singly or in pain; quite often even 
daries may di i t ly .  bear the ~ikelac .  which, in 
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that case, have very long, slender rachillae. Plaicnm rrpo. I.. (Plate N, figs. 1-10) 
Spikcl~ts (Fig. 3) 2.62.7 mm long, acute, almost The rulture of P. repem under the study 

is similar, to a large extent, with the one darcribed 

F i i .  1-10: I .  A highly branched, rprad, thymid pnielr .  
2. A pmion of leaf showing ligulc. 3. A pair of spikelets with 
Im~rschillae. 4. Lowcrelumc. 5. UDDCI plume. 6. Lower Imma 
wi& n notched apex. - 7. Lower .Gal& with r cupulnr npex. 
8. Upper lemma. 9. Upper palea. 10. Pi?itil andslamens. 

Note hgs.  4-10 are to thcsamcrcals. Scamuuofthc . d a t e  
ilorct have not bccn shown. 

ovate, light parrot gmn,  suffused with purple pig- 
ment at maturity. Lower glume (Fig. 4) 0.80.9 mnq 
long and o.8pi-r.o mm broad, about onc-thiid the 
length of the apikelet ; faintly r nerved, =mi-hya- 
line,, apex abruptly pointed. UPpn g l u v  (Fig. 5) 

mm long. 5-8, generally 6-7 nerved (6 
nerved, Willis, 1963). L m n  lrmma (Fig. 6) almost 
similar to the upper glume. Lamer palea (Fig. 7) 
1.4-1.5 mm long (i.e. much nhnrter 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) 
.obmse.. Stigmas (Fig. lo) short, feebly plumae, 
spinel-red & colour. 

Most of these chnnctqa which typify this 
lpecies have not been desuibcd by earlier auone  
miclts (Hughes, igr j  ; Willis, 1963). 

- 
in the  litcrnturc. Sotnc oE the following important 
rharactcrs, Ilowcver, clo not seem to have been re- 
ported earlier. T!~csc characters appear to be of 
diagnostic \:i-rlur: 

y14te I \ .  rnn,cum rtpm L. 
Fgs. 1-10: 1 .  A dislichously-lmnd Culm with effuwpmide. 

2. A portion of the pubcacent leaf showing ligule. (Note -11 
bin  behind thc ligulc). 3. A pairofspikeleu. 4. A rudimcn 
lower glume. 5 .  Up r glume, 9 nerved. 6. Lomr i e - 2  
nerved. 7. Lower p a g  showing flat apex with a a 4  protuber- 
-a. 8. Upper lemma. 9. Upper palea. 10. Pistil and rtamrns. 

Note figs. 4-11) are to the same scale. Sumcna of the 
#tuninate Rarct have not been rhown. 

A to~i-rgh. dccumbent. semiaquatic, ruderal. 
perennial grasn with rhizomes long and creeping ; 
multi-noded and distichorlnly-leaved. growing .upm 
127 cm tall. Leaves coriaceous, with involute mar- 
gin:, tending to become rolled, finely pubescent on 
the upper surface. Ligule (Fig. 21, a small, mem- 
branous, ciliated rim about I mm long. Panicle 
(Fig. I) 13.541.0 cm long, 10-16 cm broad. Spike 
lets  fig..^) about 3 mm Long subsessile, ovate-ob 
long, acute to acuminulate, glabrous, 'seagreen. 
Lwer glume (Fig. q), a small, almost rudimentary, 
orbicular structure, inconcpicuously I nerved ; about 



one-fifth the length of the spikelet. Upper glume 
(Fig. 5) 2-2.1 mm long, 8-10 nerved (79 nerved, 
Meredith, 1g55), sometimes 1-2 additional, faint 
nerves also present. Lower palea (Fig. 7) oblong, 
exceedingly thin, hyaline, with apex flat and slight- 
ly sunken ; a small protuberance is present in the 
sunken portion of the apex; 2 nerved. Upper 
lemma (Fig. 8) acutely pointed, semi-coriaceous, 3 
nerved, the nerves being faint and inconspicuous, 
feebly rugulose. Stigmas (Fig. 10) finely plumose, 
pink. 

MODE OF REPRODUCTION 

The seed progenies of P. antidotale exhibited a 
tremendous range of variation from plant to plant 
with regard to several characters, for example, 
height of culm (varying from 150.4-290.5 cm), 
number of internodes (11-17), length 1'3.2-16.4 cm) 
and thickness (2.4-3.8 mm) of second internode; 
length (16.5-33.6 cm) and breadth (0.8-1.5 cm) of 
second leaf, length of panicle (23.4-44.7 cm) and 
length of longest secondary (9.8-22.2 am). This 
large variation in the seed progeny indicates the 
predominantly sexual mode of reproduction facili- 
tating natural gene-flow in this species. Narayan 
(1960) also observed predominantly sexual mode of 
reproduction in this species. 

The seed progenies of P. cymbiforme also pre- 
sented a wide range of variation from plant to 
plant in respect of several characters, including 
culm height (90-122 cm) and thickness (2.5-3.2 mm), 
length and breadth of leaf (16.8-37.2 by 0.6-1.4 cm), 
length, width and branching of panicle (19.8-52.5 
cm, 9.8-16.4 cm and I 1-29 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 
species. 

ADDITIONAL DIAGNOSTIC CHARACTERS 

Morphology, in the conventional sense, is con- 
cerned with the external organography of the plant 
and includes those characters which usually are 
visible to the naked eye or an eye aided by a hand 
lens. In the present investigation the minute flo- 
ral characters were, however, examined under the 
low power of the Bausch and Lamb microscope ( x 
90 magnification). This helped in bringing to light 
a number of new diagonstic characters of the 
glumes, lemmas and paleas, described above. Most 
of these, such as the variation in the number of 
nerves on the apices of floral pans and some othets, 
do not seem to have been reported for these species 

before. Some other characters were such as are not 
considered to be characteristic of either the parti- 
cular species or even of the genus Panicurn; such 
instances include the presence of bristles at the 
base of the glumes in P.. antidotak (Pl. I, fig. 4). This 
character has not been noticed by earlier taxono- 
mists and is not typical of the genus Panicurn, but 
happens to be quite characteristic of the material 
(P. antidotale) studied by the present author. 
Primitive characters and their phylogenetic sign@ 
cance : 

Within the grass family, specialisation has ad- 
vanced along many Iines. The Bambuseae are con- 
sidered to be the most primitive of all living grass- 
.es (Bews, 1929 ; Lawrence, 1951 ; Harlan, 1956). The 
Panicoideae are relatively more advanced and spe- 
cialised. Bews (lgzg), Hubbard (1948)~ Hutchinson 
(1948) and Harlan (1956) considered that the fol- 
lowing characters represent primitive conditions 
within the family : 

Woody or ligneous stems ; highly branched and 
spreading panicle ; spikelets many-flowered, flowers 
all fertile ; glumes and lemmas foliaceous and many- 
nerved, the nerves being conspicuous ; lower glurne 
well developecl (reduced or rudimentary condition 
representing advanced condition); stigma 3-fid. 

The 'blue panic' grass (P. antidotale), supposedly 
indigenous to this country where it is known as 
desi bansi in the local dialect, bears considerable 
resemblance to the bamboos (locally known as 
'bans') in as much as it possesses most of the primi- 
tive characters typical to the bamboos. Some of 
the important characters are : 

Woody and highly branched culms, highly effisf 
and branched panicles, bearing branches in fasci- 
cles ; spikelets borne in bunches ; empty glumes and 
lower lemma foliaceous, with highly con~picuous,~ 
many nerves; lower glume well developed and with 
upto 8 nerves; upper glume and lower lemma with 
upto 10 nerves; rare occurrence of tri-carpellary 
ovary and highly plumose, tri-fid stigmas (PI. I, 
fig. I I). 

The above characters, which are common in the 
bamboos and are also present in P. antidotale, sug- 
gest the existence of some morphological affinity 
between the two. Harlan (2956) surmised that: 
"Rather directly derived from the bamboos and 
their allies is the Panicoideae, a sub-family recog- 
nised as early as 18 10 by John Brown". T h e  pre- 
sent study tends to support Harlan's views, 

The 3fid stigma condition is a highly primitive 
condition whch appears to have some phyletic sig- 
nificance. The carpel number in the pistils of the 
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grass family has been a point of controversy among 
different workers. Haeckel (1887), Bews (rgzg), 
Rendle (1930) and others considered the pistil to 
consist of a single carpel terminated by 2-1 branch 
ed stigma, whereas Weathenvax (1929) ,  Arber (1934)~ 
Randolph (1936) and others held the view that the 
gynoecium Was fundamentally a tricarpellate o rgh  
with 3 carpels joined edge to edge. This view was. 
supported by the detailed floral anatomy studies of 
%elk (1939). The present studies lend some support 
to the view expressed by Lawrence (1951) that, the 
present day grass flower ovary has evolved from an- 
cestral 3-carpelled stocks. This 3-fid stigma charac- 
ter seems to have been retained in P. antidotale 
through countless generations during which great 
divergence arid evolution has occurred in other 
species of the genus Panicurn. This feature is pro- 
<bably on its way to disappearance during the course 
of evolution of this genus. This possibility is indi- 
cated by the presence of a small, additional branch 
bf stigma and also by the rare occurrence of this 
character. 

The other species of Panicum studied here also 
possess an assemblage of primitive characters. The 
cliploid taxon, P. cymbiforme, like the diploid 
primitive P. antidotale, has large, &use panicles 
with branches more or less in whorls and spikelets 
almost crowded on the branches. Further, its lower 
glume i s  well developed and both the glumes and 
lower lemma are foliaceous and many-nerved. The 
Australian tetraploid species, P. decompsiturn has 
a semi-aquatic habitat similar to that of the tetra- 
ploid P. repens, which is considered to be primitive. 
Further, P. decon~positurn has a highly spread- 
thyrsoid panicle having long branches on all the 
sides, and bearing spikelets with very long, f&- 
form rachillae. P, repens has the many-nerved 
condition of the upper gIume and lower lemma. 
Thus, the presence in different Panicurn species, 

of a combination of primitive characiers typical to 
bambam, would support Harlan's view regarding 
the derivation of the Panicoideae fr&m the barn- 
boor and dlied genera. 
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