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THE INDIAN FOREST MEMOIRS

VOL. 1) 1911. [PART I

Some indian Forest Grasses and their Oecology.

By R. S. HOLE, k.C.H., F.L.S., ELES,

Iniperial ForestServies
tout the Forest Researeh Institute, Delovw Dun, India.

INTRODUCTION.

1. Indian Forest Grasses are of considerable puoranes
of Forest

impeortance on aceonnt ot the vadue of the economic products vielded by particular species. ¢ Jagas.

Thus a considerable revenue is realised from the sale of such species as the Bhabar grass
([xehim o anaustifolivm, a valuable paper material), Rusa Oil Grass (Cymbopogon
Mertini, the ~ouree of the valuable Palmarosa or Rusa perfumery oil), Munj (Saccharam
Wouujn which vields a valuable textile fibre wud also a paper material) and others.  This
revenae wilt andonbtedlv inerease in the future as new industries arise and as the economic
valte of the varions species hecomes better and more widehy known.

On e whoie, however, there is no doubt that the primary importance of our forest

arie~ittids depends on two tacts
0 Their oreat value as grazing grounds and fodder yielding areas.
(4 The tact that where grass is of comparatively little value, these grasslands oceupy
Liree arcas which might produce valuable forest and which it is therefore
desirable to afforest.
2. As regards the value of our grasslands to varue o
tl ople ot India tor erazing purposes the following figures will indicate their enormons (}“r“:;‘;:g;““l
1 pe = ¢ . . . ) itazing.
I Irt-mw These ficures show the average forest area in India and Burma which Lgs
polrl . h =

heon annually open for grazing and the average annual number of huffaloes, cows, hulloeks,
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- our forest grasslands (a) with the object of fmproving the yi‘eld of fodder and (b) with the
ooats and sheep which have been actually grazed in this area during the four vears period object of hastening their afforestation h aving b?ell re'cognlsed, the Fo.r est Botanist was
t1)904-08 _ directed in October 1908 to make a begmqmg with this w.ork by studying the Savannah-
. grasses of the Sal (Shorea robusta) forests in Northern India. The present paper includes
NTUMBER OF ANIMATS (FRAZED ANNTALLY. the results of the work which it has becn found POSSible to carry out since that date, in the
v oty o intervals of heavy educational and other duties in connection with the organisation of the
Square Miles. Buffabes, | G Goats and TorsL. Botany branch of the Imperial Forest Research Institute at Dehra Dun.
o o cks. | Sheep. o 4. In order to obtain useful information eologicar

19725 1.597,949 7.583.682 1,180,475 - regarding the best metbod of treatment to be applied to .grasslaflds with the ObjeCt.Of ;‘0';':;“

. , - 83649 189471 N improving the fodder vield on the one hand, and of favouring their natural afforestation yogumen.
with valuable forest trees on the other, an cecological study of the various grasses and woody

In many parts of India. with the increase in the numbers and in the prosperity of the species concerned is necessitated 5. As the importance of (Ecology is often &eology

local population of recent vears, the number of cattle for which grazing is required in the fofned:
Government Forests has steadily risen and the question of what measures are to be taken in
order to satisfy as far as possible the urgent needs of the people with regard to fodder and
grazing, without thereby unduly decreasing the area required for the satisfaction of the
wants of the country in respect of wood. fuel and other forest products, for the protection
of the headwaters of streams and for improving the water supply required for cultivated

tracts, is now one of great difficulty and of pressing importance.

insuficiently appreciated it appears desirable to explain,. somewhat in detail, what is
implied by this term. (Ecology has been defined as “ the science treating of the reciprocal
relations of organisms and the external world ( owos, a house. )oyos, theory)”* and this
has been further elaborated by one of the highest cecological authorities as follows :—

“ It teaches us how plants or plant-communities adjust their forms and modes of

hehaviour to actually operating factors, such as the amounts of available water, heat, light,

nutriment, and so forth. _ . o

\ casunal glance shows that species by no means dispose their individuals uniformly
forest areas for these antagonistic interests 13 ultimately arrived at, it appears certain that A over the whole area in which they occur, but group them into communities of very varied
large areas of the greatest value as grazing grounds, or as areas productlve of good fodder

In whatever wav a soluticn of this question of securing a satisfactory allotment of

physiognomy. (Ecology seeks—

grass, to meet present needs, or to serve as a reserve in times of famine, will alwavs be (1) To find out which species are commonly associated together upon similar habitats
situated within the boundaries of the Government Forests and such areas will consequently (stations). This easy task merely involves the determination or description
remain under the management of the Forest Department. It is also clear that with regard of a series of facts.
to such arcas the forest estate will not adequately tulfil its task of satistyving, to the full (2) To sketch the physiognomy of the vegetation and the landscape. This is not, a
extent of its possibilities, the needs of the people in respect of the produce which it is difficult operation.
capable of vielding, until these gmsslz_mds ;1rc.m;magcd in such a way as to make them (3) To answer the questions—
most pmdm-ti\'v of the best class of article required trom them, i.e. until they are made to Why cach species has its own special habit and habitat,
vield the maximum quantity of the best fodder grass which they are capable of producing. Why the species congregate to form definite communities,
' 3. On the other hand, large arcas of grass- \Vh‘_\' these have a characteristic physiognomy.

‘,,f;‘\:::«l:c land exist in forests almost throughout India which are not nceded primarily for the This i a far more difficult matter and leads us—

ation. dder and which have been for many years carefully protected from fires and (4) To investigate the problems concerning the economy of plants, the demands that

[)l‘l)dll(‘ti(m of fo ; A hei ironment, and the means that th loy ili
hope that they would soon become naturally reafforested, with, in many they make on their envITonment, - means that they employ to utilise

erazing In the

cases, so far as can be seen, little or no practical result.  Many of our forest grasslands the surrounding condit}ilons and to zlcziapt their external and internal structure
also are annually burnt under proper control in order to diminish the danger of fire damage fmd gene?al form fl(l)rkt atlp(lllrpos;%. o 1 ¢ ticul ;
m4thc surrounding forest which would result from the accidental firing of the masses of ' Having theretore obta'med bal, fu f 1r;ow f 1ga<znowlz 1etl:c;) c;%yire;th:ii\;,):? 1(}31(; ar Spt€‘0}es, sucah
dry inflammable grass contained in these arca:s in the dry scason.  Little is known at as the Sal tree. and being able to u y¥e; Pw g Ey . Ew Ml__s_}liier certain condi-
pr;-scnt regarding the effect, injurious or nt}‘wr\\'ls(*: of these annually repeated fires on the . if"ffél,:ﬂfg(.)’l.ﬁ'ﬁ:fL;'. By B Warning, Eng B, 100 v 1

ider, or on the capacity of the soil to produce good forest growth.  The [ 8]

Sroduction of o

v Wt importance of initiating an inquiry into the best method of treatment to apply to
(‘.'-(.: € .
el [ D 1
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tions and why it cannot exist under others, we shall be able to answer sucl ,
whether or not the species can thrive in localities where it does not at “:‘ug : qll.estxons i
so what are the steps to be taken to make its successful introduction‘ p_lf.';?m eXIst, and if
growth or reproduction of the species is unsatisfactory in a parti(-uI])”b.b; )‘o:.also why_ the
steps can be taken to counteract its diseases. In other ;\'ords we shall 13111 ‘f(ﬂ_llt)' and what
must be adopted in our Sal forests in order to secure their most s'itiqt"()-“ ‘-‘ s treatment
and reproduction and what steps must be taken to extend the area ;)f ) a‘;tnl \f develuy.)ment
ducing the species where it does not at present exist. & obsuch forests by intro.

While recognising therefore the vital importance of this study the meaen;
difficulty of the work must be apparent to the most casual observer - ) 'lg }nd{:mt'ude and
detailed knowledge of all the living and non-living factors of a l'uitzr-“r.”]v-mg as 1t does a
way in which, and of the extent to which, each such factor is ¢a )I')ll;] > bfiln\’ll‘(mn.wnt,‘ of the
ably or unfavourably the growth and development of that p]n,ntI '(mdL :t' llnﬂ”(‘"('”‘.‘-: Favour-
the favourable or unfavourable eficct of these factors may he i;lcr . the extent to whicl,
other factors. A eased or diminishe

‘ These points may be illustrated by a few simple cases : a plant .\, fori .
ordinary conditions of its habitat able to kill out a plant B by itsA c‘(mm ‘m.St.am‘v‘ s under
this explains the absence of plant B in certain localities II.] )I:CCi : f]p,u‘l.tl\:c uctmn. and
however, which are periodically fired, plant B is found t(o thriIvc a b(1 3\““1“1‘”‘ vabitats,
con:paratively rare, and this is explained by the fact that plant A i(‘n( 1o be ”h‘f"m' or
by fire than B, or that fire has caused a change in soil and moisture i mnrle directly injured
able to A than B, Firing, in consequence, is a simple troanm\n‘t mL‘ ;HPD .}' more unfavour.
the development of B in such localities where .\ occurs.  Aeain .d’(vj).l.)t(m)“”l"l' to favour
:[0 f>xist on.sandy soils owing to the small capacity of sncl? sni,l:[f)':;.h;tl')_"3“)' be l_lllilhlv
Fhlb" capacity is greatly increased by an admixture of humus ;1.11(1 il »('d'mmg n.mmm""
species A capable of thriving on dry sandy soil and of producing lare:. ) "”":"('lll('t 10N of
may be the best step to be taken with a view to the ultimate intrhud(uc:(' (lu(lmn“\f ot s

In another case a specics A may be unable to exist in clay soil 0\1\(';1:“?1 pecies B,

) o

' hv

oxygen being insufficient for the healthy action of its roots.  Species I3 - 1.|1<~ ﬁlll’l’])' of
thrive on clay soils and is less sensitive as regards the supply of hw:: '\\’Pu'h s able o)
improving such soils by the drying action of its roots ;m(i by tluﬁt(: “T‘l'\‘ he (-;'lpnl)lu of
and hence the introduction of species B may be the best [)1'1)(-(\({111‘(‘ to 1“““(".1 of humus,’
the ultimate establishment of species X Again the available nitn(,l((,j’m- with @ view o
depends largely on the rapid decomposition of the humus by hacteria '1‘:;1". In' 1 forest ,\-‘1,“
retards the growth and development of these bacteria m;,): vosult i :() i:}ny ,mf.'“”: which
upper lavers of soil in respect of nitrogen that the seedlings of a }’ilrticlll-lrl)(.)\(:l'“hmg the
unable to grow in them and the reproduction of that species thus l)ecmn(‘s“ in:l)( (l(; iy be
The production of goed seed and vigorous seedlings also in many 021;(‘5 dql-)‘ )T‘ld)?v'

cxistence of the birds and insects by which the cross-pollination of the ”‘()w(\ff l}.s on the

s 1s effected

Lo s aets as 4 weak cenent and bolls torether the particles of soil, thus it serves bath to Lind Ccodres . .
creates of the finest particles, oo render the texture of a clay soil more open.”  The Son by ﬂ\ulu)\r;(}.,flr,nl,,‘,.g watidy soil.
d Y A D Hall, 190%, 47

and, by forming agares
[ + ]

and hence the factors w
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hich influence the healthy development and reproduction of such

insects and birds may determine the area within which a particular plant is able to exist.
the absence of a plant in localities suitable for its development may be
accounted for by the simple fact that its seeds have not yet been able to reach those localities.
The importance of the direct injury inflicted by parasitic plants, such as fungi, by
injurious insects, or by browsing.arni.mals s.uch as goats, in' rendering the existence of a
tain locality impossible, is more obvious and needs no emphasizing

particular plant in a cer
clear that the complete ccological study of a particular

and these remarks will make it : .
a complete knowledge of its pbysiology and pathology.

species really comprises .
6. The fact that, to a certain extent, a know- Importance
n be obtained by a study of its morphology and anatomy f:g}l::f and
Thus the morphological characters of the fruit may i‘«;’.‘;ﬁ'::ﬁ:;
in Ecology.,

Finally

ledge of the physiology of a plant ca

is of great importance 1n ecology. .
indicate the agency by which the seeds are distributed, such as wind, water, animals, and

o on; similarly the characters of the flower may indicate the agency by which pollination
is offected, such as wind or insects, whil'e‘ tl?e morphological and anatomical characters of
the leaf and the habit of the plant may indicate whether it is adapted to exist in a sunny
or shady, dry or wet locality. . o

Bv continually tracing the connection existing in different localities between such
. and the factors of the environment, a mere inspection of the

the vegetation
ting in localities, not hitherto visited, cventually suffices to give a fairly

vegetation exis : . ; |
a of the chief factors influencing plant growth which exist there and thus

accurate ide . | . . .
us to decide whether or not a certain species will be likely to thrive there. The

f such conclusions 13 greatly increased by a study of so-called indicator-plants.
If a species A, for instance, 13 1r.1var1al.)1y. found on soil which is known to be suitable for
the vigorous development of spe010§ B, it is clear that we may regard the existence of A as
a dir(;(-t indication of a locality suitable for B, at all events so far as the characters of the
soil are concerned.

Grasses are p

characters of

enables
accuracy o

articularly valuable in this respect and a careful study of the grasses
in forest blanks, 1n many cases, indicates to the Forester whether or not the conditions of
soil and moisture are such as to render possible the afforestation of such blanks with g
and similarly the existence of other grasses may indicate that the soil

particu]ar specles. . :
has become unsuitable for a certain species and may thus explain why reproduction can no

longer be obtained in those forests.
7. As the morphological and anatomical Existing

characters ot the vegetative organs, as well as the habit of plants generally, show the most é?ﬁ;ﬁ;i:{
Classifica.

«triking variations in response to differences in the quantity of moisture tion
cecologists up to date have, as a rule, concentrated their attention
made it the basis of their cecological classifications

noticeable and

available for arowth,
rilv on this factor and have

prima T anc e it th | e |

Thus DProfessor Warming notes : “ Water is the condition of life that exercises the
g e in bringing into being external and internal dif

greatest influence 1n ging g ot ](. Rercnces among. piane.
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it 1s likewise water that plays the leading part in determining the cre

ation of plant con-
munities and their distribution over the soil”" He accordingly cl

assifics plants into—

35::03?{::" L—Water- o1 Aquatic- . —Tand or Terrestrial-
f\lesoghytes’. Plants= Hyd rophytes . % Plants that pass the Plants

. Those ““ that expose at least
their ussimilutingorg;ms to
the air and henee to transa
piration.””  Those are sul-
divided inty—.
(@) Nerophytos—<Th o«
species that are adapted
ptu'ts of them wun- to meet the conditions
covered at its sur- of strongest transpiva-
face. tion and maost precari-
ous watey supply.”?
(’/) .]/r‘-\‘n/z//‘l/(c’-\'.—“ 'l‘h(‘ e~
mainder.”’t

whole or the greater
part of their lives su/-
merged in the water,
which envelops them
completely er, at most,
leaves definite floating

It is, however, pointed out that there is no sharp l)nundnr_\' between these groups " tor
there is a group of plants, marsh-plants (helophytes), which. like water-plants, develop
their lower parts (roots, rhizomes, and. to some extent, leaves) in water or at least in soaking
soil, but have their assimilatory organs mainly adapted to existence in air, as is the case
with land-plants to which they are closelv allied,” whiie * between these tweo ¢l
(rerophytes and mesophytesy there is of course no strict. houndary.™
that while Warming includes marsh plants in terrestrial plants,’

dAxses
It should be noted
Clements classes them
as Dy dr(‘Pl‘.\'tesf For the present these plants may cnm’onienﬂ_\' be considered as Hydro-
phytes.

Some 1dea of the kind of plants included in the above groups will he obtained fyp
the following enumeration of a few of the more obvious characteristics of some
plants :—

om
tvpical

Hudrophutes including Marsh plants.

Roots are usually reduced.  Root-hairs often absent. O\villg to the huu,\'zln('_\' of water
there is comparatively little need of strengthening mechanical tissne and sublieraed
plants include no woody species. Owing to the slow diffusion of OXYgen in water, all <uh.-
nierged parts of plants are especially lable to the (langm'sl()f' an ms!.lﬂi('u-m OxYgOn-SUpply
tfor respiration and in consequence laree and abundant air spaces i such parts gpe very
characteristic and serve for the storage ol oxveen and for the conduction of this gas tfrom
parts in the air to those in the water or saturated soil.  The presetice of these gip it
can often be deticted by the naked eyve.

Vielpot
ToLopoune
T
podaL
P 131
RO LA

Pt

d . -
T Plans Physiolegy act Eeoloay Iy FUE Clements, 1007, pl 163,

[ 6]
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The supply of oxygen can also be augmented by increasing the absorbing suljface of
R s in contact with the water and hence submerged leaves and, in some

the plant Wh_l(?h ;b lt are often cut into a number of long narrow segments.

algee, the entire p anmauy more plentiful in running than in stagnant water, plants in
Qx}'gCD bemgdli:) show comparatively less development of aerating devices.

rllnn;}i‘\;t(i;:i: of aerating tissue is also of utility in increasing the buoyancy of the

plant. oodv marsh p]al‘lts the so-called pneumatophores, or aerating roots, are often
n oot ;ia tation to meet the danger of a deficient oxygen-supply.

developed as all_a tpalso the characteristics of the plants of this group are due to the
TO~ somef fi\utxe;]jnht in water and submerged parts of stems and leaves tend to become

weakenlig ; 3 m?)lin those of terrestrial plants developed in shade. .

long and th?n r‘esg‘ es fcially of submerged parts, as a rule exhibits no devices for reduc-
The eI')ldt? 1 :]1]1?1’101?2; a thick cuticle, covering of hair, wax, etc., and hydrophytes, when

i“g'tmmplra l((; t?rom water, usually dry and wither with great rapidity. )

entlrel,f' reﬁ:mO\ £le* of this class of plants we may take aquatic Algz or “ sea-weeds.
Aa;:,?j:phiz/;inosa, the water Chestnut, with its remarkably branched submerged

o5 Wi i segments,
leaves with filiform ' _ T
\elumbium speciosum, the Sacred Lotus, with the enormous air spaces in its sub
Nelunhtin S o

merged creeping stem.
Xerophytes.
 dev : ations for reducing transpira-
The root svstem is usually strongly developed. Ad%}iptatlot s f I d icegre“mtfd ‘o
- . "1stl 1wngst the most usual devices resor
. R on and characteristic and among
tion are very comm
. \ reduction in the surface of those memhers which are, as a rule, most special-
li Ay & . . . . . * e
(1) A d with the object of facilitating transpiration, wiz. ‘?he !eaves. Thus
= crophytes are characterised by the relatively small size of their leaves
some X . a r e
d leaflets and others dispense more or less completely with leaves and place
and le < . “
. 11 tissue in their stems or branches.
heir chlorophyll tissue 1 . [ . L ] )
t. lopment of a thick protective cuticle and often also of Fhlck walled scleren
(2) De\; (fl) atous tissuc bencath the epidermis which interfere with the free exch.a,nge
= . es between the outer air and the moist thin-walled chlorophyll tissue
OaseCs . .
;)I 01:11 them. Coatings of wax and hairs serve the same purpose. The
enes . . ) ] .
l] tor can as a rule be casily recognised by eye and the former anatomical
]1 ! L cters are frequently indicated in the field by the ﬁrr.n har.d texture and
) l] (u(l\ the colour of the foliage, the colour of those leaves in which the chloro-
S0 by C .
a{(-)]l }i" srotected by thick-walled external cells usually being like that of
Il') i \Dvliiﬁh are covered with a thin coating of wax, viz. a dull, or bluish-
eaves < . .
oreen, as contrasted with a fresh bright green.
o s

L 71
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As the stomat: ings i

Ia e:}i mata are the openings through wh'lch gascous exchange chiefly takes
place the protective coverings, e.g. of hairs, tend to occur chiefly &on the
under-surface, where the stomata in land plants mainly occur ‘

(3) As C'Oll;li torms: an excellent protection against free gascous exchange a thick
corky bark is often characteristic of woody plants, the water current ascend
ing in the wood thus being protected. ( -

4) The loss of water by transpirati \ .

(4) Vh.bbh arer t a :p%ratlon from a leaf depends greatly on the angle at
which the leaf surface is exposed to the sun’s rays, the loss, other thines

. 3y a - ’ b
equal, being greatest when the leaf surface is perpendicular to the directi({-:n
of the sun’s rays and least when the surface is parallel to this direction. ¢.q
when the leat exposes its edges only to the direct rays ot the sun. S

an never be exposed to the danger of prolonged drought. Adapted to such conditions
a relatively weak development of the above-mentioned arrangements
in this respect these plants stand midway between hydro-
phytes and xerophytes. The leaves are large, .and far more varied in form than in xero-
teeth and other incisions of the margin are common, as are compound or richly
. hydathodes seem to be frequent; the vegetative organs are of a fresh green,
and devoid of thick grey coatings of hair or bluish incrustations of wax; the leaves are
dorsiventral in structure. Stomata are numerous, often occurring also on the
of the leaf; anatomical peculiarities, such as aqueous tissues, are very rare, or

they ¢
are plants that show .
for regulating transpiration :

phytes;
divided leaves

usually
upper face nic:
at least not extremely developed.”

ne the most typical forest trees of this group is the European Beech and the
D o

T}}us motile lea'ves and leaflets are exceedingly common and characteristic Amo ) . .
and In many species can be recognised at once by the presence ot the sn-m]lod Indiaﬂtl‘ee which is probably most nearly allied cecologically is the Sal.
pulvinus, pulvinule and glands. o The anatomical and morphological characters of typical xerophytes may be described
%) The? presence of ethereal oils and latex is believed to reduce transpiration. | v the adjective zerophytic and the same term may be used for a locality where xerophytes

» What.“'a»v i3 not at present clearly understood. brration. bt gzm‘}bor gOI‘ a plant group consisting of xerophytes.
(6) Witlf::z:ngi ttliz’at;evelg :fht;f: i(;hiasra:]c(-)tto::téc.d ]f)l:dl'lts obt.ain rhcir. water when The adjective xemphilgz;g(:liviflg in, or suited to, a dry 'haibitat) derived from the

e store 5 i hose eservoing w}mle i‘ 3 (.nv.”‘]]].n]]edl{}te requircments, and corresponding <ubstantive zerophile, s also frequently use:d. Similarly we have the terms

The presence of such tissue 1ls<»bdimin;-ll »'lb ‘ln(u ! )le. for usc \\'11.0 n wanted. hydrophilous and ]’?/d""phytic’ mesophilous and mesophytic.

s é shes transpiration by checking gaseous ' 8 The most important natural pl
. portant natural plant group, tue Forma-
tion.

duals, at present recognised in cecological botany is the formation
as corresponding to the genus of systematic botany. Warming
o community of species, all belonging to definite growth-forms,*

exchange and the conduction of heat.

The presence of such tissue is often indicated by a succulent, or soft, and
o - o 14 - . - M " , . N
somewhat spongy, texture and by the exudation of water when fresh tissues

or aggregate of indiv1
which may be considered

- defines the formation * as

cfines 1 : te g1
e oo il < Y , . hich have become associated together by definite external (edaphic or climatic) characters
. The aboy (. will suflice to indicate a number of familiar plants to Indian Foresters wh bitat t which they are adapted. Consequently, so long as the external conditions
which, ‘accnrdmg to prevailing cecological ideas, must from their m“"l’h”l()"i(”l|( '\'( l? of tl@ ha lti;l o e arly 50, 2 B amenrs with a certain the external conditions
anz.it.omlcul characters be considered as fairly typical xerophvtes, e, the dv\'orth P(;-, -;m'(\ remaiy tho :az:,v even in different parts of the world, and even when the Collst-ituenvt
sg)zczg(?.ru with its extraordinarily deep-going root system; the pr:u-tizﬁal]y ](\aﬂ.(\‘s < )(,C,.'\‘)'pl'\, and -p?ll\ :1031;V aiﬁerent " 1 possibly belong to e enera on Tamilics
]la.m(lrz'r, (,'as-zu]n'iua. Euphorbia, Opuntia, Ephedra and Orthanthera: .("’/011-,,;),';-[“.i:;: l\?i spom; aref rcv
olaucous green leaves woolly cath, Pinus wi s . _ - ' o ierefore— ) .y .
zf which ‘D’ firm and hard a;ldh(;\l']llilcj[llxl'i51)(?1]1‘:1,;'a\c\tl(;l'listl(;l;:\l'l"1()\lv(fll;fl(i(*%:;\sn'\ ;011:1?;0‘ the texture A formation is an caxpression of certain defined COfldlt’&OﬂS of.lzfe, and 1is not con-
ok Dol iacle il super- corned with floristic differences.” The principal formations recognised by Warming are

lassifies as shown :—

ficial sclerenchyma : Moringa and Erythrina with thick corky bark; .{eacias with motil
. vt : otile
sh and water (Hydrophytes and Helophytes).

the following which he ¢

leaflets; Fuphorbia ' O Dis Wi o 3o
Lt;; et ir'[l[ ; and.( ulucflmpc.~ with milky juice, and many drv locality Rutarce with - cone in mar
cthercal oils, ¢.0. Feronta and . Eglr - ‘ H ydrophilous —Eorma 10

X-'m.opi ilous.—Formations on sout (acid), cold and saline soil, formations on rock,

1 and waste land, bush or scrub formations and formations on

e sand, grave

Warming notes that these plants ™ grow en soil which is of an intermediate ¢l desert. steppe and savannah.

is nel specially acl : in : ) rmedlate character e — —
and is neither specially acid, nor saline. but is moderately moist, usu: cter, B o ot SRR | | |
d Is ich 1 . . K ) ) st llhll«l]l}' well \'Clltll:lt~ Ve, I 135 . lant characterised hy its habit (e.g. tree, shrub, herb, gregarious and s_pnmdlc plants, ctey, s period of
ed, also rich in nutriment and in alkaline humus or in other organic constituent M 2 A prontleforn i 8 B, the duration of i fife eyele, by the f‘f“.t‘;‘ m\ld “{r:tm,o e m;wm, s, i)y it period of

. . . . . ta) A > . R e ‘.._- oo AW o am ‘.\r.,.‘ s o e d.t‘ A ' e ¢ flov
ph\'th communities ogcur in very (11\’61‘5(' climatcs near the Pole r t} S AMEs0- \-og(cm}ll‘\« nf.:;‘r:‘.-'\em-h Jifferences con he aseribed to the influence of the conditions of the plant’s environmen

. . S, ] 'S or on the cqu B o Far s
[ 8] cquator, vet 5 le. p MO L9 1
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Mesophilous —Good examples of such formations are °
re

and birch forest of tem ; .
the deciduous (=monns£)(:a;§ C{lmateb, Warming also includes in this
detailed knowledee of thes f‘est) apd evergreen forests of India | 3 group
g ese formations would Ndia but a more
ment. probably modify this arrange
The Indian Forester wi .
ing between desertb;e;d“tl}iaft once recognise the very close relationshi ;
Boswellia serrata which ¢ formations of such trees aq Steronls ship exist-
foreéts il or thevotllf }rllevertheless come under the héad o(f7 z(lire'.m and
Cara llz,'a intederrime C‘:I‘C loa;ld some species of the evergrecn f()r(‘itscc-ld_l;uus
swamps in tl;e decid’ ./‘ stemon assamicus and Calamys te o el as
e deciduous sal forests, and thus for § ten l.ns occur in
tween the mesophilous and hydrophilous formation,m a connecting link he-
Such terms as marsh, descrt and scrub need no definition but tl S.
nah are of value in the description of our Indian fores the terms sr¢
defined as follows :— : est grasslands

£
meadows ” and beech, oak

rpe and saranp-
and they have been

:?'teppe.—-ls a .' Trfzeless plain clothed with grasses and other ;
The vegetation 1s xerophilous in character, and does nOtp;?renma] herbs " - »
o ’ Or
;arpet.. Both these features serve to distinguish grass-ste "
ox;lmz:)tlon, meadow, whose close vegetation consist: of freshppe
and broad-leav sses T
and t.ad 1ea\e.d grasses and other perennial herbs On the
?reh.a .1on clothing grass-steppe is closer and taller than that 1({ | other hand,
e im OI desert.”
e “pf)rtanote of steppes to the Forester lies largely in the ¢ et
2 .:hla })) con.51dered to be an indication of conditiony unsui act that they
growth w ich is naturally of great importance as r nsuitable: for tree
afforestation. egards the question of
Savannah.—Schi . thi - .
o ”,:chlmpery deﬁ.nea this as " xerophilous grassland containing :
]reea, .and \.\r arming notes that it differs from steppe ’aml.ng 1solated
o q ~ . NS .
taroer,.adlmenalona of the constituent plants, and above all iebbclmla“y 'n the
éees. 'As an excellent example of a savannah wo m,a ntt ]lf Presence of
irass (Sacvll_‘trum Munja) formation which occupics y ke the Munj
Northern India. PIes enormous arcas in
I.t 13 very doubtful whether all savannahs can be classed
Ermntl'zus Ra?ennae, for instance, forms typical savannahs in No ;
and this spe(:le's cannot be classed as xerophilous. Wit} t}:e rthern.lndla
Bamboo formation, indeed, savannah probably represents th(" } i :]xoeptmn of
grassland and shows grasses growing under the most faku/r ubtl’ iest type of
. . ) able it
of '5011.and'moLsture and thus usually indicates a condition of ¢ conditions
which is suitable for good forest growth. of these factors

a dense, c¢lose
from the allied
-green, soft-leaved

’

as xerophilous.

: Warming, lLe., p. :ZSI.’
? Plant-tieography, 1903, p. 162.
* lc., p. 293.

[ 10 ]

TION as’
a floristic species of
obviously differs accor
duous dicotylous forest in th
Beech Forest, Oak
notes that, as different

‘o rarieties of an association. . . |
ise ra 3 10. The classification adopted by Schimper Sehimper's

n
Classifica-

HOLE : SOME INDIAN GRASSES AND THEIR ECOLOGY. 11

9. Warming further recognises an ASSOCIA- Tihe Associa-
tion.

* a community of definite floristic composition within a formation; it is, so to speak,
a formation which is an wcological genus” A forest, for instance,
ding to its constituent species and this author thus recognises deci-
e temperate climate as a mesophilous formation of which
Forest, and so on, may be considered different associations. He also
beech forests are not always identical in character, we may recog-

s from that detailed above. This author also distinguishes Aquatic tion.

Plants (Hydrophytes)
follows :—

« Contrivances
plants whose conditions of if

for expediting the exit of water are characteristic of Aygrophytes. or
¢ exclude all danger of desiccation, and in which a stagnation

of the water, which brings nutritive salts to the parts requiring them. may be feared. On
the other hand, difficulties in obtaining a supply of water lead to the formation of devices
for assisting absorption and limiting transpiration; xerophytes are provided with contri-

vances of this kind.”
He also places in a third category—-
« qll plants whose conditions of life are, according to the season of the year, alter-
nately those of hygrophytes or of xerophytes. All such plants, including. for
jority of the plants composing the Central European

instance, the great maj
flora, should be termed tropophytes. The structure of their perennial parts

is werophilous, and that of their parts that are present only in the wet season

is hygropin’lous.”3
He then distinguishes—
Rain-forest (= Evergreen
and
Vonsoon-forest (= Deciduo
Schimper's hygrophytes and tropop
The Indian Forester will appreciate
deciduous forests of Schimper’s scheme.

forest) as a hygrophilous formation of tropical woodland

us forest) as a tropophilous formation of the same.
hytes as a whole are included in Warming’s mesophytes.
the wide separation of the tropical evergreen from the

tion a step further by grouping all formations under a

ing are examples :—
Psammophytes (formations on sand and gravel),
Eremophytes (formations on desert and steppe),
Halophytes (formations on saline soil).
L P F B
$ le,p 2
3 Le, peS.

[ 113}

—

differs in some respect ; . Hygrophyte:
¢trom Terrestrial Plants but then proceeds to classify the latter as Tropophytes.

11. Warming endeavours to carry classifica- Warming's
o . s c :
series of classes of which the follow- o}aéiirﬁ':flon
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Sclerophyllous formations (bush and forest),
and s0 on.

These classes are frequently very difficult to distinguish gy we may
Precisely the same formation in a desert (caused hy msufficient rainfall) and iy , Moist
climate (on very dry sand or gravel). The Tamari, thickets sandy river hanks in the
1moist Indian region of deciduous fgrests .and in tl-m desert tractg of the Panjal, may be
taken as an example. Similarly saline soi formations may he found oy non-saline sand
heavy clay and so on. .

Butea frondosa woodlands, for mstance, occur hoth on saline
on saline and sandy soils, and so on. Again much of the woody
desert tracts and on saline 01, might be classed
fication on these lines therefore In the present st
fused and difficult to apply in practice.

Points which 12. In (‘nd(‘il\’(v)ll[‘l’ng
sdération tn Able scheme of cecological cla?sxﬁcatmn the following

cological Professor Warming himself clearly states th
‘lassifica-

tion.

and heavy iy,
growth on sand,
as sclerophyllous bush,
ate of our knnwlcdge

I/'(Il/ull‘l'r
in almost
A detailed classi-

tends to hecome con-

to draw
Points demangd

at " the @eology of plangs is
still in its infancy; numerous investigationg must he e before
ations can be trulv and rightly laid, and hefore Consistent, clear,
classification of plant-communities is achieved,™
For the present, the main de

sideratum g undoubte
of the communitics which can be readily distinguishe
complete and accurate intformation regarding the f
of such communities and want of inform
which regulate the existence and distribution of the
Primary Sub- As a basis for such work it seems undouhte
division into

Grassland — of vegetation which Schimper te
:ﬁfii‘;‘iﬁ‘if“"" give the character to the type of vegetation and ip the Iattop herhaceays plants and opgooo
Schimper also distinguishes ooy but here als, woody ang herbaceons plants exigy :u‘«f At']..(:

desert can be regarded as the Jowest ferm of grassland op Yoodland, o the
character of the majority of the plants, and doces not need recognitiog Wpe ()f:

primary importance. :
Schimper well savs that “ woodland ;5.

two equally powerful but hostjle

against onc anothe

Up an aceept-
attention -

a xubject
the fonnd-
and natyyy]

dly a lack of
d in differen
actors whicly co
ation regarding th

acenrate deseriy
countries,
mMpose the
factors of
Communitics,

dly preferahle to
tms rkodland and

tiony
alack of
Cnvip Mnent

deminang Iportanee

adopt the

: two gregg Classes
arassland; i the

formep WOy plants

according
4S8 separat
Trassla

ations, whicl ip the
r for the dominion over the

N “pPposed ty o, Wity Nike

CONTse of time Jay Fepeatedly pouely

soil,™ hut the re:

. al Significanee. oy the
relations hetween these great tyvpes, at all events from the bracticy] boint oy View appears
to lic in this, that, rfor almost alj torms of grassland, thep, 15 a COPTespondiyy o« Form of wou]

A \ H N o ;
land and the Forester therefore can often find in ¢,

nature of pjq srasslands 11,
to the question of what type of woodlang cap |

] ’ [’ | .
Introduced wWith the. Sreatest prospect of
success.

allswep

LY T . v,
“ley 160,

[

nhvinusly have

13
Y.

13. It must be clearly understood that only madvisatte

t at present to
3 i than we at distingaish
iled knowledge of plant-communities has been obtained

‘ . (l g

a far more detal

after a fara

. minor (Ecolo-
- i five importance and thus gical Groups.
il it be possible to adequately appraise their relative i > impossible and
present possess will lt' fﬂI:‘tory classification and for this reason it :_een ~~Aociati0n g
‘olve ally satists - sent, between formation, ass L
to (‘\()I\L a reatl] d.‘ 'tion at presen . s whicl
insi ny distinc : . se cecological groups which
; Insist on an] : cessary is that those cecological g
inadvisable to s i diately necessary is e )
5 Immedilately " s distinct, either on
. ;. Al that seems - in different localities as distinet,
minor groups. - - dily recognised in differe imbing, etc.), a
: ich can he readily . - b, erect, climbing, etc.),
cvist and v hl'cf!f] C t physiognomy, or habit of growth (tle?’ .shru ’d'ﬁer’ent admixture of
a different physiognomy, ering or fruiting, a di ‘ : .
account of a i tivity, of flowering g al . density of
i [ vegetative ac ’ imensi ttained, in the density ¢
1: . riod of veg . ; 1n the dimensions atte )
dlﬁ(‘l‘(llt pC ) l'(‘d dlﬂ‘erences m ) . d d for tl]o
. unt ot mark _ separately deseribed and,
~ 5, OF 0N aceo - 50 on, should be sep:
species, ' repreduction, and so on, - \s our knowledge
R state of repre . b term(‘d communities. A\s i
stocking, sté conveniently be isinteerated into
' ents, these may cc . ups or disintegra
present at all event be subsequently aggregated into larger group
o (s subsequent!
. asos these can be s X
increases t dvisable. ) .
3, a3 Y oseem advise d 1 5 reater Or Formations
smaller groups, as may s 14. Every type of vegetation is to a gre: are not
) . . " ]Oca]ity and to increase the necessarily
the quantity of soil available in a t of humus.  Rocks Pormem
y TEASC g .l t() it o A
. ox able to increas . sture tl I the addition
less extent ¢ : ining moisture throug 1 d the
; ' oil for retamming : ion of heat and cold an
dtv of that soil fo ) schanical action a
capaut) O d broken up by the me ¢ d in
; 1t ard 1
’ - weathered an ) . also to some coxtor .
arc gladuall} we t the atmosphere and water. Pl‘antb ist, by the croding action of
chemical action o ition by keeping the rocky surface mois ’h'L | nonotpqt(finto erncke
. . of decomposi . . I KON ts which < GRS
this work ()? dece »tP'lnd by the mechanical action of those root it th(l‘ rock.  Plants how.
their absorbing roo h'(l by their continued growth are able to spli : f accnmulatine in
. L. ' ¢l by . ¢ - 1 WOer ot ¢ > ¢ s
and crevices and whi importance in this respect owing to their po isting crosion. It is
cver are of still greater 1mj 7d ter-borne dust and débris and of resmtlnb]o 8 o 3 tt
b € . y v _ > . ) B . . ()
: ; y wind and wa o ality may alone be sufficien
their 11"‘5‘»51”'("”]1“0({ 1itinued existence of plants in a ]()th(tj} 1 ) ering of naked rock
. . > COl : - . . al cove & H :
thus clear that tht, into a mesophytic habitat and the gra tu 1 S ses. (2) Xero.
‘ert a xerophytic into a f (1) Alga, lichens and mosses, .
convert a o ' tation t]]r()llqh a suceession o o q vood]‘lnd has b(‘(‘ll fro-
. Sy ooet: b= . i ol TV q S ' R
with fnuriant \(;h( dland, and (3) Mesophilous grassland ¢
. ... WO < s ¢
15 grassland ¢ D |
philous ¢ ) Lo oists. _ ‘
quently emphasized by ﬂlml%l] t 1st the injurious cffect of a considerable degrec ot
‘ ich are ¢ O Iesis ; Ircady occu-
: | ¢ ~ ']]]('h are able ;. . S On th(\ I‘()und alrea A
Again plants w . wequence able to establish themselves o © 8 th and develop.
hade and which are 1n (MN(} have more moisture available for their growth a .
T Tequently ha ' : ed arcas.
. - other plants frequently ha ' elves directly on bare wnoccupied arca
picd by other lants which establish thems .
o ants .
qnt than those p . ‘ s in the latter. _
me pt 16 the absence of shade and humu trequently hygrophilous, or mesophilous, and are
owing o ics therefore are fre y g ) ti
3 ATINe =pectes the arded as a hicher t ¢ of vegeta 10N
Shade-hean mgl ~] mposition of what must be regarded as a hig yp
SURE) tne Cco ) . d rs
S hle 1o enter 1mto et ieht-demanders. ) ‘
able 1 ich is usually constituted of lig ilous to a mesophilous and finally a progressive
than that which s us ] .l Pr()cocdq from a XCl‘Ophl ous 1o & ) ded Hore Suecession,
‘ ‘hich thus o : ; ' regarded as a mc
\ succession whi tation, /.e. from a simple to what mustse : gé o
pe of vegete C N 5si ch a successi
] s type of veg ; eS8t e sUuccess1on. u A
hygrophilou: th(rl) tvpe, mayv be termed a progressive _
highly developead t '

[ 13 3



Regressive
Succession.

1t INDIAN FOREST MEMOIR«s.

probably be recognised in (a) the xerophilous ligl.1t~de
in the stony, sandy, riverbeds of Northern I'ndla, (
same region, in which the proportion of A. Lat({ch
tional species have made their appearance of w?nch several have a m
ing the humus content of the soil, e-g. Ehretia lwois, Holarrheng .
Suoch woodlands are clearly less xerophilous t?]an the pure woods of cacia. (c) the markedly
n'lesophilous shade-bearing Sal forest in which the g

al predominates. This type of vege.
tation also extends, in parts of Bengal and Assam

, Into the region of the hygrophilous
tropical evergreen forest which must be regarded as the highe

ghest type of woodland.!
a highly developed to
& succession is sep

manding woodlands of
b) the dry miscellancoy
u has diminished ang

Aeacia Catechy
s forests of the
a number of a44;.
arked power of increag.
and Adhatoda Vasicq.

On the other hand the reverse succession from
may be termed rearessire. Anp €xample of such
forest is cleared, or more gradually destroyed by ﬁre and grazing
resulting erosion converting the area into 5 r?ck}v ln!lsxd.e only capable (f supporting the
poorest and most xerophilous types of vegetation. Fire i 4 Very potent fact,
regressive successions, for not only is it capable of temporarily depriy

o .. o . . .  dein
less completely of its covering of vegetation, .but it also dujectl) dl‘l‘t
the humus. Fire may in this way be responsible for the existence of

mesophilous,

a more simple type
N when mesophilous
© 0D steep slopes, the

T in causing
ing the goj] more or
s the soil apg destroys
Xerophilong grassland,

Or possibly hygrophilmls,
vegetation.

Grazing again, by destroving the undergrowth and keeping o forest apen, may so reduce
the humus content of the soi] as to render mmpossible the reproduction of

the mesophiloyg
species constituting the forest and may thus cause

A Tegressive succession,

The effect of artificially clearing an arey of its covering of vegetatio
tion is often insufficiently appreciated although thiy g

of vital import
Officer.  The entire removal of the tree-growth on ap area, such
treatment of clear-cuttings, or coppice-felling

88, results in the dp
disintegration of the humus already contained in it and

supply of additional humus. Tn this way the capacity o

noin this connec-
ance to the
as takes pl
ying of the
a temporary

Forest
ace undep the
sotl, the rapid
intvrruptinn In the

Fasandy soit 14 retain mojsey pe
may be greatly reduced. while a clavey soil becomes denser, jesy atrated, liable ¢, Water-
n bl R . 7 ‘ .
logging in the rainy season and to become

fale "

very dry at other
which is evaporated not being replaced rapidly,

water by capillarity in the dense soil. Conditiong may there
unsuitable for the development of Young plants of the spe
woodland. It is therefore €asy to understand from thj

SeaAsons

m\'ing to the
on account of the

moisture

slugeisy Movements of
fore be ¢l Create

Cles which CoOMpasg
S point of View

d which are
A the original
why, ip certain

! Nothing said above regarding the details of a succession which under certai

N o Rt ——
T Circumstan ey mAY oeenp mast by ¢ —
ins “taken t, ean that o
fon must necessarily always follow the same sequence, or that a %I farest, Or Instance, e only establisg itself on grognd previously
succes.sed by dcacia or certain other miscellaneons specics. On sandy soil in the locality dealt With in the Present
occupied by A [ e " i
(:f tl})e succession described ahove can bhe clearly recogmised,

but, on the other hand, it is cortajy, that all th,. <y f'“_]".":;‘:""';tf"l'm‘(a). (b) and (¢)
t originated in the same wav, There is, for instance, little doubt that the Sal can naturally estay) : v
mt or § o

ish it I ltk‘nlily have
. . . (L1 IS IR X ”'_,, . ) diree -
- 11 drained clayey soil, provided sufEcient moisture is available by p.‘r'(-nlatmn Or otherwige, (2) o ":!lnl\'”:.l.ir n:;t'{r(l; diry tly on
B:"di‘ 5 (]‘irk:vzdhatoda has ’co'nsiderably increased its humn:q content, /3) on clay Wwhich hags 5 \
}T:cr:c?a n u&iﬂora, and others. The texture of the clay is .

La grow th

B gTanth o
. Oof plantw ik .
Y 13 improved by the draining action of the roory g thv.-«!)l?l,r:l:‘til‘u(;n::fn’?ma ml":”“lw'.
fi » that the aeration of the snil is improved and the movement of water fron ¢he tthaoil 1, ¢, ’
of humus so tha

ixtuee
“Urfice by eapillarity jo facilitgted,
[o1 )

o ] L GY~
HO . R 0

i i 16»-«
iti [8) e a ’

i i method of treatment
g egetative covering are unsuitable, while a 1
.complete removal of the veg

1] 1 ini 1 1s
13 reduced to a minimun
System under which the exposure of the soil is
i S ion Sys
like the Selection

S5 . 1ng clearings in the
the most successiul ich is frequently not appreciated is that., by n?ali\tla tﬁe for the healthy
A point, also, whic di:ions are often created which are qmtf1 unb(;l which are enused b
' n -7 ; and w
middle of woodlalnd, C(:gcies composing the surrounding woodland a
a f the sp
development o

: air-circulation. ) tly illustrate this
the absence of fre? ins, so common in the Sal forests of 'In'dlal’l frf](g(lieenig the forest for
” BRI T4 < llS, R . I'lglna y 1
The grassy plal learings which were o : : sed by the
; wually clearing ir- lation caused by
point.  These 31“;35 arlia:ioned Owing to the absence O}f . C'lll;ctl;le day and hot season
S R . 1 a : . un 1 .
cultivation a?d t;cll)elt such areas are intensely lh(iaated bg’ t ;ns dry localities this action is
1 ores ’ ) . season. )
surrounding iation at night and in the co : stumps of the felled
by radiation at : shoots, springing from any stump
and cooled : h places the stool shoots, sp survived annually cut
] 5 ¢ ; urvived, are
intensified and in .slth lhaf)ve been left in the ground avndﬂ tofh?}:'j :oil prevent, the establish.
trees which happen Oh absence of humus and dryness o he mesophilous Sal forest is
back by frost, \\'1:1111?; ) The natural re-establishment of the t:;]t irrr))mediately adjoining
ew seedlings. _ ly in the narrow )
ment of new see : sible, except very slowly " s, therefore, will be
therefore rendered lmptosgilﬁce’r who wishes to quickly aﬁorest;] such illl:sa:,a ken place, that s
S iv. nge ’
the forest. The'I“?rebreoo"niSes the fact that a regrP:SS“le X nim% become strongly xerophy-
most successful 1f K; N ported mesophilous vegetation 1as.’ Catechu should accordingly
habitat which reCC'llt‘ly S I;Ii]d frost-hardy species like A cacia Ca S
. X ophl ous
tic and that xer

be introduced.

‘ w ay similarly causec a regressive
b in the middle of forest growth may similarly
ice fellings
Coppice felling

succession.

. ish as paraliel succession. paraiel
: : istinguish as para . fon.
is a type of succession which we may disting Suecessio
. . 15 a i
Finally there 2

in all kinds itats, ranging from
land and woodland are found in all l\ll]db'()f hi?;;ie S - tbhe g]?‘orest
SS , o nporta; : :
Types of both 'gr'z: bbthe most hygrophytic, and it is O-f great 1:15 a corresponding type
the most xerophytic Of r each type of grassland, th?rfe o 3ilr ﬁ,\zir()nment seeing that
Officer to realise th]at, fothriving under similar conditions Of tde ) When a t)”Pe of grass.
apable o : t afforesting grasslands. > e
of woodland cap . the question of affo dry miscel-
. ine on oodland, e.g. dry
s Mu '‘a Sissoo an ) .
land, such as ia Catechu, Dalbergia 3si egressive changes
laneous forest of A]mc(l:(cle*sion to distinguish it from the progressive and reg ®
se of parallel succes
as a casc o

considered above. be frequently effected more easily anq rapidly th:;n grogrzss:]\]*z
Parallel changesfci‘:nce to such questions as the aﬁoresta.tlo? of grasjl ;11.10 :] ?:; .
. e or Tt
changes and \\ltg];‘f]ds parallel changes are probably as a rule of more p
o f woo
extension O
-ance.
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In consider-
ing the adap-
tations and
distribution
of Plants it is
necessary to
avoid giving
undue pro-
minence to

a single
Factor.

16 INDIAN FOREST MEMOIRS,

15. It may be asked th
really exists between grassland and woodland as hag been indic

existence of a certain type of grassland in a Particular habitat .
habitat is suitable for a certain tvpe of woodland, how js 1t th
1and already in existence there and how is it that the grasses
sion?  The answer to this question is to he found, it iy e
mechanism for seed-distribution by wind, and probably als, 1 , considerable extent by
water, possessed by grasses by means of which they are t'n-qumtly enabled 1o .
occupied ground before woody plants, Anyone who hay watched the wind blowine ACTONS
a munj savannah, several miles in extent, and wafting the myriads of (,“n”": Fruit.
1n every direction far and wide, finds no difﬁculty In realising the un(lnuh‘t.-(l l';u-t‘ that [‘.,
n great extent the banks of alluvial deposits thrown up hy the rivers,
the growth of such trees as K-hail‘ (Acacia Catechu) and Nisson (Dalbergin Nisson)
are first seized on and occupied by the munj. Onee arassland has o '
possession it is obvious that the establishment  of woodv  plangs hecomes more
difficult seeing that their seedlings have to face g competition  witly |
both in the soil for moisture and in the air for light.
an area of recent alluvium has heen first colonised hy munj in this y
has later been driven out again by the khair has heen seen by the
toot of the southern slopes of the Siwaliks near Mohan.
dominant and vigorous, but young plants of khair are just APPEATING seattepd L
there, in other portions the khair are MOTe numerous, larger and older
munj clumps between them can be seen dead and dying,
wood of khair has become established under the shade
remains of the munj ctumps which had fipst colonised

at it such parallelism
ated above and it the
ally indicates that that
at we do not find this W] -
are able to remaip IN posses-
lieved, in the exceedingly efficient

reach up-

although suitable for
thus  vained

the  erasses
A very clear Case  whepe
av but froy, which iy
Writer in an are

| aat the
In part of (< AT mung is i)

and
and many of )0
while clsewhep o dense ln‘m' pole.
of which can still 1 seen the decaved
the spot, ‘
The same thing has been observed in othep tpes of woodlund g grassland and jy .
believed that, as a general rule, weodland soon succeeds in natupe iy uu.q::nu the
ing grassland from its habitat unless this is prevented by |
frost, or by factors which prevent the formation and cfficje

('nl'l‘v\}mnll
local fartopg such as fipe, grazins
nt distribution o good seed.

16. It must never
principal problem which cology has to solve iy to supply an ANSWer to the
each species has its own special habit ang habitat.” (Ecologists in pe
factor which * plays the leading part in determining the creation ot plant-cony,
their distribution over the soj] ™ areapt to lose sight of (e Fact thay o I
1s composed not of a single factor hut of many factors and that o
adapted not only to the available water supply of ity habitat hug
to the conditions of light, temperature and othep Factors to which j
although we sec that a plant is clearly adapted as pe
and structural peculiarities to SUrvive in g habitat whepe certain

. N '(’i .()-i-‘ v & Y avarl. . N
prevail, we must guard against the 1doa[thilé t;u available wayep supply has necessarily

b torgotten that the
Uestion = why
.'-I‘“"““f.,' Witer as the
mnities and
lant's environment
ach plant s | prrteethy
also, and ., less perfectly,
1 i-‘ t‘\lmsv(l. “t'!l('l'
gards its .'""'i"‘li('il.\'. habit of agrownth
molisture (‘nll(li!inns

HOLE : SOME INDIAN GRASSES AND THEIR (ECOLOGY. 17

he dominant factor responsible for the fact that that plant is only.a.ble to exist in
beetn itn (;1a}§)iltats and not in others, 7.e. for its distribution as we now find it.
certa - :

3 in i 1 Neecessity ot
Differences in the amount of available water for instance offer no obvious explanation of Negessit

s that, 1 iduous Indian forests, on the same soil and in the Supra-maxi.

such rex.narkable racts izetshlditi’elgctlzllzi(iz(:r(cizu?rijuga, Bassia latifolia, and others, come into g‘&:ﬂ‘i’:’:‘
s Chmat‘e’ e eitr the hottest dryest season of the year, while the majority, like Teak, ple for a
full veget'atlve activity ll:‘oacil of the monsoon insures an easy and plentiful water supply. %Zﬁlﬁ'fi?{y.
wait until the Dea;‘ aigphere the factor of dominant importance what advantage can have
I the Wjatel‘ Supp1y lants which first showed a tendency to become active in the hot
been game.d by t;le . accounted for the evolution and survival of such species? No such
season, which C;imtl 'a‘l;e be shown from the point of view of the water supply, but there is a
advan age o f llnthe oint of view of temperature. Transpiration undoubtedly reduces
real advan 26 I‘OTS if islzluite possible that some species avoid the risk of a rise of tempera-
Sk et -maximal by transpiring actively during the most dangerous season. of
ture above He Sufrathexr species are able to exist with different periods of activit.y, owing
the yeftr, al'thoulglsosensitilx)re to injury from high temperatures, to their possessing more
b s i arrangements during the resting season, and so on. ‘ .
adeainte PTOtECt‘Wi ble fact which possibly indicates the importance of active transpira-

3 m'OSt remal: t%: st season is that in the swamps of the Dehra Dun valley, at an
ton qurmg . ho e2 000’ above Mean Sea Level, the following temperate species occur,
elivaltlon Ofsifjlsl; fzz:m(i in the Himalayas at an elevation of 4,000’ to 8,000/, and this may
which are usus

due to the fact that vigorous transpiration is possible in the hot season owing to the
be due

ater available :— ‘ | |
abun?]al;oe Off;veliz which often ascends to 9,500" in the Himalayas and Quercus incana.
edera

17. Again if we con:id;lar fthe :ianfge(r} f:on; gg:;;;l;itelpsz
3 ; ience of the forests of Central ties, geneesi.
infra-minimal temperatures, no Forester who has h‘ad experience ! o e
N a India would be inclined to doubt the immense importance of rost as a fac or mﬁi?oii
a,nfcil Nor'theltli distribution of trees and it is a remarkable fact that almost all the adapta- ¢o tempera:
influencing the '

. . > a1~ ture condi-
ed i agraph 7 above as tending to reduce transpiration and to be characteristic tions.
. N r 4
tions noted 1n parag

tes also tend to reduce liability to injury by frost and low temperatures. The
of xe!‘?ph“‘teb " diating leaf surface and the movements of leaves and leaflets reduce
reduct%on ! t.hO 1‘3. t;cti;z coverings of sclerenchymatous tissue, cuticle, cork, wax and
radiation, whie I1)1101i;rinor tissues from contact with chilled external air.
hairs all Protect ¢ et d al{sjo that two of our most typical Indian xerophytes are also two of
It should be 11((;: species, viz. Acacia Catechu and Zizyphus Jujuba. Just as these
o mOf.t froitl-(::z;‘;ﬁrb[r)nay' l,)e of service in affording protection from extreme cold, to
adaptations

. . e
1 extent may they be of service in affording protection from extreme Aeqp.
r less an extent ’ e remarkably oo T - =
Sca‘roebdl,ﬂv vhich may possibly be responsible for the evolution of the remarkable periodicity noted above,
l’l')“hmt_c ompetition is x:lso a fact:;i:h l.rc unfavourable for the majority of plants may, on this account, be able to survive and hold

h at scasons w

Species capable ”f:m,p;;{p for existence with more vigorons plants, the period of vegetative activity of whieh, however, is either shorter
their own in the stru

lifferent season.
or occurs altogether at 3 d) [ - ]
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The presence of ethereal oils also often appears to have a remarkable effect, at all
events in regard to low temperatures, and during the phenomen:l winter of 1904-03, when
all indigenous woody plants suffered more or less severely in Dehra Dun, the pl
showed the most conspicuous immunity were the exotic Cinnamonim
Eucalyptus citriodora.

The fact here emphasized that the so-called xerophilous adaptations may e of great
utility in enabling a plant to withstand extremes of temperature iy obviously of practical
importance, inasmuch as xerophilous plants are in consequence the most suitable
to introduce in localities not only where there is a scarcity of avail
bability of damage by drought but also where there is a dang
or cold.

In this connection it must be remembered that the mere presence of water in the haby.
tat of itself directly tends to reduce the danger from extreme temperatures.
of water vapour in the air tends to reduce both solar and terre
presence of water in the soil similarly tends to maintain an equ

It 1s instructive to note that non-indigenous mesophilous
bamboo which have been introduced and grown suceessfully
protected localities in Dehra Dun have been destroyed or gre
grasslands such as Ramgarh Tappar.

Such a character as the possession of a thick corky hark, also, m
utility in the way of decreasing danger from fire damage.

ants which
(am phora and

species
able water and g pro-
crof mjury by extreme heat

The presence
strial radiation and the
able soil temperature.

and hygrophilous specles of
in comparatively maoist aqd
atly injured by frost iy exposed

ay often he of speceial

18. Even if such adaptations
be proved by experiment to be the ordinary response of the

variation in the water supply, this does not alter the fact that, in many cases ay least. the
vital importance of such adaptations lies in this, riz. that they enable iln- plant \\'l.i;-]l' . w‘
learnt to respond to this particular stimulus in this particular WAy to resist ex(p “
temperatures and thus to survive in the struggle for existence, while othoy l,|~ Xtrem
responded in a different way, no less efficient as regards sccuring

but failing to afford the necessary protection from temperature, perished
fore that the main object of ecology is to explain “ why cach pecies },;H. o veing there-
habit and habitat,” it is obvious that we should avoid as far as possible 1-1\.'i;,(; . lh .\I)('('l«"l-
on a single factor, however important in itself, but whic}, In a multitude ()(tf (“l:\'“i" e ;“’;]“
not the dominant factor responsible for the existence of forms of \’(‘”(lt'lt-i(.m. ~ probably
find them in their natural habitats. an

as the above cap
plant to the stimulus of a

ants which
ater supply.
Seeinge thepe-

a suflicient w

y dAS W NOW

an insistence on the

bly obscure the vital factor of
evergreen trees

19. As indicating how
primary importance of the water supply may quite possi
dominant importance, we may take the case of those
of moderate rainfall, such as Laurus nobilis, [1ey aquifolium and p
the Mediterranean region and species of Perseq, Laurus, Phabe. 175, . 1 Myrica in t}
Canary Isles, which are characterised by a more or less : spe o Toliage am

L) Xerophilous type of foliage and

which exist in regions
runus Laurocerasus in

HOLE : SOME INDIAN GRASSES AND THEIR (ECOLOGY. 19

i believed to owe their cecological peculiarities to a deﬁciepcy in the summer raip-
which are behe fact that they must remain active through the winter to utilise the rain
fall'and to the fac ﬁ Such plants are consequently supposed to be peculiar to regions
falling aF that ?ea}ioﬂ o winter. Species of Ilex, Persea, Phabe and Myrica however
where ralp fa]:;' ° ilne r};gions where the rain chiefly falls in summer, the scason when the
all oeeur n In} * associated species show their maximum activity. The Sal tree also
majority of “f is practically evergreen and its foliage is unusually xerophilous for a
curiousl.y cnovs l'e~b pIt will also be noted that all the trees mentioned have a more or less
mesophilons S 1: for standing shade. No Forester doubts the extreme importance of
pronounced o eapable of influencing the distribution of plants and, in the case of the Sal,
light as . facft . C'iIt)hstanding a considerable degree of shade is almost certainly the factor
its capa?ny or w in enabling it to gain a footing in forests of miscellaneous species and
of most 1mp0rtfmc‘3 forests of its own. Diminution in intensity of light, however, must to
to form gregarloui ss assimilation and therefore less vigour for growth and vital functions,
some exten¥ Tear{ nibof view it can be understood why a plant, which has become adapted to
and fr.o m t e POfl diffuse light and which has to compete in the struggle for existence with
the Utlhsa-t e tilise light of greater intensity, should find it advantageous to maintain
plantS'WhICh . E ut theoyear. At the same time the fact that the foliage has to persist
its follage throug l(:le seasons and withstand the cold of winter and heat of summer explains
through unfa\TOUX‘a cerophilous structure should characterise the foliage. The dominant
why @ Silonlff‘;lr):t\VZichphere seems responsible for the existence of a remarkable type of
i:iz(:; tgozrappea'rs to be not water but light. '
o . conpection also it should be noted that there are severa.l plant cbaracters which

In this 0 d adaptations to deal with light or water. The highly polished surface of
may be conS@Cre I avlc)as for instance may be of service in reflecting some of the incident
nrany xerf)phllousheother hand, it may be of use in dealing with excessive moisture, in
light., Wliilz’ ‘:;]tetr io run quickly off the surface. A covering of pilose hairs is similarly
causing th

doubtful :—

“ The epidermal cells project as countless papille WhiCh. give to the leaf a 'velve.gty

ance. Between the papille the water rapidly spreads by capillarity

appeilll‘in film extending over the whole leaf blade, so that the water can eva-

o ate more quickly than if it were not thus spread out. The opinion has

510;: been expressed most recently that these papille serve to increase the
amount of light supplied to the leaf.”

20. Again, whatever may be the degree of
. chibited by a formation to the conditions of moisture now prevailing in its habi-
adaptaliof = doubt that in a great number of cases the dominant factor responsible for

tat, there 18 DOf forest to bush and of bush to virtual desert has been man, by reckless

the reduction ©

1 Warming, p. 349.
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20 INDIAN FOREST MEMOIRS.

fellings on hillsides and by subjecting woodlands in the plains to excessive grazing and
injury by fires. Similarly savannahs and steppes have in many cases undoubtedly resylted
directly from forest by fellings followed by fires and in some cases frost
insolation,

It is of importance to realise this for it emphasizes the
desert, or grassland, to forest by the selfsame agency, viz. man,
grasslands need not necessarily be regarded as permanent on
in climate or soil. While we may therefore utilise such words as Xerophilous and hver,.
philous as useful terms conveying some idea of the characteristics of 3 form of veger "
of some of the conditions of its environment and of the w
plant is adapted to these conditions, we must continually guard against the idea that the
available water supply has necessarily been the dominant factor responsible
ence and distribution of that type. In studying the cecology of
munity, we must continually remember that its existence
ber of factors to each one of which the plant must be just
of water supply and that a slight change in any one of such factors may suflice to render
the continued existence of such a type impossible. 1f we wish to understand the
of any plant, or plant-community, we must study, not only the adaptations of its ve
members, root, stem a-nd.leaf to t.he water supply, temperature, light, air currents, other
living plants and the a.I]Imals of its environment, hut also, no less, the adaptations shown
by the flowers and fruit and the arrangements nhecessary for the production «
seed and its suitable distribution, such as the season which v
tageous for the production of flowers and fruit and the re

and excessive

possibility of reconvertj
and shows that deserts and
account of wide differences

ng

ation,
ay 1 which the cconomy of the

for the exist-
any plant or plant-com-
and distribution depend on a num-
as perfectly adapted as it i< 10 that

weology
getative

. 't vigorous
arious plants find most advan.
ason for this,

21. A point that appears to be f
overlooked in cecological work is that, although the nutrition of ordinary terrest

is carried out broadly on the same main lines, differences in det
There is reason to believe, for instance, that owing to a diffe
of the substances produced in the cell-sap of the root-hajrs SOMe species may by able t
cbtain sufficient moisture from concentrated solutions of salts, or from VerY pe N
whereas others cannot do so casily, and the latter must therefore resort t;) devices whicl
aim at decreasing transpiration, the storage of water, and so on.  If this 1s the s we
should naturally expect to find plants with, and without, ohvious
in the same habitat. The fact that Butea frondosa which is helieve
markable xerophytic adaptations can exist on saline soil and rthat it js n t
activity during the hottest dryest period of the vear on the retentive Black Cotton Soil in
the plains of India possibly indicates some such peculiarity.  The needs of ‘
in respect of the quantity and quality of various mineral salts, of the qu
for respiration, of the intensity of light for assimilation and of temperatupe undoubtediy
vary considerably and we should therefore naturally expect to find considerable A
in the nature and magnitude of the adaptations exhibited by dificreny species ‘in response

[ 20 ] s sponse
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iati . the same factor. Very little is known about this and 1-1ence of tl{e exte.nt
0 var'latIODS . (lediﬁerences can be relied on to give a correct conception of the intensity
to which S ar factor of the environment, but we must obviously be prepared to find

of any particular : daptations existing together in the same habitat and forming
. idely different adapta
plants with W1

a part of the same community.

92. Connected with the above question also The proviem

R . tai d . of Suecessful
same object, viz successful existence, being attained in gxistence

. : under a given
t adaptations. Some cecologists, for instance, do not admit that o ¢p
n .

. . 4 i (litions may
1 obvious xerophilous structure and the other with a hydrophilous ;i3 4ar
a 3

is the possibility of. precisely the
different ways by differe

< ne with i 1 . nts ex-
two plants, the;rise through evolution in nature 1n the same habitat. Thus Clements ¢
structure, can

that * it is impossible for the same habitat to produce both hydrhO};l}tyt;S _fﬂ:f
pressly Statfns he explains the well-known fact that many swamp species exhi .1 o“vxo s
xerophytes, and e'e‘ P by considering that the latter are stable structures which “ were
xerophilous adaptatlofleCiyeS were growing in xerophytic situations, and not by the hydro-
developed ‘.vhen-theb-i'bi the plants are found at present,” in other words he apparently
phytic habitat i W 11C ts are not in complete harmeny with their existing environment.
considers the_xt SUCh,p a;l the conditions of plant life and the universal perfection of the
From what s kv ndob - plants in response to their environment we should nat.ural]y €x-
adaptations de\'eIC.)P? tyoi‘) harmony with its surroundings would, if plastic, rapidly adapt
pect that any speces - or that, if not plastic, it would fail to survive and would the?e—
itself to those Condflo'ns, in natu,re under such conditions. If, on the other hand, a §pec1es
fore not be found e'\lszlfngent conditions of environment we should naturally be inchne.d fm
able undel‘; : te(ftions are required, in other words that the existing structure 1sﬁ1n
think that no ne @ ag] the conditions of the habitat. In the case of swamp plants for
complete harmony (;\'ilﬁculty in the majority of cases appears to consist in securing an ade-
instance the gr?atv '1 for the submerged roots. If the oxygen supply is s'hort the normz.ﬂ
quate supply of ox} g?n i1l be depressed and a diminished water supply will resglt. This
functions of .the rOO’f:_ “Creasmg the oxygen supply and thus the rate of ab.sorptlion at the
can be met cither b} .12 of more adequate aerating arrangements (e.g. wide air spaces,
roots, by the prov tlal)Oor by diminishing the loss of water by transpiration so tha..t 1t may
pncumatophores, e Zlo\v absorption at the roots and thus there is no reason to believe that
ihitine xerophilous structures designed to diminish tr..ansplratmn, are at all less
plants, exhibiting ? swampy habitat, than are plants possessing hydrophﬂqus arrange-
adapted toas the oxygen supply. Indeed of the two types of structure the
d to mCI‘Ca]Zit perfect and on the whole the most successful, inasmuch as it
formet i probably E]]](?l:; ;,a ccharum spontaneum to exist in a very dry .and sandy hab_itat,
ay enable R Spcil::qtlsc‘l‘l}oity of available moisture, in a heavy clay soil where there is at
) there 15 a glee ¢

proves st

keep pace with the

perfectly
ments designe

. i ¢ roots and at other seascns
where Jaree quantity of water and little oxygen for the roo at other seasc
easons a larg o S T —
5()]]1(‘ SC aaOnD ‘ L e T 1 les P 169.
e 2 L., pe 170.
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1 1 vaier b\’ Cilpl]-
a i .,v 3 er ()\Vi.n{’ 3] th('

i conditions
i able that under these
quantity of moisture very slow. It1s therefore concelygl e tavaspiation from
s 20i 1es ‘ i
slow movenient of water by capillarity, and finallv iy a larity in the soil beccinilouS ant, in order to keep pace w
. . . . B . . . ., o " a rnesop 1
swamp where there is g maximum of water hut very little oxvgen, and all this witl, very larity
slight changes in structure, the le

aves of the swamp torn still being clearly xer
nin the soil tends to depress root
quantity of water which roots can obt

aerated soil like clav, or the w
a sandy

H[)lli]nus.

activity and thus diminisl (..
ain trom the soil, we should expect
ater-logeed soil of a swamp,
s01], through the mere absence of water,
we should expect to find the same
clay, or in a swamp.

. i apil-
: the soil than it o
. rapidly from . <si xerophilous
he leaves, will remove ¥ ater molrg thsl‘efore obviously become 1mp035.1b1e. 15; S ible -
the leaves, . tivity wou C d absorption migh
; : “eoetative ac e nspiration an
It a deficiency of oxvge larity.  Veget ther hand with 1ts slower transp
a lieavy poy.
to be [;/;_)/s'iu/u(/1'1'11//‘1/ ldru, Just as
may he [)lzg/.~'1'c'r11/3/ dry, and consequently
species not infrequently on dry sandy
This is the case and in India Bombar
Garuga pinnata and others are ofte
also in swampy localitic
found on dry,

: 0
species on the

| Lunj . Narenga, dealt with
e hat the savannah grasses Saccharum ﬂ.lmﬂté a'n’il‘hi glaucous, wax-coated
per o m’a illustration of the point here cOn.SldeIie 3 dark-creen leaves of the
v o “rmer are obviously xerophilous, _Whll(; : t;;ct the fbormer has frequently
s f;’:?;f;\: mesophilous. Notwithstanding this
]atter are compare \

t tv Q¢ p‘p 2 ibiti i 0'h and
d 1t With il’l thib 1pel e\hlbltlllo" more Vlgoroub gr wt

i 11 4 a

mn hC 10C3 A

soth and on heavy

malabaricwm, (1dina Wodior,
n found on physically dry

s, While Phyllanthus Ewmblica
sandy, stony, soils, as well as on heay

»stony or sandy sofis and

»Eale Marmelos ang others are often

] cperimentally culti-
ants of both species experim \
seen jons the latter. Plants of .p e
o dimensions (1 hen the moisture-content ot the
i attaining T80} or. showed that, in February whe O e condiione
Selay, | i | ; T
Loy ey vated on loam, howe - small. although both species were g g under similax eonditions
It must also be remembered that a clay soil may he physically dry, as wel as physiolo- il was comparatively small, iq was growing vigorously (as judged by
' ' ‘ ‘. | ‘ - S -hi Y unja was grov
gically dry, owing to the fact that the dense nature of the soil prevents the trec movements s0 while S. Munj
of water hy capillarity and the soil may thus lose water by o

of soil and moisture,
vaporation at the surface far

) i X
ments of the internodes of tl

ater h(']()\\'.
that xerophilous structures

more rapidly than it can bhe replaced from the subsoil w
It has also been pointed out above
well as adaptations with re

tively inactive.

S. Narenga was vegeta . TS . i}
Ny culn']]j? : S;)i;al rai‘il-forest constitutes the climax in the develop
‘Tro 1

) 3 ‘ green tropical
Warming rightly notes that 1d.”" We may therefore accept the evergree P hi
froqm ntly 1 ‘ taqtion tfor the whole world. hvgrophilous formation, as the most highly
SUENUY serye equally f veooet: ssifies as a hyg : loned
iti . ment o g : - . classifies ¢ 8 i ‘ develope
ference to temperature conditions, as {i, moisture conditions ‘h-forest, which bclnmpmfcl tation, the xerophilous as the least highly p
it 1 o rain- ’ . e of vegetat y B
18 > . hat we must be prepare . AT craa . al tvpe 5"
apd it is therefore .clear that mus prepa ed to find one and thy SAME species pro. developed acologic ﬂ“P stermediate type. ' . e must not depend on secs
vided with a certain set of adaptations exsting i a number of dificrent hahitats and d the mesophilous as an de above, however, it is obvious that we T iterion apd nyero-
. . . . ‘ « o v Qe an - . ¢ a ) . . s o criterio and hy gro-
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. . o . . . . . . A . . -(yr() 2 . - . DDC . b feris.
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. . . . . SO-Ce - . . ) > B9 ) . . . in w o !
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. : o . B ston: o the t < gar
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Convenient 5 : .
to elassify 23. With particul
Terrestrial

tion of India it will probably be found conve
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Ecologists freq y : l\.a act of great mportance, riz. that , Xerophilous Jeaf-
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plants. In the case of woodland we must obviously consider the wood produced by all the
species which enter into the constitution of each type and by all the plants existipe in
both overwood and underwood at the age of maturity. From this point of view it wiﬁ be
seen that, other things being equal in each case, the most hygrophilous type of vegetation will
be composed of individuals attaining the greatest dimensions, while riee rersd the most
xerophilous type will contain the individuals which show the smallest dimensions: that the
most hygrophilous type will include the most densely stocked and the xerophilous type the
most open and poorly stocked communities; that the most hygrophilous type will include
the plants with the longest period of vegetative activity and the most Xerophilous type the
plants with the shortest period of vegetative activity; and that the most ]l_\‘gl‘npllil(';lls type
will include the individuals with the most marked hygrophilous adaptations and the ll;Ost
xerophilous type the individuals with the most marked xerophilous characteristics.!
At present, owing to the absence of statistics
produced per unit of area by the different types o
do more than indicate an approximate classifi
mesophilous and xerophilous, paying p
dimensions attained by the constituent
activity, and the density of stocking.
as tentative and provisional and w
accumulated.

regarding the weight of organic material
f vegetation, it is obviously impossible to
\ssification of communities as hygrophilous,
articular attention to such characters as the
nt plants, duration of the period of vegetative
Such a classification there fope can only be accepted
ill be liable to correction as statistics zirc gradually
Classifieation

of Woodland 24. Bamboos constitute
Bambeos. — vegetation more or less intermediate between grassland and wood]

Fatms. conveniently dealt with as woodland and of which it is beliey
lous and hygrophilous types exist.
Woodland composed of Palms will also perh

type of woodland.

a pecubar type ot
and but which is most,
ed that xerophilous, mesophi.-

aps have to he dealt with as » separate
Coiters, Warming places all coniferous woodland into a separate ¢
xerophilous stating that *the soil upon which coniferous
so far as reliable information is available, it is alw

Schimper however rightly points out that -

‘ ass which he considers
forest occurs varies widely, vt
ays physically or physiologically dry.:

"1t 13 by no means admissible to include them

(e comf.erous trees) among xerophytes,.as Warming has done, The term Xerophvte mav
to a certain extent apply to several species of Pinus and of Juniperus of dry sandy, and
stony soils; * * but 1t does : o

not apply to most species of Abjes
and spruce for instance, which require as muc

Coniferous woodland should be de
mesophilous and hygrophilous forms P

and Picea, our sjlver-fir

h moisture gy broad-leaved trees”
alt with as a separate

type, of which Xerophilous,
robably exist.

! In connection with what has been said abov

1 € it is interesting to note that, ;) far as l'n_- s of . L
development is attained by evergreen and not by deciduous trees, eg. the giant trees of tlhcmv\‘r‘::l:‘lub:fl.n}:l:‘i::l:. t'm-n‘»”"‘""' nel, 'ﬂ!" l}‘#‘“"{:
Eucalyptus. - R to the peners Segwoia an
2 1.c., p. 310.

3 Le., p. 564.
Py
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H .

: g Evergreen
f Dicotylous Woodland deciduous and evergreen woodland Evergreen

Similarly in the case O ly. Of the latter xerophilous, mesophilous and hygro- Woodland.

must each be dealt with s'eparate
philous forms certainly exist.

in this

S 1 have to deal separately in

5 nowledge extends we shal to y i
bable the & O?rt:tlil(?n cofsisting of plants with similar needs, as mdm;:.ted
] or of plants which, although not closely related, have
as indicated by similar structural differences, habit of

It is pro .

1 es
av with other typ . :
;:v]‘(-losc systematic relationship,
160pted a similar mode of economy,

growth, PeriOdiCity , and so on. 95. It is believed that the attempt to utilise Classification
tal .

ssland of Grassland.
bsence of trees as a character to separa}.te (.iifferer‘lt..' typtC.s of grrl?;:ea;lré
the presence o ¢ beITC -annah, must result in a purely armﬁcm.l classifica 10n.1 here axe
such as steppe from sava th :Vhere grasses grow where some kind of woody plan ilcad )
very few reglom Of‘ e the presence or absence of trees or shrubs 1n .gI:aSb ar? .15
st and it 5 believed th'at dI:le to a peculiar combination of local conditions w 111th
as It were, A% 'aCCIdent" bviously one and the same type of grassland. There is
wist i W 15(;) . d directly from savannah and even from forest l?y
n E:;I(') 111:;3(1 it is certain that trees may and often do occur in

oxist
usually,
may, or may not, ¢
no doubt that steppe cal .
o
artificial means and on the
ical meadow. —— iefly accharum
typical n . Iv the same type of grassland, e.g. ccmposed chiefly qf S are
Areas of precisely Varenga, may be found sometimes with, and sometlme.; w'11§ lout,
; charim @ ’ L ¢ fros ilities for seed distribution
Munja, or of Sac rding as the local conditions of frost, faCﬂlthauilO e
3, acco « ‘s i , vype of v .
scattered trees, ac ot ?wourable for the establishment of the parallel typ
are re y ¢ . . d-
and so on are, or a ' s assland while ree
andx " siders the meadow as a type of his meOpk-lﬂous gl;i cerophilous forms
Warming cons 1 respectively dealt with as hydrophilous and xerop ous Tor
nnall are ' L : . ; e consider the gigantic
| (l im accordingly in inferior classes. W h(jn we Co ! dg"gmm
and are placed by hnt t( nt plants and the dense stocking of areas carrying ree (;\ 1p
onstitue : se as ighly developed cecolo-
b it i impossible not to regard these as far more highly ! 1p ol
ot _wavapnah, 1t 1s ' pec close ca
and wet-savanna he typical meadow. It must also be noted that the pecu 12:1 ) p
. S he typlee . : o1 r the stituent species
gical types than t tation and the moderate dimensions attained by 'Qh 00n°1 ! p o
& OO [4 LR L. N .
formed by the vege i‘ £) in what is usually termed meadow is, sometimes at least, an ar
[3 3 (2
ally or 8 Teeh) : l ing. Any of these agencies can
(usually not ove ulting from grass-cutting, firing or grazing. Any 1 fg o
ficial character resuitl :f)iucnce the development of grasses. They frequently for instance
. n . . e Tt T .
and i to attain their full dimensions and less height growth consequently
3 & J 3 " e
culms to (-mmediate neighbourhood of the plants is thus less shaded and
1l le to develop and occupy the spaces between the individual
ab ‘
-+ produced in consequence. On the other hand, however, mea,d(?vv ]
plants, @ close sward beng p.t characteristics to the peculiarities of the constituent species
o - owe 1ts i . ) ) .
undoubtedly often as the result of a regressive succession, such as occurs for instance
; - arise as i . i
a it may ar 1 o avannah so dries the loamy soil as to make
R arum Narenga s \
g of moist Saccha
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the vigorous development of this species impossible and its place
such as Andropogon intermedius, Poilinia sp. and others

For the present it seems advisable to disre

trees' as an important character and to classify grasslands, provisionally, on the basic

density of stocking combined with a consideration of the dimensions 'lt-t:‘tin(‘d ] ."‘;13 o th'v

tuent plants. Disregarding for the present reed-siwamp, surannay, ‘“-,:u](l ' ’:“t ¢ consti-

strongly mesophilous and all the hygrophilous grasslands, meadoy e |U.m. he

the less strongly mesophilous grasslands and steppe for all xerophilon.. * retained for
So far as domestic animals are concerned, o Serephons grasslands.

l'aSSl'lnd C ) S f X l()l) 11 olls Or tll( l( 5
e [4 OHSlbtln" 0 X¢ l ] ’
: o o = : . d" €S 3 l » %2 t )dd ".

what is usually described as too course or rank to bhe palatable except . .

buffaloes. :&t the same time the less vigorous and the young(-lr t-h(,[:. 1t N »bm‘h ilfm.nals "
coarse species, the more palatable as a rule the fodder and ho‘nce fi e ane folige of
the vigour of the plants and lays bare to the attack of anim the von
as they appear, by depriving these of the protection afforde
1s an expedient which has been resorted to by man from t
fodder yield of coarse mesophilous and hyg

15 taken by smaller species

gard the presence or absence of scattered

r the more

ing, which decreases
als the young shoots and leaves
.d by. the dead leaves ang culms,
me immemori
rophilous species.

26. Base ve 1
1s suggested as a purely tentative and provisional schem(i (())F mt(}éz:‘loi‘ix-)ve e
to the vegetation of India which will oive 7 i
different types of vegetation vary and of the
fau-ly typical of the main groups. As noted above, it iy obviously j ssil
1n the absence of definite data regarding the weight of organic m‘at‘? ol peoduey R
of .area.,.to draw a definite line between the various group:, or to d(‘;il;l~ the 1
It is belle_Ved_> however, that the scheme will facilitate the work of ¢ N 'l'“, ind el
the descriptions of the various existing plant-communitiesr with ittt T
attempting to introduce too much detail; that it will in fzqct 1°()th'C
further information and data which are essential bcforc‘ -
evolved.

al to mprove the

a.s, the folluwinq
. ' al classification adapted
some idea of the limits between which the

class of vegetation which may be taken ag

sent,

al produced per unit

anging
ausing confusion hy
ate the collection of

& sound classification cap po

Type of Vegetation,
Types of Commmnities,

I.—-Aquatic or Hydrophilous

Communities of Aquatic Plants
II.—Terrestrial —

A. Xerophilous - Orazsland (= Steppe This is e
L Ppe).—This is either epheme
philous structure and adaptations,
xerophilous adaptations. Exampl
poor grasslands constituted chie
“ragrostis common on soil-lesg 1

type gradually passes t}
3 v passes throug
as Androlm_l/on In o

ral with meso-
OT more persistent with
es of the former are the
fly of ephemeral species of
)la('(-s]. or in deserts. Thig
\ grasslands of such speeie
tonticola and .. contortus into nn'ful(u‘\'\'f
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T f Vegetation Types of Communitics.
ype © *

[ R S—

i ontd. .| Open grasslands composed of such species as Aristida cyan-
A. Xerophilous—e antha and Triraphis also probably come here, although
when densely stocked such types must be perhaps consi-
dered mesophilous.

Woodland.—This 1is also characterised by a short period of
vegetative activity, or by a longer period with more or
less marked xerophilous adaptations,

The dry open deciduous woodlands formed of such species as
Cocklospermum Gossypium, Sterculia wurens, Boswellia
serrata, Euphorbia sp. and others come here, also many
woodlands of Acacia Catechu, the scrub or bush-growth
composed largely of such species as Nyctanthes, Zizyphus
and Acacta and the desert communities of Tamarir,
Prosopis spicigera, Capparis, Salvadora, Ephedra, Orthan-
thera and others.

It will be noticed that oniy the poorest type of evergreen
woodland comes here, consisting of such species as Salva-
dora oleoides and Tamariz while Zizyphus Jujuba is also
practically evergreen.

Shrubby growth of temperate species such as Arundinaria,
Rhododendron lepidotum and R. Anthopogon also comes
here, while among Conifers some Juniper forests, or
bushland, and possibly also some forests of Pinus, e.g. of
Pinus Gerardiana, should probably be included in this

group.

i . . . | Grassland (=Meadow or Moist Savannal).—This group in-
B. Mesophilous cludes the Meadows of the Himalayas and of the so-called
Hill-Forests of India generally. Of these Duthie writes:
““The vast stretches of undulating meadows, known as
‘maidans,” and which extend from the upper limits of
the forests to the snow line, are composed of many of the
most nutritious grasses of the world, some of them belong-
ing to species well known in Europe for their good grazing
qualities.””* Here also come the best fodder-yielding
grasslands of the deciduous forest areas, while the highest
development is probably attained in the Moist Savannah
formed of such species as Saccharum Munja and Saccla-
rum Narenga.

Woodland.—The majority of the so-called ‘° Deciduous-’’ and
‘““HMill-” Forests of India fall into this group, including
most of the Coniferous Forests and most of the Bamboo
areas composed of such species as Dendrocalamus strictus

1 Fodder Grasses of Northern India by J. F. Duthie, 1888, p.ii.

[ 27 ]
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Type of Vegetation, Types of Communitios,

C. Hygrophilous

- Grassland (. Wet Savannah and Reed
lands densely stocked with gigantic
anthus elephantinus

Sweamp).—The gracs-

s]w('it-s such as En-
all(l S!l(‘l‘/ulrll m llr“n(”"l“'l i mist
be placed here and may be termed Wet Nacannah.

lands of Erianthus Ravenna must he e
; one of the most highly deve
savannah or as cne of the
hygrophilous wet savann

”run-

gurdwl either HE

loped forms of e hiloys
!

less strongly 1|0~\'«'lnpwl forms of
ah.

Probably also this group would
Reed-Swamps con

and Arundo.

include the more Vigoroud

iposed of gigantic species of Phragunte

Waoodlund which is typically
Tropical Evergreen For

mainly of gigantic B
of Burma

dv\'v]n]wd in the densel
est. The wondland.
amboos found in th,. '

Vergreen zones
., Assam and Bengal probably come here

A stocked
l'nnllmu-ll

The communities which have been roughly indicated
serve as fairly intelligible tvpes around which those ¢
closely can be conveniently grouped, but it is at present impossible to deseribe these com-
munities in full detail, or to accurately define the limits of the groups under which they ape
classified, for which far more detailed and accurate information s required thap )
present available.

above are merely intended 10

ommunities which resemble them st

IS5 at

27. The scheme of classific

ation which has
been sketched above, very imperfect though it is, at all events indicates that, <o far as India

is concerned, for cach main type ot grassland there exists thronghout a more ar Jese paratle]
and corresponding tvpe of woodland, both of these tVpes existing undor APPrOXimate
same conditions of available moisture termined by the combined effects of
soil. and temperature.

In th.e case ot.both grassland and \\'()(.)dland it will be noticed that the scheme com-
mences with the simplest or most xerophilous form and culminates
developed type, ie. with the evergree

. in the most highlv
notropical forest for woodland, and with 11, wet-
savannah and reed-swamp for grassland.

v the
chimate,

, as de

2%, The above somewhat
the scope and objects of the study known as (Feology, together with 4 tentative Jkeleton
scheme of classification capable of adoption for the compilation apd :n‘r;mﬂvnmn‘ of the
wecological descriptions of the varieus plant-communitics constituting ﬂwh
India has been given here, partly hecause thix is required to Justify the
description of the types of vegetation dealt with in this paper, :;xul pi
Foresters at all events, cecology

. ) 's probably the department of botany of most interest and
Or greatest practical importance. I cecological study

a Torester can utili. all 1he
28

detailed Jketeh of

vegetation of
classification and
wrtly becanse, for
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t Morphology, Anatomy, Systematic Botany, Physiology, and
se¢s 01 & s

. . i i rtance
knowledge he posses dvantage in the solution of problems of practical impo

Pathologv to the greatest a

i ] art of his daily
| solution of which moreover constitutes an important p
successful solt
‘and the success

] < disti ishing a scribing the various
dutics, Foresters will find no difficulty in distinguishing and de g
Trained Foresters

duties ing
: 5 he duties of every Working
' dland, a task indeed which forms a part of tl e St by oheiondds
communities of WoOCHTT kk requires to be undertaken systematically and f test
this work ‘ . icular species of greates
Plans Officer, but nce the work with special reference to partlt. al“g must be paid to
comme ; 's.  Far more attention als
advisable to lities where it occurs. locality
; the localities ) , L factors of the locality
importance m;l lz rmination and recording of the Condltlzl-l Otf th?fh; more detailed and
te dete : in various habitats.
the accura ‘s environment 1n var e ich the observ-
. st the plants . ities in which the obs
which COnbtlt(;ltte inzﬁion and the greater the number of th};z local i are tosential
his determ . i i1l the conditions be reveale '
accurate tl : rtainly will the : S be
more ce . 1es d the clearer wi
jons be made, the : £ articular species, an
ations can . d development of a p ) . favour
BN an : , d if we wish to tavo
1thy existence hich must be adopted 1
for the health sthod of treatment which ; v 150 be clearlv
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the indication ; °qnd reproduction and to cope with 1ts dflbflab " dition of environmental
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its develop ) £ 5 such recorded obser , o basis for a
. so far as suc . - ¢ satisfactory a basis
sed that, 1 30 1% s such provide just as sauis o
reCOgnlaed ts, and as such p dmplit
- are facts, ; : deavour to simphiy
' rrect, they are, ful experiments we en
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and partly 1n t‘lvwit ()f:’-lll the factors of importance capable (; o ()ft:;/'(‘l’y little value and
regarding the e Information regarding a single factor a ()ﬁt. 1(; ) much as in nature

. . 3 ) . . field, inas ¢ 4
a particular p]a]“t in explaining the facts observed in the be of primary fmportance in
ery little way ’ hil factor may be o
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o in ac ogether : ion is ked by the efieet of a
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producing a certain I in its turn, has become of primary imports
: ‘hich, 1n its ’
. R actor \\hl( 1,
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ine PRSI i ular plant
the result obtained: b tions recarding the conditions to which a partlcu]h }t]
: -areful observa 2 ing no more nor less than
In recording cares B2 osed in nature, however, we are doing aneed and
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16 resu 1on—the rest
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alone
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of ‘readymade’ experiments can be comparatively quickly done, and by a.)mpar.ing a
number of such cecological records it is frequently possible to find several cgses in whu.-h all
important factors, with one exception, have varied very slightly or remained practically
constant and thus to directly obtain information regarding the effect of the factor which
varied considerably. Even when such comparisons do not at once enable a satisfactory
conclusion to be reached they indicate the lines on which a

n experiment should be organised
in order to give the necessary result.

An idea frequently prevails that no really valuable
information can be obtained regarding such a factor as the

quality of the soil, except by
detailed and skilled work such as by the chemical analysis of the sojl.
state of our knowledge of the nutrition of our principal specie
sis alone can teach us practically nothing regarding its suitability for particul
whereas careful comparative observations regarding the depth of soil,
sand, clay and humus, moisture content, and depth of water table can he mac
and are as a rule, except in rare cases such as where ap excess of salts ix
importance in deciding the suitability or otherwise of
much as these factors regulate the quantity of w
oxygen available for the roots.

More or less complete data of rainfall and temperature are
other most important factors constituting the environme
winds, light, associated plants, grazing and firc dama
chservations of value are possible,

It should also be noted that it is by no means
over a wide area before satisfactory conclusions
that if observations are made in different carefully selected habit
obtained in a limited area, e.q. ot a single district or diy
intensity of the various environmental factors,
plant is possible, can often be found to be operative, and it must he reme
differences in soil and situation are capable of exerting an offe
the soil equivalent to that caused by the most

While Forest Officers in India have few f

recording the results of prolonged experiments, the waork of carefully ¢
ing descriptions of the tvpes of vegetation and of tie environmenty] §
the forests constantly traversed by them on tour is comparatively casy,

Forest Officers in India have a unique opportunity of adding 1, weologic
which besides being of great scientific value will enormously inere
management; they have in their charge every type of both grass
from the lowest type of alpine or desert grassland to the tuxup:
cal forest.

It is hoped that Forest Officers, realising the
utmost to systematically publish accurate

In the present
s, however, a chemieal analy-

ar species.
admixture of gravel,
le by anyong
present, of primary
a soil for a particulap species, inas-

ater and soluble salts and also of the

usually avail
nt of our forest planty
se regarding

able and the
are probahly
all of which comparative

always necessary g extend obsepy

ations
can be obtained.

Experience has shown
ats good results can Ine
1sion, where th

¢ total range of
within which the OXIstenc

Cof A particular
mbered that local

U on the waterp content o1

arid or humid climate,

acilities or opportunities for carrying out and
bserving and pecord.
actors whicly exist in

al knowledge
iase the vﬂ'\('ic'm-y of forest
and and woodland, ranging
e of the evergreen tropi
possibilitics o such work, will do their
[dc;((;riﬂ)tiuns and photographs of the chief types
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o 0 ible ) ecord the
f vegetation e ascertain and record
di their forests and also so far as pOSSlbl
] founa 1n
[} 1

' the
isting i ious habitats. As regards
ironmental factors existing 1n the variou
1t :nvl
condition of the e

: d careful notes on
.. i 1so, it is particularly de:suable to recor e &
cecology of the prlnc19211 :‘Effcf:é:taﬁve activity, of flowering ar'ldef:::}tzlr?;g},l:l;:e?ignaturalg’
such points as the pers nd seed distribution are eﬁeCted’ the o ffecting the development
which flower pollination a~ which appear of special importance n e11 Jthese points the main-
cerminates and the factors the first few years of exist.ence, ason @ or type of vegetation,
;',f the young plan'Fs dult“lf:%e area occupied by a particular species, ,
{enance or ext?nslon 0 is a remarkable fact that, although the
large]y dependa. '29 It is a to secure the healthy deVQlOP‘
{f mycology and entomology 1n helpmg ust- importance of physiology
value of the study 0 )1 ntsois fully recognised, the doml.na e tlp held that most plant-
ment of our .valuable nptla lost Sightu‘)f and the view: 1s not mf]-?equei::]lse}éts
and mcolO%yiisg(f:g:]ece gre caused primarily by either fungi or
diseases 0 )

: -li f such
i tance to plant-life o
: : is aware of the vital impor . [ e
-physiologist however 13 f soil aeration, the temp
Everg ptl . ap htyhe avt;ilable moisture suPPlyl,{ the d(;ﬁ;ieegen Llight variations in these
. actors as : lants and knows t 0 sli these
primary d tition of other pla . dine this, we have, as yet,
ight compet! h. Notwithstanding this,
ture, light an disease and death. ( ) as to the degree of
factors are able tO(_caItl}SlZ case of any single Indian tree of importance)
ise knowledge (1n .
precise

: spjurious. 3 factors offers every
be considered ln]urlot ote, also, that an accurate knowlfdé%' :hOf'lblltjzzsity of these factors
. t to note, ’ ing that the i
It is importan i0al results of value, seeing ; ical forestr
. ctical r . f practical forestry
prospect of prodflcl_ng !()):Isiderable limits by the ordinary Oper?tlo?;eohe;)l thy development
can be altered \Vlth,ln. ¢ may be produced which are necessary tor have been destroyed by
and thus those mnd}t'lst\sases where such conditions do no':1 exljiﬁi (:;'a-y be increased and its
of particular plantbtl Thus the water content of a san ybsl ower of humus production
careless managellne(rll l;) ‘ntroducing a species with conSIfder&;l :v;) soil may be improved by
. . et he 4 . 'ture of a he . .
aeration diminis ica, the aeration and tex : : d a good
¢ 7 , > . nd of pro ucing g
such as A dhatod '}~az;cpable of withstanding poor sg,l-l-a ersa tlll(s)z 2f shelfibwoods and by
introducing a SpeClezgrature can be altered by.a» pumeon hile plant competition may be
humus supply, temI:) as to secure good circulatlonﬁof alrfli\:h arepunfavourable to the com.
ing fellings 3 s periodic fires w
arranging lelling : actors such as p h mycology and
controlled by introducing tfher hand it is a rema,rkaple fact t%lalt, aghori enti};e miZsures
peting plants. On the Oanv cases to suggest efiective remed{ar 1:n psuch measures can
entomology arelf“blli]emirlln agwriculture, horticu.lt;llre.and IZiz?zéc‘l;h:::,the peneral valuo of
‘hich are applica - try, especially 1n cou e
which are - ical forestry, anl ntly the only remed
rarely be adopted ;ln px('iatcl:e forest management not 1nt§n=1ve.thF1‘S(;qe‘;‘;e: ywhxich : SV e ;’
{ . is small an d in bad cases to change e s
the produce : trees and 1 S aluable than the
is tf cut out the a]ﬁ eCtedation while the new species is frequently less v
S ifficult oper ’
lengthy and difficuit o
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39 INDIAN FOREST MEMOIRS.
one 1t has replaced. Yet even in agriculture the impossibility of
remedial measures is leading more and more to the
the production of new and resistant varieties. Measures such as these, howe
obviously out of place in practical forestry: the forester, as a rule, must take his species as
he finds them in nature and if he wants to favour their healthy ¢rowth and development Lo
must keep as closely as possible to those conditions under which they grow bhest in nature
and under the influence of which the species have heen gradually evolved.
Moreover to carefully study the requirements and pit
treatment of our indigenous species, which we know to be
environment, is surely, as a rule, a more rational policy
haphazard experiments with exotics on which money has {rec
past with httle practical result. Such experiments indeed
emphasize the fact that exotics are usually more liable
It is a well-known fact that the most injurious inscct and fungal-att
where unnatural conditions of culture have been adopted, such as
specles naturally occurring chiefly in mixed woods, and the
return to normal conditions of existence) is one of the m
recommended alike by mycologists and entomologists.  There is HIOTeOVEe
believe that the expert myceologist, or entomologist, with his ideas concent rated
branch of study, frequently fails to realise the dominant importance of the
of plant physiology. He may thus be led to believe that
the primary cause of a discased state for which in re
some primary factor, such as available sotl-moisture, is really responsible, 1
insect being merely a secondarv factor and the natural consequence
In such a case the real remedy should consist in at(
tungus or insect.

adopting cffective direct
adoption of such indircct methods as

ver, are

tiently elaborate the
.\'llit(‘d to the loc
for practic

ceonomie
al conditions of
al forestry than to trv
uently been lavished iy 10

s ceneral rale merely
to dizeases than are the local .~;n~(-iv§.
acks tend to oeenr
MASSING in pure wods
adoption of mix

»d Crops (.. a
st opractic

al preventive measuyres
r good reason to
on his specia]
primary factorg
a particular fungus, or Insect, iy
ality the wntavourabl,. condition of
1 fungus op
of a si('kl)' condition,
acking the dominant tactor and not the

In the treatment and prevention ot diseases generally the great nportane.
taining the general health and resistant-power of the OrZantsm i~ pow
and this can best be done by studving the effects of those
to be capable of directly causing disease and health
the knowledge Decessary to manage our forests in such a wav that our valuable s will
be exposed to the conditions most tavourable for their development iy n (‘un\i.«lvr-r
tions such as the above are gradually forcing practical Forest Oflicers 1 the (‘Hll('lll.\‘i«;ll ”l:lt
physiology and cecology “_t present constitute the richest ficld for research work which aims
at improving the economic management of our forests. ‘

When the post of Forest Botanist was created at the Delra Dun - Fopeg Rese
Institute the principal duty prescribed for the incumbent of th; ‘ "
the diseases of our important forest species.  With the
able results in this direction, for the reasons briefly
the systematic study of the phys ‘

of main-
usuallv admired
primary factors which we. ki

s : 10w
Fhis study g capable

of giving g«

ature,

arch
1t post was that of studving
object of attaining the most valu
. outlined above, th Botanist undertook
ooy a‘[nd-}'(}?&])logy of forest plants and has commenced
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- ole species, viz. the Sal tree. It is hoped that, so far as possible, other

O S y . < ) i > : .
llll?llcdbopwhat thev can, on the lines which have been briefly indicated in the
" lar work for other important species.

work with a s
Forest Oflicers ot
ATACT? to start sim) o )
last paragraph, to s 30. The principal object of the study of stads of
L 1 ] 1 Forest
' +t Grasses with which the present paper 1s immediately concerned 1s1to ac?ulret, orest
ndian Fores sibie information which will indicate the best treatment to apply to forest
as soon as pos ’

=S i . ] Fan lerating their
ara n S ng the yleld of fodder and () acce

slands for the purpose of (a) 1mproving
rasslands

afforestation.
It was reco

xperiments. ' 1sually require
carelul ¢! xperiments, however, as noted in paragraph 28 above, usually req
Forest e )

Jods for their completion and they cannot thercfore suPP]y‘ illfqullatio_ll (ﬁ ll?m:_

long periods itv. In the second place anyone who has Micmpte.d to practica y car v
e ““?“3' knows that it is exceedingly difficult to obtain a result "Vhlch can
e corai expenmcn'? :into bth(‘ influence of a single factor, owing to the co-existence of
aserl )C_ ffecting the results; in other words that it is very di .fﬁCUH;.to
other facturs capa}ﬂe o .a v ?dinw the effect of only a single factor, the way 1n which
obtain accurate into.rl.nat‘lon 1:1?1{; a ;Ccentuating oy . singe fctr, t
e e th? ('Ondltm.“b (132111[1)‘; in nature is subject to the influence of not one.but a numb_er

Y Pl_“ci ; E (under certain conditions, may be of dominant 1111P0rtan_08 in
e e 'Ot ) 11Cf"tlle lant, or at all events its vigorous development, 1mposS%bl.e.
renduring (b e obvia ‘ thft (a f,ew experiments designed with the object of Obtalnlng

I e 'Ob‘ 1;)llbeﬁ'e;:t of a single factor, such as fire damage, Whe.n'that factor‘ is
e pertae. ’ill only give results of very limited practical utility and which
o o (;Illp(;rt‘izl(«ﬁ‘»oii undoi‘ other conditions, when some other factor has become of
are not found to hol@d gt : .
domint Dt erience that the results obtained from carefully conducted exp‘?rl-
S freqm;l‘t Ct‘ﬁ:;ﬁ‘h apparent’ -« nating for the facts obscrved in that locality,
ality, apps :

: 3 1 - -1 Utility of
ised that the information required might be obtained by carrying out Loy of
gnis

veriments,

with certainty be

ments in one loc : acts existing elsewhere.
obviously fail to exp 11mnﬂlfdtlgf(i:\e:itult: are clearly of little practical value and the.y are
Such HPPMle{ LCOC Uft o insufficient knowledge of all the factors capable of vitally
the natural c-onso‘qlftn ¢ a plant in nature. It is only when a good knowledge of all such
affecting the weltare © ;i PZ)f the way in which they act and of the conditions capa})le of
factors has been o.btz.t.u.lffhi»n” their action that we can hope to recognise at once whlch. of
accentuating o ?32:;1;.1nthimportance in any particular case and what is the best practical
these hwtt“:: L:d((),pt under cach set Qf conditicd)ns.) N . . ens .
treatmen P . be seen that, instead of a few casual experiments, an e)} €nsive series
It will therctore be d in the case of each plant and that such experiments cannot
of experiments 13 1:()(11111‘("” ised until a preliminary knowledge has been obtained as to
be Su(-ccsst1\11}’b(;1:{f‘nmost importance in regulating the natural distribution of the
0

[ 3 ]
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plant in nature, the way in which they appear to act and the conditions capable of aficct my
their action. The necessity of acquiring a preliminary knowledge of the factors at work
in each case, before attempting to organise experiments, or to interpret experimental
results, will be more clearly understood perhaps from an example.

In the preliminary work which has been carried out with forest grasses it has been
ascertained that while Nacckarune Munjo may be killed out by repeated carly firing op
sand, early firing on loan is practically innocuous.  Also that althoneh Andiopanon
monticola may be more or less injured by an carly fire on sand, repeated carly firing on
such so1l may result in this species becoming dominant on areas formerly occnpied by a more
vigorous species Saccharum Munja, owing to the fact that the latter is hable to suffer more
severely by fires. It such points had not been ascertained by preliminary field work, it
15 practically certain that experiments would have given ine mplete and apparently contra
dictory results, whercas when such points have been ascertained from ficld-work thev ean
subsequently he checked and confirmed by suitably organised experiments s oppertunin
aceurs, when this s considered desirable.

The view which has been emphasized above then consists in this
cannot, as a rule, be properly organised in such a wayv
and of wide application and the results obtained from sucl, eXpertments cannot as a rule
he correctly interpreted until careful and extended field observations
principal factors which are at work and the way in whicl, they s

In addition to the above considerations also, owing to he

that torest CXperlmnents
as to give results of practical vale

have first indicated the
1.

e cent nrg;n\i~;ni.q, ot 1the
Research Institute, the Botanist had not the staft required tor the

crganisation and conduet
of extensive field experiments.

31. While the capacity of fore
(on the scale on which they are usually condneted)

the efiect and importance of various factors
of careful and systematic field observations
appreciated.

It has been pointed out in paragraph 2y
obtained by caretful and svstematic field
which all important factors are constant,
only exception of a single important factoy which varies consierable, iy e
vigour of a particular specics is invariab] )
variations of that single factor. it i« logical
tion of growth has been cansed by the t
of great practical importanc:.

Difficulty is ot course eXpe
such as the intensity of |

sUeXperinents
to hlll)l)]}' >2lli>l:l('(n|‘_\' ey el e revardine
IS frequently over-estimated. the

HIportan e
on the other hand s otten not suthicient

above that satistactory evide

nee can ol'tey Iee
observations

lll Hi \\'i(l(‘ N'l'i(‘\ ot n‘\)\c'l‘\.’l‘inll\ i

vrvary only within vory nareow limit, with the
trowth and
»l‘i»[ml‘linn to the
and permissible o conchude 1h;
ACtor 1N quest

Yo tound to vary in direct I

Uosueh g ovaria
ton- and such a conelusiog js obytons]y

tienced in the case of tactors which ape
1ght and the amount of avarlable
species for which the possihle range of intensit

a given condition of growth mav freque
another. Tt is however perte

('l(;s«']}' ('nl‘l‘('l:thl.

wWhen dealing with

Vool both tactors is very i,

ntly be due as mueh 1o oy ol these factors o< 1,

ctly possible to ATrange a ~eries of observations in the Torest
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. supply is ample on account of percolation o.r otl?erwis.e but where the
where th? e P}; rlv a series of observations where the light is obviously ample but
Light varics and s yries and thus to assess separately the effect of each factor. An
where the water supply va l i’:connection with the observations carried out during the
interesting point arf)si tllrlle e;i'zct of light on the development of Erianthus Ravenne.
present work regardfﬂo noticed in co%pice areas where the growth of this species was

Several cases “Zr(ihis was at first ascribed to the slight lateral shade existing in the
obviously inferior 83 ted observations showed that considerably denser shade than this
habitat. Furthfi g re.pea; iﬁeCt provided ample water was available and the inferior growth
had no marked InJl-lrl(iub 1ly shown to be mainly due to the drying of the soil by the numer-
noticed was thus C\VCIl 1;& js roots developed by the coppiced trees. Similarly it is quite

) ‘a.l ;?;:n;:,rma serics of observations in nature in localitie;s wher? the light
pOSSlmC © :ilel: G:thl\' hut where the temperature varies slightly and rice rer&a, althoggl;
intensity va SN , ; in experiments usually offers considerable practica
the artificial isolation of these factors in experime ) _
diﬂiculrtl.os' ficld ohservations can thus be arranged in such a way as to obta'in information

While fictc © - idual action of each factor of importance, they offer this great advan-
regarding the mfinl u{a nat they enable information to be obtained regarding all the
tage ovet (xx.p(\rm_ujnh )I.tlf:nc(\‘ f;r more quickly than would he possible with experiments.
factors of l"'”f"“:\_ll.n.l‘p({h(: distribution of a particular plant depends in nature on a com-

'J‘ht" way 1 “‘ ”.;’:1" together, so that in one place one factor is of dominant importance
plex of factors all actins Cnotircly different factor, has alrcady been briefly alluded to in
and in mm,t her Sp(.)t alzi from this it will be clear that whereas weological observations in
paragll‘?lph » 'a: Ll):sei?llil'ormation, often very little less accurate than that yielded by experi-
the field can g1v

dine the individual action of isolated factors, they give us an mcomparably
irding

ous superficl

ments regi
v idea of— . : . S TS s
hetter idea hat factors are of primary importance in the case of any particular species,
R lldt 3 the approximate degree of intensity of cach such factor which in itself
2) what 13 { . ' : o o
@) quffice to cause obviously unhealthy or inferior growth of that species,
may s é

hus enable us to explain the facts of plant distribution, to suggest suitable
W 1us < ( : ‘ ‘ ce
and they ft treatment calculated to improve the development of various species, to prevent

. re: . ¢ . ; rious spec . 1
methOd:\ O ¢ to decide on what species can be grown with most success in a particulay
then‘dbcfr'be, yre rapidly and satisfactorily than can the results of a few experiments
locality, far m ¢ ) !
Jealing with the effect of one or two tactors.

o

32. It was therefore decided that the obiects Lines of

d work in conncction with forest grasses could be most satisfactorily
> (‘
of the propos
attained b‘\jl ctine a few important species of grass which are widely distributed and
((1) wele > ¢ : .
which tend to be dominant over large arcas.
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(b) Studying the selected species caretully in the field in their various habitats and
compiling for cach specics a careful ccological record showing the conditions
under which it is found to grow vigorously and unsatistactorily, respect-
ively, in nature, special attention being paid to the character of the soil, the
available moisture, light, vigour of associated species, grazing and fire,

(¢) Cultivating the selected species during at least one entire season, noting the

normal habit, periodicity, development and growth of the culns in the ‘-x'[u-ri.

mental garden and comparing this as far as possible with what was abserved

to be the usual development in the forest. By examining these species care-

fully on arcas which have been fired at different seasons and in different
habitats and by there noting the dircet damage done by fire and its effeet on
the normal development of the plant.

(d) Studying the conditions affecting the growth and development or seedlings of
the tree species with which it is desived to afforest grasslands as tar il:}uw
sible, i.e. of the Sal.

It was believed that the above would quickly supply information which would e of
irmmediate utility—
(1) in indicating

indicatt the best treatment to be applivd to forest grasslands.
(2) in indicating ‘

tin the' lines on.whlch a comprehensive scheme ot experiments conld
be satistfactorily organized and carried throueh, for the pur ' !
ho st ony e ‘ ‘ ahy, W puUrpose ol testipe
e correctness of the conclusions which had heen based ehicflv n l}
- . L v R L. . [ % -. [N 1e-{¢
observations and of supplving additional information

. - o which cou ‘ ‘
obtained satistactorily trom field observations ould not b

The work done therefore up to date has been carried out on the aben e |;
i a recent oreani<at . above lines,
Owing to the recent organisation ot the Researeh Tnstitute el ot Ty S
sapv staff annliances i . : . ‘ ‘ o the lack or
sary staff and appliances it has been found impossible ap 1o dat <ol
a . . . ate
0 ; [24 APy e N ) v
ut a few rough prelimimary experiments and contyol ctltures, or 1o dot . »

. . 3 > S . . ™, ) Ay . e
ally in the field the exact intensity of sueh factors as available mojst e e
and the proporti F sa Tav . . S available moisture
. hpr portion of sand, clay and humus in the soil The ohaervati v
vCV . ] 15 Jieve . .. ' e ‘ Ons . . .

made, however, have it is believed heen sufliciently aceur, (o , which has
value. : Ale todnve results of

he nee s
1o do more ”1.‘!“ carry

. h_‘.:}xl. tetiperaturs

‘N'rn

]'!‘;l('!i(‘:ll
The cecology of sal seedlings is a study whicl, has |
. as hwee

this study is continued it is , 3

. ontl d it 15 hoped that with reference o Bt ] e |
0 acr\.}tlcyna will in all cases be feasible, perhaps with ] L .<-\rnt~. instrumental
Traperial Forest Colleae, aud that a morpe : i the help o

tion of the intensity of the various f

noonly just commenced and as

the student< of 1l

. e

21(-- e ! ‘ wap 1 . )

o (.m e determination and morpe precise defini

actors will thus be possible in tuture work |
K.

select not only those “pecics whic] . 3. .[t \.\.1.5 advisable as far as possible to
2lso those which are ot < which are widely distributed and marked)y srecari }
d It o ' xe v . . Vogrew s,
are of cconomic value, so that their weological study mioht ale ; * but
[ 36 ) . ght also meidept

HOLE : SOME INDIAN GRASSES AND THEIR (ECOLOGY. 37

jde information of cconomic value on such points as thfe best treatment to adopt
B ehere s like Saccharumn Munja is worked for munj fibre, or for paper mate-
i ars 813 w ultivate for the purpose of fixing sand or unstable soil, the kind of
T l')eSt ?“Pcme” t? iuqblc fodder grass like Andropogon monticola can be cultivated
ot Wh{Ch ? (:f" su(cccss, methods to adopt with a view of cradicating troublesome
Mth' o _1>r0>p0_<‘ ken possession of valuable agricultural lands, and so on. |
apecics which have taken p O e o as e adwon

. . ther specics of less importance, occurring in.the same }ocality and likgly
1= being studied, otht all)xould also be studied and fully described and illustrated, Spec.lal‘
N miStﬂk.C“ for'(it‘ b'-hqmcters which can he easily recognised in the forest and which
aention ?X“.“‘i p:lll tlt:; Lim[p:wrtan’c from the unimportant species.
VCI‘tO (i;f;{::‘rl:“\lons the following species were selected for study :—

-OT S as

Saccharum Spontanciit,
Saccharum M unja,
Saccharum Narengd,
Erianthus Ravenne,
Imperata arundinacea,
Aristida cyanantha, o
Triraphts madagascariensis,

\nother pnint borne 10 mind

ser

{ ndropogon monticola.

{ papers 1t is hoped to deal with the Bhabar grass (Ischemum angusti-
Tn subsequent pe

rifer 5 ol -oTrasses.
folium) and the valuable odoriterous oil
¥ <

34. The information collected regarding srrange-

1 ment of
heen arranged under the following heads :— ment of

cach specic:‘ has 2 collected.
(\) Botanical Description.
(B) Taxonomy:
() Binlogicnl an
(a) Habitat.

Q) Developn : ©

<nsceptibility to Fire Damage. |
((r])) ?l{ﬁir\ as Fodder and best Treatment for Fodder Production.
( v

(¢) Relations of Grassland to Woodland.

q (Feological Notes—

ent of Culms, Qeason of Vegetative Activity and Flowering.

: ic Uses.
(‘p)f‘a?{] (;ml‘cfxlo heen divided nto three chapters, the first cogtaining a brief des-

Thix papet 1:1-*1*_ ¢ the second containing the detailed information referring to each
cription of the k;c‘a-(l{t}ezmtaining 2 summary of the work done in the form of suggestions
spucies 20t 't‘llcltlic-ll treatment of grasslands. )
pri { 35. The identification of grasses from £he Nlusteation .
escriptions aiven in a work like the Flora of British India is often found

[ 37 1
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difficul '3
ult and troublesome by the average Forest Off i
bas been laid on characte: 1 . 3o and it iy
: aracters easily recognised in the f
graphs which have been given of each species will £ OT““‘
graphs wh C be : s will facilit
ot eLaea a measuring rod, showing lengths ot ¢ ine
N 1te, have been included in the photogr
‘he M o °
e1r various parts can be casily obtained

hoped that the stress which
st and the drawings and photo-
ate tll('. work of i(lt'llliﬁt';ltiuu \lll
hes, pamnted alternately Mm-k.

aphs, so that the dimension. t th e
=0 v
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valuable collections contril pectmiluted and arranged by . .
Forest Botan: ributed by many Fopest oy Y M F Duthie and .
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CHAPTER L

DESCRIPTION OF LocALiTy.

38. The locality in which the species included Topography.

Lave heen chicfly studied comprises the Dehra Dun valley and the
Sjwalik range which pound that valley on the south, these together
forming a portion of the Dehra Dun Civil District, and also the southern slopes of the
Qjwaliks which are included in the Saharanpur Civil District. This tract lies between
770 40737 22 and Lat. N. 29’ 55'—30° 32', and the principal part of it is
shown in the map which forms Plate I.

The elevation above mean sed lovel varies from 900’ to 3,000". The Dun valley is divided
into two apprn.\'imatcly cqual portions, the Eastern Dun lying to the south-east of Dehra
which drains into the Ganges, and the Western Dun lying to the north-west of
ent which drains nto she Jumna. The Asan River flowing close to the
lopes of the Siwaliks constitutes the main line of drainage in the
the Suswa River occupies a corresponding position. The chief
jes of the former are the Tons, Suarna Rau, Chor Khala and Sitla Rau and of the
Bindal, Rispana, Song and Jakhan Rau, ali from the Himalayas. The upper
Sjwaliks consist mainly of sandstone and conglomerates with some clay beds,
d the entire Dun valley are covered with the débris brought down from
he Siwaliks themselves, consisting of boulders and sand, mixed

in the present paper
northern slopes of the

Long. E.

cantomnent
the cantonm
foot of the northern s
latter, while in the former

tributar
latter the
slopes of the
the lower slopes an
the Himalayas. or from t
with which are clay heds of var

Where the impcrnwablo clay bands crop out, swamps are often found, but owing to
the great thickness of the pervious boulder and sand deposits the subsoil water level is
\ at a great depth below the surface. In the Dun valley owing to the masses of
rom the Himalayas the greatest thickness is naturally in the north
of the valley near the toot of the Himalayas, and Fernandez notes : “ It is for this reason
that the pc‘rmancnt level of water 1s at s‘uc.h a great depth, the well at the cutcherry at
Dehra heing 228 fect deep.” Another striking feature of the locality consists in the plzcu-
ams by which it 1s drained.

ying thickness.

frequently
Jdibris brought down t

liar character ot the stre
The tributaries of the Asan and Suswa rivers which rise in the Himalayas and Siwa-

liks and the streams which drain the southepn slopes of th.e Siwaliks are, with the excep-
fion of one or TV of the largest, such as the Song, dry during the greater part of the year
and their exposed beds of boulders and sand, often of great width, are then a conspicuous
ot the land=cape.
| kil of the Delia Dun Porests by . 1 Formamdoz, 180, p. 10,

a9t

feature
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Fernandez remarks :—

“ This absence of water at the surface is characteristic of all the streams of the
Dun, and is due to the great depth of the loose mass of boulders and shingle
into which the water sinks, to reappear only where the underlying imperme-
able band of clay comes up near the surface. Thus even the Suswa and the

Song rivers become dry for several miles of their intermediate course.™

These streams become mountain torrents in the rainy season, quickly rising and falling

after heavy rain, and then bring down masses of boulders, shingle and sand which they
deposit as they flow along.

'!‘hese stn‘aams also continually change their course and, leaving behind their former
alluvial deposits to gradually become covered with vegetation, proceed to erode new chan-

m:)lls a,fnd ftorm fr;:h d:po:its elsewhere, in the course of which areas often carrving valu-
able forest ma entirely swept awa i 3 . §
L y y P y and fertile fields overwhelmed with boulders and

Tl.us continual denudation and deposition is more or less characteristic of the enti
Sub-Himalayan tract which contains some of the most valuable Indian Q;xl . ) ‘ ft entire
tl%e lo€:a.lity now de':alt, with, omitting the dry wind-swept higher s\”* ‘S»,and 0!:(;(5. and in
Siwalik range which carry comparatively valueless stuntcdb forest p:hrec m:ingcts\';(f‘sth(;
* h 5 O

topography, each of which is capable of su 4 fsti
’ pporiing a dist ‘e of veretati
more or less clearly distinguished as below :— ; stnct type of vegetation, can be

1. Areas where the sol S i
more or less W;::’e: i 1‘335; during some months of the year, tends to become
N) y -10 >4 : . M
Dorenially wet Swamgpgse ';Ill]d “!1110}1 in their extreme development hecome
: . e so1l as a rule contains a consi
tion of clay. ntains a considerable propor-

II. The dry alluvial deposits of sand, gravel and boulders chicfly found in and near

the stream beds, where the W 1
y ater tabl 5 US y 1
X the surf . s o € 18 llbllﬂ“) at a considerable d(‘plh

'ittle power of retaini

i : retaining w ;

1n , . . g water or of rais-

evi to};;?z:sm}r:ater b).caplllanty to replace that lost at the surt:aoz lb
poration. ey are liable to be excessively heated by solar radiation ii

the day and in the hot sea

son and to be excessively ¢

tion at nigh : . AR ¥ cooled by terrestrial 1a-
: ght and in the winter, especially where the free circulati rafh.

lmpeded. circulaticn of atr 18

I11. Areas wher il i ; -
clay, 01'e tl::fmsl‘:lc;: g)lf;acwglsed -by cont.a ming a considerable admixture of
Those areas are’to acons’i (;m which varies from light to fairly stiff loa
loac erable extent confined to the . m.
par?ly to the stiff soil offering resistance to erosic :
drained anc. the soil therefore retains w o

higher plateaus owing

o Tl)b)‘ are as a rule well
ater well, while the water lost at the

e, p. 3.

[ 40 7 i

this locality i now chie

GOME. INDIAN GRASSES AND THEIR (ECOLOGY. 41
HOLE

illari ds supply of mois-
. by capillarty. Both as regar
readily replaced

surface is and temperature, therefore, this type is interme-

ture, degree of soil aeration
’ 1.
diate betwee® Leod? 39. The above types have, as a rule, been
i king-Plans, 1 and II are
i rest Officers and, in Wor
clearly disting?! e h a,n(:ea 10’3? t(,)he recent or low alluvium and 111 under the name of
' -+ oq under the I v

' . il bo scen that II is a typically
anati jven i ragraph 7 above 1t W1 o typios ¥
ro lanations B Y i bably on the whole mesophytic althoug
From the %P hytic Jocality. 1 1s Pro y

d mesop

. s iah ph ic. ] ' .
of vegetation ;t;l:reyi: to encourage the deduction that there has been 1n
ld and recé

isti ;1. what may be called a develop-
ds the &C0 ogi haracteristics of the soil, .
gards % ' i llfaifcthe same type and which has gradually resulted in the
i ccess1o

ve, S s igh, alluvium.
mental, OF pf t;:S:;oent, or low alluvium into the .ok.i, Oih'lgh ot e st clearly fistin.
conversion © e obably true, but it is O vious
oxtent this 15 P

. coession, viz. . .
guish tWO main types of su T ogged 1 usually containing a large admixture of clay,
- which walet~ ’

.t loam by a lowering of the water-
to well-aerated moist
es converted 10

n dry sand becomes converted into moist loam chiefly through the
jn whic
(2) That 1

ey : o,
hat we must recognise the possibility of a regressive SUCCESSIO
ear tha

. ti ff
1t is oqually ° for instance through the clearing of the forest growth and cutting ©
- se
such as might art

. us. . : according to
the supplies of hun: . interesting paper has emphaS{zed the.f:?,r:.t that, ¢ o in tgheir
Mr. Millward” 1% 2% 4311 or running Water, soils differ ab 1mitro essentially 1
ition, in S

. 1108, - .ot particles, on which the distine-

their mode of depos_ . oo to the s12€ of the constituent P , .

quality and composition (ilmfgf,m and clay depend. Consequently bare unoccu.p1e<.i areaz .o;t‘l

tions between gravel, 32 % me available for the first time for plant colonisation Whi€

ag® ma{l be;gre clay to coarse gravel, and the fact that the heavy soil in
ically

fly found on the higher slopes and plateaus 15 probably due to s
. than the light sandy soils. )

ted erosion bett.er ose points, :nasmuch as changes in the cecological character-
' to.realise onnected with the succession of different types of vegetation,
b:;w;;gl;ined in the footnote to paragraph 14 above that, as regards
already beet

f vegetation in the locality here dealt with (viz. Sal forest), we

and it has
. nportant type ©
the most 1MP Ttodian Forester, Vol. XXVIIL p. 411
[ 4]
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must recognise not one, but several, possible modes of orj
moisture content of the soil and to its initial sandy or clayey

records of Dehra Dun station. give some

as will be seen from the map, Plate I, is approximately
valley and it is situated at an elevation of 2,233 feet abov

The area lying to the south of the Siwaliks receivey les

50 inches only per annum, and also po

minimum shade temperature in December

40. As regards the climate of the
dealt with, the details given below, which have been abstracted

nature.

gin, differing according to the

locality

from the meteorological

idea of the prevailing conditions. Dehra Dun,

and January.

ar and with a lowe

in the centre of the Dehra Dun
¢ mean sea level.

s rainfall, averaging from 30 to
SSesses a more severe climate with
higher average shade maximum temperature throughout the ve

a uniformly
r average

t

!

| . '
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absolute maximam shade temperature recorded at Dehra T

339’

nn previous to 13 4 111° registered in dane.,

o Feiurqary

the sun’s rays and t
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rtance for vegetation also are the maximum temperatures recorded 1in
an

Of the greatest impOh inimum temperatures on the grass, regarding which no reliable
e m

i ars subsequent to 1890. .
e y:how the maximum temperature recorded in the sun each month
gures ‘

888—90 :—

figures are av
The following fi X
during the three years

Vazimum reading in sun’s rays by Black Bulb Thermometer.
Marxt

{
‘ Ma June. { July. ! August. September.‘,‘ October. | November. December.
l b? February. March. 2 April ' Y- | | o -
apuary. B ’ ! ‘ - - -
B S o BN 1530-5{ 1555 | 1610 | 166%0 | 15574 | 1516 | 142°1| 135°9 126°0
e Jl «9p° 182°-5 1468°9 ' . 1 . A | 1429 1360 129 -1
' = 1434, 155°3 | 1590 1873 1887 1570| 1540
? s : : 306
8¢ S R ‘ 5- 6 1528 1512 | 1436 | 1326 1
10 |1 156 -4 | 1435 16778 157-51| 1558 | 1596 13
] 8 | i o ‘ :
l - o | . 9| 13418 128 6
- . 1555 137~3§ 1579 | 158’1‘ 1551 | 1522 | 1429 |
1308 1341 | 1449 !
Mean

e recorded being 161° registered in June 1888. These figures
r

The highest temperatuhich may be reached in grasslands surrounded by forest where

w
indicate the temperature

) irculation of air. -
there is little or no ;lfl‘:;“es show the minimum temperatures recorded on the grass for the
The following 18

od ecorded at Dehra Meteorological Station :—
: r
same per1od, as

; -37
Minimum reading On grass taken at 9-39 a.M.

, . May. June. July. August. | September. | October. ‘ November, December.
Japeary.  Febroaty March.  April R N | o
* . - T ~o, ' O =0
- — sl | 662 | 630 68°6| 6750 61%3 | 473 39°7 35°4
- 0,0) X
o S : 56 - 2| 389 324
1888 32 i 93 l ss0| 669| 61| ess! s64 | 47 |
: ’ 43 .S )‘ . »l . " - .
1889 35°0 303 502 398 85 -4 697 665 594 479 40-3 3711
- 438 = B . B
347
) ol |
189¢ > —_— -, e .5 39.¢ | 350
3 483 ‘ 577 65°1 68 '8 67 4 590 ] 475
- 44-
2.8 - 334 |
Mean 328
asslands of the locality, however, considerably lower tempera-

In many of the forest gliled than those recorded at Dehra Dun Station. Frost is
ac

5 are undoubtedly e rasslands during December and January and is in many cases
€g

frequently ObS?rvfdr ifestg:isible for the absence of tree growth.
1 facto

the principa i mum vegetative activity for most of the grasses dealt Wllth In this
The period of ma-\llt:lc expected, the rainy season from June to September.
en €. ’

paper is, as might have r. that almost all these species show a certain degree of activity

eve ’ : — S
It is remarkable, h:)v‘;th the exception of the months December—January. In these
t the yea»r, :
throughot

ture

it is remarkable that maximum growth ususlly takes place in the period March—May.
1t 1 *

[ 88 ]
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months a general cessation of activity i

) 18 mo: 1 i

mainly by the low temperature. y re or less marked and is apparently caused
As regards an explanation of the periodici ;

. o _ periodicity shown by the various species it is hi
:gzlra;ble that statistics should be obtained showing, for the different c?fcsses :)f lss,oli‘l‘g:.‘llxy
o ual average watfzr—cont/en.t of the surface layers of bare unworked soil monthly throu ,h ¢
infi year and especially during the period October to May inclusive. Such statistics 50?,‘;;

dlcate thfe Pet result of the opposing factors of, on the one hand, rainfall, dew depositi
:I; t?et .ra.lsm% of the subsoil water by capillarity, and on the other hand' of loss i);st:n:;:

rcolation and evaporation at the surface, and thi : .
for vegetation. 1s net content 18 of extreme importance
Unfortunately no statistics of this nature a

. . ppea’r tlo tn at: rese 4 ] .
but observations on this point will now be made at Dehra Dun inpoon::c:vaxlafﬂe in India,
of the aecology of Sal. lon with the study

A point which has been frequently noticed in connecti ;

iy . ) ection w .
dea'lt.. with in this paper is that, in areas where the grass has bee;u:;us::;r:] of the specics
act1v1ty. commences e.a.rlier than it would otherwise have done and the wtu;nt. vegetative
shoPts is far more vigorous, especially during the period February mg;:a of th.c young
which have not been cut or burnt. Forest Officers are well acquainted with Z}’l.th&n in areas
a:md know that areas burnt in the cold season are covered with a good is phenomenon
in the ensuing ho% weather, when there are few or no green shootg to hcer op of green grass
areas. The clearing away of the 91(1 grass and dead leaves by fire ena lsjen In protected
rainfall to at once penetrate the soil instead of being obstructed b q es the dew and
the old grass, and thus prevented from finding its way 1nto the soily;a.nag b;zat;xpi(): ated f ll'otn,
g available

for the grass roots, while it also removes injuri
. ’ the in .
extent retards the development of the young shoot.s:] trious shade which to a considerable

41. In the ar : .
examples of almost all the main types of vegetati area considered in this
t . r
of grecland and of woodland, are to be fc(:ng]d lon mentioned in paragraph 28 above ;g:h
Hygrophilous grassland is represented b - '
> y well-developed reed- :
Pfhmg;g;tes and ‘A rundo and Pe,l’haps also by the wet Sasznnah Esv?amp OOmmPn,ties of
of woodland which should possibly be ranked as intermediate betrlanthus. while a type
ween m

hygrophilous is represented by some remark esophilo
_ Carallia lucida. able swamp forests containing such spe(:i:;;B ::f

Cyclostemon assamicus.
Bischofia javanica.

Of the Indi
Calamus tenuis. an Evergreen Forest tracts.

As well as such temperate i
S = .
Heliz. pe pecies as Quercus incana, Acer oblongum and Hedera

These swamp areas howev
- . . er 1 1 1
with in this paper. are of comparatively limited extent and are not dealt

[ 4]
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. ortant and widely distributed types of grassland in this locality which
The moe oo :der in detaill are priefly defined in the accompanying statement- which

it is proposed to const : ed
:11;0 ?nd?c(;tes the corresponding type of woodland :

— \ WooDLAND
S —

GRASELAND.

- T

anity. Type of Vegetation. Description of Community.

|
ticola . . 1
Andropogon montt r ‘ Calotropis procera.
.1 | Xerophiloas \ Orthanthera viminea.
{

Zizyphus Jujuba.
. IMiscellaneous H .

gerial No.

}

Aristids cyananths
Adhatoda Vasica.

. . scariensis
Trirsphis madagasca | Acacia eburnea.

Forest. : Acacia Catechu.’
{_' Dalbergia Sissoo.

!

saccharum spontaneum (xerophilous

ngcrlt:la)l:um Manja (xet ophilous

! form)

| -

i

<

k3
r________.& ———ny

; (| Zizyphus Jujuba.
i | Adhatoda Vasica.
‘ ‘ Acacia Catechu.
| Dalbergia Sissoo.
| Bombax malabaricam.
' Gurugs pinnata.
Mesophilous - Odina Wohdim;ﬂ b
. . Phyllanthus Emblica.

D‘?e- o gﬂlscella- | Bgle Marmelos.

w Zizyphus xylopyra.
Forest. Grewia oppositifolia.
| Morings pterygosperms.
| Bauhinia racemosa.
| Murraya Koenigii.
} Holarrhens antidysenterica.

Kydia calycina.

(| Ebretia levis.

Saccharum Munja dominant

=
[
-8
e e e
e

Mesophilous )

. ipant . $ | Shorea robusta dominant.
Gaccharam Narengd dominax { Sal Forest. J

m 4

=
&
e ——

(| Dalbergia Siesoo.
Garuga pinnata.
Holarrhena antidysenterica.
Kydia calycins.
Ehretia levis.
Grewia elastica.
Bridelia retusa.
Butea frondosa.
Stereospermuim suaveolevs.
Mesophilous Bombax malabaricu.
{ Miscel lgallotus ph%alitpgigenm.
gTop ilous . i | | Moist Miscel- 4 | Ano issus latifo.a.
\ H pile b | Erisnthos Ravenne dominsnt ] laneous Adi:ﬁ: cordifolia.
1v Y% i Terminalia tomentosa.
 Wet {_| Forest. Terminalia belerica.
‘ ah. Terminalia Chebula.
Savao? Gmelina arborea.
Eugenia Jambolana.
‘: Cordia Myxa.
i- Cedrela Toona.
{ Celtis australis. -

i 1| Trewia nudifiora.

L ,




Intermediate
Forms,

less stunted, most xerophilous form of Saccharum Munja, while | ndropogon wmonticola
becomes more vigorous and numerous. As the proportion of sand increases and the capacity
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For the reasons noted in paragraph 39 above it is perhaps inadvisable to employ the
terms “ old ” and “ recent alluvium ” but Vegetative type III may be said to occur chiefly on
what is often known as the high alluvium and Nos. I, IT and IV mainly on the low
alluvium. Considering the parallel grassland and woodland together as a compound com-
munity the above communities may be more briefly defined as below where are also approxi-
mately indicated the conditions of soil and moisture, which, in the climate of this locality,

enable the various species to here exist together and to form more or less clearly defined
communities.

v

Community. 80il and moisturs chasacteristion of Habitat.

The soil is very dry ; it consists chiefly of gravel and stones and

i
' L
1. Aristida—Acacia . . . !
| has very little capacity for retaining moisture or for raising
| itby capillarity.
i

11. Saccharum—Dalbergia—Bombax

proportion of small particles and is therefore more sumdy bhut
| it is still essentially drr.

., The soil differs from that of No. I in containing a grater

111, Saccharum—Shorea

% The soil 18 distinctly loamy and moist, but well aerated and ix

usually characterised by a more or less considerable ad
mixture of humus.

|
|
. | The soil is moist to wet, less aerated than that of No. 111 and
‘ with a more or less considerable admixture of clay. Owing
to the large proportion of clay this soil is apt to become

‘ slightly water-logged in the rains and also to suffer from

drought after the rains, owing to the capillary muovement.
of water being very sluggish.

IV. Erianthus—Mallotus—Terminalia

42. It must of course be clearly understood
that there is no sharp line of distinction between the above communitics and just as the

factors of the locality, such as the character of the soil, extent of soil acration, quantity of
soil moisture, etc., frequently change very gradually and vary very slightly from pla(:c to
place, we get habitats with intermediate characteristics and more or less intermediate
minor communities connecting the main types.

Thus considering grassland first, the coarse shingle and gravel thrown up by the most
rapidly running currents provide a habitat for the typical desert, or steppe, community

composed chiefly of Aristida, with often scattered tufts of A ndropogon monticola. As

the proportion of small particles increases in the deposits left by less rapidly flowing w
and the soil becomes more sandy, the following species appear; the narrow le

ater,
xerophilous form of Saccharum spontaneum, Triraphis, and the narrow

aved most
leaved, more or

of the soil for retaining more moisture and raising it from the water-table by capillarity
{ 46 ] ] '
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slightly increases, owing te
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communities thus occur,
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. jcles, or organic humus,
xture of clayey particles,
mafu a"c(,imlecies. While intermediates between these two
7.+ hecomes the dominant Species nce of Aristida on the very dry coarse -
 Munja : ked domina . :
Saccharum : there is a markea - it and ﬁne-gramed soil. Similarly m
harum on the relatively mois 4 is distinetly wet, usually on
rained soil and of Sac¢ vannah, in places where ~tha soi ;s s appears and
gh Saccharum Munje sava rease in the proportion .Of cay, q roaching swamp
e t of a CO“Siderable m(":th the wet savannah. Erianthus, while app rity found on
account ist w1 ) : commun:
acco moist W tually enter into the typlcal swamp Jonse and Imperata
1 oes not itself .acb t Saccharum spontaneum Var. nepaLen repmially
o ose : ed boltzh gnd a congenial habitat in the SOft;ciSeiozfey,fOP\fnd 1 the
o var. latif Ol.m ¢ the marsh; other forms of bo’.ch tiesetsep .
oughly saturated soil (}), pum Spontaneum also occurs 1n tue Sa,ﬂzgd. ype, but here also
thor Sacc aa savannah is usually a very we 'mcom any with Saccharum
The Saccharum Nareng found where this species occurs 1 ¢ pS i brought about
The s may ocC tonally D" Ravenne. Such an admixture 18 1uforesz on light loamy
amall_ar:lr leo wit ;zgiessive change in the soil. ;Nhe: :ﬁe proportion of humus,
M uni:‘ure as t ultlffdaprovided the area is Sufﬁmenﬂyt;rgr;pidly decreases, while the
in Dattr® ;s felled, ‘1 for retaining water, dition
. stance, 18 : the soil for X In such conditions
soil. fnrsl:(:uently the Cap:;,)m Z,x;osure to the sun anfd al(;‘ ti;i%iis'thenformer eventually
and con es dried y N . a n’)va,y be oun )
soil also ar

-establish-
Vunja and Sacch the latter if frost or other factors prevent the re
, : he ’
Saccharwm M7 nd ousting

P i iderable
i ially if 1t contains a CORDSY ‘
) heavy soil (espeeia the soil
.¢ moist, mixed foresﬁt(i)gg decZease in humus content ;c)ends t?1 11;2}{63,@1?) e
the rest i t of water by capl
: apid movemen : at
less por whltl)z the r]egs aerated and more liable to become somewh
5 ome
r and thus tends to 0eC o
cist for
: iny seasofl santhus Ravenne may COXISt |
ed during the ra = ccharum Narengd and E7 loared area is extensive,
water-1088 th S be found together. If the cleare S eiamths
y e d wind soon makes the habitat too }?TY Orpontaneum
erata and Saccharunt §
in act1o . anna,h form of I'm«p ..
r?;la%:ed 8 ios of Andropogor alnd 'I;Ollm:;al')e remembered that
ilo ' also, it mus \ ;
. . rermediate forms, , .
th this ‘l“esnon of mtein the intensity of the factors of tt;e 100&1:2?7(;11;;1‘
. w1l nges g . R a Da
aling ualf Chtat}gmt the constitution and ac%aptatlogstg ente}; e
c X . n
. gor the uP d t}?ﬁve in essentla.ﬂy dlﬁerentshjlc)ll;it; 1: pontamoum. enters
st ntly enab! ' to‘ﬁ rent communities. Thus Se o tepieal reed.
jes freque ~ssentially difie Aristida community, it forms a p
) seqtion o1 © the stepPe—"
constit? vion of t

compo i i Jands.
d in mesophilous grass
to may be often foun . a r avanmah
- unit and ﬁnallyd 'ZZcea is found locally in both moist and W
m v arunat

ing rain and to become
my I mP‘”aw’ -+ :. liable to become water-logged during
S;mﬂarly which is lia © ,
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rapidly dried after rain owing to poor capillary action, the oxygen content being apparently
too small for Saccharum Munja and the water content too small for Erianthus Ravenne,
these species therefore being unable to oust the less vigorous plant. On the other hand
* Imperata is able to thrive and attains its maximum dimensions in a typical swamp, where
neither of the larger species can penetrate.

This has already been alluded to in paragraph 22 above, where attention was drawn
to the fact that one and the same species may frequently be found to thrive well on a
physically dry soil, such as a sand or dense clay, and also on a physiologically dry soil
such as the saturated, water-logged soil of a marsh. Notwithstanding the fact then thaé
intermediate forms occur, partly on account of the gradual shading away of the environ-
mental factors and partly on account of the fact that one and the same species may occur in
difierent habitats and communities, field workers will, it is believed, readily admit that the
four main types of grassland indicated above can be easily distinguished and that they

are separated by real differences, both as regards the conditions of the habi
.. . abitat
characteristics of the vegetation. and the

43. Turning now to the w
munities, the Forest Officer will, it is believed, readily admit chOdiI::fOrt(;;lm.
ce

of selecting and describing types, even though these be co

completely by intermediate forms. Thus, although four of tl:::ne;t\e,:n x:ore. or .less
for community No. I are commonly found also in No. TI, there is & roay difeo.
between the open crop of No. I with more or less isolated clumps of 7{ erence
Adhatoda, Acacia and Dalbergia, with bare spaces occupied by the shrubs Calmuzy})hus,
Orthanthera and with scattered tufts of xerophilous grasses, on the one hand and"‘t’as ,,:,n:,

or less close crop of the dry miscellaneous forest forming t
a : ype No. I1 .
which a number of additional species have appeared. P on the other hand, in

Similarly there is an undoubted difierence between Nos. II and IV althou

the species found in the former also pass into the latter. gh many of

In IV, however :
. . . . - , th
obvious preponderance of species which require a larger quantity of available moi:,:fxr:*sa:r(‘l

which are not found in No. I1.

Again, although many of the species characteristic of No. TV :
. . NEPT L . occur al . .
Sal, there is no difficulty in distinguishing No. T1I in which the Sal is al\:zbzbi‘lilztcd.mth
species as a distinct type. Just as in the case of grassland, so here also we have “f“l‘m?m
Bombaz malabaricum and Garuga pinnata which grow well in Ph)'sical]v'drv species like

in heavy wet soils and species like £gle Marmelos whi . S"i‘ and also
o har‘gclay. g os which thrive on dry sandy soil and also

The Forest Officer has long recognised this fact .

) TR -+ that certain Ce X '
d:fferent habitats in dlstlpgmshmg what he calls indicating ST’GCiess!:;Cl;sd?ccur in ;eri
are, as a rule, only found in places where a particular soil occurs Wh;:re icators, whic

of moisture is z.xvailable, or where a particular intensity of light Prevailz Wr:;unh(!u:ntzty
indicate the existence of certain factors and their intensity, from those t.e.rz)ed ?n;t?ﬁeth“:
' ren
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. ive no such indication. At the same time probably no plant community
species, whl.ch give 'ndicators considering the term in the present narrow sense, and hence
consists entu'eb" of 1‘; oommu;lities we must record the constituent species as we find them,
in our descriptions 0 indifferent.

o 12 g or 1ndl . . . : 1 1
whether they be 11.1dlca;ol'b studying these so-called indifierent spec.les in their various
Moreover 1t 18 ollcyou‘yect idea of the conditions necessary for their development.

t 8

habitats tha we}%;l inclusive will give an idea of the physiognomy of the various com-
Plates II—

d which have been briefly indicafted. above.
munities of grassla.nd and woodland ¥ 44. As regards furnishing a complete ex-

h of the individual species mentioned is, in nature, able to form a
each 0

planation a8 to w’;ythe various communities indicated above, under the conditions ruling in
rt O

consti i hat this will only become possible
nstituent patv dly necessary to point out t . ;

(:l))is Jocality, it 15 p;rha[;ls ilzzacllrivi}c,lual species has been thoroughly worked out in detail, and
of eaC

when the (ﬁOO[Ogy

this has not yet been done.

[ 49,
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CHAPTER IL

(i) DETAILED DESCRIPTION OF SPECIES.

Saccharum spontaneum, Linn. (Plates III and XIII.—XVIIL,)
F. B. I, VII, 118. |

¢ H-a 113.
P, 11, 1188. C. 11 948
India, Afghanistan, Burma, Ceylon, Arabia, Syria, Africa, Chi ' o
New Guinea, Australia. » China, Java, Philippines,

] A.—DESCRIPTION.
Kans, kansi.

Erect or decumbent at base. Has been measure 1Qn .
subterranean portion) long but is said to attain 20’ ((jliéoec;l.lblr}.l ‘i)2 {excluding prostrate or
On dry sand very slender often not exceeding 010 in. diameter but i
localities attaining a diameter of 0-6 in. Solid above, fistular below ’ teret " .fa\:'nu.rah]e
striate. ' e, indistinctly
Usually pruinose when young, polished when old.
Silky below the panicle and minutely silky below the upper leaf insertions
Glabrous or minutely pubescent below the lower leaf insertions rtions.
Longer than proper internode. often with reddish or purplish .b] tches
Villous at mouth, often minutely pubescent at base, otherwise olab r” ches. .
adpressed hairs, sulcate. > A0TOUs or with scattered
Erect. Of uppermost leaf of flowering culm us , .
in length. PP ° usually long, hut varving from 2* o 3
Of lower leaves, attains a length of 4’ (Roxburgh gives 7'
Usually very narrow, frequently not exceeding 0-05" ip width and t} isti
a very narrowly margined concavo-convex mid-rib, but attaipe nd t Een consisting of
Greatest width about the middle. s a width of ¢
Colour glaucous, mid-rib white.

Apex long acuminate, base narrow consisting of the mid-rib
Margin scabrid.

Often villous above at base immediately behind the Ij
Ovate to deltoid, base often sub-auricled. e hgule.

in.

Membranous, sub-acute or sub-truncate, often fimbyi
- o . . ’ riate
Up tc 025 in. h}gh. Minutely silky dorsally and Cilia:e.w}]en old.
Spikelets in pairs, one pedicelled and one sessile on the capillary i0;
branchlets of a terminal panicle. Y Jointed branches and

[ 5 3]
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Primary rachis sulcate, silky with lc'mg white hairs.
Primary branches sub-verticillate, simple or compound. .
. o 6"—2 feet long, conical or lanceolate 130 o?)long, bra.m.:hes horizon-
Floxve;l;}lg p;ngighﬂy ascending, usually reddish or purplish in colour, with the callus
tally spreading,

i bes.
. sed to the panicle branc . . '
hairs closely a'dpriecsle ;s woolly and silvery white with the long wide-spreading white callus
Fruiting pan :

i are erect or ascending.
hairs and the Pamde bran(:;:g callus hairs of the fruiting spikelet forms an efficient
The horizontajlly-.spl‘;__ tribution by wind. The hairs of neighbouring spikelets becom-
which aids 75 hlsracteristic Aocculent masses of several spikelets are often seen
led together, ® ar hanging on the adjacent vegetation.

jed by the wind o : N
lZnoeolate, 0-08 to 0-2 1n. long. A
Amﬂl&s’ d pedicelled gimilar, each one-flowered and ¢ -
Sessile an

Pedicelled fruiting spikelet fall

. soi f axis.
pedlcel and joint 0 . . .
with the attached horter than sessile spikelet, villous on margins, or on margins

parachut;e

ing from the pedicel, the sessile spikelet falling later

and dorsally.
Pedicel § to

r ioint.” ) )
shorter than p-mpehi]te from 14 t0 7 times as long as sessile spikelet.
Callus hairs W

1 third thickened becoming hard and polishe:d in fruit and more Glume L
Lanceolate, the basie upper two-thirds membranous hyaline. With two late}'al nerves
or less brown in colo“l:’ tis inflexed. Apex entire or minutely bi-dentate. Margin ciliate;
from which the margin two-thirds minutely adpressed-pubescent.

dorsally with the ;lptge lc:-.imilar to I, but <ub-keeled with one central nerve. -
road-lanceoidt®
Iipes: sometimes mucronate.

. oo flex and long ciliate. N - "
Margin 1€ less, shorter than II, ovate-lanceolate, long ciliate, minutely pubescent Glume .
ess,

Hyaline, nerve
above dorsally:

Hyaline, minute,

. this glume has

11 sessile spikelet (but usually shorter than spikelet), glabrous or ciliate,

Jinear, ciliate, sometimes absent. In all fresh flowering specimens Giume Iv.
i ’n found, in dry fruiting specimens the dissection of the inner

e\amnncdl celet is somewhat difficult and 1t 1s possible that this glume is sometimes

arts of the SP .

overlooked- _ ciliate, often shorter than the lodicules. Pale.
Ovate, mmute’ abrous Of apex ciliate. ' Lodicules.
T cunilfs\ w. %urning prown, 0-06 to 0:09 in. long. Anthers.

e110W, & .
Three, ¥ %0 05 in. long. _  Stigmas
T\/v?”_g‘i{p,—l’/"moint = joint to which the pediceliin question is attached.
— [ 61 7
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The narrow leaves and slender culms, the long callus bairs and the brow .
' n
base of glumes I and II are good field characters. coriaccous

B.—TaxoNoMmY.

45. Hackel ' classifies the Indi
this species under two sub-species which he defines as follows :— e fndien forms of

Sub—spefzies a. indicum.—Slender. Culm 3—4 mm. in diameter. Lamina narrow
linear (2—6 mm. wide). Ligule ovate, sub-acute, often sub-auricled at base
Racemes slender, few-flowered. Spikelets 3—4 mm. long, callus-hairs whitt‘.
very soft, 4—6 times longer than spikelets. ’

Sub-species b. @gyptiacum —Robust. Culm 4—6 mm. in diameter. Lamina broad

lsinela;rl(ﬁ——l‘i mm. wide). Ligule truncate. Racemes stout, densely flowered

pikelets 4—6 mm. long, callus-hairs twice as long as i 5 e

more) g as spikelets (or a little

The onlg.r Indian f(?rm placed by Hackel under egyptiacum is the variety nepalense which

he describes as having leaves up to 6—10 mm. wide, a linear-oblong panicle, Spikele.:ts 4 mm

long and callus-hairs somewhat stiff, white, 2} times longer than the spikelets ~ .
The present species varies greatly according to its habitat, as wi .

. . . . ’ l" lk }
biological and fJecologlcal notes given below, and in India the three follm\.;:'en mi:;m the
forms can be distinguished in the field although, connected as they are by nun!:;e ogical
mediate forms, their separate definition under different names as sub-specie rous inter-
does not seem advisable :— pecics or varieties

(1) The most xerophilous form found on dry sandy soi
. y soil. Culms slend suallv los
tl.lan 02" in dlamgter, erect and tufted. Leaves exceedibngly e;":‘s:)i-l".\‘ less
times only 0-05” wide, callus-hairs not less than 3} times the spik OW, some-
may for the present be distinguished as the sand-form spikelet. This
(2) The most hygrophilous form found in swamps and ma;slxcs wi :
abundance of available moisture more or lesg throughout 'ﬂ::r:c;here 18 an
vear.

stout, 0-2" to 0-6” in diameter, usually decumbent at base and not tcl;?tl:*?ls

leaves broad attaining a width of 0-7", callus-hai .
spikelets. airs 1}—3} times as long as

“The fruiting panicle is elongate-elliptic to oblong with i
more persistent than in other forms. g with its branches usually

This includes the var. nepalense of ‘oo
swamp-form. 4 Hackel and may be distinguished as the

(3) A form intermediate between (I) and (2), usually found on loam with culms

more or less decumbent at base and not tuf
. ted, .
callus-hairs than (2). This may be called the ;‘:n:?::rﬁb“% and with longer

In Movograph. Phaneroyam. of DeCandolle, Vol. V1, 1880, p. 114,
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, whether the habit of growth, dimensions of culms,

‘Whatever characters are ;’k?;;i::v?: Zf the callus-hairs, numerous intermediates connect-
width of leaves, length o SI;ound a:nd observations in the field indicate that ?he.c.haracters
ing the above forms cal; bz ccording to the quality and stabili.ty of the. soil, l}ablllllt)lrl tﬁ :::
in question vary dlrec.tﬁ and water, and the quantity of available moisture 1n the habitat.
* laying " action of W1 ¢orms of this species are nOwW being cultivated in the D(Eh}-a
the above three 01;1 biect of testing the effect of soil and varying quantities
o et(:erlist,ics of the plants. Some tufted plants taken f1‘~om
the cﬁ:ﬁ:ca‘]ready, in a single growing season, produced some wide-

alms which resemble those of the decumbent Joam-form. | |
spreading robust cf s Placed by Hackel under his sub-species @gyptacum, variety
The African 10T

’ i light and fails in the case of some African

tiacum . di oo however is very siig d fa he .

(;::‘gf SPikelets' Th1§ dlfi;;elglreat variability of the species 1D India it seems possible that
: Considering

Afri 1 tiacum to be merely one of
) W ' ¢rican plant will prove ®gyp
gpecimens O owledg? - the D

i characters and which are con-
more compP | fo which are defined by inconstant
10g . 1
several = . ntermediates: . o indicum and
pected bY numerot® e that intermediates do occur between his sub-species indicw
< nself DOeS
Hackel him

um spontaneum, S. semidecumbens and S. cqnali(.;ulatum‘
les Saw’;fo”the single species described as S. spontaneum in this paper.
able

i i three plants Roxburgh
ly all T® in his descriptions of all these : ‘ :
ol “nd"“bted. rtant no;(;pz}:iat 1;110w glume 1V is frequently pr;:sent in tl;ls :ﬁfg;?l;
’ . ile the pale is also present, a
the cor® ©° and very narrow whi

o 1 w Roxburgh speaks
a rule 1t 1ften ghorter than the lodicules. Hence }}11en Rox Ig . n;:l o
Jatter is minute 2 do his deseriptions t must not be assumed that glume V

the a » in 1S

u -
: i « - 1 7 necessaril
. Hacke1 (l.c.., P gpecies as having a = two valved coro. y
portant, since Jescription of that sp
‘des
d that the
groun

ale. . ,
s the absenc® of the P ppaltatum 18 & doubtful plant. The sheet from Roxburgh’s
accharum

. < in the Herbarium of the British Museum is only named
cies

:senting this SP® o been pamed by golander. The plant on this sheet is

: hav R .
is t:iehevfbed o5 Saccharum Munid in this paper.
that esCr -

i intive botany is that it is neither advis.
. ition of plaut groupsn descriptive b ; her ot
o o i 28 S L TR e B e
this paPer ¥ ther Jistinct BPeC t held 08 Do & grops, BOT, 0D 0o i
mbing toge in ished in

e s (OB e distingeI] Lo yith the ccologles, Bron oLt the }:;?t’;?fle(:cm}azx‘: c;?;mite“:i’tfl:ggft\;‘gig«tl’iggd
:b_\c_ou‘;‘;:to:\d tbla-:ed ﬂ:e::,mm:l:d c::“m;t,eﬁr:m by n\;merous intermediates. P
e e e o e s
y ;::,""‘ Iﬂ:: o, Fde €T 1582, Vol 1 PR [ 93 ]

s Flors 106y




Habitat.

sensitive as regards so
thrive on stiff clay, while its
the water-logged soil of the

which is too dry f
or which is too dry or too water-

logged for Sacchary,, Munj
Ravenne and it is there often associated wit
squarrosus).

pacity for standing shade ang culms produced ip th
shrubs show except
inches.
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Hackel refers this g

pecies of Roxburgh doubtfully to
It is possible that Roxbu i

rgh’s remark in his descri
Saccharum arundinaceum ”

Saccharum arundin

identification.
he Saccharum

The unpublisheq plate of
t Roxburgh’s plant is not Saccharum
fair representation of Saccharum Narenga with whicl, the culm,
leaf, narrow brownish panicle, length of joints

nches, the brown colour of
glumes I and IT and other characters agree well.

On the other hand the plant figured ip Rhede’s Horgus malabaricys,
ost certainly Saccharum Spontaneum and Roxbhur

gh himself considers R}
be probably his Saccharum exaltatum (lc., p. 245).

Against this identification with Saccharym spontaneum
glumes I and IT of Sacehq

long,

there is no doubt that t
e Saccharum procerum of Roxburgh,

arundinaceum, is a verv

iede’s plant to

rum exaltat
cream-coloured soft hajr ” (

while applying to forms of both
apply to either Saccharum arun
1t seems probable that Saccharu

is remarkable that Roxbur
leaf-sheaths.

are deciduous.

Sacchary

dinaceum or Saccharum
m exaltaty

iption “ root-creeping "
Saccharum N

arenqga does not
Munja. On the whole therefore
m Roxb. =S8accharum Narenga Wal. although it
ention of the bearded leaf-ingertiong and hirsute

sheaths of this species

C.—Birovrogricay, AND (Ecorooou'u. Notes

46. This ig on the w}

. 1wle the most Xerophilous:
this paper, a fact which is indicateq by its exceedingly
Darrow, hard and glaucous leaves. [t 18 often found op dry sand associated With Triraphis
Andropogon monticola and stunted Saccharum Munjaq, '
At the same time it 1S not

Perata it can

¢ attained (hy variety nepalense) in
marsh,
Its occurrence indicates that 1t requires evep less moisture than Imperatq
It is frequently seen on loam whi

Nt of Imperata,
9a¢ or Erianthus

i0id ey Stapf (4 ndropogon

It bas some ca

1

. 1¢ shade of trees and
onal length and haye been measured in this loc

ality up to 12 feet 8
[ 54 )

aceum Retz.

,gregariou .

-else the young

55
(ECOLOGY.
OME INDIAN GRASSES AND THEIR
HOLE : 8

T i i i 1 ) 11y
. an 1 Deve!

i teS

The culms origin

:, i i i diavte
l‘ec

or clump results, or
d a more or less clearly defined tuft
assume &% £ the older culms and a

1 irection below the
time in a horizontal or oblique d
neighbourhood :ulm O amow for some

umes an erect habit of
. ex oTetm Ly upwal'd; a,alrllg jjstuft or clump 1s foumi.
b o e aIl)l culms o idely Scat'teref Saccharum and Erianthus dea ‘t
o ot i peies t : from the ot e B e twards in a more or less horl-
%rOZ;ti:'respect this speci;.s g 13:;181 culm at first only %ro:vz io:tlav;ce O o oataslly tum’:}?g
i ' e b b and consih i nd continues this
with in this Paper the base for a very sho? o . onoo arises & s e
e dlre(::;)ﬁezzming reer andhlw;l b‘;avc]:::)ll(;l};s erect. In these spem:;e;};e;sfgroeWeu-(gleﬁned
upvardtsalagmwm’ s o Olldiilicztme whereas in S. spontaneum
horizon ¥ a typics ’
resembles that o

. he culms usually

. 1t with, also, t

d Erianthus dea er, a tendency
rhizome. jes of Saccharum an . s. In S. Narenga, howev o somo
In the other spec m well-marked clump tion of ill-defined clumps

ise close together and bf.(;r and the consequent produc

arl . habi
ading

towards a spre

: the beds of
sand in and near d
.. ity is often found on sses of sand an
times seen nt species in this 1{1:1821:)}17ant, is liable to be Cog’il.‘edsbzh:iaZhe tufted habit
The presen = ch places der these condition | : oduc-
and 10 SU It is only unde ich facilitates the rapid pr
water-courses 1 by floods. . daptation which fa . belmed and
i ht down be an obvious adap he plant being overw
débris brought appears to face and prevents the p i1. such as the loamy
s and this ap the ground sur 1 relatiVely stable so1l, s nd
preval 1 culms froxI_l débris and sand. n bles the plant to extend a
tion of a‘:;‘]j‘ ,ccumulations of cading habit prevails and er'lgle with the tufted habit of
smothere 1ti§’at€d areas, the Spiapidly than would be possl
soil of cult s far more t, the s read-
occupy large areas ... dircotly exposed to the rush of a water curren P
growth. plant is directly

ng culms being
nt caused by the you i
Tn places where the od this is to a great.exte are often cereals by heavy wind.
‘ant is also commonla tion of the water, just as
ing habi chanical ac

L) the me
& lald by

: d and
less deeply with sand
te are often covered more or le “ubterranean rhizome
.+ are thus laid prostra look exactly like the ordmaryh ulms and the larger
Culms which ?)des and they th:}? growth, the taller and larger the c
‘ curiant the be 1aid in this way. o
more luxurt lant to be laid in by some botanists),
he more liable is the I;cies (which has been named nepaliesnsearg’icul arly liable to
the leaves. t' :ant form of the SP or close to the beds of streams fpthis lant have been
The lu-\‘lzch is often found 11;)ave been seen where all the colrlr}:t(l)e doublt) therefore that
5 v ) . S 11
e, W d considerabl(:3 31:?:85 covered with sand. ttﬁfgg;::aused in this way.
d mor L is to a grea
1y flat and oo this form 1s
laid peff‘z;tng habit exhibited by [ 5 ]
the spre
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The xerophilous form w ws m

_ f the speci

oot of the species, on the other hand, whi i

ght growth, very slender, stiff and almost wire-like culms ‘am;l l::r; l;oa : uICh inferior
rrow leaves, as a

rule resists the layi i
ying action of water well i
ekt ! - well. At the same time 1
o ie:n laid by water and rooting to a distance of 2—4 f:otl?fd culms of this form
e above remarks on habit may be summarised as follows: o the prreat plaat

(1) The speci
phﬁzc;:sfil:;ws ;markedly xerophilous form frequent on dr
mediate betwev:a7 er; an ab“ndan.ce of water is available a )dsand' ? h._v gro-
v n these two which is common ¢ and a form inter-
pastures, etc. on agricultural lands, wet
(2) The xerophilous ' ’
by torfent(sn;; f;t‘)]l;m Vf’th%l dften occurs on the dry sand deposi
(and possibly to sr: ins, is liable to be covered by accumulal:,. sits brought down
shows a marked tug;ledei‘:tm?t wind-carried) sand and déblrgins of water-borne
avoid being smothereii ;T: \:héchl is advantageous in enal:fi:; (til . l;Suall_v
. . stiff d e p ant tc
of this form enable i . ender culms and small >
L t to resist the mechani mall very narrow leav
1 e s an . . caves
® Thxt.ls rarely “laid " in consequence. See Pll(::l 3)%1311 of wind and water an;
e intermediate form, comm: . .
, on on agricultural |
ands and
usually on loam, with

a more or less constant surf
the olant : ace level, shows a ; .
p to rapidly extend and occupy large aigzzamgege l;‘lblt ‘which enables
: ate XIII.

( ) The hyg 1 ~
1 p llouS f
4 TO h orm alSO ShOWD a epteading hal)lt and th] l to N t

at least caused by its liabih

y its liabilit “Yas

| y to be “laid”

also to some extent by wind. See Plateasuliuby ;Vz:{ter currents and possibly
and XV. i

Immature leafy culms of this speci
effect of the cutti i IS Species were cut over i
way as not to intjlllllli ‘igetl;elizaﬁrg“’th carefully watched. m’I?lt:;3 (1:?(]:“‘ Dun garden and the
leaves existing on the cuhﬁ o ud of th‘:‘culm itself but to mor 1ng was done in such a
the dostrnction of the groen 1 en the cutting was done. The fi cor 1'ess destroy the green
nodes of the culm. See Platza:::f resulted in greatly diminishi:;St thing noticed was that
XVIII, figs. 7 and 8. A serics 0% g:mcml)i?nitlll] ththe inter
y short inter-

nodes preceded and
i succeeded .
of this and othor species by normal long internodes
pecies and these, as a rule, indicate tham lfrequently seen in the cul

been more or less d
estroyed by th i
yed by the grazing of cattle, grass-cutting, o e!;inf Such culms have
, Or Qre.

In order to stu 1
y the susc ili
eptlblhty of any grass to ﬁre-damage at
any particujar SEA80
d n

it is obviously necessa
ry to be i ;
hat their neual state ¢ acquainted with the life-his
state of development would be at the- istory of the culms and to k
at season. o Know

culms cannot be alw .-
ays satisfactori R
to the.are become more or l&ss»abnlggn:,tllmleq in the Experimental g heddevelopmem of the
year is often not practicable and is i . Direct observation i arden, as it often tends
discovered by which the age :;‘1 o o any case tedious. If 131 the forest throughout the
. a * ’
its rate of development were known, it could be approximatel erifore' a method could be
n, it is obvious that a singleyoﬁgecmmed at sight, and if
rvation would enabl
e us

[ 86 7

" had been continuous) and
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to determine its size and state of development in any previous month (provided that growth
this would greatly facilitate the inquiry.

The culms of most grasses are annual and if such an annual culm is examined it will,
as a rule, exhibit two OF more very short internodes at the extreme base which can be clearly
distinguished from the subsequent much longer internodes. In other words such a culm
exhibits more OF Jess distinctly tWO periods of growth—

(@) 2 preparatory period of slow growth;
(b) a subsequent period of vigorous growth.
The short internodes produced during the preparatory period carry only scales, or else

small and obviously under-sized leaves- The internodes produced during the period of

wth, on the other hand, carry well-developed green leaves. These internodes

vigorous gro . .
are also, as & rule, much longer than those of the preparatory period, but 1n some cases

(especially in species like Saccharum Munja, the culms of which are biennial) geveral of

hort as those of the preparatory stage. A culm in the preparatory stage

them remain as S ;
of growth is obviously merely & pud which possesses as yet no well-developed leaves and
for practical purposes the life-cycle of a culm may be considered to commence with the

eriod of vigorous growth, i.¢., with the first production of well-developed leaves which is
often (but not always) correlated also with the first production of long internodes and the
commencement of a marked increase in length.

t of the culm during the period of vigorous growth, observ-

As regards the developmen
d-form of Saccharum spontaneun showed that in this

ations made at Dehra Dun on the san

plant, in this locality :— . . .

(1) The period of dgvelopment of an mte;node carrying a well-developed leaf at 1its
apex apprommately commences with the first appearance of the leaf at its
apex and terminates with the complete withering of that leaf (including the

This period can therefore be determined by noting respectively the

date of appearance and of the withering of the leaf at its apeX. In this

species the period observed was five months. In one month therefore one
internode with the leaf at its apex completes 1th of its life-cycle.

(2) The total number of internodes of the culm carrying well-developed leaves and
which are in active growth at oné and the same time is 5 and therefore the
cowth of the whole culm during the period of vigorous activity proceeds at
the rate of one complete internode per month.

period between the commencement of the growth of one internode and of

(3) The . . e
which jmmediately succeeds 1t 1s one month.

the internode

therefore that all the internodes carrying well-developed leaves require
for their development and if we consider the life-cycle of the culm to
e from the time when the terminal tuft of 5 green leaves each carrying an obvious

wpeen lamina has become visible, it is clear that at the end of the first month the first leafy
gree?’ [ 57 ] | "
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internode will be mature, at the end of
ernoce ,at t of the sepond month the second leafy i i
he tong intems(;)d zni, I;I::e:;npllnaxengtl} carrying the panicle being fou: tzorl::xem;)de b
ol ripe' ode e hl'a ely 1ow. it has.become mature, at which time t,ls; - “Vhe'n
e vesing 8 well.d 1slexp1anat'1on,.whlch depends on the assumption th % cach fn-
e o e the eveloped leaf at its apex requires the same period f e poey
o, X X ber s pil(;zoess and rate of development of the culm in Sa:') rhlts Gevelop-
taneum, OF Ay O (p:sh : cda:n'of course bc only satisfactorily proved b ﬂcb(;em"" K
respectively throughout th 111; ividual internode commences and termi Toe its gr. the
ations would havf to be r?xa&llee (())rf :\.hgir*lilg- {)Il1 e e e specic;n:]t:os stltSh growm
average result. Up to date no opPOItu;iteri © umber of cubns in order to (;‘ in
observations satisfactorily, but pendin e pr b‘een wvailable for maki sl
boery . g more precise investigation i ng such detailed
foundetptp(ﬁiofs‘;;rzt:;i aiv;ork, ?he following principf:trilbiggf Ill)c‘;:va.‘; considered that,
O e aternadra, cach of w}(i?c;:lth tpe facts actually observed in tlfe%t"d unless it was
e b o niom during ifs I carries, or has carried, a well-devel ¢ field : the number
o its life-cyele is approzimately oqnal teovihoped leaf at its apex,
e number of months

constituting 1 ] d

g s permd of vigorous growth, ie. t 1

- 0 the approzimate age of n
, e of the culm 1

. 1 . 3 ] f |]
.

a mature culm carryi ‘
rrying, or which h '
v [=2]
as follows ‘ ave carried, well-developed Ivaves' has bee
¢ 1as been calet
tlated

(@) The total numbe i
r . L
() By an examinatio(:lf ;?t::l:oiles visible on the mature culm is fi
carrying small 'scale-lil‘:ey]oung c“}ms, the number of s} i ooupted.
eaves with little or no lami ]'Or:i hasal internodes
amina 1s determined

(¢) Then (a)—(b)=the
= total :
developed leaves. number of internodes carrying more 1
or less well-

So far as i m
N possible the number of i
: e of internod :
compared with the number of mor?thm e obtained for cach speci d
s of vigorous »t 1es under (¢) w
gorous vegetative ivi was then
activity of that
) s

actually observed in th i
e field in th ;
cases where this cou'd N locality from whicl peci s
ou'd be done satisfactoril ich the culms were ubtai es, as
rily the agreement between tl ibtained, and in all
1 two numbe
rs was

remarkable, while in no i
3 species was :
found to be in obvious diSagree:n enis t_he period of activity ohtained
with the facts observed in the(;‘ lfirom the calculation
> field. It must be
> noted

that, in every ca
, se, culms whie selected
h appeared to be of normal dcvelnpm
ent were select f
or

observation, i.e. ¢ ;
, i.e. culms obtain
. ained fro . .
or grass-cutting and which had n ;“dplants which had not heen da |
. ) ot dev : maged by :
had altered, all of which factors eloped in a locality where t} aged by fire, grazing,
} Loaves » - Ts are capable of causing ab e ground-surface level
Jeaves of tho ’;o“-‘",ﬂ“y regarded as * well LR normal dCVClopm(.
wering culm (“W.\’\“y the i::;el“ped ”» - nt.

have a long sheath whi
ch to
have been considered to be * W:?m:esi}z;:\; gnctim.

when they hav
n“se :t‘bex?' the leticle‘\eo:t::‘lﬁf: een lamina, but it must o
etion amina. and. wi A very winute i o not
in this paper. d, with reference to the pginl;":::.( ‘1:';‘"13. Saely l‘«,::luthl::c\‘:’: i
der dise ver usually

!
[ . .] ion, all such upper leaves
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The results regarding this point which have bien obtained, powever, up to date can only
the following reasons :—

pe regarded as approximations for
(1) The correct total annual period of vigorous growth for the majority of the culms
of a species in a particular locality can only be determined by ohservations

extending over geveral years, as this period fluctuates to some extent with the
seasons.
the individual development of leaves and internodes

(2) The period required for
ds to some extent on the character of the season and 2 correct

also depen : .

average can only be obtained from observations extending over several years.
Thus in years when the rains stop abruptly and the soil dries rapidly, the
normal period of development of certain internodes would be cut short.
ations are now peing made at Dehra Dun with the object

; opportunit ermits observ
2t ot o ble up to date the correct average period

in} i s been possi
of determining more precisely than has uj . '
: cies 1D selected localities and the data thus obtained will

of vigorous rowth for each spe . an
: : tion which has been provmonally adopted as correct can

indicate how far the approxima
pe relied on.
culm of the form of this species usually seen in wet pastures

werin
and fgll‘izl\;;::f; ?:nds sh%ws about 9 (7~—.12)‘ very short intprnodes at th‘e base aggregatipg
about an inch in length and then 11 long internodes exc}udmg thp terminal segment which
terminates 1o the panicle. The leaves on the basal s1X .sho.rt 111’ternodps have no green
nodes with green leaves and indicates a period of 14 months’

ina :oh gives 14 inter :
lamina, Which 8 culm, which may therefore be described as

i 1vi 2 tion of the
tative activit for the produc .
vege This fo);m flowers 1D Augustr—-September. The most vigorous growth takes

Jace in the rains from J une-fSeptember, put there is Do marked s6ason of rest an_d vege-
tative activity proceeds more OF 1SS throughout the year, at all events in the 1ocght.y now
dealt with. The average culm therefore would start 1ts deviopment at the beginning of
{he rains in July and complete 1t cycle of 14 months at the end of August or beginning of

September.

annual.

of the species common on dry sand has 2 slightly shorter period

The xero hilous form
p and the young culms commence

of vegetative activity- Flowering takes place in Au.gusjr,
their development chiefly towards the close of the rains 11 August——September.
umber of internodes pearing green leaves on the culms examined of this

The average n : . ) o
12, thus indicating 2 p_erlod of 12 months vegetative activity.

The flowering culms either die back to the ground after flowering, or their basal inter-
nodes persist and in the latter case secondary culms are usually developed from their

podes. [ 59 1

form 1S
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| 48. The robust swamp form of this species
is not as a rule subject to fire damage and excluding this form the plants of this grass, say

about January, will usually be found to consist of-—

(1) The old flowering culms which flowered in the preceding August—September,
and which are as a rule more or less dead and dry, with the exception perhaps
of a few of the lower internodes.

(2) The immature young leafy culms most of which vary in size from the just
developing buds to culms of 1—2 feet in length. The latter show four or
five mature long internodes and are seven or eight months old. These culms
still bear the persistent dead leaves on their lower internodes and terminate

in a tuft of five green leaves inserted on still young and immature nodes
which are immediately below the apical bud of the culm. ,

The old flowering culms and the older of the young leafy culms which carry dry leaves
on their lower internodes are more or less inflammable, but the culms are usu'ﬂlv.s]en 1 .b
and the leaves very narrow so that the total quantity of inflammable material is o
tively small. wenial 1s compara-
The damage done by fire consists in the destruction of the basal internodes of the old
flowering culms which usually remain alive and from the nodes of which yvoung ;\llms :Ii;ht
young 3

be developed and in the destruction of the immature le ;
afy culms which w : e
produce flower and seed. y s which would in due scason

In loamy soil the damage actually done is i i
e loa g 3 s as a rule very slight for the following

(1) The plant there shows a spreading habit of growth in consequence of which the

culms are scattered and the intensit
slight. y of heat developed at any one point is

(2) The soil retains moisture well and
conducts heat badly so th
g - adly » at the subterrane:
culm-internodes, buds and young culms are well protected. bterranean
On the other hand, the tufted xerophi
) xerophilous form of the plant f is li
omohat e - : : plant found on sand is lia
mewhat severe injury. An early fire, while the soil is still a little moist (bl(mblli(;ttlo
»l, s ¢

damage, but a fire occurring late in the hot season may penetr

i : ate 1 01 ROV
not only the aerial part of the plant but also the tufted subterr ¢ into the soil and destroy

fatal. ancan culms and thus prove
Fig. 2, Plate XIV, shows a plant which was

. almost killed in this way by a tfores >
in May 1908, and other plants have heen scen which were completely kill(r;i, @ forest fire

. i 49. This plant is a f i

especially the h S . 5P 1s a favourite buffaloe-fodder,

anlzi o s}:mh plajéggoggﬁzui fOf‘m w1t.h comparatively broad leaves common near streams

carly firing would e T) 1s usually }mpossiblc. In drier places at all events. uccasiomi
) probably beneficial by cleaning the clumps of d¢ ‘

A hris, by destroving the
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i i f vigorous young shoots from the
: ouraging the production © . :
ol ﬁower;nghCUhfnliq?eit‘l’/;Cbeen gnoticed that the secondary culms which tend to spring
t has
ground.

| € )\‘V he (9) .
0 l

hie writes as follows regarding this plan'(cl :
i 1 i lands
it i be found in the moistest portions of
t Report 1t 18 stated to '
“In the JhAR 'Setﬂe“v‘ﬁnre it I;i‘fords most valuable pasturage for buffaloes. The zar{:lu;ia;'z
adjoining the rive 'ef there were DO Kanh (local vernacular for kans) there wou

v that 1 ing.”t
of those part; :;thconsider it too valuable to be used for thatching
buffaloes, an J

D.—EcoNOoMIC UsEs.
50. The leaves of this species are much used

. ' ity for fixing shifting
for thatching: ses considerable value on account of its capacity for fixing o
. ses
This plant posse®

oy 1 i 1 nce
.. Any node of a culm which 18 covered with soil as a Tui€ at o
table soil. ¢
sand and uns

4 usually also youns culms, so that there is no danger of the
ots an \

develops vigor()\l; I‘Od and Kkilled by accumulations of sand and débris.
there

. also, although
plant being smo .. 15 subjected o the force of a heavy current of water also, & g

In places where } optly laid fat, these rapidly root at the nodes and produce new
e freq ’

o i s1 ion
the aerial culms ar T able to hold the soil with great tenacity and to resist eros
¢ the pla
shoots, so tha

i i ich 1 reatest economic importance 1s
well. ) connected with this species which is of the g
on

A questl . n from agricultural lands. In the Central Provinces this species 15
icatio

that of its eradmat-; . that large areas of valuable soil are at present out of cultivation.
for the 1aC

.. <ually more or less loamy in which the plant assumes a spreading
s us 2

)f‘. - ] ] . - .

. - ~ ShOOtS~ ] 'Ous —
vigorous new lan might 1 some cases be efficacl

The following Pv ring protect the areas from damage .by fire or grazing and allow the
(1) After flowe hns oo develop as vigorously as possible.

young cult ddle of the ¢ollowing July the areas would ordinarily be covered
(2) About the mi ; avy growth of grass including a proportion of very young
with a vgry e rgence d vigorous growth at the beginning of the rains. The
culms thh Corln se young culms would tend to diminish the reserve materials
roduction 07 ]:an };)ortions of the culms available for the production of new
in 1the Sugt;: r::ass should at this period be cut over as close to the ground as

culms. B

ible and the cut grass should be left lying on the area.
poss ’ IR

responsible

e ISR e o

\ rodder Grasees of Northern [ndia by 3. F. Dutbie b 2.
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Leaf-sheath,
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(3) This covering of cut grass by i i
. y interfering with the accesy i
oonie,;dlzl;ai‘l;li ::ntg;]l; pr:vent the production of vigo:(f\exzbv(c))fml lg::] d o8
i <2y branc 0 tree§ ?.nd shrubs could be strewn .over gth u
@) wher woul grasse;a)lt; (;nbf:-:tlllon g:cd the shade increased " et Brass the
! ches beco i
(5) If ::lling of the hot season they should ben;ier;; er(x)clil %l}:ly oy in the cold or begin.
e grass was still found to be vigorous, it sh
and be again cut over in July before ,ﬂm:e i

regrowth of young leafy cul D a fairly vi
ment

This treatment would
of the grase by Seedot;mdundoubtedly to a great extent prevent fl ;
practicall » and as the production and d owering and the spread
ally prevented during half the evelopment of | Spre

. . .
trea.tme.nt should have a progressively Wtzg:s:nper;:d of vegetative a(-1t f:’l tc‘tll::;":\-.;]u?d he
by b&ﬁgﬁ) l; that in some cases firing in Magyefoii;(fn the plant. i ally, the
fields to a, deothg ;b;_eﬁechve.. In some localities it "
treatment. wh icho 3 fee'f might smother and kil

) moreover is not

vigorous form of the species, iz

Y and contj .
has been sugg tinued grazing

ested th ;
he prae _that flooding the
€asy to put into practigc:bb‘. but a possible result nfgquch
variety nepalense. » Would be to produce the most

Saccharum
Munja, Rozb. (Plates 111 and XIX

F.B. 1, )
o (VI;, 119 (l.lnder S. arundinaceum ip part XXT1)
Ch under 8. ciliare Anderss. ezcf vars only).

lefly found in Northe B andy): p. T 1180

A.—DEscriprioN,
munja, sar, sarkara_ ek
. 3 » ekar (Dehra D
Erect, attains a height of 18 ft and dia. 0 ‘m.)'
In dry unfavourable localities the he .

Munj,

Pale ] ight is p e b
. l.‘;traw coloured, smooth, striate :nd I'E)Ch less, often not exceeding ¢
ortly silky at extr ’ sohd. or Tt
. eme base, ot o . .
Villous on margins at apex wit herwise quite smooth, striate 1
than proper internode. upper 1th long white hajrs L ' P straw-coloured.
vanicle, PPermost sheath some times exiorgr . o "Stally much 1
S extending onger

bevond the base of the

[ 623
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Upper leaf of flowering culm 9"—2% ft. long, flat, tapering from base, long acumin- Lamt

-ate, width at base 0-2 in. to 0-4 in.

taining a length of 7 ft. (8 ft. fide Roxburgh) and width of 1 in,,

Lower leaves at ' . 1
5 in. and in unfavourable localities sometimes not

but as a rule width not exceeding 07

exceeding 0-13 in. wide. . |
Greatest width usually about the middle. Apex long acuminate and narrowed to-

wards the base. In basal leaves' the concave mid-rib occupies } or more of width of lamina

at base (often the entire width of the leaf).
Colour glaucous, mid-rib white. The glaucous colour is caused by a thin covering of

wax.
Margin scabrid
marginal perves be

ligule.
Truncate,
leaves longer attaining 01

Minutely silky dorsally and ciliate.
Spikelets in pairs, one pedicelled and one sessile on the capillary jointed branches and mfiorescence.

pranchlets of terminal panicle.
y rachis glabrous, sulcate, more or less scabrid on ridges.

Primar . |
b.verticillate, compound. Ultimate branchlets triquetrous, more

Primary branches su .
or less villous with Jong white hairs on angles and on two faces.
Flowering panicle 1—3 ft. long, usually lanceolate, pale cream-coloured to dark re "

. h.ourple, branches spreading. | | | |
dish }g;luipting panicle oblong, pranches adpressed to axis, white to greyish-white in colour.

Awnless. lanceolate, 0-15 to 0-2 in. long. Sessile and pedicelled similar, each one spixelets.

fowered and ¢.
Pedicelled fruiting s

with the attached pedicel and joint of axis.

Joint of axis triquetrous, 1to subequal sessile spikelet but usually shorter than spike-

let, villous on two ¢aces and on margins, villi overtop joint by once to twice length of joint.
et, 3 sessile spikelet. Majority of pedicels shorter than proper

Pedicels triquetrous 1toy _ : . ‘ .
join* rarely subequal proper joint. Pedicels villous with long white hairs on two faces

angles. :
and on ang an to subequal the spikelet.

Callus hairs shorter th '
Lanceolate, chartaceous, with 2 strong lateral nerves and usually 1—4 more or less Sessile
spikelets,

distinct, but fainter, additional nerves. . . splkeleta
" Dorsally long villous on basal half or two-thirds, the hairs overtopping the glume hy

\J 3
about the glumes length.
S T Ty Ba;al leaves are those which mature on the immature 1-year culme. )

[ 6 D

and also scabrid, often only on one side of the leaf, on 1 or more intra-
Jow, otherwise smooth but densely white villous at base behind the

usually a narrow membranous rim not exceeding 0-07 in. high. Of upper Ligule

3 in.

pikelet falling from the pedicel, the sessile spikelet falling later




Glume 1 8

Glume I,

Glume 1V,

Pale.

Pedicelled
Spikelet.

Lodioules.

Anthers.,
Stigmas.

Field
Charaeters,

Anatomy.

INDIAN FOREST MEMOIRS.
Scabrid dorsally on keels.

Margin inflexed, sparsely ciliate above.
Apex minutely bi-dentate to entire.

Subequal to I. Lanceolate, chartaceous, keeled. With one strong central nerve and
usually 2——4 more or less distinct, but fainter, additional nerves

Glabrous dorsally or minutely pubescent towards ape

X, scabrid dorsally on keel—
margins incurved, ciliate above.

Apex usually shortly mucronate.
Oblong-lanceolate, hyaline-membranous, a little shorter than II, 1—3 nerved.
Margins incurved, ciliate.

Apex acute or short mucronate.

Broad lanceolate to clliptic. Shorter than or subequal I1I.

Hyaline, 1—3 nerved. Mucronate. Ciliate,

Mucro short to 0-05 in. long, but not exserted beyond the
Ovate, hyaline, ciliate, from  to 31IV.

Similar, but glumes I and II are both do
strong nerves and occasionally two additiona] f

apex of the spikelet.

rsally long villous

and usually with 3. 3
ainter nerves.

Two, cuneate, glabrous, 0-02 in. long.
Three, pale yellow to purple, 0-08 to 0-10 in. long.

Yellow, often tinted with purple, 0-04 in. to 0-06 iy long.
The glaucous narrow

guish this

field.

leaves, awnless spikelets

and smooth leaf-she
species from Erianthus Ravenne, with

aths at once distin-
which it is someti)

nes confused jn the

The striking contrast, as regards colour, afforde
and the dark green leaves of

d by the glaucous leaves of
tomical differences in the le

S. Narenga, suggested that there might be conside

' eaves of these species, Examination, however, sh
there were no anatomical differences which would account

colour of the leaves of S. M un Ja being due to g superficial w
copious on the under-surface. The general structure of the leaf
chlorenchyma in these two species is similar and resembles th
below. THe chlorenchyma is arranged in more or e
Lundles and is mainly disposed near the lo

the larger nerves, alone, reaching th

colourless bulliform cells is situated over the smaller nerves
surrounds them.

S. Munja
rable ana-
owed that
for this contrast, the gl

aucous
axy de

posit which iy especially
and the disposition of the
at of Imperata described

L less complete rings around the vascular
wer epidermis, the chlorencl

. IVma strips flanking
€ upper epidermis, while 4 band, 4—@ cells wide, of
and the chlorenchyma which

[ 6]
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B.—TaAxoNOMY.

51. Hackel (lc., p. 117) distinguishes two
S following characters :— . idth 2—3 cm. (0-8"—
specles mainly on the dinaceum Retz.—Leaves broad linear. Width 2.dth0:; l(amina
Saccharum arun_dm_b at base of lamina much narrower.than‘ Wi 5 1o 4 mmr.
L2 1\fmpaz;licle ‘usually longer than spikelet. Sessile spikele y
Joints 0
.14" to 0-16”) long. _ linear.
(014 g Anderss. (=Saccharum Munja Roxh.).—Leaves narrOZ;a:l half
Saccharum ciliare AD (0.'12,, to 0-24”). Mid-rib at base of 1am1pa more Soiholots
Wi 3;0 f Eﬁ'a Joints of panicle shorter than spikelet. Spike
width of la oxn
m. (0:2'—0:28") long. N 119) in one
- IIt1 h;m been combined in the Flora of BI‘IFISh Ir;dll)&; (tZI}I(’I % Wi't;l e 1,
Both the above planhsrum arundinaceum Retz., but a comparison o 3(«1 hore an bo listle
species named S.illc? Zicate how distinct these two plants re? 111);131:3, }?I}IKII is a photograph
n e s ; Fig. ate 5
Plate XXII, will 1 ded as distinct species. Fig. 1, hich was
‘must be regarde ine i arden at Dehra Dun whic
doubt that they mus ndinaceum Retz. growing mm a g . bsequentl
harum arundt f and which the writer was subsequently
of a plant of Sacc lace by Dr. Otto Stapf a g indicated in
. : : the first place b} . he British Museum. As indica
kindly identified 1n in the Herbarium of the : haracters
ith a co-type ; ith strongly hygrophilous chara
able to compare Wi ndinaceum is a plant wi in length and
Saccharum art iter has measured culms 24 ft. in leng .
the phof&ograph . Y ions. The writer L ble localities.
and it attains glgant:;:ihgz;: dimensions are probably egceed§gt;n0§a2\7(;l;raw lfereas hose
. s : ter ) 6 ft. and a w1 . i
0-75 in. in diame 4 attain a length of in. in width
. dark green an been found to exceed 1 in. in -
The leaves are ) laucous and have never ) basal, piece
Munja are g dinaceum show a solid mature, basal, p )
of Saccharum f Saccharum arundinaceu hereas in
The immature leafy .CHII:Z ?gh terminating in the apical tuft of g(;'een 1@5;’25; zﬂ:rexceed
of culm of 5 .ft'hmmatfre basal portion of the irgmature culms/ oear ZZdinaceum a very
Saccharum Munja the h of the immature culms gives Saccha;um a ther Toding spocics
9 in. The great 1eng:eristic appearance, totally unlike that o anga(gcmmm officinarum.
distinctive and Ch;l:;c sole exception of the cultivated Suiar:ane}; procerum of Rox-
it e ~ . ical with the Saccharum
of Saccharum Witk is undoubtedly 1dent10.31 L it of the plant
Saccharum arundmace::S lzlearly acquainted with the charabtelgstlch(l::;lt (:;]ﬁcinml')um .
bllrgh and the.latteft as coming “ nearest in appea.l‘ance t-o liwc eci;nens seen by the
gince he describes 11' rity of this plant is that the SPl.kelets gm t de S? ots) 23 flowered
(l.c., P 243). d{\ Iile;,:clll ;;ikelets) are sometimes (?honly 1nlcul;:n;zt§iti§nzl hyaline, paleate,
iter the pedice there are in such cases 1— L
wrl nside glumes IIT and Istc IV, p. 14, and fasc. V, p. 1.6) says that hils‘ 1Saichar1:‘m
Retzius (Obs. bot., b n alense are practically identical except t}}at ihe col‘(;l-la
and Sawhamlmdeafd of the latter 2-valved ” and there is little doubt that
ten 3-value [ 6 1

and 1
glumes.
arundimweum . f
of the former 1S O
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these plants belong to the same species. Sacc : i i
Evergreen Z-one of India cha.racterg:acd by a raiz?;ﬁ";xz::cﬁigﬁﬁz ls : 'm?me O'f o
quently cultivated in gardens throughout India. The type of Retzius.’ s orebally lnf!’?—
:rra;t.ed plant ::nd he’no.tes .(l.c.) t.ha.t it is “ colitur juxta sepes et ad stagn;':smpl::a b'ly i
anquebar.” It is indigenous in Bengal, Assam, apd Burma, and extend r(g;n_es P
I;%azgs. tl:; spgmﬁc value of Saccharum arundinaceum and Sa;charum ll; u:j?re:;::cat‘ive‘?s
and s p;:;lulli?:ilt?gst:oat th.esg plar.xts are not cecological forms of the same species which ovZ;.
their pocnbariis b0 a\'ral;la.tl(?ns in 'the available water supply, it is interesting to note that
e boral un is 89 in,, that Saccharum arundinaceum grows well there i
g iberally supplied with water but is not found wild in the locality, that :18111::

other hand Saccharum Munja is indi
ja 1s indigenous and i ;
alth . ) very common in the localit
ough the latter has been found in habitats with great differences in the av;i)l,a:;t’n:;t.

ture suppl i i .
results frf g vif?a,t?:nsgglt;a?lng from practically waterless sand to moist loam (which
e leaf-width of this plant from 0-18 in. to 1-0 in.) no indication

has been found of a tendency i
ney in Sac ;
charum arundinaceum. cy charum Munja to assume the characteristics of Sac-

As regards Saccharum ciliar
. e Anderss. there 1 .
described by Roxburgh as Saccharum Sara and Sa::Sc no d;ul‘btl ::;: lthls includes the plants

Roxburghl’ i
usually densi, soils;ing li)lt; ‘Sacchm.'um Sara at Calcutta represents a plant with an un-
is in itself not a character f“‘g melc.le. The density of the panicle however in this genus
same undoubted species ;)t :Peclﬁc importance and has been found to vary in one and the
it has dried or matured. AN ePe.nds largely on the age of the panicle and the way in which
Rosburgh. There is a s h ere is moreover no authentic specimen of this plant named b
been named Secoharurs S eet .from Rpxburgh’s collection in the British Museum which hai
Munja Roxb. On the ﬂ‘;“ in pencil, probably by Solander, and this is typical Saccharu
description in Flora I:dic; haj':: l:?eal;m:: cflfll:;:agum Mun{)a is supported not only by t.h";
Britis rawing, but also b i .
cedenclz g::e:;: gsm:i by ROXbl.ll'gh. Hackel (l.c., p. 119) gives Alz,d:rssszic’;m:: in the
lntter plant a5 he cc rum Munja of Roxburgh on the ground that the descri tiome e
ving a “two-valved corol ” necessarily implies the absence ofpthenp(;i; the
e.

It has however been shown on p. 53 above that this i
" ’ - is inference is not justi
stand ond. i is bliored et spikelets. Hence the name Saccharum Munja Ro b
Ko a3 o iev that Indian 'botamsts will appreciate the restoration of ; must
describos as ‘I:ail:opl‘late. naute. In his Saccharum ciliare Hackel includes a pl s well-
S ety Griffithii and which is characterised by having gl a plant which he
spikelet dorsally villous and not glabrous as in Saccharum Munjanf) r%) ;::e III ofhthe sessile
- In the Flora of

‘B & 4 - - - . .
ritish India (p. 122) a new species is established under the name of Erianthus G
e nthus Griffithii
Flora Indica, Ed. Carey, 1832, pp. 344, 46, r h“

[ 6 ]
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Hook f. which includes Hackel's var. Griffithii. The establishment of this species is the
result of including & gpecimen collected by Thomson at Rondu, Tibet, which has spikelets
with exserted awns. This specimen however undoubtedly belongs to Erianthus Ravenne
;es considerably as regards its dimensions and the width of its leaves

jes which varl .
(s spesie? the amount of moisture available in the habitat) and consequently the species

Erianthus Griffithii capnot be maintained.”

Hackel's variety Griffithii is identical with Saccharum Griffithii Munro, accepting the
Jant, which was actually given this name by General Munro himself, as this species (vide

fl% Griffith and 666 Herb. Falconer in Herb. Kew).

The first valid publication of this name however appears to be in Boissier’s Fl. Or., V,.
453 (1884) and this author, while unfortunately assigning specimens (Aitchison’s 467, 546),
’ ubtedly conspecific with the numbers quoted above, to the entirely different

which are undo \ g )
lant Saccharum Sara Roxb., apphes the name Saccharum Griffithit Munro to a sheet in
II;is own herbarium (No. 507) which was apparently collected by Stocks (fide Hackel Mon.

Androp., 119), and which has not been seen by the writer.
It is possible that Boissier's 507 is really referable to the Saccharum Griffithii of Munro

put its spikelets are Jonger (8 mm., fide Boiss., 7 mm.,, fide Hackel) than in any specimen of’
writer.

the latter plant seeD by the
If Boissier’s plant is referable to a hitherto unpublished species his plant should,
under a strict application of the rules of priority, be called Saccharum Griffithii Munro,

but, under the peculiar circumstances of this case, it appears reasonable to keep this name
’ hich Munro undoubtedly gave it.

for the plant o ¥ i
Boissier’s plant proves to be a different species, the date of valid

der this view, if _
publi[g:tizn of Saccharum Griffithii will be that of the present paper.

A brief Latin diagnosis of this plant is accordingly given below.

Saccharum Griffithii 1s closely allied to Saccharum Munja and exhibits marked xero-

hilous characters, but, although the writer has found Saccharum Munje in waterless
ptations with leaves only 0-13 in. wide, no tendency to assume the villous glume 1T of the
S

haracters of Saccharum Griffithii has been seen.

. ; ther ¢ o g et s
sessile Splkel:;eﬁgo:e, that the plant, considered a variety by Hackel, is distinguished by
Seeing, Jl-defined characters and has a distinct geographical range, it seems

. we o pp o 0
jmportant and with it s 2 distinct species under the name of Saccharum Griffithti

Munro. S :
ightly pointed out that the separation of Saccharum from Ersanthus golely on the charaster of the
ng hese

F. B L (VI,I;,;?;& it;:; that a careful study of the species constituting t genera is advisable with & view to testing their

wn is unsati to digscriminate in the herbarinm and » carefal study of representative species in thc
exserted ® are nob dnﬁ,ef:gte mpted. It is hoped that the present paper will serve as asmall contribution to that

1t of such study Y be, the narme J rianthus Griffithis, which was based on an error (viz. the assumption that the
o . 3

et waed) should obviously not be maintsined. . . .
R oo . rianthus Ravenna 1 copcerned, the writer has found the exserted awn a reliable and constant

14 should be noted h?:;t{;;’f; :ljihe species ab present classified a8 Saccharums.
charscter, clestly separt [ 67 T
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The following classification, therefore, of the forms now under consideration appears
-to be the best :—

I. Saccharum arundinaceum Retz. (Obs. bot., fasc. IV, p. 14, 1786).
Syn.—S. bengalense Retz.
S. procerum Roxb.
Ref.—Roxburgh, lc., p. 243.
Hackel, l.c., p. 117, excl. syn. S. exaltatum.
Vern—Ramsar (Dehra Dun), Teng (Bengal).

Habitat —Bengal (Darjeeling 3,500', C. B. Clarke; Valleys of Sikkim 1—
4,000', J. D. Hooker; Chittagong, 0—1,000', Hooker and Thompson),
Assam (Griffith; Khasia Hills 2—4,000', Hooker and Thompson),
Burma (Banks of Salween River), Southern India (Tanjore; culti-
vated or indigenous?).

Distribution.—China.
Hllustrations.—See Plate XXII.

Notes—This plant is commonly cultivated in India in gardens and near
villages, as it is of some medicinal value.

I1. Saccharum Munja Rozb. (l.c., p. 246, 1832).
Syn.—S. Sara Roxb.

S. ciliare Anderss. in (Efvers K. Vet. Akad. Forhand. Stockh,, p. 155,
1855.

Ref—Roxburgh, lLc., pp. 246, 244.
Hackel, Le., p. 118, excl. vars. B Griffithii and y Boissieri,
Vern.—Munj, munja, sar, sarkara, ekar (Dehra Dun), Sara ( Bengal).

Habitat —Northern India in the Punjab and Upper Gangetic Plain, extends

into Sindh (fide Hackel). Is occasionally cultivated, e near
Calcutta.’ .

Illustrations.—See Plates 11 and XIX —-XXI.

111. Saccharum Griffithii Junro.
Syn.—S. Sara, Aitchison, in Journ. Linn. Soc., XIX, p- 191

S. Sara Boiss, Fl. Or., V, 453,

? S. Griffithii Boiss., Le.

S. ciliare var. Griffithii Hackel, .c.. 119,
- Erianthus Grifithii Hook f. (in part), F. B. 1., VII, 122,
1 Vegetation of the Districts of Hughli—Fowrah and the

oy,
111, No. 2, 1905. 24-Perqunnahs

[ 68 )
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Ref.——Griﬂith, tinerary Notes, 316. B | |
‘mtion.—Cespitosum. Culmi 2 m., vel Pa}llo a:tlgres, farcti. 'Vag.mee
Deser™ hirsute, nodis imberbibus, laminis glaucis anguste linearibus
ﬁzzue ad 8 ’mm. latis. Racemorum rhach.is. fragilis. .Spiculae ad
quemvis rhacheos nodum bin, altera sessilis cum articulo accum-
bent: demum decidens, altera pedicellata, a pedicello demum soluta,
utraque unifiora, ¢ .
Spicule 4—6 mm. longa, mutice.

Pedicelli articulique spiculis breviores.

Pedicelli plerumque articulos proprios subzquantes vel eis

longiores. . ' o
Callus villis gilvis spiculas subsequantibus vel eis brevioribus

dense vestitus.

Gluma I* et II" et sessilis et pedicellate spicule chartaceo-mem-
branace® pilis glumas non, vel vix, superantibus dorso villose.

Gluma III* dorso nunc glabra nunc parce hirsuta.

Gluma 1V* mucronata. Mucro usque ad 1-5 mm. longus mon ab
apice spiculee exsertus.
nistan : Griffith, 1193.
Aitchison, 271, 467, 546.

Afgha

Baluchistan Stocks, 1209.

Punjab: Attock, Herb. Falconer, 666.

Qindh : fide Hackel, Le., 119.

; Aitchison (L.¢., 143) writes as follows regarding this _SPECie§ 2 Alqng

Notes.—a1 does of the dry water-courses, and on the higher island-like
thlzt: ng ground in the beds of these dried:up .streams, Saccharufn
Griffithii, a great coarse stiff grass, occurring in large tussocks, is
very striking, owing to the absen,c’e of other vegetation generally
than to any peculiarity of its own.

above it will be clear that there has been some confusion
- ooum, S. Munja, S. Griffithii and Erianthus Ravenne. As S. Munja

b arundmaceomic importance 1t is obviously desirable that the characters distin-

g ConSidemble }fcﬁher Jess valuable species should be clearly defined.

guishing it from the cis

From what has been said
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For this purpose and with the object of indicating at a glance most of the important

characters of the species of Saccharum and Erian ith 3 :
. thus dealt
ing comparative table is given :— § dealt with in this paper the follow-

Saccharam sponta-

Sacel
neum (Indian form). ok

arandinsceum., Seocharam Munjs. | Seccharnm Grifithii. ! Baccharnm Narenga. Eﬁ(?:?i:: fnan)nu.
orm),

| E 1

Frequeutly not form- | Forms  well-defined | efined | Forma suall
ing defined tufts. tufte. \ rr;fmt:. welld i thtc. “n.d.h.df Udeﬁno’d ﬁ:;?t's w::l;

. Forms -des

- tufts, o detned
; sometimes spread-
% ing.

i

Culms annnal . . | Culms biennial (? or , Culms biennial. Ma- | Durs Culm ulms
triennial). Mature | fure bessl portion | kmonar Of Culmanot * paonnial. Ma-| Culma bionpial. i,

- portion
yoar (P or S-year)' ususlly 'not exceed- l-ysar calms| of I-year
cal i i usoally not exoeed- culme
inlm attains foot: ing 2in. ing 3 fn. :;-:;lg. Dot exoced:
|

Flowering culm solid | Flowering oulm solid, ' Floweri i i H
; . ering culm solid, ' Flowering eulm solid, |[Flowerj
above. fistular below,| attame 24 ft. and | attains . ttain 7 o ang qulm solid. | Floweri solid,
attains 20 ft. and| dia.075in. dia. 05 11:8 ft. and, ;:. said o » ’ o0 10 6. s

basal portion of 1-| of 1l-year culm’ :';” basal portion| tore basal

05 in.

|
dia. 0°6 in. |
Lamina glaucous, at- | Lamina dark ¢ Lamina glsa t-;h i ming
fains 4 1t.in length | attaine 6 ft. Tand | tains 7 £t in length | row. Har oo, Dar- L:tt.in. dark groen,| Lamina dark green
§ oxburgh gives 7| width2in. andlin. width. . 03in.wide in her-| length and . in| attaine 6 gy, i
) and 07 in. in | barium specimens, | width sod 1. sad  width
width. bntprobcbysthinl ’ s

! & greater width.
i

Midrib at base usn- |In basal leaves! 'In  basal leaves? Midrib at base asal
ally mmpgthmon midribat base goou- | midrib at base oocn-  ally ccoupies : .:r. Inmidrli)b at b l”m"!’ In = basal leavoss
lmnmin } wi of | piee } or less of .thei pies § or more of; more of width of ies § or I aso -| midrib at base oogy-

a. width of the lamina. ;| width of lamina. : lamina. Bidth of ln.e::i!(:): the pl':i.(;hi
i . wi Of

Leaf-sheath not hir- | Leaf-sheath not hir-' ;
iy 3 - 1o ‘Lea::hmh not hir- Leaz-lhuth not hir- | Leal-shoath hirsute Leaf-sheath hiraute
based

6 . sa . . sate. . e i
Le:ef;;z:is:;hons not Leahs:grhom not  Leaf-insertions not I.::f?insertionl not lvx'nlitss belbous-based :i:h bulbous-
. bearded. . bearded. | bearded. Lgaf;‘-inserﬁons long- Legffisx;sertion. ah
| rded. 1y and fnely boary
Spikelets 0:08—0-2 in. ; Spikelats 0:1—0-15 in. Spikelets 0:15—0-2in. Spik: 24 i | .
long (2—5mm.). i ong (2}—4 mm.). ong (+—5 mm.), - ;nzl.(wm)?‘m? sﬂ:;hé?—oégsﬁ:;wnw 8

j |
Podicel* }—14 sessile Pedicel % to al Pedicel i i l i
{ | 8l 3 to eqm icel }—] sessile Pedicel }—3 seesile: Ped .
spikelet. sessil . i i ool [ sessilo| Pegi
Usuaq Shorter than asile spikelet spikelet. spikelet. |\ spikelet. 1 0; :gi'sg}et*‘l segsilo
sessile spikelet. . | l ’
|

i
| !

ikelots 0°13—¢-
i long (84—4¢ mm.)f in.

Joint®  longer or Joint usually longer Joint usnally shorter Joint {—% soesile Joint —1j

shorter than sessile . than sessile spikelet  than sessile spikelet ikelet. i ol Joint 4 seasile
spikelet. " (3 to 13 sessile (I to _enbequal ® ! :E:)l:zxe?’u?:!f :mlly ﬂpikehé }
spikelet). sessile spikelet). equal spikelet(? sb-,

Pedicel shorter than Majority of pedicels  Majority of pedicels Majority of pedicels Majority of

proper joint.} shorter than proper shorter than proper subequal to longer short pedicels M“j°ﬁty { pedioels
8. B than to sub-. |} 9
joint. joint (rarely sub- than sointe “ler s onger than proper
" equal to proper Properjoint. . oqual proper joint. joint, prol

f ~ joint). | ;
Callus  hairs white, 'Callns hairs e, Callas hair pale, of: i ; . '
pal as bair pale, often Callus hairs yellow, Callus hairs ueually ' Callay hairs purplish

1}—7 times as long shorter than to sub-  purplish,

] { % horter than to sub- 1 asl
a8 aesgile spikelet. oqual spikelet. ; than to s al o ual spi purp'e, subeq or brownish, shorte
:  than bo bequal  equal spikelet. | spikelet. | than to subequ l'
| 1 spikelet.

1 Basal leaves are those which mature on the immature 1- ulms
2 Basal lnaves are those which mature on the immatare l-yiir"cglnzz.e *r) ¢ ’

* In recording the lengths of pedicels and joints of all apecies the baaal pedicel and joint of each panicle

these often vary irregularly. -branch have been omitted gq
[ 70 ]
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Seochsrum sponta-
peum (Indian form).

e

airs of joint overtop
H{oint by 2 to 8 times
ength of joint.

- Glume 1 sessile !pik:;

. Glume 11 sessile lPiki';

risceous
lot oorinc
villons doraally.

Not

. of seesile
Glumo Iextlnot villous

dorsally.

. Glume IV muticons .

. Pale ciliate.

. d II pedi-
G‘rﬁ?dl .‘;ikelot not
villous dorsally-

¢ 1 flowered.
SP)‘zk:h.dd itional
glumes juside IIl

and 1V.

Saochsra
srundinacenwm.
N

I
irs of joint overtop
Tt by loss than to
1} times joint's
length-

|
m !
!

soesilo spike-

Gll:tm o1 chnhoeo:ls-
Dorsall sparsoly
ﬁnons.’ Vlﬂfi‘;v%r-
i glume Dby
st 1 glume's
length. ;

I sessile
Glare ot chartaceous.
;fot villous dorsally.

‘Glumo II of sessile

Erianthus Ravennm

Sacobarnm Munja. | Saccharam Griffithii. | Sacobarum Narenga. (Indian form).
Hairs of joint overtop | Hairs of juint overtop | Hairs of joint overtop | Hairs of joint

joint b]y once to| joint by once to| joint b{ less than | joint by &%eol::r;to

twice length of joint.| twice length of joint.| joint's length. of joint.

Glume I pessile spike-
let chartaceons.
Dorsally _ densely
villous (in basal §—
3). Villi overtop-
ping by  aboat
glume's length (1—
11 glume’s length).

spikelet charta-
oeous. Not villons
dorsally.

apikelet not villous
dorsally.

Mocro of glume IV

erted beyond
:;:x of spikelet.

Pale ciliate.

Glumes I snd II pedi-
elet dor-
celled 8 fous. kv'ln;
rertopping spikele
by 1__&9 times spike-
Jet’s longti.

svalet sometiqes

s. ‘_“; encwered with
1—3additional pale-
hyaline, muocro-

2:,’, glames inside

111 and IV.

Glame 11T of seulle‘ spikelet not villons
‘ dorsally.

ow_o.os in. Not ]

Glame III of sessile

l

| Mucro of glume IV
very short to (05 in.
! Not exserted beyond
| apex of spikelet.

1 Pale ciliate.

! Glumes I and IT pedi-

Glume I sessile’spike-
let chartaceous.
Dorsally  densel
villous (in Dbas:

. Villi not
overtopping glame,
or overtopping by
less than } glume's
length.

Glome II sessile
spikelet charta-
ceous. Dorsally vil-
lous (in basal § to
4. Villi not
overtopping or over-
topping by less than
4 glume’s length.

Glume III of sessile
spikelet sometimes
sparsely villous dor-
sally.

Mucro of glume 1V
very short t00°06 in.
Not exserted beyond
apex of spikelet.

Pale ciliate.

Glumes I and II pedi-

celled spikelet dor-

' sally villoms. Villi

=g

| length (3—1} length
" of spikeieﬁ).

inside III aund 1V.

o additional glumes

celled spikelet dor-

Glume I sessile spike-
let coriaceous. Vil-
Jous or not villous
dorsally. Villi not
overtopping the
glume.

Glume II  sessile
apikelet coriaceous.

illons or not vil-
lous dorsally. Villi
not overtopping the
glome.

Glume IIT of sessile
spikelet not villons
dorsally.

Glame IV muticous.

Pale ciliate.

Glames I and II pedi-
celled spikelet vil-

| sally villous (in

( overtopping spikelet | basal } to 3).!
y about spikelet’s'

Villi not overtop-
} gmf or overtopping
i by leas than 4 spike-
i let's length.

Spikelet 1 flowered. [ Spikelet 1 fluwered.  Spikelet 1 flowered.
& Noadditionsl glumes No additional

i inside III and IV.
%
i
|

lous or mnot villous
dorsally. Villi not

i
i

|
I
|

! glaomes inside III
i and IV.

| overtopping spikelet.

Glume I sessile spike-

let 0eous.
Villous or not vil-
lous doraally. Villi
not overtopping
glnme or overtopping

y less than 4 glume's
length.

Glume II sesailo spike~
let chartaceous. Vil-
lous or not villous
dorsally. Villi not
overtoppéng glume
or overtopping b
leas than % glume’z
length.

Glume III of eessile
spikelet not villous
dorsally.

Mucro of glame IV
01lto 023 in. loog.
Clearly exserted
from spikelot.

Pale glabrous.

Glumes I and II pedi-
celled spikelet vil-
lous dorsally. Villi
not overtopping or
overtopping by less
than ¢ apikelet’s
leugth.

Sg;kelet 1 flowered.
o additional glames
inaide 11l and IV.

cous leaves of

at
xe,-ophilous.
Seattered

.dominant and on d
jties the plants are

tains its maximum

C.—BrorocicaL AND (EcorocicaL NoTEs.

52. The comparatively narrow, hard, glau- mabitas

this species show marked xerophilous adaptations and although the plant

ind1

[ 7]

development on moist sand, it can exist in stations which are typically

viduals are thus often found on the shingle banks where Aristida is
ry sand with the xerophilous form of S. spontaneum, but in such local-
more or less stunted and of inferior dimensions.
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On sandy soil, however, which is moist, at least during the greater part of the rainy

season, this species is markedly dominant and it probably occupies a larger area than any
other savannah grass in Northern India.

It is found also on well-drained loam.

It appears to be decidedly sensitive as regards the aeration of the soil and plants taken
from sandy soil and cultivated in well-drained loam showed decidedly inferior develop-
ment, a fact which was not noticed in the case of Triraphis for example.

It has less capacity for standing shade than either S. Narenga or Erianthus Rarenne,
but still it can stand a certain degree of shade, as is shown by the fact that culms arc fre-
quently produced under the shade of Zizyphus bushes on grazing grounds. The rapidity
with which this grass is killed out by Acacia C'atechu is believed to be duc not entirely to
shade but partly to the drying of the surface soil by the tree roots.

This species is here found at its best on the alluvial sandy deposits in the immediate
neighbourhood of the larger streams where the scil is not water-logged and where it can

establish itself on unoccupied areas, free from the injurious competition in respect of light
and moisture of earlier arrivals.

_ 53. This plant is perennial and as a rule
markedly gregarious.

The plant consists of a much branched rhizome which constantly extends centrif ugally
outwards in all directions.
The aerial culms are biennial and are cither produced from the apex of the rhizome

branches or they arise as axillary shoots from the basal nodes of older culms, close to or
below the ground surface.

The culms are situated close together, the entire plant thus forming a well-defined
clump or tuft, with the oldest culms in the interior and the youngest at the periphery.  The
latter as already noted is constantly extending cutwards as the young culms continually
develop from the buds of the rhizome or from the bhase of older culms.'

The period of comparatively vigorous vegetative activity is approximately 10 months
from February to November. It usually flowers in October and the grain ripens in
November.

If a clump of this plant is examined in December—January it will as a rule be found
to contain—

(?) A number of old dead culms which completed their life-cycle in the preceding
October—November.

(i) A number of immature culms bearing green leaves in which the culm proper is -

as yet very short.

Owing to the very short internodes on these immature culms and to the leaf-insertions
being in consequence crowded close together each such culm resembles a tuft of leaves.

! During the cold, or hot season, in areas v;hi;h have been recen;l burnt the position of the youngest culms at the periphery can be

very clearly seen, as a ring of young green shoots then surrounds the blackened stumps of the old culms in the centre of the clump.
which have been burnt.
[ 72 ]
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. hich have had the benefit of a complete season
These cuh{ls "“’f 1: 51tzoe g: I;oﬂfglzfl?zvzich commenced their development towards the
of vegetative actlvloz’ vigorous growth in September—November. '
close of the sa?ason r of these shoots is looked at more closely it Wll} be fognd to consist
If one of the laligeortion of mature culm measuring usually 1—2 1nch¢?s in length and
of a short hard he%a fG) short internodes which are clearly defined by the insertions of the
with as a rulo 12 (9—'f rted on the nodes of this piece of culm are more or lesjS dead and
leaves. The leaves inse dily stripped from the uodes of the hard culm on which they a?e
Witherfid adlld f}(?: t;faszejve ﬁ};ld one or two not yet fully developed green leaves and finally in
inserted. 1nsl

. . 25 1 bout the
i i " of the culm situated about 0-25 inch a

i inal growing point o

the centre is the term

1 Im. .
F ture basal portion of the cu
R node ihe n;:aves produced at the extreme base of the culm are scales, or at all
The first two !

bvi reen lamina and omitting these it will be seen that the short piece
e D ared ‘f101_15 gthe first season’s growth carries, as a rule, 10 leaves. Growth 1s
of culm mfftured aurmlg OB e and ie as o rile 10 t;hat G i
resumed b f)r 655 \%hich the apical bud of the culm has been raised some 3 inches
culms ey e of thogr nd owing to the growth and elongation of the upper immature
above the surface of the hgrmi1 i o e hae ind clongation of the .an m mt.er_
internodes. Towal.‘ds t inf can even then be clearly distinguished and in Whl’ch.the apical
T o oen il Cug inches above the ground by the elongation of these internodes.
hud has been I‘altseiofe_;lso that this vigorous growth is taking place at a period when the
It is interesting to

N v 3 ﬂt . . . o
rainfall 18 vel‘ly SC'; bZ'r of long internodes developed in the flowering culm is usually 10,
The total nu

1 inates in the panicle. Thus we have here each
i - a1 segment which termina : .
excluding the a}zicaio ns%am average rate of growth corresponding to a single leaf for each
n ‘ | N £ v -
yeart;in ? I;E:I:aasil of vigorous growth from February—November.
month O

Im which dies after flowering thus persists thro.ugh t.wo growing
As an average ¢l described as biennial. No case has heen seen in which a flower-
seasons the culms 1Y o ; in one season and the time of flowering is as a rule very con-
ing culm bas been pr()“hmethe exact period which an individual culm takes to complete its
stant.! At the ‘sa,me tlI}Ille fact that young culms may commence their development at any
cycle varies, OWInE t o ? vecetative activity. For this reason also if a clump is examined
time during the perlodg imgmature culms are found to vary in age and size from young
in the seaso™ of res :1 ecommenoed development to the culms of one full season’s growth.
phuds which ha‘jJe re‘c ey £ development is very frequently scen in this species as follows,
An exC‘;Pt'lonal1 tﬁ);l?er of short basal internodes which as a rule immediately precede
After the usua

. of the long internodes of the flowering culm, only a few long internodes are
duction O

the pro econd series of short internodes, after which follow the long internodes
a s )
found and t‘h(irl-— - N a also of Erianthus Ravenne flowering in.November, Decm\\b.ev an ' Junvary ha\‘f' teen
N lm’_;;:\t‘_~ alms of this sbeclosti::al circumstances these species are capable of vigorous growth practically throughout the year,
re ¢ + under excep
that w

met with which indicate [ 73 ﬂ
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of the flowering culm proper.
duced as a rule close to the gro
being well above the ground.

The basal series of short internodes in a normal culm is pro-

und surface, the initial long internodes of the flowering culm
In the exceptional case noted above, however, the first series
of short internodes is deep below

low the ground, the sccond series is just below the surface,
while vigorous roots are developed from this second series and from the long internodes
below it.

The clumps of this species, which is usually

beds of water-courses, are particularly liable to be more or less covered by masses of sand,

or débris, brought down by floods in the rains and this is apparently the cause of the abnor-
mnal development noted above.

At the beginning of the rains,
a rule, already completed their g

found on alluvial soil in, or close to, the

the basal long internodes of the flowering culm have, as
rowth, but when these are covered with soil or débris,
~ vigorous roots are developed from their nodes and this appears to check the development
of the flowering culm and to result in the production of a second series of several short
internodes near the surface of the ground, after which the normal long internodes of the
flowering culm may be produced the same season, or this may be deferred to the next growing
season. In the latter case the culm persists for three seasons,

If, when the change of soil level takes place, the flowering culm has so far developed
that some mature long internodes are still left uncovered, although roots are produced by
the submerged nodes, there is no development of a second series of short internodes, or
check in the growth of the flowering culm as noted above.

Exceptional development is also frequentl
specics are largely cut and used for thatchin

complete destruction of the upper green leaves which
nourished the long internodes of the flowering culm next season. Instead of long inter-
nodes and the flowering panicle being developed next season therefore, such a damaged
culm only produces a second series of some 10 short internodes, while the production of the
long internodes of the flowering culm is deferred to the third season. In such cases there-
fore the culm persists for three instead of two seasons and the base of the flowering culm
shows about 22 short internodes at the base, aggregating 2—4 inches in length, instead of
the usual 12 short internodes aggregating 1—2 inches. In arcas where this grass is cut
for thatching purposes it has been noticed that there is frequently a marked periodicity .in
flowering, an unusually large number of flowering culms being produced in one year, while
the next year very few or no calms flo

wer. The cutting is usually done in October—Janu-
ary and it is clear that during the following rains each clump will contain (1) the culms
which were cut over and which are developing a second series of short basal internodes in
consequence, (2) the young culms which are in their first season. None of these will ordi-
narily flower that year but next year both (1) and (2), if they are not further damaged or
[ 74 ]

» in ordinary course, would have

- of flowering culms.
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ill thus contain double the usual number
i ﬂOW: rrzlnges?lll: giutlll;g ;‘zsence of this unusual number of large old
i i1 itn; l:Wailable for the healthy development of young C'lll*lﬁns Oi th(i
culms is that less hig h therefore an unusually small nugber are produced.. e natura
current season, of Wh;zually small proportion of flowering culms the following year. .
result is again an ulf ]| munj is only obtained from the upper leaf-sheai:,hs of the ﬂowenng
As the commer®s fm mythe above that the areas worked for thatching grass and munj
culm, it would ap.pe'al' tr(')n the former the grass should be cut over annually towarqs the
should behkept dlllsf)lfn :i,gclu'ous growth and in the latter, damage to the leaves, by cutting or
close of the seaso i ossible.
otherwise, should be aV:;deidaZ:::l:;;nt of the culms in Erianthus Ravenne is pract.i-
The mode of g7o% deZcribed above except that the basal scales are usually four.m
cally identical fo that £ Erianthus, however, it has been noticed that the culms VthlCh
number. In old clum({) y (; the rhizome frequently show an average of 20 short basal inter-
originate frorfl the bu S';)ches and such culms apparently persist for three years, whereas
nodes .Iﬁeasuz;?isz\;écil originate at a higher level show the normal development.
the axillary

interfered with, wi

their development at the break of the rains
It is believed that su(;heslng())‘:t (;(:,ZIIT::I‘!I?ZOI‘OUS growtlf) in February.‘ This is possibly
in June, Wherejas the 'averl.ght being available, until the old dead leaves in the clump have
on account of insuflicient 18 and are more or less decayed. During the ﬁrs:,t season such
been beaten dovn by the 1-mnhow ten short internodes (four with scales and six with leaves
a shoot would be expected tobsel‘) During the second year, owing to the upper leaves reacl.l-
for the period June——'ljlf: P;;l the .clump, activity might commence in February and an addi-
Ing a consid;erab.le helod might result for the period February——Nove.mber. The flower-
tional 10 short W EH0> :guced in the third season from these long permsten.t bases usually
ing culms event}lall); It),:;th as regards diameter, length and number of long internodes. It
f: zgil;::;‘i;;: 1sgiz;lilar development occurs in S. Munja.

54. The remarks given under this head for s;&‘epﬂbﬁ-
i i gards the kind of damage done by fire. ramage.
ly also to this species as reg
S. Narenga below app

hd - . h
. ble to severe injury than S. Narenga from bot
ies however is far more lia
The present species

ing reasons :—

early and late fires for the folios:z;i soil. In areas which are burnt, the rain washes away
(@) It usually f)ccurs Othe base of the clumps, more or less exposing the base of the
such soil fl‘(;Im rhizome branches from which the young culms are developf:d.
culms a-nd lt e apidly dries after the rains and the base of the clumps, which
Such soil also r fe more or less exposed to the sun and wind, also become dry,
as noted abOVf1 ?eaves and débris contained in the clump. There is therefore
as do the dea danger of the fire penctrating to the base of the clump and des-
:: fa;-nggr(::rzn]y %he first year culms, but also the rhizome itself. On loam

roy

[ 7 1
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fire damage is greatly diminished and an early fire is often almost innocuous
on such soil.

() meg to vegetative activity being fairly vigorous in February, the growing
points of the young culms, commencing their second season’s growth, are often
2—3 inches above the ground surface in that month, whereas in S. Narenga
they are as a rule still below the surface.

As in S. Narenga, the shoots which are most subject to fire damage are the one year
culms which, in the ordinary course, would produce the long, flowering culm and panicle the
following season. Thai early fires on sandy soil are capable of destroying these culms and
thus of greatly diminishing the production of flowering culms (and consequently of the
commercial munj fibre) has been observed again and again. Clumps recently burnt have
been examined in the field and the terminal buds of the one year culms frequently found to
be brown, discoloured and obviously damaged, while unburnt areas can often be at once
distinguished in lhe forest from adjacent burnt areas owing to the far more numerous
flowering culms in the former. This is most marked in November—-December before the
grass is fired and when the green areas which are annually burnt are sharply defined from
the adjacent unburnt tracts which resemble a white sea on account of the multitudes of
fluffy panicles.

Cases however do occur where occasional firing is apparently beneficial.

Mention has been made above of the fact that where the leaves of this grass are cut
for thatching purposes, the clumps, which are occasionally and not regularly cut, frequently
show congested growth and a very poor production of vigorous young culms, owing to the
presence of an unusually large number of flowering culms, the leaves of which prevent the
young culms at the base of the clump obtaining sufficient light for their development. The
burning of such clumps which contain an excess of old flowering culms, results in n;or‘ r
less effectually cleaning the clump of the dead leaves, old culms and (lébr’is and is fre ‘ t(l"
followed by a very vigorous production of young culms during the next season fiuonl .“.
way occasional burning in areas worked for thatching grass is probably" beneﬁci';l bn t ]llb
most satisfa}ctory treatment for such areas probably consists in endeavourine t ronent
the production of flowering culms and to obviate the necessity for firing by Zutting over

the immature leafy culms regularly every year. One i

. . year culms which : ;
produce only leaves and short internodes again during the ne | e cut over vsua 1
to cut these at a suitable beight it should be po
culms.

to prevent

) xt season and by continuing
ssible to prevent the production of flowering

Intentional burning should be carried out early in the season before the clumps et too
dry, as otherwise there is a danger of the rhizome being destroyed by the intcn;zpl:eif |

Any factor which interferes with the natural outward growth of the clumps. and
causes the young cu.lms to appear inside the clump and under the shade of older culms,
ins.t,ea.d of just ou}mde the clump at the periphery, as is naturally the case, also results in
a similar congestion of growth and inferior production of vigorous young culms. Such

[ 36 ]
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ce consist in the presence of large rocks in the soil, the proximity of
e or other species, the hardening of the soil around the clumps by
heavy grazing and trampling of cattle and the dfestruction 01? the young culms. developed
trom the external rhizome branc}?es by the trampln.lg or browsing of cattle. I.t 1s probable
that in all such cases of congfsmon temporary relief would be secured by firing, but this
pent utility.
WOUI(Iitb.(i Ojbzi(:)g: rgit a clumpywhich has been well burnt one year would be cleared of
Jbris ;; 4 would probably have most of the'one year cuh.ns also destroyed. Next year
ect the clump to consist chiefly of immature leafy culms and the
1 in the clump would consist of the old leaves at the base of these

{actors may for instan

therefore we should eXP
only jnflammable materia

culms, while there would be a quantity of green leaves. Such a clump therefore would not

purn well and it is a frequent expfarience in burnt areas that a year in which the clumps

burn well 1S followed by one 1n which tl?e}f bl}rn with dlfﬁ'culi-;y. The greate1: tl.le accumu-

Jation of dry flowering culms the more 1njurious the fire is hkely'to be and it is probable

that on fire lines the plants would be most injured and weakened 1.f they were cut over for

thatching grass every third year. The secon.d year aftt'ar such cutting there would ordinar-

ily be twice the usual number of dead flowering culms in the clumps.

55. The above remarks on fire damage as

< this i . be summarised as below :—

regards thl;'ipe:z;;i? 1:2111‘@3 chiefly in the destruction of the one year culms and in

@ 1((iiminislz:ing the production of the commercial munj fibre. It is however
often sufficiently severe to damage the rhizome branches and may thus kill
the plants entirely. : .

(b) The damage done 1s undoubted}y most severe on sandy soil and on loam the
damage done by an early fire is as a rule insignificant.

(c) The later in the season the fire occurs the more severe the damage, owing to the
oreater dryness of the dead leaves and débris in the clump.

(d) :\I‘zaa required for the production of munj should be carefully protected from
fire especially if on sandy soil, and also from damage to the leaves by grass-

cutting, grazing or otherwise.

(/) Areas worked for thatching grass should be kept distinet from those required

for munj. o .
In such areas the grass should be cut annually to diminish as far as possible

the production of flowering culms and if heavy flowering does' occasionally
occur the clumps should be burnt early in the season. The soil around the
clumps should be kept loose to allow of the free growth outwards of the
rhizome and to prevent the young culms and ends.of the rhizome branches
being situated close to the inflammable Ipaterial inside the clump.’

J— " f 5(T\;ol(wp\:c11t (;f the clamps and eulms and the occurrence of congested growth in this aud other closely allied species
hora a0 ‘anthus have many points in comuion with what is seen to obtain in tufted species of Bamboo, as will he seen by a
o acharu, " f"l:::’“’"i“" PJP“I'.I)V Ar. W, H. Lovegrove on Deudrocala nus st-iclus in the Indiar Forester, Volume XX VI,
- M ol g @ 3
reference to a st
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56. This plant is as a rule not much utilised
for fodder and cattle only eat the young and immature leaves. Grasslands required for
grazing should be fired so that the young leaves may become available in the hot season.

57. On areas where this grass is dominant
the soil and moisture conditions are as a rule only suitable for dry miscellancous forest, as

a fair representative of which we may take th: woodlands of khair, A cacia Catechu. The
latter has been seen to obtain a footing and effectually oust S. Munja from areas where the
latter had first occupied the ground and become the dominant species.

A plant which frequentiy occurs with this grass is Zizyphus Jujuba and on arecas
which are regularly fired and heavily grazed throughout the year, the latter tends to become
dominant. In such areas the Saccharum is unable to develop, the young shoots being
yrazed down by the cattle with the exception of the few culms which are able to develop
under the protection of the Zizyphus. The latter however is able to persist although the
repeated grazing and fire damage prevents the plant becoming more than a shrub. The
seed of the Zizyphus is largely distributed by jackals and Mr. P. H. Clutterbuck has
pointed out that the latter tend to frequent grazing areas, they being followers of the
larger beasts of prey and also attracted by the carcases of cattle which happen to die, and
this circumstance probably favours the rapid extension of the Zizyphus in such areas.

D.—EconoMmic Usss.

. 58. This species is of great commercial value
and is probably most widely known on account of the valuable fibre (called munj) extracted

from the upper leaf-sheaths of the flowering culm, which is used for cordage, mats, etc.
For this purpose, as a rule, only the two uppermost leaves of the culm are utilised, as these
have the longest sheaths. In an average culm measuring 17’ 3" the topmost sheath

measured 3' 10", the next below was 2’ 11” and the next 2’ 1” which indicates how the length
of the lower sheaths diminishes.

Watt writes as follows regarding this fibre :—" The much prized munj is strong,
elastic and has a wonderful power of enduring moisture without decaying. It is exten-
sively employed in the manufacture of cordage, ropes, the famed Delhi mats, and in the
preparation of baskets, etc. Munj mats * * are largely produced in Allahabad, Agra,

Delhi, and are traded in all over India, and within recent years have begun to find their
way to Europe.”

The thin upper portion of the flowering culm is locally called sirki and is used for
making winnowing trays, cart-covers, etc. The thick lower portion of the culm is locally

called bind and is used in place of split bamboos for making screens (tatties) and in
thatching.

1 Commercial Prcducts of Irdia by Sir George Watt, 108, p. £30.
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proved of value for paper-making.

-
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or thatching and also constitute a valuable paper material.

The leaves are Jargely used | expert, in an article dealing with the relative value of

illiam Raitt, the paper e o
.er. Wler materials alludes to this grass as follows:
possible pap le to deal at length with all the fibrous grasses known, but as types of

“ | ‘ . § i y‘ hl' > SpeCieS h'C ave a feady

V—a reed-like grass found on cl}zlurk a;nlf%kwaste ;:n::lvsh iic?l
j i it orowing in dense thicket-like masses, W

Northern Indie Vel‘()l’ irfgvir;z:ts. mB:i?glt;gegnerallygfound in the neighbourhood of rivers,
can be cut an Cog::;e 0? collection is widened by the possibilities of ”vlvater transport.
the economiC {'la t, easily bleached pulp, similar to that of. wheat straw.” e il
Vields an €x0¢ #7 5 has considerable value on account of its power o.f fixing unstable so1

This species alz) darsifting of sand. Tt is not infrequently found_m stream beds where
and of prevel;;lxﬁfytrssisted the force of the water, each clump forming a nucleus for the
it has succes

L d and débris. . . sand-
accm]gula;'lon Oift:: Ialxs follows on this point : “ At Jeypur it is extensively used as a
uthe wr

binding pla \ v lert ting the
d the experiments /hich have been underua.iken there for arresting

inding plant; an : e

e entlof sand prove it t0 be very suitable for the purpose

movem Y

Muriz (Saccharum Sara

Hackel in Monogr. Androp. (1889), p. 119. (Plates XII

’ 7allich ex
Saccharum Narengs, Wareh %050 oy rryr XXV)

um, Hackel, Lc., p. 120.

, hyrocom
Syn. Saccharum poTp y Roxb., l.c., 245.

7 Saccharum exaltatum,
F.B. 1, VIL 120; H., 119.
P., 1T, 1188.
The Sub-Himalayan
“Burma. Extends to China.

A —DESCRIPTION.

. Dehra Dun), Bate (Goalpara, Assam), Barota (Sil?zagar, Assam)
Kanwal ( ‘ns a height of 16 ft. and diameter of 05 in. Sol1 . ' 1 the bace
Erect, attalnhS nd polished except jmmediately below the 1eaf.mser?1ons an e bas
Quite .Sllr;oo‘t,h;e it is densely bearded with long adpressed white hairs.
of the panlg \’vith bulbous based hairs, espeleally _ N
Covere sten rough with their persistent bases.

eaths are o
off a d Old_S’hJ_J_A_ wltarist, Vol. XXXII1, July 1909, pp- 10--12.

1 Tyropical Agric
ic !
- 2 F;:gor Grasses of Northern Irdia by 3. F. Duthie, p. 25.
14> n I
[ 7]
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Ligule.

Imfloreseence.

Spikelets.

INDIAN FOREST MEMOIRS.

Lower sheaths are longer, upper sheaths are shorter than the proper internodes.
Of uppermost leaf of flowering culm f

rom mucroniform, 0-25 in. long, to linear, 14 in.
long and 0-25 in. wide.

Of lower leaves, attains a length of 8 ft. and width of 1 in.
white,

Greatest width usually about the middle.

Colour dark green, midrib

Apex long acuininate, base narrow and flat,
In basal leaves midrib occupies 4, or less, of the width of lamina at base.

Margin scabrid except at extreme base.

Bulbous hairs scattered chiefly on upper surface towards the apex.

Densely bearded above immediately behind the ligule.

Membranous, rounded, up to 0-25 in. high.

Ciliate and minutely silky dorsally.

Spikelets in pairs, one pedicelled and one sessile on the capill
branchlets of a terminal panicle.

Primary rachis yellow, sulcate, hairy on ridges, bearded at nodes.
Primary branches sub-verticillate.
Flowering panicle 9 in. to 2 ft. long,

horizontal or slightly ascending,
brown.

ary jointed branches and

narrow, lanceolate to sub-cylindric: branches
simple, or sometimes branched at base; colour purplish-

Fruiting panicle purple, branches closely adpressed to rachis an
Awnless, oblong, 0-08 to 0-13 in. long.

Sessile and pedicelled similar, each one-flowered and ¢ .

.Pedicellfad' spikelet'at length falling from the pedicel, sessile falling with the attached
pedicel and joint of axis. The pedicelled spikelets usually fall first and the sessile follow
later. :

Joint of axis 3-gonous, sparsely hairy on a
shorter than to subequal the spikelet.

Pedicels glabrous or hairy on margins,
shorter than to subequal the proper joint.

d very fragile.

ngles, 3 to 1} the sessile spikelet but usually
% to § sessile spikelet. Majority of pedicels

Callus hairs stiff, usually purple, shorter or a little longer than the spikelet.

Glume I.—Oblong to oblong-lanceolate, brown, coriad:ous, apex sub-acute, ohtuse or
minutely bi-dentate.

With two lateral keels; 2—7 nerved.
Margins inflexed, ciliate.

Dorsally flat between the keels, hairy or smooth below, puberulous above.
Villi not overtopping the glume.
[ 80 1]
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l 11.—Subequal L. Oblong to oblong-lanceolate, brown, thinly coriaceous, apex _
Ghume 7 membranous, sub-acute or obtuse.
A central keel, 3—5 nerved.
ins inflexed, ciliate. N
lg::sgz:ﬁy glabrous or hairy below, puberulous above. Villi not overtop-
ping the glume. . N
Glume III1—Subequal I. Oblong, hyaline, enerved, or with one or more partial
o ' basal nerves, ciliate. . . ‘
Glume IV —Similar to III, but slightly shorter, enerved or with a partial median
um —
nerve. - N
Pale—} to 3 IV, ovate to oblong, hyaline, enerved, ciliate.
Lodicules, two, cuneate, glabrous, 0-02 in. " 1
Anthers, three, 0:05—0-09 in. long, yellow or more or less spotted with purple.
Stz ma,s’ two, 0-03—0-04 in. long, dark purple. ‘ .
Th li] iry’lea,f sheaths, the culms bearded at the leaf insertions, the narrow, purple, Fiid hare
- il tin ic leaves readily distinguish this species in ™
very fragile, fruiting panicle and the dark green leaves y

the field.

B.—TaxoNomy.

59. Hackel divides the genus Saccharum
. of which contain all the Indian species.
e rfr(i:lr Sl::fi?lir:e:g:a (sections) have been adopted in the F. B. I. as follows : —
ese -

i i ragile. ikelets of each pair
__Rachis of spike (Hack. raceme) fragile. Spi )
- Eusacc,w::;,ln sessile and pedicelled, both fertile (Hack. ¢). Stem solid. ‘ .
II. S lzl:.z:?achg’/a —Rachis of spike tenacious. Both spikelets of each pair pedi-
. C B
celled. Stem fistular. |
Hackel places only one Indian species in the latter, viz.—

S fuseu,m R,O l) is 1 p i W Malayan SpeCieS is a-‘SO
dd d : Id. l’\ey'i WhiCh IIaCkel desc Ii-bed- af t/el' the publlca,t-l()]l 1 g .
adaded, 2. S R Of h S mono Iaph

The characters of the culm being fistuldr or solid and the rachis tenacious or fragile
e char

therefore seen to be of sectional rather than specific value.
are

. p ecies are very subject to damage by insects and
'Fhe ﬂowerlnicl;h;;v(: tf::nptlilelslzn:nj'ﬁ:ed usually Zhow Ja small perforation which is
fungi. Culms Wdl; some sucking insect, while the tissue of the culm in the neighbourhood
appil‘elll;ll); cla:‘e‘::s:mesydiscoloured. and usually reddish giving the appearance of the “ red-
of the
rot ” of th.e Sugal;{c?;e.damaged culms were submitted to Dr. Butler, Imperial Myecologist at
Spectmets ¥ h i‘un al hyphe were found in the discoloured ticsue these apparently
Pusa, b; t@agh;l;grophyt{i;c species, as no parasitic fungus could be isolated on incubation.
belonge
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. The question as to whether, or not, a sucking insect is invariably the primary cause of the
injury however requires further investigation.

The injury is most frequently found at the leaf insertions where the insect, or fungus,
probably intercepts the food materials on their way from the leaf into the culm, This
interference with the normal nutrition of the culm results in the internode next above the
iattacked leaf-insertion becoming fistular instead of solid and being unusually small, weak
and more or less imperfectly nourished. When the internode is much weakened in this
way it is frequently unable to withstand the action of the win
the culm, with the terminal panicle, then bends over, but usually still remains attached to
the plant. Such a culm looks as if it had been half-broken by a passer-by. The panicle
branches also of culms injured in this way are remarkably tenacious and the spikelets are
persistent. Such a panicle therefore forms a striking contrast to a normally matured
panicle and has a characteristic and distinctive appearance both when seen in the forest
and in the herbarium. The normally-matured panicle shows a persistent main rachis
with closely adpressed fragile branches which rapidly break up and fall off, the pedicelled
spikelets falling first from their pedicels and the sessile spikelets following with the joints
of the branches and branchlets, while, so long as the spikelets remain, the callus hairs give
the panicle a purple colour. The abnormal panicle, on the other hand, shows persistent
and often spreading branches and persistent spikelets, while the callus hairs are frequently
pale to almost white and thus give the panicle a pale, or brownish, feathery appearance.
See Plate XXII1, fig. 3, and compare with the normal panicles shown in fig. 2.

In these abnormal flowering culms of this s

two remarkable and important characters, viz. the fistular culm and tenacious rachis of the
Panicle branches, and the writer has seen panicl

es of this description placed under S. Juscum
Roxb." in herbaria. The latter species, however, apart from other characters, can be at once
distinguished by the fact that both spikelets at each node are clearly pedicelled and the
spikelets eventually fall off from the tips of the pedicels, leaving the persistent panicle
branches intact, a state of affairs which is not seen in the abnormal panicles noted above.
Sec Plate XXV, fig. 11.
Whereas the spikelets of a normally-matured panicle of the present species contain
the normal fully-formed fruit (grain), those of the abnormal panicles either contain a very
small and imperfectly developed fruit, o

r else the entire unexpanded flower with ovary and
stamens, thus indicating that the development of the flower and fruit has been prematurely
checked.

d and the upper portion of

pecies therefore we have a combination of

The glumes of these abmormal panicles show no marked peculiarity. Saccharum
porphyrocomum,

Hackel, is founded on No. 19285 Herbarium H. F. Hance. The type is in
the Herbarium of the British Museum and has been examined by the writer. It consists

1 In F. B. 1. Saccharum fuscum Bosb. is said to occur in the w and lower Gangetic Plains, and Duthie (Fcdder Grasses of
Northern India, 1888, p. 29), says that it oceurs “ in the plains of Nerthern India & ® usually in damp spots.”” ' The writer ha at yreecnt
10 personal knowledge of this species in the field, and the only specimens in Herbarium Debra are from Assam. ®pecimens and infurmation
regarding this grass will be welcome at Debra Dun.
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. enga which owe their peculiarities of a ﬁstula:r
Ofl ab:zaml;’jrsl;:;llf:e;aficiagﬁz’ﬁl ﬁa:o:ai injury similar to that described above. This
culm e
species .theref.ore lﬁwaostﬁ:’ia:;::;::: action of the insect, or fm{gus,- or both, de.scribed
It is noticeable tent be imitated artificially. On a plant growing in the experupental
above can to some €x ne of the flowering culms was sharply bent over and left hanging on
garden at Dehra ]l::eun ;0th 1909. It was thought that this might interfere to some extent
the plant en Octo fl‘ ter, and food materials to the panicle and thus more or !ess produce
with the passage O ev(;aabove The panicle which was treated in this way did show the
the Fesults m’engonand ene;‘ al appearance of those already described but the culm did not
pers1stegttbliz:0piibabl yg’owi ng to the central tissue having been fully developed when the
become fistular,
culm was bent. 1 fie. 2, shows the panicle treated as above described and three other normal
.Plate XXI11, f%ﬁe,se having been picked from the same plant on November 20th, 1909.
pamcles,_all four Othe bent culm clearly shows the persistent branches. .
The panicle Trom d that culms are sometimes found in the forest which have been more
It must be bt ts, or fungi, or both, but which do not show the abnormal characters
or less damaged by msecte;lt to which the culm and panicle are affected appears to depend
noted above, and the ex t of the culm when it is attacked and on the severity of the attflck.
on the state of developmen n abnormal flowering culm, exhibiting the characters described
In no case, hovvever,hlil(j‘hS l?ad not been more or less severely damaged, while both abnormal
above, been found lV]V ve frequently been collected from the same plant.
and normal culms have ted that the flowering culms of this species and also. those of
It must alsc.> be :(};’rianthus Ravenne are frequently attacked by larvae VthCh hollqw
Saccharum Munja a]I]‘, also often results in the premature drying of the pam.cle but this
out dthef c;lms ;:ibtriilsly differs from that described above in which no obvious excreta
kind of dama

varieties as bel-oz,,:—(}lumes 1 and IT of sessile spikelet obtuse, glabrous dorsally.
a genum

1 sub-enerved with the exception ,?f t].11321;ee11023m5.

Sessile spikelet 2.5 to 3 mm. (0-1"—0-12") long.

Tl‘Opical. Hmnlzalg){sx-nes I and II of sessile spikelet sub-acute, dorsally hairy below.

u

? faKiz:is;a;nerwd in addition”to the keeé segliv(}eis[,i "

Spikelets larger 3-5 mm. (0-14 ') long: 3,3.1 s . - )

. ds it impossible to follow this classification. In the first place it m}lst
The writer _ﬁn §1 cimens the hairs easily break off from the hard coriaceous giumes,
noted that.m dried sPe.kelets and leave no obvious scar. It is not therefore always easy
especially' o matl(;l‘e v of ha’iriness of the glumes from herbarium specimens. In all the
o detgmn?nt;(;piii{ee:s collected by the writer in Dehra Dun, however, there is an obvious
fresh flowerl

[ 8 1



#iabitat.

Development
-of Culma,
Season of
Vegetative

84

INDIAN FOREST MEMOIRS.

difference in the hairiness of glumes I and II respectively. Thus in the sessile spikelet,
while glume I was more or less densely hairy dorsally, glume 1T was glabrous, and while
glume IT of the pedicelled spikelet was often dorsally hairy it was usually less bhairy than
I. At the same time the hairiness of even glume IT of sessile spikelet appears to have
little constancy, geographical or otherwise,

In fourteen panicles, for instance, which were kindly sent me by Rai Sahib Kanjilal
irom Sibsagar, Assam, only a single panicle (with spikelets 0-13 in. long) showed the hairy
glume 11 of Kkasianum and on this panicle glume I of sessile spikelet varied from glabrous
to fairly densely hairy dorsally.

So far as herbarium specimens are concerned the local Dehra Dun plant shows glume
I of sessile spikelet and glumes I and II of pedicelled spikelet varying from glabrous to
densely hairy dorsally and a similar variation has been found in panicles received from
Sibsagar. This variation also has been observed on one and the same panicle.

Apart, however, from the inconstancy of the hairiness of the glumes, the other charac-
ters selected by Hackel for the definition of his varieties are not constant and are not
necessarily correlated. Thus, on one

and the same panicle, glume I of sessile spikelet has
been found to vary as regards its ape

X from sub-acute to obtuse, and as regards its nerva-
tion from sub-enerved to clearly 1—3 nerved in additi

on to the keels. The length of the
sessile spikelet also has varied from (-1 in. to 0-13

: . in. on one and the same panicle, while
spikelets 0-13 in. long have shown the hairy glume II of Khasianum.

C.—BroLocIcaL AND (EcoLoGicaL Nores.

60. This is probably the commonest and most
widely distributed savannah grass of Sal forests and is usually the dominant species, at all

events at first, in areas from which the Sal forest has been cleared.

It is found in this locality on well drained loam, usuall
of humus. Like Erianthus Ravenne it has considerable
requires considerably less moisture than that species.

Compared with Saccharum Munja, this species is a
slightly less sensitive as regards good soil aeration.
ment a soil with a greater capacity for retaining moisture and not so subject to rapid
drying, as compared with that which suffices for healthy development of S. o unja.

As already noted it is usually found on soils which have been long under forest and
which have a considerable admixture of humus.

In this locality the species is found at its best in small

) shady blanks in Sal forest, and
it is here a valuable indicator cf soil and moisture conditions suitable for Sal.

61. Perennial, usually gregarious.

y with a considerable admixture
power of withstanding shade, but

much stronger shade-bearer and
It requires for its vigorous develop-

hizome which constantly extends outwards on
Activity ang all sides in a centrifugal direction. The aerj
Flowering,

al culms are biennia) and are either the direct
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inuation of the growing points of the rhizome, or they arise as axillary shoots from the
~continuatio
ulms. ' ]
basal nodeslof 01;-1: rsi(:,uated close together, the entire plant thus forming a clumP or tuft,
The cu rlns abeing in the interior of the clump while the youngest culms are sﬂ;ua?ed elxt
o OIde'Sthcu m'vsvhich constantly extends outwards. In some cases the tufts are not clearly
eripher , .
th(;i 4 d fnd t);le plant shows a somewhat spreading l.)a‘blot. ' e
define : occurs in comparatively moist localities but its u§ual penod: oov;ggzous
Tiu ° grzts;isvity is about 6 months from June to November, it flowers in October—
vegetative a :

Novembel culm is found to consist of a short, hard,
first season’s growth the culm 1s to )
A elnd i‘)fi(tfllemezssuring 1—2 inches in length and c?n51st1ng of 8—12 (usuiilly 10)
maturl? b:% 2te€'(1)10des which are clearly defined by the insertions of the outer older leaves.
very short 1 ,

d dry, while within and above them is
¢ are more or less dead an .

These outﬁ;‘ le?tv ?mmature apical portion of the culm, carrying one or two }mdeve.lope(z
situateld e ds?till younger leaf rudiments, terminating in the apical growing point o
green leaves, and s

. c;lml; a culm therefore appears to be merely a tuft of large leaves.
uc

i i ture apical portion of the culm
: n of vigorous growth the imma [
Durmgt;he;e::’z:psﬁfii; and produces 5—7 (usually 6) long internodes and finally an
develops with g A

i weri i hus the entire length of the
p segment whi minates in the flowering panicle. "I‘ ~
. icalw s he . hz::irte; hleight of 16 feet, with the exception of the basal length of some
culm, which may a

; i rowing season.

2 inches, is developed- mdatsl:;gl;ga rulegthe 3 or 4 leaves which are first produce d at the

It should be nojuce culm are mere scales with a very minute, if any, lamina and,
extreme base of a young e piece of culm usually developed in the first season carmies 6
.omitting these, tl,le f"a;urnuf’rl ber of leaves carried on the 6 long internodes of the ﬂower{ng
leaves, This again '@ L each year an apparently constant rate of growth cO_rI‘espondlf]g
.culm, so that we have }1111 onth of the vegetative season June to November. The culm d.1es
to a single lee'xf for eac mnd seed and as it thus persists through two complete growing
after produc1ngbf20(;‘;‘382iized as biennial, but it must be understood that a culm does not
seasons, it may

. ears.
necessarily persist for exftlifm{neme their growth at any time during the period of
The young culmi1 I: c}"ﬂm which first appears in June 1908 will have completed its
vegetative activity a(l)lg and will flower and complete its cycle in October—November 1909,
first year in June 19 ” Another culm which originates, say, in September 1‘.?08, would
i.e. in about 13 y?al‘B tober—November 1910, i.e. would complete its cycle in about 2
ordinarily flower 11111 X ain a culm which originates in August 1908, if growing under
years alll)(ll ii';(:]ﬁs;n cesg might flower in November 1909, i.e. in 16 months. In no case,
favourable ’

w m i ingle growing season and the
i 1m been found to be produced in a sing
“however, has a flowering cu b



Suseeptibil.
ity to Fire

86 ' INDIAN FOREST MEMOIRS,

normal rate of growth is, as noted above, 10 short internodes the
internodes and the panicle the second season. The season of flower
Exceptions of course occur and some flowering culms may be f

times even more, short basal internodes, thus apparently itidicating
for at least 3 seasons.

Such cases however appear to be undoubtedly absiormal and are probably due to
exceptionally unfavourable conditions of light, competition by neighbouring shoots
damage by insects, fungi, and so on. In some of these cases periods of normal develo ment:
are found to be succeeded by periods of exceptionally feeble growth and these are ;’] o
certainly caused by damage to the leaves by grazing, fire, or grass-cutting. 08

62. During the cold and beginnj
season, when the forest grasslands are chiefly exposed > sering portpe

to fire damage, th i .
this species consists of— ge, the aerial portion of
(a) The dead flowering culms.
(b) The immature short leafy culms which vary in size from those which have
enjoyed a full season of vegetative activity to the young huds whi
recently commenced development. young which have only

The flowering culms are, as already noted, situated in the jnter;
the young leafy culms at the periphery. In old plants, also, ther;1 ﬁl‘::l;fytge;;:mp o,
considerable hollow space in the centre caused by the disappearance of previous ne or .less
of flowering culms and in fire-protected areas thig space is more or less ] dge eratious
leaves and inflammable débris. ed with dead
The shoots which are most exposed to dam.

age are the one year cul i
their lower internodes a number of large, more or less dry a,nycli inﬂamnllxj e o o
which are situated in the immediate neighbourhood of the dead flower

débris which may have collected in the interior of the clump. The youl: gge S:u(];!:lsmand any
other hand carry far less inflammable material and are situated op the exterior of ths on the
while the terminal bulds o]f the bra.ncl(;es of the rhizome are on the extreme outer peii(;:;:nr? )
e-like leaves and as a ,

g;)tf;ted by hard sca s a rule below the growth surface. Sep Plate XXV,
The principal cause responsible for mitigating the dama,

in this locality appears to be the fact that it occurs in ¢o

ing is also very constant.
ound With 20, and some-

that they have persistedt

able, leaves and

mge done by fire to this species

by ] . Parative] moi . .
considerable admixture of clay. Owing to its compact nature the s0il g’e sis(:::hsog w1t1.1 a
action of rain and effectually protects the buds of the rhiz ¢ denuding

: ome branche
great extent the base of the one year culms, the apex of which S and also to &

18 usually gj
surface. ally situated below the

An early fire, therefore, as a rule does very little direct damag .
sufficient to prevent the production of flower and seed, as woulq beet l?:(i is g«;ng;ﬂly not
bud of the one year culms was destroyed. On fire-lines and small age 1f the apical

o . 8rasslands where the
soil is more or less sheltered by the adjacent trees and thus kept mos ' . _
[ 8 ] Pt moist, and also in large

first season, with 6 long-

. sufficient moisture in the
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. . AT

grasslands where the goil is well supplied with moisture, the damage done by fire is practi- “‘t .

g . r o N
.‘canylnd'ex osed grasslands, such as Gola Tappar (see Plate XL), however, which are H

lar! ared and where the soil is omparatively dry, this species, although flowering -

l'eg‘ll a:; y Jv. shows inferior dimensions, but this appears to be due rather to the:.wa,nt of "

fairly ireet, soil for vigorous growth, caused mainly by the destruction of all s

humus and organic débris by the fire, rather than to any direct injury by fire. No case has L k\

yet been seenn where fire alone has sufficed to exterminate this species.

i d the drier the locality, the
al rule the later the fire occurs 1n t-he steasqn an
A;;f I::;ll the damage be, and a fire occurring 1n an area l?ng protected from ﬁre
3?111.91)3 more injurious than a fire in an area periodically burnt, owing to the a,pcumulatlon
of débris in the clumps. 63. This plant is generally considered of Uulity as
o value for fodder and cattle only eat the young and immature leaves. (Grass- vest Treat-

llittlfs (i‘l;:uired for grazing therefore should be fired, so that the young leaves may become Fuiier Pee
an

duection.
i fodder in the hot season. . .
.avallgl:ll:‘f::s Whi:}l; are annually burnt and then grazed the production of flowering culms

i iminished. . o
is to some extent dimini 64. As noted above, this species is a valuable Relations :
' TAS!
moisture conditions suitable for Sal. | Gr

indicator of soil and
D.—EcoNoMic USEs.

65. The culms and leaves are used for thatch-
for making tatties (=screens), etc.

ing,
Erianthus Ravennae, Beauv. (Plates VIII, XXVIIL.)
F. B. I., VII, 121: H" 139. References.
%’ It.]: 94:Is)l.ima,la.ya Punjab, Upper Gangetic Plain, Sindh. Extends westwards to the pistrivaton,
estern ) ’ |
Mediterranean.
A —DESCRIPTION.
Vernacular
dolu (Dehra Dun). L ' | Veran
g()lzzr,att(;ins( a height of 19 ft. and diameter 0-7 in. ' . Py
srf'd, often slightly fistular just below the panicle. Smooth and polished, striate.
S(ﬁ;rﬁy and finely bearded at the leaf-insertions. .

Hirsute with bulbous-based hairs, the latter varying in colour from white to yellow or Leatabeatn.
irs

whrown.
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The hairs are more or less deciduous and old sheaths are often rou
bulbous bases.

Upper sheaths glabrescent.

Always longer thaz the proper internode.

Long ciliate on margins towards the apex.

Of uppermost leaf of flowering culm from & in. lon

tapering from base, to 2} ft. long and 0-65 in. wide with greatest width about the middle.

Lower leaves attain a length of 6 ft. and width of 1} in.
1 in. wide.

gh with the persistent

Greatest width about the middle, sometimes in upper third.
Dark green, midrib white.
Apex acuminate, narrowed towards the base.

In basal leaves the concave midrib occu
the entire width of the leaf).

Densely villous above towards the base with bulbous-ba
lous along nerves, margins scabrid.

Pies } or more of width of lamina at base (often

sed hairs, more or less scaberu-

A narrow membranous rim not exceeding 0-07 in. hi
2-lobed, patently hairy dorsally with stiff white hairs,
Ciliate.

gh. Entire and rounded or deeply

Spikelets in pairs, one pedicelled and one sessile o
of an ample terminal panicle.

Primary rachis sulcate, scabrid on ridges.
verticillate.

n the capillary jointed branchlets

Primary branches compound sub-

Flowering panicle, 1—3 ft. long, lanceolate, brownish red in colour with spreadin
branches. Fruiting panicle oblong, dirty white or brown in colour, branches clOSelg'
adpressed to rachis. N

Distinctly awned, lanceolate acuminate.

0-13 to 0-16 in. long. Exserted part of awn usually about e
(from § to 14 times the spikelet).
Sessile and pedicelled similar, each one flowered and 3.

Pedicelled spikelet at length falling from the pedicel, sessile falling with the attached
pedicel and joint of axis. Joints and pedicels villous with long pale purplish or brownish
hairs. Hairs of joint overtop joint by about twice the length of the joint.

Joints 1 to % sessile spikelet. Pedicels 1to3
longer than proper joint.

qual to length of spikelet

Callus hairs shorter than to subequal the spikelet, purplish or brownish in colour

[ 8]

g and 025 in. wide, lincar ang

Are usually 4—5 ft. long and

sessile spikelet. Majority of pedicels.
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Sessile Spikelet.

Glume I.—Lanceolate, 2 lateral keels, dorsally flat or depressed between the keels.
Apex 2-mucronulate.
One or both margins incurved.
Dorsally scabrid on keels, otherwise glabrous, or more or less villous
dorsally.
Villi not overtopping the glume, or overtopping by less than § glume’s
length.
'Two nerved, sometimes with 1-—2 additional faint nerves between the
keels.
Glume II.—Subequal to I. A central keel.
Mucronate.
Margin incurved ciliate. '
Dorsally scabrid on keel, otherwise glabrous or more or less villous
dorsally.
Villi not overtopping the glume, or overtopping by less than } length of
glume. _
One nerved and sometimes one or two partial lateral nerves.
—Sli shorter than II.
Gtume IT1 (S)lliﬁl;gﬂanceolate, hyaline. Apex mucronate or acute.
Glabrous dorsally.
Margin incurved, ciliate above.
One—three nerved.

Glume 1V —Usually § IIL .
Ovate-lanceolate, hyaline.
Margin incurved, ciliate.
Long-awned. Awn 0-10 to 0-23 in. long.
Three nerved. :
Pale—About $ IV, ovate-lanceolate, hyaline, glabrous, enerved.
: . two, cuneate, glabrous. | u
i(:,dt:fz-l:sthree .05 to ‘07 in. long (0-08 to 0-10 in. fide Hackel) yellow, streaked with
purple. .
Stigmas -03 to -06 in. long. Yellow.

*

Pedicelled spikelet is similar except that glumes I and II are often strongly three
deand both glumes I and II are more densely villous dorsally. Villi not overtopping,
ve . ,
::l;)verwpping by less than 1 spikelet’s length.

This species is not infrequently mistaken for Saccharum Munja, but is easily distin- Field Charac.
is

.shed by its distinctly awned spikelets, the broader dark green leaves and hairy leaf- o
fll:e::ths Yl‘he fruiting panicle also is usually browner in colour.
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B.—TaxoNoMmy.

66. Hackel separates the common Mediter-
ranean form of this plant as a sub-variety (genuinus) with larger spikelets (0-2 to 0-25 in.
long) and with glume IV usually glabrous.

The Indian plant is referred to sub-variety purpurascens.

C.—BrorocicaL aND (Ecorocicar NoOTEs.

67. This plant, while undoubtedly requiring
a liberal supply of available moisture for vigorous development, does not extend into the
water-logged soil of the marsh.

It is thus apparently more sensitive as regards soil aeration than Imperata, while it
requires far more moisture than either S. Munja or S. Narenga.

It is found on both sandy and clayey loam. Tts broad, very thin, dark green leav
markedly mesophytic, if not indeed hygrophytic in their characteristics, but
not attain the dimensions of the truly hygrophilous species S. arundinaceum.

Warming' states that this species sometimes enters into the composition of reed-
swamp in Mediterranean countries, accompanied by Phragmites and A rundo Donax

The plant is a strong shade-bearer, but its capacity in this respect is often nlasl;ed b
the fact that the roots of neighbouring trees and shrubs frequently cause the availabli
moisliurtla supply to fall below that necessary for its vigorous development.

n localities where ample water is available by percolati -3 : :
seen to be = good shade-beafer, y percolation or otherwise, this plant is

In this locality it is found at its best on the hanks of irrigation channels and water-
courses, where ample water is available by percolation and capillarity, but where the soil

in contact with its roots is not actually water-logged except for short periods. It usuall
indicates a soil with the permanent water-table near the surface. . y

es are
the plant does

88. The remarks given under this he
| . : s head for
S. Munja above apply, generally, also to this species. The culms are biennial, The usual

period of vegetative activity is from February to November. Flowering takes place in
October—Nover.nbe.r, z?lthough paFllFles are occasionally’ met with also in December—
January, thus indicating that activity may in some cases continue practically throughout
the year.

During the first season’s growth from 1—2 inches of culm is produced with an average
of 14 short internodes and carrying 10 green leaves.
During the second season the long internodes (usually 10) of the flowering culm, carry-

ing 10 leaves and ter'minati-ng in the panicle, are produced. Unlike the Saccharum, how-
ever, the leaves of this species are not cut for thatching purposes.

! (Ecology of Plants, 1909, p. 189.
[ 90 ]
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69. The damage done by fire is similar to that suseepeingre.
described above for S. Munja and S. Narenga, but the species suf%ers much less tha.n S. m‘\
Munja owing to the fact that it usually occurs on lt?am. .Growth during February also is as
a rule not so vigorous as in S. Munja and the growing points of the young clums are usually
situated close to the surface of the ground at the end of that month.

70. The leaves of this species are eaten by utiity as

. . Fodd
buffaloes to some extent, especially when young. Grasslands required for grazing should m}}:‘;
be fired so that the young leaves may become available in the hot season. :d;:, Pro.
uction.
71. On areas where this grass is dominant the Relations

. . . . of Graseland
soil and moisture conditions are as a rule suitable for moist mixed forest. Such representa- to Woodiand.-

tive species as Cedrela Toona and Mallotus philippinensis have been seen to be able to
naturally establish themselves in areas occupied by this grass without artificial assistance.

The large tufted species of Saccharum, such as S. Munja and S. Narenga, have con-
siderable power of improving the soil by the addition of humus.

Not only do the decaying culms and leaves of these plants themselves add qonsiderably
to the humus content of the soil, but the central hollow of the clumps, surrounded - as it is
by a barricade of culms, acts as a veritable humus-trap in which the leaves and débris from
neighbouring trees and plants is caught, stored, allowed to gradually decay and find its way
into the soil. _ ‘

Erianthus Ravenne, being of more robust growth than either of the two species named,
possesses this power to an exceptional degree an.d the writer has removed 11 handfuls of
decaying leaves and débris from the centre of a single clump.

D.—Economic UsEs.

72. The leaves of this species quickly decay
and are not therefore used for thatching, a point of interest in connection with the

hygrophytic character of the spe'cies.
The culms are used for making screens, etc.

Imperata arundinacea, Cyrill. (Plates XXVIII to XXX.\)

F. B. 1, VII, 106; H,, 92.
P., II, 1188; C., T1, 946. o .
The hotter parts of India and ascending in the Himalayas to 6,500 ft. and possibly Distribution.

higher. . . .
® Extending to the Mediterranean region, Africa, Java, Japan, China, Australia.

Referenees,

A.—DESCRIPTION,

Siru, sirhu (Dehra Dun). _—
| [ 9 }’ Name.



92 INDIAN FOREST MEMOIRS.
Celm. Erect, simple, slender, from 5 in. in height and almost filiform, in poorly nourished
individuals, to 9} ft. high and 0-3 in. dia.
Solid, slightly fistular at base, smooth.
Leaf insertions tumid, glabrous, or densely bearded with erect white hairs.
Leaf.heath.

Glabrous or glabrescent, ciliate or glabrous alon
Usually longer than proper internode.
‘Lamina. Of uppermost leaf of flowering culm from mucroniform
and 0-25 in. wide with greatest width in middle.
Of lower leaves erect or arcuate and attains a len
Greatest width about the middle.
Dark green, midrib white.

g the margin towards the apex.
and 005 in. long to 6 in. long

gth of 4 ft. and width of 1-1 in,

entire width of the taf e towards the hase where the midrib oocupics almost the
Smooth, but scabrid on margin and on one or more sub-marginal nerves above, especi-
ally towards the apex.
White villous above on margins towards the base and behind the ligule.
Ligule. Rounded, truncate or two lobed. Attaining a height of 013 in. Ciliate. Dorsally

silky.

Tnflerescence. Spikelets in pairs, both pedicelled (one pedicel long and one short), on the simple, or

compound, subverticillate, capillary branches of a parrow, spiciform, terminal, panicle.
The upper spikelets in the racemes are sometimes solitary.

Branches are tenacious and not jointed.

Primary rachis sulcate, glabrous or scaberulous, s
white hairs.

Pedicels glabrous, scaberulous or pubescent, and with
the base.

parsely villous at nodes with long

a few long white hairg towards

Panicle from a little over 1 in. (in de
exceeding 1 in. in width.
Flowering panicle purple with the exserted sti
adpressed to the axis, fruiting panicle silvery white
Spikelets. Not awned, lanceolate, 0-13 to 0-15 in. long (att
Both spikelets of each pair similar, each one-fl
the pedicel.
Callus-hairs soft, white, 2—3 times as long as spikelet.

Glume | —Lanceolate, membranous, slightly thickened towards the base, apex
hyaline, 3—9 nerved, none of the nerves extending to apex of
glume, margins incurved, ciliate above,

Dorsally villous with soft white hajrs overto
times the length of the glume.
[ 92 ]

pauperate individuals) to 20 in. in length, not

gmas, the callus-hajrs being closely
with the wide-spreading callus-hairs.
aining 0-2 in. fide Hackel).

wered and ¢, and at length falling from

Pping the glume by 14 to 3
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Glume 11 —Similar and subequal to I, but sometimes sub-keeled with mid-nerve
extending almost to apex. N
Glume 111.—Oblong, hyaline, enerved, apex acute or sub-truncate and laciniate or
denticulate, ciliate.
-l IIII.I ovate-lanceolate, hyaline, enerved, apex acuminate,
Glume IV.Fsube?a,‘::xltewo% obtl'lse and lacinia,te’ or denticulate, minutely ciliate or

labrous. . .
Pale.—Quadrate fectangular, or sub-pentagonal, hyahnfe, enerved, apex denticulate
- or unequally laciniate, glabrous or ciliate.

1 to subequal IV.

Lodicules—None, or very minute. |
Anthers—Two, 0-12 in. long, yellow. The filaments are sometimes connate below.

Stigmas.—Two, 0-12 in. long, purple.

dinary savannah form of this plant is about 3 ft. high and is strongly gregariou.s. 2:2 Charac-
Th.e olr 1f ityi s somewhat liable to be mistaken for Eragrostis cynosuroides (.known in
‘gh}f y m]) ia by ‘the vernacular name of ddb) with which it is frequently associated and
ehra Du

which has a very similar habit.

The leaves of ddb however are broader at the base and glaucous, not dark green like
e :

h f sirhu. The old leaves of sirhu also turn reddish or brownish yellow, those of dal
those of sirau.

are much paler.

i ' sirhu, also, covered with soft membranous
succulent white stolons of sir . ) ’ 1
h 'Il;he iﬁﬁﬁ distinguished from the hard, polished, yellow stolons of ddb, which are
sheaths, a

covered with hard shining sheaths.

73. The leaf of the ordinary savannah form asatomy.

f this species exhibits considerable xerophilous adaptations.
0

The cuticle is strongly developed, particularly in the lower epidermis.

tudi is provided with two girder-like groups of sclerenchymatous
Each ]onglaudllﬁ tllllzr;:illlscir;);l nerves are stronggly developed and are situated, respect-
fibres. The gir erls, upper and above the lower epidermis, the nerve thus being connected
ively, close below ¢ ebofw)rg and below. Each nerve is flanked laterally with a narrow band
with the epldermltSh:Se bands curving inwards and almost meeting around the nerve inside
of chl.orenchym‘;' hlorenchyma, thus gives the appearance of more or less complete rings
the girders. :I‘ T ; strands. The epidermis situated immediately ahove the chlorenchyna
d. the va'b(;lu :(l;mata which are particularly numerous on the upper surface of the leaf.
is prov1dfad Wl'f hS and parallel to, the principal nerves on the upper surface of the leaf are
'Alte.r:l tltl nfl ‘;;tnés of the remarkable, large, thin-walled, colourless, cells which are called
longitudin

[ 93 1
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moior-cells by some writers' and bulliform-cell 3
there:fore a.ltern.ating with the prin{:ipal lo:gli){ugtil::i»s'nerl\?:: ez,t:,c ti‘;S:“mle‘-CC"a‘- o
prm;ided with gu.'ders and chlorenchyma rings, similar to thoss (;f the princ?r lnchOS. e
ix::, er. Igma?mtely above the midrib is a thick, cushion-like, band of thi ?a e ool but
s cell.s W.hICh is believed to function mainly as water-storiné tissue. I ¥ alled colf)ur-
that this tissue is protected by a layer of sclerenchyma, one to two c'ellsttl:?ckto :'eh?c‘;xuf'ed
' 108

immediately beneath the upper epidermis, whil
o such protection, P » While the bands of motor-cells are provided with

When the leaf dries, the blade become
, s convolutely folded inw;

snrface. Th . _ \ mmwards towards
o Ia:l :tor Celclzfe s&;ems little (_ioubt t'hat this folding is effected mainly 5bv thcrql3 t'h(;; ot
¢ s and in a sectl?n which has been allowed to dry and f ](i e the m‘g of
scl(l)l?:(,lti I;a lea(fi tltssue on each side of a band of motor cells can be distincotl b micro-

ards > ' -

p ards towards the motor cells. This convolute folding of the l);l;fi(;notl?v?alr (; e
ous y re-

sults in the protection of the nu

merous stomata on t}

therefor . . 1e upper surface of .

by th e considerably reduce transpiration, while the ex osed low o the ]m'f and must
y the strongly developed cuticle. Yposed lower surface is protected

s I:lhthe_n:iarsh form of this plant, the stomat
eaf, thus indicati S ssity f
eal. thus In thi;niflﬁ:e n()e:;i:;:y tf)r dlmlmshing transpiration. The fresh leaves
pongy, testure. Tt 1s e ordin r)trhaaval?néh form and have a somewhat fleshy albmi:):i
b of the water somarkab : at this is caused mainly by an increase in the ;izc and
hickened veraln or - lub .vessels.of thc.xylcm. annular, pitted and reticulat:l'
masked developmont ot oo Er mina, being noticeable in the nerves, while there j .
Special acrating arrangements, such as large intercellular 'L ls‘ o
The stolons of the ordina e
exterior, (1) Epidermis with t
chymatous fibres, (3) A thick
chlor-zinc-iodine, (4) A

a are chiefly on the lower surface of the

;).f ls:;wa.n.nab form show in cross-section, commencing at the
: hlc }(]:utlcle, (2) One to two layers of sub-epidermal scleren-
sheath of parenchyma, the walls of which turn purple with

) small central woody cyli .
cylinder i y cylinder containing the vascular | . .
y 'S protected by an outer layer of thick sclerenchyma, \leilc the bundle incles.  This

or less comple
eylinder allpturtf]l)li surrounded by sclerenchyma. The walls of the tissuc
areas of ark yellow with chlor-zinc-iodine, with the exce
swamp foparelllfh)ma found chiefly in the centre, whic
rm sho ol allen o5t ;
i spaces ars | w :tin .eSaentlall) similar structure with the remarkable exception that |
T€ Tound in the outer parenchymatous sl : ' 1at large
speci . ath, thus indicati .
special aeration-devi . s sheath, s indicating the necessity
0'lt)‘owing in oo ldevmes In the subterranean stolons of the swamp form to enall:l( u{:m -
:aused b thzoé);ly-aefiated water-logged soil, to keep pace with the increased tr:ns ir:?‘s.
o arge leaf-surface and by the diminished protection of the s piration
arshall Ward, 101, pp. 25, 62. T - — o ¢ St?!llétﬂ.

3 are also more
of this inner
ption of those of small
h turn purple.’  The stolong of the

1 See Qrasses b_\; H b { -
2 See Brandis in T'rans. Linn. Soc. London, Vol. V11, R 73.

3 The soft outer i ed
. parenchymatous sheath (3) is often de i
entirely eaten away, leaving only the central woundy cylir:(le,l’(:‘;oivlli"i! vermin and stolons are ofte scen in which this sheath has been
L4 J ad !
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HOLE : SOME INDIAN GRASSES AND THEIR (ECOLOGY. 95

B.—TAXONOMY.
74. According to published - descriptions,
the area of distribution of which, to some extent, overlaps

Imperata ezaltata, Brongn, .
is distinguished from the latter mainly by the following

that of the present species,

. characteristics :—

(1) Panicle thyrsiform, 4—5 inches broad at base (F. B. 1., VII, 107).
(2) Stamen one. . :
(3) Upper spikelets in racemes solitary.
(4) Culm fistular.
(5) Glumes I and II three nerved with mid-nerve reaching, or almost reaching, the
apex of glume.
It is therefore interesting to note that, in the local specimens of Imperata arundinacea,
Cyrill, the culms are slightly fistular at the base, glumes I and IT have 3—6 nerves and the

upper spikelets in the racemes are sometimes solitary.
75. Of Imperata arundinacea three forms can

r less clearly distinguished locally as under :—

te form common on lawns or areas where the grass is continually
d, with minute, almost filiform, culms and small leaves. Leaf-
insertions usually long-bearded. Glume IV and pale usually glabrous.

(b) The ordinary savannah form which usually attains a height of about 3 ft. with
leaves up to 0-7 in. wide. Leaf-insertions bearded, or glabrous. Pale and

be more 0
(a) The depaupera
cut or graze

glume IV ciliate. : | ' |
(¢) A robust forin found in swamps or marshy soil where there is an abundance of
ble moisture more or less throughout the year. This plant attains a

availa
heieht of 9% ft. and probably more. Leaves up to 1-1 in. wide, leaf-insertions
glallb)rous- Pale and glume IV ciliate. (This plant is var. latifolia Hook f.)

The mode of occurrence of these different forms in their natural habitats and the fact
that numerous intermediates are met with, as the conditions vary, indicate that such
characters as the vigour of growth (indicated by the diameFeF and height of the culms,
length of the panicles, length and width of the leaves), Fbe hairiness of the no@es., of g}ume
IV and of the pale, are directly dependent on the n.utrltlon of the plant. arfd 11.; is believed
that form (@) owes its characteristics to thej starving ef'fecF f’f the artificial interference
with its normal growth and development, while the .pecuharltles ofA .forr.n (¢) are due to the
cxceptionally tavourable conditions of available m.01sture under which it grows.

Plants of all these forms are now being Cl.llt‘lvctited at Dehra Dun wyth the object of
{esting the effect of protectior on (@) and of a dlmn}lshed water S,“PPIY on (c):

Hackel has subdivided Imperata arundinacea into three varieties of' VthCh he further
distinguishes sub-varieties, depending mainly on :c,uch characters., as the hairiness of the leaf-
insertions, width of the leaves and height of tl:ne ligule. The .helght a.md shape of the ligule,
however, 1s more or less correlated with the width of the lamina, while the other characters
ary with the locality as indicated above and do not define forms of any constancy.

appear to v C 9 ]
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C.—BiIoLocIcAL aND (Ecorocicar Notes

Habitat.

_ : 76. This plant is here chiefly found in the
same localities as Saccharum Munja and Erianthus Ravenne, both of which are stronger

- and more vigorous species and its distribution appear

s to depend mainly on two facts : —
(1) It is not sensitive as regards soil aeration and can thrive on stiff clay, while its

maximum dimensions are attained (by the swamp form) in the perennially
saturated water-logged soil of the marsh.

(2) The ordinary savannah form requires far less moisture for its vigorous develop-
ment than does Erianthus Racenne.

more or less considerable admisture of cla
is Eragrostis cynosuroides.

The species has considerable power of withstanding shade.

Development A perem.lial and usually markedly gregarious species.
m&& The ae;xal culms spring from somewhat succulent, white, cylindrical, subterranean
Activity and 3tolons. These stolons are at first covered and protected by membranous sheaths (=leaves)
- which eventually fall cff, their circular insertions then clearly defining the internodes of
the smooth white stolon.

The culm may be the direct continuation of the growing point of the stolon, or it may
arise as an axillary shoot from a node of the stolon, or of the basal portion of an aerial
culm.

When a stolon is about to produce an aerial culm, its apex turns towards the surface
and a few short internodes are developed from the nodes of which new stolons are sent out,

the function of which is to provide for the continued growth and extension of the plant
below ground.

The production of the true aerial culm is then commenced, a number of short internodes
being first formed, then a few long internodes and finally the flowering panicle. The leaves
produced on the first internodes are mere scales with no green lamina, on the higher inter-
nodes the green lamina progressively increases to its maximum and then again rapidly
decreases in size in the leaves of the long uppermost internodes.

In many cases the short internodes of the stolon
but in others the change from stolon to culm is im
say whether a particular internode is to be conside
culm.

Taking the ordinary savannah form of this grass, however, an ave
usually shows a basal portion of about an inch in len
(including the short internodes of the stolon where t

‘ [ 96 1

PTOpEr are more or less sharply defined.
perceptible and it becomes impossible to
red a part of the stolon, or of the aerial

rage mature culm
gth, consisting of 14 short internodes
hese can be distinguished. The exact

N C ’

mrminl;itels in thc;? 3{?1:301!;.53,1 nine internodes are usually scales with no green lamina, so
The leaves

i /ith a more or less perfectly developed green
that the average culm produces nine leaves, wit
tamine. i i i tivity is believed to extend from February
0'I;hieav::iigihl;el;(:;oﬁt;licf)r(t)}l:: ;i%‘:lt;téﬁma:tappz,ar to commence their growth at the
to October ]
beginning O e e mJilrllllll:ry there is, as a rule, a well-marked peric-)d of rest and if an
oure N(‘wember—rl’ed during this period it will be found to consist of a sl}ort har§
averagelflﬂnll Il:)ret’i(j::l :n" about 13 short internodes, the upper four or five of which carry
mature basa : - abot
it le%S e “;,ll:h:: (\i‘e}?ng: ;iat‘:z not yet fully developed green leaves and finally
Withil;n a:tdtﬁBO :;ex zf the culm is the terminal growing point situated close above the
in the centre .
upper node o) the n}atu;e Efn?eff}fr?ﬁary, therefore, the local grasslands of this species
During 'the th toimmature culms each of which looks like a tuft of leave.s.
show a mutitudo ot 100 rity of the leaves of these culms are mature, sprefidlng, fully
The blades of t?e ma]%roz’vnish, yellow in colour, while only one or two 1nt?r10r and
expanded, and redd.lsh., Ollx‘xature with their blades convolutely folded and greeg in colour.
apical leaves 2 e haract,eristic reddish brown colour of the grasslands in the cold
This is the ones ° th? ; is dominant. Vigorous vegetative activity is usually resumed
seasgnuth?;Z ;‘l;ﬁrjgf;lzid the flowering panicles are produced in May—June.!
the follow1

ing, i duration is about 12 months and it
i dies after flowering, its average
As the aerial culm

may be described as annual.

1l be noticed that the nuraber of green leaves produced on the culm, »iz. 9, corre-
It will be no

. i ivi iz. June—OQctober in the first
hs' vigorous vegetative activity, viz. '
sponds to t]?ebnumrl;e rt(()) flVIIn:; t.inb theg following year, while the culm completes its cycle of
year and Februa

development in nine months of vigorous growth.
(&

. but individual culms of course vary to some extent in the period 9f the.ilr
form in the for'est-, v £ this form which was cultivated at Dehra Dul'l, on m'01st soil,
life cycle fm.d A plalt]tcgecke(i at the close of the rains, a culm, regarding which dates
where actlg’;;y ;ijaﬁ())’ completed its cycle in seven months from June—December.
were recorded,

s ly grazed or mown, and also in the
. teristic of areas regularly : :
In the dwart fol;;lrcrfa;(;en leaves produced on the culr.n is usua}lly grea.ter, t.e. from
marsh forrfl,'htl?e ::;rt‘xaps the result of vegetative activity being possible during a greater
10—12 which 18

number of months in the year. ~ -

T or burnt, vegetati ivi earlier than usual and flowering usually
Yy gra: burnt, vegetative activity commences . usual and Mowerl
- "‘i —nr;m; where the gf‘”%:‘ bei';‘(“)“;;rm ?fdt'h;;r.pecies’nlso usually flowers at the close of the rains, or in the ¢
n 1 e 8w o -
takes place in March—April. [ 97 1
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Another irregularity of growth which has been particularly noticed in the case of the

marsh form is that a length of long stolen-internodes frequently succeeds a length of very

short internodes, which as a rule immediately precedes the aerial culm.

This is believed to be caused by an alteration in the ground-surface level and to the

growing points of young culins being covered with fresh deposits of soil and water-brought
débris.

The marsh form, also, instead of having only four long internodes below the panicle,
usually produces 7 and the immature culms often show a height of 2 to 3 feet and probably
more, instead of about 1 inch, at the end of the first rainy season,

This form, however, is co
conditions of its habitat, litt)
out of consideration.

mparatively rare, of little value as fodder and, owing to the
¢ subject to fire damage, and in the following notes it is left

It must be noted that young culms may commence their development at any time during
the peried of vigorous vegetative activity and culms which commence their growth towards
the end of the rains, or exceptionally early in the following hot weather, may complete
their cycle and flower in September—October. In this way the sporadic flowering in the
cold season which is characteristic of the species is probably brought about.

On lawns, or grazed areas, where vegetative activity is in progress for about 10 months
in the year, the time of flowering is also irregular for the same reason.

The course of development indicated above, however, which results in gregarious flower-

ason is believed to be the rule, at all events in
" particularly common over Bengal, where the fields are
the first rains in April and May.”

India, and Roxburgh nctes *

Upper
with it when in flower, after

white

G
JQ
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dry leaves on the culm and this to some exten? (.1epe:nds 011 thzd m;;ls(i
) 1. where sufficient moisture is available, vegetattlvg a.Ctl.Vlty is pro on%1 o
ture in the soﬂ., w el(‘le main green well into December, while in drier localities they hy
the leaves persist and re riod of activity also to some extent depends on the nature 9f the
off in November. The P‘:«i one by fire. The plant occurs both on Sfmdy and 19amy soil, the
soil, as does the damag';l thanythe latter which results in shortening tl.1e period of vegeta-
former dr.ies more rapl 13;1 the number of dead inflammable leaves, while at the same tlm(i
tive activity and mcrea;sthg fire penetrating below the ground surface. Thus, as a ge}le:l?e
there is more danger ol't and the later the fire occurs in the season, the more serious 1s’ft
rule, the dl;;e: t::l;ogiel f}; equently does very little damage and prolific flowering may often
damage. e 2 . o
be seen in May on a;eai b:ﬁn:eijlrz lrl;;ﬁz:?izsmage done by fire to this species :— o
The folltlzo_wlnﬁ1 aﬁ; :oun d on clayey soil which retains moisture tenaciously and conducts
1) 1Isu .
( heat badly. d their growing points from which the aerial culms arise, are
(2) The Sml{)ns'a?ated ai a considerable depth below the ground surface.
u.sual y si or when the grasslands are usually burnt, there are a very few,
) Durigg(;he :,i?is ir;ﬁammable, flowering culms. _ 4 of
o .ry re scattered and at considerable distances apart, mst.ea o
(4) The i.wrlal culmst:d in tufts, so that the quantity of inflammable material and
beln agg:fga;he intensity of the fire at any one point is small. .
con.'sethenb Yd re usually developed from the basal nodes of the ?,erlal culms,
(5) One or more bu sda of the stolon below it, which as a rule escape being damaged
o fimm t"l;‘i::e Zsevelop into aerial culms and are thus able to replace any culm
by re.

on the quantity of dead

which is destroyed.
Susceptibil.
ity to Fire

Damage mag fires to this plant is slight and fire-damage
77. During the cold and beginning of the hot n the whole, therefor;, Fhetclla sevee;e(ai :)lec:zrxse the destruition of the species.
. Y O e O. i sufficiently
* season when the sirhu areas are chietly exposed to fire damage, the aerial portion of the alone is not likely to be

78. The young shoots and leaves of this plant ctinty ss
plant consists mainly of the immature short leafy culms, with a few ﬂo“'(‘ring culms and a

few young culms which are j

Fodder and
s fodder, but the mature leaves of a normally developed culm are best Treat-
ust commencing their acrial development.  The dead and dry undoubtedly p!‘on(_le googl cattle-, If sirhu areas which have been allowe.d t? develop with- E::(:g:m.
aerial portion of the flowering culms is of course liable to be burnt. The growing points of too coarse to be rehshfzd {he rains are fired in the cold season, or beginning of the hot
the stolons and of the youngest culms are as a rule situated below the ground surface and out interference during
are therefore not liable to injury.

ng leafy aerial culms soon make their appearance, while the des-

weather, a number of you
The most extensive damage is liable to occur in the ¢

iew the young inner green leaves of the
o o the imma ! ] ruction of tbe old dry lea;,v&i F xe;)si;: lfla:lrigji(;e‘(llleagical }lr)udsg.; These young shoots are
o mature leafy culms develop fro .
which commenced growth at the beginning of the preceding rains and which in ordinary older culms as they | % It must be noted that when the upper green portion of a
course would produce flowering panicles towards the close of the hot season.

iated cattle. .
The mature usually aPpl‘e‘;:f’;tén zg Ly a grazing animal the result is not to damage the low-seated apex
‘ Im 1s b1 A
young cu

troy the upper portion of the

. to more or less completely de.s . :

of the culm itself, butfﬁillly d:velOPed leaves being most injured, their ba.sal portions of1ten

I1r_~:‘01rethe i);mer and upper immature leaves are progressively less and less
ile

[ 99 ]

leaves of these culms are, as already noted, more or less dead and dry and the burning of this
inflammable material may resull in the death of the growing apex of the culm and the non-

production of a flowering panicle. In thig way fires may diminish and interfere with the . leaves, the outel,

usual gregarious flowering in April—May. The extent of the damage done depends largely alone escaping. W

———

—_—
Y dey p. 294,
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damageﬂ. The natural resuli of this injury is that only the interior and upper smaller
leaves are able to develop, while owing to the more or less complete destruction of the outer
and lower leaves, the cuim 1s peorly nourished and shows exceptionally feeble development,
both as regards the length of the internodeés and diameter of the culm. Grazing therefore
tends to produce a depauperate form with unusually small green leaves situated close to the
ground surface, the mature flowering culms of which are minute, often filiform and a few
inches high, with a panicle sometimes not exceeding 1 inch long. Grass-cutting (on a lawn
for instance) obviously has precisely the same effect, the interference with the plant’s develop-
ment being more severe, the lewer and nearer the ground the shoots are cut or bitten off.

Owing to the period of vegetative activity being prolonged in areas which are grazed,
or where the grass is cut, and to the fact that the subterranean stolons during the period of
vegetative activity continue t¢ produce fresh young culms, this species is capable of produc-
ing a practically perennial supply of palatable young shoots and small leaves which consti-
tute good fodder, and incidentally it may be noted that, for a similar reason, it is
of forming a fairly good green sward, or lawn.

As regards the best treatment for pastures of this grass it is obvious that the growth
on those areas where the plants have been allowed to develop undisturhed through the
rains is too coarse to be of ary value and this ought to be fired if good fodder is desired.

Duthie writes as follows regarding this grass: “ Cattle relish it when young.” * e
“In Australia it is called ‘ blady grass’ and the young succulent foliage which springs up

after the occurrence of a fire is much relished by stock. I have observed the same effect

resulting from periodicai fires on certain parts of the Himalaya where this grass is plenti-
ful”

capable

“ Tt forms the chief constituent of the turf in the Botanical Gardens at Calcutta ™

79. This species is not an injurious competi-
tor of the Sal tree and in this locality it is only dominant o limited areas which are as a
rule unsuitable for the growth and development of Sal seedlings on account of the soil, in-
sufficient aeration, a deficiency of available moisture at certain critical times of year, frost

or other causes. Its importance as regards the forest therefore
danger of fire resulting from the masses of inflammable

occupied by it during the fire season. This danger is
firing the grass under suitable control. It should be noted that if areas which
been burnt could be well grazed throughout the rains, the
inflammable sward which, if continually grazed, woul
localities where this grass is plentiful, or could be chea
and blanks in this way might considerably reduce the cos

consists mainly in the
dry leaves existing in the areas
best dealt with, in the usual way, by

have thus
result would be to produce a non-
d require no further firing. In
ply introduced, treating fire-lines
t of fire protection.

80. Like kans this species is liable to take

ain fallow and is then exceedingly difficult to

, Fodder Grasses of Northern India by J.F. Duthie, p. 23,
} List of the Grasses of North-West rn Ixdia 11888) by I. F. Duthis, p. 14,
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i -goi h branched ¥ \
. . ted, on account of its deep going' muc [obs
Beiep 355 mlogtl::: tl;leate ziixf e:;le East India Islands it occupies vast areas of fallow lalig
'fl i‘l:lke}ezfgugignnof almost all other plants. Tt is there called alang-alang.
‘to the

i i hich have been well-
; succulent white stolons are eaten by pigs and areas w !

In Indla: th? a‘;;(:ilresearch for the stolons are not infrequently seen in the forest: It
worked,bt;y &lfts i‘: some cases the eradication of the species might be cheaply accomplished
is possible that
] .d Of 1 S. . .
v zl' plgquoting Junghuhn, speaks of this grass as follows in the Malayan Archi-

SC lmpel',

Pelago‘: When the soil remains uncultivated after clearing the f01:est, as a rule ;he som:}
and dense-growing alang-grass first replaces the \,ra.mshed forests, t eI; are ;
extending for miles, even indeed for whole days’ journeys, are transh(?;' me
into a uniform wilderness of dense grass three to ﬁv.e feef., l.ngh’ waile 03
mountain-slopes the same grass extends fa‘r beyond its original zone,be an
spreading over everything it ranges up to altitudes of 6,000—7,000 feet, l-ll;lg
almost insensible to differences of temper.aturt.a. . Its silken hz.ured seeds, lig E

s the tenderest down, are wafted away in ml.IhOI?S by th‘? sh.ghtest b1:eath 0
as t d greatly facilitate its general distribution, while its creeping and
wind an gtrating roots increase the difficulty of eradication when once this
deeply ~penia,ci ous of life, has established itself. I have reasons for believing
grass, 'bo.lte the land was in its original condition the alang-grass was restrict-
that ‘thls sterile, arid, waterless tracts of the hot zone, and was chiefly con-
ed to aunh I‘Yv harc’i easily dried clay soil, with an iron-pan, but that at the
fined to ea Y’Wheréver we meet this grass on a fertile light soil and on
present t.mlle, es at above 2,000 feet, this state of affairs is first brought about
mountain-s :;P e am . . In Northern Sumatra, especially in the Batta
by the hall: N ias been devastated by war, grassy wastes bave conseqyenﬂy
country tha istence which cover everything far and wide with a hideous
Cor'nfi)rlrziut)y e;{nd overrun plain, mountain, and valley with their whitish-green
uni

mantle.”

D.—Economic USES.

81. In addition to its value for fodder this

: » favourably reported on as a paper-
: « lalan has recently been \

under the name of = lalang
“grass

making matell;l'al ;te fibre obtained from this grass is very similar in most respects to
« The ultim

' his is a favourable indication
) fibre being about the same. T
Esparto; the yield of b,lgacgzj of I.the best known and most useful sources of supply to the
is

¢ tO
. s ‘ Espar [ — -
ma,smllch a”/ o Y Plant-Geography, 1003, p. 162.
_— [ 101 ] .
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References.

Distribution.

Vernacular
Name.
Culm.

Leaf-gheath.
Lamina.

Ligule.

indoregoence.
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trade * *. The results obtained from the chemical analysis show

of yielding a good quality of cellulose, suitable in every way for the manufacture of
paper.™

The value of the leaf for paper manufacture probably depends mainly on the existence
of the well developed groups of sclerenchymatous fibres which form the girders of the
vascular bundles.

The leaves are largely used for thatching.

Triraphis madagascariensis, Hook /. ez Prain in Bengal Plunts,

(Plates IV and XXXI to XXXIII)
F.B. 1, VII, 305. (Under

P, II, 1219.

Tropical Himalaya and Sub-Himalay

an tract from Punjab to Assam, Burma
Extends to China, Java, Africa and Madagascar.

11, 1219.

Neyraudia madagascariensis.)

A.—DESscRripTION.
Bansi (Dehra Dun).

Erect, slender, attains a height of 10 ft. (Prain gives
(F. B. I. gives 0-5 in.).

Usually solid above and fistular below. Sometimes solid throughout.

Glabrous, striate, green in colour, pruinose when young, polished when old. Secondary
culms are often produced from the upper nodes.
These are frequently poorl

Glabrous.

15 ft.) and diameter of 0-25 in.

y nourished and may show a diameter of only 0-05 in.

Of uppermost leaf of flowering culm usuall
2 ft. and width of 0-25 in.
In depauperate culms it may he only 4 in. long with a widtl of 0-03 in.

Of lower leaves attains a length of 2% ft.
1in.).

y well-developed and attaining a length of

and width of 0-5 in. (F. B. T gives width of

Linear, long acuminate, slightly narrowed near the sub-amplexicaul hase. Greatest
width attained within the basal eighth, or within 8 inches from base.  Usnally jointed to,
and deciduous from, the sheath )

Scaberulous on margins aud also on the
apex (F. B. I. gives smooth). A few long

A villous ridge.

herves on hoth surfaces, especially towards the
hairs on margins and inside at base.

Spikelets solitary, pedicelled, on the fascic)

Primary rachis glabrous or scaberulous.

:
Y dyrienltural Bulletin of the Straite

ed or whorled branches of a terminal panicle

Branches and pedicels scaberulous.

§ F. M. States, Vol. VII, No. 12, December 1908 . 586,
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and adpressed to rachis.

. 1 glumes. Spikelets.
i flowered, with two empty basal g
‘45 i including the awn, 3—9
025 to 0'45 in. long, 1n¢C

i 1S ' aleate,
iti the empty glumes the lowest flowering glume, IgI, is sometimes ep
o aJddltlonlzti,(l))rous but this has not been found in the local plant.) .
peuter 8 ’ tv. lanceolate, 1 nerved, pucronulate, scaberulous dorsally cn
Glume 1—Emp yl’lerve. Membranous, brown in colour. »
Empty, usually a little longer than I, oblong-lanceolate, ﬁucr;)):a\; ;xus,
Glume T1—50 51,’ nerved, scaberulous or smooth dorsally on nerve. Mem ,
brown in colour. "
] Glume 11T).—Longer than the empty glumes, b'road subulate, ~
Flowering glume { ed. with two lateral keels. Apex slender with :)\:0 s?t?ceor;
nerved, e
i lous awn. Awn about 3}
i d an interposed scaberu‘ . :
p(f)mtlsul?ll:: and recurved in fruiting spikelets, but not 1tw1s'tre}c]l.
(l))org*ally villous with long white hairs along the keels. e
b. . .
i S lar.
ining flowering glumes are simi .
reni]ﬁmlgnl%me, oblong? 2 nerved, with two lateral ke?ls, hyaline,
Pale—4 10 3 ﬂo“;zli‘nu%ely scaberulous dorsally along the keels, glabrous.
Apex truncate, minutely two dentate.

Lodicules—Minute two, cuneate or obovate, glabrous.
odrcutes.— - ’

{ nthers—Three, 007 in. long, yellow.

Two, 003 in. long, hardly exserted from spikelet.
Stigmas.— J

i flowering glume, is jointed at the
. .hich is continued beyond the u.pper g . \
The rachile, hl(l:gnizs and between the flowering glumes. lhfa portion olf)e th(i1 r?ici:i]:i
hase above-th.e f mgctlybilow the next flowering glume (=the callus) is densely bearde L
above the joint a

short white hairs. he joints of the rachilla, from the apex downwards,
" ikelet breaks up at the joints
The fruiting spike

sisting longest.
the basal empty glumes persisting

B.—TaxonNoMmy.

82. In F. B. I. two forms of the species are

iven = tern Himalaya, Burma, Africa,
ven - :onsis proper; neuter glume O. Wes
- ccariensis proper;
(1) madagqas
o fadagascar; . ‘
Mad - nou’ter olume present. Eastern Himalaya, Assam, Bengal, Burma,
inaert; Ne >
(2) Zollinaert,
Java;

[ 103 ]
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but the au ites : '
e author writes : * I can find no differcnce whatsoever between the specimens with and

those without the empty glume IT1.” All speci
neuter glume and fall under (1) above. specimens of the local plant examined have no

The description under (A) above whi i
E which (with the e i
theses - : . xception of the characters i .
under)v;ef?: P::)Ol:ilyel)j to th'e lncfil plant (i.e. to the form rnadaaa.u-rarivns;S) y Pt::;?:
e thel'sy (;gies ndi l()(;ls of soil-moisture, shows that this is a decidedly less r ol;ug:o 1 n%
as . ) . ) y less st pla
gl pe— understood ‘b) Prain and in the F. B. I. which also includes o P
geri (= Arundo Reynaudiana Kunth) so includes the form
The latter also has a di . s
both these plants exizz i‘gilflfree[:p:(:(:;l:t 'd‘s}:n:)un-(m and although starved specimens of
between them. it seems ’ ¥ 10 herbania, are likely to mask the diffe
however ha;n;tlt fe::t pro::able‘that th‘(‘." will prove to e distinct SP(‘;iN " 'l‘(lillom\::?tt:'s
the results of ftf)rtl;er stl:::ivniot“:gf ) mdtl-m E. Himalayan plant in the feld and pendi(nr;
follows : — v it seems advisable to deal with these forms as varieties a:
1) mada iensis .
() N Wgﬁ((')(;rilce:lm;{-pros)ﬂ: Glume III similar to IV and fertile
- Wt imalaya and Sub-Hi . - . .
2 R Africa, Madagascar. ub-Himalayan tract from Punjab to Kumaon,
e liana : G
) E gﬁ?ﬁﬁ-ﬂ: .y\(‘xvlumes ITI and IV heteromorphous, I11 empty.
Specimens kind] t 's;nzadnl' E'C'Hgal. l urma, China. Java
y me by Dr. Stapf, of the African plant from N. Madagascar

(Revd. R. Baron, 6353) wi i
, 6353) with spikelets 0 ‘34 in. L i i
of the N. W. Himalayan fon;‘_) clets 0-31 to 0:34 in. long, appear to be identical with those

C.—BiorocicarL aND (ECOLOGICAL NOTES.

o 83. This pl is 3 1
Aristida o s plant is sometimes associ 3
o cgf)c;mlzgthabon gra.vel and boulders, but as a rule only becomes dnminl:ttd -
avi siderable admixture of sand, and where there 1s s{ill insuﬂié' : N here
gorous development of Saccharum Munja . et molsture for
With it are often found 1 '
the xerophilous form of S
and sl uremagon monticoln Saccharum spontaneum and 8. Mun ja
In 1o o
many respects this grass closely resembles A ristida cyananthu

present species, in its usual local habi Like the latter th
s tat' «ho P . . er ' e
Decomber—January. shows a well-marked resting season during

It however also grows vi
vigorously on moist loa N
less sharply defined period of rest. s m under cultivation and then shows a

Plants taken from sa
nd at once established
is ther € ¢ themselves stronely i .
efore apparently not so sensitive as Aristida in respect “;s . 'lln outn nd the specics

8ol aeration.

Isolated plants are occasi
sionally met with .
ro . : h growing well in s L
probably has a stronger capacity for withstanding shadi he l{l\ ..sl,u'l;i.\ Sal forest and it
Aristula

[ 104 )
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, 84. The young culm in this species shows an Development
) ; BT £ Culms,
average of 10 short basal internodes carrying scales, after which each leaf carries a well- Season of
Im shows these 10 short basal inter- X:aev?t;l‘;ﬂ‘

developed lamina. The average mature flowering cu
Flowering.

nodes, then 10 long internodes and finally the panicle, thus giving 10 green leaves for the
culm which suggests 10 months as the usual period of vegetative activity and indicates that
the average culm usually commences vigorous growth in February. This however has not

yet been satisfactorily determined.
Flowering takes place in September—-—November and the culms are annual.

The remarks given below, referring to additional points under this head, for Aristida

cyanantha also apply to this species. -
! 85. The remarks given below under these ?t“;cbngl;l.

Damage.

heads for Aristida also apply to this species. e e
Fodder.

D.—Economic USES.
86. Is of some value on dry sandy, or gravelly,
<oil as a pioneer of better vegetation.

Aristida cyanantha, Steud ex Trin. (Plates 11 and XXXIV to XXXVIL)
F. B. .. VII, 225 (excl. ref. Royle I11. Bot. Himal.).
Western Himalayd and Sub-Himalayan tract from Kashmir to Kumaon. Distribation.

Ascends to 5,000 feet. [Extendsto Afghanistan.

References.

A —DESCRIPTION.

Suhi, suhni (Dehra Dun). . . . . :::‘:.c“‘ar
Erect, slender, attains a height of 10 feet and diameter of 0-21 1. Name.

Solid throughout. '
(Glabrous, striate, green 1
Qecondary culms are often .
nourished and show inferior dimensions.

Glabrous.
The lamina dis

culms are covered with the straw-C
¢ left naked from base to apex.

. , oreen culms ar
and the 8 of flowering culm usually well-developed.  On poorly nourished Lamina.

Of up ermost leaf
ppP attaining a length of 1} feet. .

4 inches long but. | | | |
Of lower leaves attains a length of 2 fect 4 inches and width of 0-251n.
Linear acuminate, tapering from the base.

) to and deciduous from the Slleatll.

n colour.
produced from the upper nodes which are usually poorly

Leaf-sheath.-

articulates from the sheath and after the shedding of the lamina the
oloured persistent cheaths. The latter are also then shed

culms



106 INDIAN FOREST MEMOIRS,

Scabrid on margins and dorsally on midrib, especially towards the apex (leaves quite
smooth fide F. B. 1.).

Ligale. A minute membranous rim, ciliate,

Infloroscenco. Spikelets solitary, pedicelled, on the capillary branches of a terminal panicle.
Primary rachis, branches and pedicels scaberulous.

Panicle 1—2 feet long, conical; branches solitary,
wide-spreading, arcuate.

Narrow 0-45—0-65 in. long (excluding awn of glume IIT), one flowered. Flowering
spikelet is dark purple.

fascicled, or sub-verticillate, filiform,
Sptkelets.

Glume I.—Linear lanceolate, 0-2—(-3 in. long,
Awned, awn 0-05—0-15 in,

Membranous, scaberulous dorsally on keel.
One nerved.

Glume 11.—Broad subulate, 0-4—0-52 in. long.
Awned, awn 0-05—0-13 i,
Membranous, smooth dorsally.
One nerved.
Apex entire or fimbriately toothed.
—Linear, 0:3—0-49 in. long,
Awns subequal, or the mj

Glume I11. terminating in three long awns.

ddle slightly longer than the others, scaberu-
lous, 1-6—2-1 in. long (attain 2'5 in. fide F. B. L), not articulate
to the glume.

In the fowering spikelet the awns

fruiting spikelet t

Glume is chartaceous, co
Pale.—Oblong, hyaline to sub-opaque,
Glabrous,

are ercct and closely adpressed, in
hey separate and are wide-spreading.
nvolutely folded, glabrous, three nerved.
two nerved at base, 0-05—0-

completely enveloped by glume III.
Apex sub-truncate or 2—3 dentate.

Lodicules—Two, cuneate, obovate, or ob-lanceolate, a little

shorter than to subequal
the pale, 0-03 to 0-05 in., glabrous.
Anthers.—Three, 0-17—0-2 in. long,

yellow, more or lesg suffused with purple.
Filaments short.
Stigmas—Two, 0-05—0-1 in. long, purple; styles short.

06 in. long.

The rachilla, which is not produced beyond glume II1, ig jointed above the empty
glumes I and II, and the latter persist after the fall of the grain. The portion of the
rachilla above the joint and helow glume ITI (=the callus) is bearded with short white
hairs,
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isti ce. - - 1d from a
characteriaue aPI?earan ote that this fungus was ongmal_ly d?Scnbed fb }(;n? rgiicutt;. It
It is inter%:;l;giflo '_Behl‘a Dun ” and sent by D D. Cunningham f{r
;pecmel;rez:%;eiot been reported from other localities.
as app

C.—Bi10L0oGICAL AND (E.COLOGICAL NoOTES.

87. This plant is gregarious on the soil-less Havitat.
. ds of steep water-courses. ) .
. nd in and near the be . AR tion, this
banks of gravel a,nld Shu;il:df;ugregarious and the dominant SP(?CI;S in gzso(::;sii?a;ly with
While as a rule ma iated with Andropogon monticola an vy . .

) . ly associated W . ithin the period
plant is not Ilnﬁe%ls:f gabitat the species complettas its annuzlufil::%eczmber——JanuafY-
Triraphis. Inits hows a well-marked resting season _ i restin
Februal'i'"’NOvemper ang i cultivation are found to grow well on II(;OISthIOitnlznt -nd 0015

In plants Whlch1 “’(;egne d, the young culms commencing Fh.etl £ develop

. . ’ io¢ tivity.

period is less Shsf;;al); after the close of the u;ui(xil pe1'10<(1i ioﬁf‘lcﬁ tl}j ig establishing themselves
tinuing to grow r stony soil, find some . s readil

Plants taken f rop.ztl;cllsy ,a,gapt themselves to such 'cl.la,nged soil coni;??:;:;:ids goo?ir
on loa, bt Son: m[t:iles therefore appears to be sensitive to some ex

)
than others. The S 1 forest and here
: i ined a footing in Sal fores

soil aeration. occasionally seen to have obtaine

Isolated plants are

: ity for withstanding shade: ) . Development
it can be seen to possess some Capacity 88. This plant is perennial and is usually Developme

ulm,

' utwards season of
h branched rhizome which constantly grows o Senann of
i It consists of a muc =
regarious. sts O
gen%rifugally in all directions. ta

E ng.
. . ilowel’l

: below the ground surface.
1ms, either above or roduced.
basal nodes of olde;fl‘; arise close together and well-defined i\;m}ﬁoig’;n lt))er
u . . — .
ize cziﬁz ::e annual, flowering toXCng I])Jlace xlflilgff(?lflglrowth was observed throughout
ec . Dehra Dun, ties wh
i £ the garden at i ild. In the dry localities where
In the moist soil of th exceptionally mild. .
h however was . December
the winter of 19?:11]011::::3 there is as a rule a well-marked period of rest during
it is sually founc | . i i odes occa-
and January. lms usually die back after flowering, b(;lt- their lower intern
i ms . .
The aer.xal cud roduce secondary culms from their nodes des carrying seales, sbove
sionally persist a.nlmp sually shows 6 or 7 very short basal mlterr.lo The maiare fomering
The young culm u or less well-developed green amina. e
which all the leavt;S hi‘;i::_lg;ebasal internodes, as a rule aggregating less than an inch in
the s
culm also shows

. tivel
.nternodes of the scales, then 9 long internodes, then a comparatively
length, defined by the 10 [ w07 ]



‘Suseeptibil-
ity to Fire
Damage.

Ttility as
Fodder,

References,

Distribution,

-short internode, and finally the terminal segment carrying the panicle.
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X This gives 10 green
leaves for the mature culm which suggests 10 months as the period of activity and indicates

that the average culm usually commences vigorous growth in February. This, however, has
not yet been satisfactorily determined. '

The culms are distinctly green, while the
October, the sheath persisting for some time long
some extent function as leaves.

green leaf lamina is often deciduous in
er. It is possible that the green culms to

89. This species usually shows a well-marked
e form its natural habitat, during the monthg
the clumps contain only the old culms which
ber, while next year's culms have not yet com
s well protected by hard scaly leaves.

December—January. During these months
fiowered the preceding September—Novem
menced their growth and exist as large bud

_Soon after flowering, also, the leaf-sheaths fall away from the culms and during the
period of rest the clumps have a very str iking appearance, m)nsistiﬂg a‘; they do ),gi,- "f
naked' greex? culms terminating in the panicles, with no leaves and no lea.f\; imn;atur: l~1 ; ”.
At .thls period the old culms are not yet thorough]y dry and the clumps c< L 't .(.u ms.
no inflammable material. Ps contain practically

Although the species has a tufted habit and occurs on sand
of the above facts, not subject to damage by an early fire.

A late fire, when the old culms and soil
commenced their growth, may cause severe d

¥y soil it is, in consequence

are thoroughly dry and the

young culms have
amage.

for fodder. 90 This species is believed not to be utilised

D.—Ecoxowmic Usks.

91. The upper portion of the flowering culm

with the icle is ¢ ’
attached panicle is cut off and several of these being tied in small bundles the

latter are used as brooms,
This species is of considerable

there resists erosion and graduall
vegetation.

vt}luc as a ploneer on gravel and shingle banks which
¥ improves the soil and prepares the wav for hetter

Andropogon monticola, Schult. (Plates XXXVII to XXXIX)

Ili’lill’llg(');l 192; H., pp. 557—558 (under 1. monticola

Throughout India, especially in hilly t .
cending to 6,000 feet. peaatly y tracts, from N. W. Himal

"Extends to Burma, Ceylon, ‘Afghanistan, Africa.
[ 108 3

and 4. Triniiy; (., 11, 985.

ayas southwards, as-

HOLE : SOME INDIAN GRASSES AND THEIR (ECOLOGY. 109

A.—DESCRIPTION. .

Gogad, ghora (Central India, Bombay). Vernacular

Name,

. hra Dun).
Dhaulu, gurla, gorka (Dehra )height of 7 feet (in local plant usually 3—5 feet) Cuim,

Geniculately ascending, attains a
and diameter of 0-2 in.

Slightly compressed.

Solid.

h. |
S:;ci)lc;;ry leafy and flowering branches are usually developed from all the upper nodes

KC ne next below the panicle.
el\ce}')lfht};i ;))ranches developing within the sheaths, push out the latter away from the culm
e

and often produce a characteristic fan-shaped appearance.
Glabrous.
Compressed, keeled, especially of the lower leaves.

than the proper internode. . |
‘(S)};O“elf Orm](()mtg(;:af of ﬂo“lz)ering culm usually mucroniform but attains a length of Lamina.
uppermos

3-3 1n. o
Of lower leaves attaining a length of

tion conduplicate.

I 1 g from base.
Inea minate tapermo . N |
Line .I‘acu 1al'gins Sometimes also SC&bI‘ld (l()[‘S&Hy on mldl‘lb, nd sc rulous
S(‘,al)l‘l(l onn .

ili towards the base with tubercle-based
ially ards the apex. Often ciliate
above, especially towar

hairs, at least when young.

. . .] . )
—~ . . . |' 3 (

ing inal and solitary on the capillary, sub-verticillate, branches
oilelets). the clusters being termin ‘
:pll\elet:), t |

of a terminal panicle.
Panicle rachis an

Leaf-sheath,

1 foot 5 inches and width of 0-3 in. Verna-

Lizule,

d branches smooth or scaberulqus. ‘ . o
. : yehes—6 inches long. Ovate to sub-cylindric, yellowish to purphvsh 1n colour.
N ; the flowering panicle are more or less horizontally spreading, those of
The branches o and closely adpressed to the rachis. .
Tucter of three spikelets is deciduous as a whole, an ovate scar, sh_orﬂy. fringed
Each cluster ;s then terminating the panicle branches and becoming conspicuous.
haus,f zie panicle branches apparently functions as a pulvinus in connec-

\ 1 h S.

ssed, 0-17—0-23 in. long, excluding the awns (Hackel gives 0-16 to Sessite

ruitl i erect
the fruiting panicle are

with stiff rufous
The swollen base o

tion

Laterally COlnpre Spikelet,
028 in.).l ¢ 1 —Laterally compressed, narrow-oblong, embracing the margins of II at *
lum — .
G the base.
Chartaceous 2—4 nerved.

[ 109 1
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Hispidly ciliate dorsally on keel towards the
Often scaberulous dorsally

adpressed hairs dorsally near margin.
Apex sub-truncate or two dentate,

Glume II.—Laterally compressed, broader than I, obtusely kecled, sub-coriaceous,
three nerved.

Margins broad, hyaline, membranous, ciliate or not.
Very variable as regards its hairiness. Som

other times hispidly ciliate dorsally on keel with long white or
rufous hairs more or less from base to apex.

Sometimes also pubescent, or minutely villous, dorsally on keel and on
lateral nerves.

Awned, awn 0-1—0-25 in, long.

Apex entire or two lobed.

Glume I11-—From 1 to subequal II, linear, hyaline, ciliate, enerved or indistinctly

1—3 or more nerved.

Apex obtuse.

Glume IV .- -The narrow 3 nerved hase of an awn

Basal half or jrds hyaline, membranous, upper portion chartaceous.
Awn geniculate 0-40—0-7 i, long including the twisted colur: n.
(Attains 1-3 in. fide F. B, L) Margins ciliate or not.

Apex entire or two lobed
Pale.—~Sometimes present, very narrow,
Lodicules—Two, cuneate, glabrous.
Anthers.—Three, 0-07 to 013 in, lo
Stigmas.—Two, 0-06—0-08

apex or almost glabrous.

etimes almost glabrous, at

0-05 in. long.

ng, yellow or purple.

in. long, laterally exserted at base of spikelet. Yellow.
Pedleelled Dorsally compressed, subequal the sessile spikelet.

Pedicel is less than half the sessile spikelet, usually about ird the spikelet, and is
densely ciliate on two margins with stiff ru

fous (or white, fide F. B. L) hairs, the upper of
which are shorter than to subequal the spikelet.
Glume .

—Lanceolate, membranous, 5—7 perved. Minutely pubescent with ad-
pressed hairs dorsally,

especially towards the apex, or almost
glabrous. Sometimes ciliate dorsally on midrib

and on marginal
nerves, especially towards the apex. Acute or shortly awned.
Glume 11 —Subequal I, 3 nerved, margins incurved,

long ciliate, apex acute or
mucronate, glabrous dorsally.
Glumes III and 1 V.—Linear, hyaline, ciliate, enerved

. - or indistinctly nerved.
Pale —Sometimes present, as in sessile spikelet, but slightly longer, Very narrow.
[ 110 J
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B.—TaxoNoMmy.

92. Hackel separates two species mainly by
i S ; i 1 from
the following character:;icola Schult.—Glume IT of sessﬂe. splkelet ke}(ile.d,s tillfmljitei; W;(i)te
AndropOgOI; :lng(:: denseiy pectinate ciliate with long rigid rufous hairs,
base to % or $ its le :
hispid in upper 2 Trinii, Steud —Glume IT of sessile spikelet keeled below the apex only,
Andropogon 1rinil, :

‘keel white ciliate.

labrous.
dorsally, not keeled, g
Remaining % or § of the glume

. e . : d 4. monti-
. arieties in one species name
he above are included as v o ieties of this common
In F. B. I, both of ltlhe femarks . “ T am unable to classify the vanfa;wrsasions This it
T ) . e . y
cola, Sehu'h M{d t'zl ?na;lgcc?rdance with geographical area; ]clm Ot?:re:;)f;lgradation trom the
i n ists i dia. ere .
and variable pla bv field botanists in In f Trinii” The
' ust be effected by fectly smooth of some states o :
possible, m ticola, to the per - : ich he names robustus.
coarsely WTSUe lﬁ} Ofnzliﬁes and describes an additional variety which
ere
author, however, dif

i hich shows the
ded on a plant collected by Strachey and Winterbottom w
‘The latter is founded 0

. ‘s ith white
‘ . less pectinately ciliate with
essile spikelet more or rds their habit and
basal % or § of z‘:’f}‘:g sgsc(fib:d forms appear to vary grefagl):; gzbriiizr;izd ;SO according
hairs. Al these se to the moisture conditions oi t riodically burnt.
vigour of grOWth, mhresri(;llllts are habitually grazed, c ut for foldds:’vsiirtf in robustus and
as whether, or not, t e pf lume II of the sessile splk.elet '(Pa e b tween monticola and
The colour of the c;ha ordingly, appears to be the chief e pear to have different
. icola), acco » o it, and these forms ap
rufous in montico difference in the habit, a . . tral and Southern
han any di ' icola occurring chiefly in Central a
robustus, rather t distribution (monficola 0 imalayas and Sub-
: d areas of dis . dia, in the outer N. W. Himalay
and fairly define : - 1y found in N. India, No. 555 col-
India, while robustus 13 ma;ﬂ% 1. the author includes under, robu.s us pflanliic(h ios dorsally
Himalayan tract). ' th((_i/en‘tra'l India), glume IT of the sessile spikelet of w
1 GOOIla, ‘
lected by King at

i ble rather to
3 with long rufous hairs and which appears to be referable r
_ciliate in the basal 3 w1

; i ed the forms of
. . t paper is chiefly concern .

-+v with which the presen - hey and Winter-
monticola. In ;.lhe 13531;?; robustus (taken in the nzrrox.;:hbinsri) :rfiuslflr::)ecg’mens 2nd also
: ich oc .. died with he .
this plant whic d Trinii. Both when stu ’ . from typlcal

, lone) an lly and imperceptibly passes .
bottom’s plant a local plant gradually nti-
r, the local p imilar passage takes plaee between mo
in the field, however, U0 It is believed that a similar p : field is required
ical Trintt. . ch, however, in the field is req
robustus to Fyl.).l?& 1and S. India. Further research, from robustus. For
cola an? TT";:? o ((318:{5:: to decide whether monticola can be SeP: r:]t;(:e ?())rms into a single
i : to unite
to estabhsht. 1s an . follow the F. B. 1. and * X
the present it Seemsbdeeemflil:: i?(A) above. So far as the local plant is concerned specimens
: d this has been
species an

it is a scarcity of available
.+ olume T1 tend to occur in localities where there is a scarcity o
with the more hairy glum rin oo
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molsture, .both on the dry ridges and slopes of the Siwalik Hills and als
logged so.ll,.and the writer believes that the characters which have be:) (
:ll::se; ::ili::;;es \'rary ix\x respotlxse to th.e factors of the habitat and particu
e weitxg a,bt(’:-l; ;uzli)ply.o Eﬁ"rowdfed that the development of the plants has not been
e with ! 3{51 1 nb Dlt;aas-cuttmg, or other agency, those plants with the more hairy
B e 1 are usua y ‘es? robust and less coarse, or rank, than the others, and they e
most valued for fodder and are distinzuished loc o
name of dhaulu, whereas the coarser plants with smooth célumc
grass affords a valuable fodder and is sometimes cultivated, in conseque
t(;, determine the extent to which its characteristics are co;xstant be? t}l La" )
ta ;gcieii)s:; ;):n(tihe; ':iat\:llable moisture, it is ob.vious that cultivation (;f tbh:lg«f;(::(‘ima':“:i'
- \ , a large quantity of available moisture, would result i ; i s
inferior class of rank, coarse fodder. result in producing an

rarely) on water-
n utilised to define
larly in response to

ally by the vernacular
are called gurla.  As this

nee, it is important

‘The local forms of the species 1
pecies are now being cultivated ; i
De ' : i ‘ g m the Experimental ¢ »
ra .Dun w1tl‘1 the object (?f studying the effect of dificrent soils ; P(ti . -dl (xard(-n _at
of available moisture on their characters. T ARG varying quantities

This will, it is hoped, indicate which forms

. 1f any) of this <peeioc . _
portance and sufficiently constant to deserve sep ( y) of this specics are of sufficient im-

arate definition and descripti
To separately define forms whi eseription.
greatly ingreases)the diﬂ‘icullthvb th}(cih are COl:mected in the field by numerous intermediates
2 such forms are not likele t) Y l.entlﬁcatlon and is of little practical utility inas 'la
. ¥ to remain constant under the ordinary . Y 1hasmuch
vation. mary conditions of field-culti-

C.—B :
10LoGIcAL AND (EcoLogicay, Notes.
' : 93. This plant iy j i
variably found on dry sandy, or stony. s 1, wi 'hlb D ooty foe i Jocality almost in
o \ Y, sotl, with little capacity for holding water
requent associate of Aristida Tri . 4
' Aan A ) y
however are all more vigoroue ar rz}t,lld(:' {rlrapht.s- and Saccharum Munja. These plants
. . $ 1st than the i . monti
¢ola only exceptionally e oy oot tnd A ud ‘
-  hecomes > ' : Andropogon monh -
vigorous deveimpument of theseasttl:‘e dnmmant species under conditions llnfllV()llIl‘ﬂl)lv for the
hot, waterless, and more or les so")lnlger Tidges and slonen onditions are ey by the
, . ﬁs il- . . . . \ . N b _' *
south of 1he range. g e m(fs? ndgl(s and slopes of the Siwaliks, especially on the
. ister soil whe 'S : 1 :
from developing hy five. o corT: el l\ht re the stronger competitors are prevented
S, o as QL
east one area in the present locality
has killed out the coarse savannal, Sp('c‘
Andropogon maonticola the domin
quently were it not that the burnt

seen near Bullawala, where repeated firing
rum Munja and has resulted ip makinrrh
would undoubtedly occur more fre e
frequently heavily grazed.

has heen
ies Saccha-
ant grass.  This

grasslands are

1 The interesting fact which
intercrossing might be recpon;:bl:nflzrb'ee; ;
available mcisture supply as the chief |an

3 naturally suggeste] l;l‘n'
it f-ld study  indientes th

isted regarding this speci cors Ny

d pecies that the flowers are N visi

tr:;edﬂuti.fomu aud for confusing the houndari:.-u :I»If“:lglv" e b
alfecling the characteristics in question. T e,

[ 112 )

Andropogon monticol
on grazed areas it is severely han
ground, which not on
duction of flowers and see
Zizyphus Jujuba frequently appears, woo

This plant is not infre

grazing grounds and therefore has some capacity for

stations its place is usually take
found on poorly aerated heavy s

intermedius, or Andropogon contortus.

on loam often adapt themselves wit

the species

considerable importance
seen where the attempt to intro

forming cen
show an average of 11
leaves, with little or no lamina,

lamina.

The flowering culms exam
internodes and finally the panicle,
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a is probably the most valuable fodder grass in this locality and
dicapped by being constantly eaten down, level with the
ly seriously diminishes the vigour of the plant, but prevents the pro-
d. Moreover in such burnt and grazed areas, on sandy soil,
dland then replacing the grassland.

quently seen growing in the middle of Zizyphus bushes on
withstanding shade, but in shady
n by Apluda varia. Plants of this species are only rarely
oil and on loam its place is usually taken by Andropogon
Plants taken from sandy soil and then cultivated
h considerable difficulty to the new soil conditions and

appears to be as a rule sensitive as regards soil-aeration. This is a point of

trifugal clumps as in Aristida.

as this valuable grass is sometimes cultivated and a case has been
duce it on heavy soil had ended in failure.

94. A perennial, usually gregarious and

The young basal culms examined of this species
very short basal internodes, carrying closely imbricating scale-like
after which each leaf carries a more or less well-developed

amined show, in addition to the short basal internodes,* 11 long
thus giving 11 green leaves for the culm, and indicating

11 months as the period of vigorous vegetative activity. The culms are annual, but the

exact period of activity var

moisture.

In the moist loamy soi

observed throughout the

moist localities, therefore, grow
localities where this s

In the dry

a well-marked period of re:
period of vigorous activity 1S

The majority

September——October.
ber of 9 long internodes.

average pum :
loping from the low

axillary shoots deve
flower in their turn an

months.

e

1 ]t must be noted that the num
below, the ground surface usually s

of older culms 0

ften show only 1 or

ies considerably with thé locality and the quantity of available

] of the Dehra Dun Experimental Garden vigorous growth was

winter of 1909-10, which however was exceptionally mild. Tn

th apparently continues more or less throughout the yeas.
pecies is usually found locally, however, there is as a rule
f rest during December and January and in such places the usual
9 months from February to October.

of the culms start growth in February and flowering takes place in
Culms commencing vigorous growth in February have shown an
After the production of the terminal panicle, the
er nodes of the culm (=secondary culms) proceed to

d in this way flowering may continue for several weeks or even

9 such internodes, and sometimes none at all.

[ 13 }

ber of short basal internodes varies with the position of the culm. Cualms which originate at, or
how the greatest number of short basal internodes,

while culms which arise from the upper axils

Development
of Culms,
Season of
Vegetative
Activity and
Flowering.
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usually dominant in dry localities and hepe j
during December-Ja.nuary.
During these months the clumps contain onl
ing September—November, while next y
close to, the ground surface.
Although the species has a tufted habit and usually occurs op dry sandy soil, it s not
as a rule severely damaged by an early fire, owing to the f !

act that the youp culms are
still, as a rule, below the ground surface and well-protected by their ignbrifating scaly
leaves.

on the mature culms does not, as a rule, develop a dan

: 8€rous intensity of he;
of the clumps in the neighbourhood of the buds from Y 0f heat at the base

which the next season’s culms will be
developed. '
This species therefore is as a rule less subject to severe da
. : mage by ap i
Saccharum Munja for instance. ¥ o early fr than s

D.~E00N0M1c.

species :— 96. Lishoa writes as follows regarding this
“In Mount Aboo it is reckoned as a good

fodder grass and the
natives,” and under the name of A ¢

grain used as food by the
adds : “ Said to pe good

m other places unf avourable,™

96, p. 81, T

[ 114 3
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CHAPTER I1

(ii) Summary of Chief Characteristics of Species dealt with.

97. Before proceeding to the next chapter in

i ing the practical treatment of grasslands, it is
Whi}fh . f;“f i‘llfeg :Zti)i?:ﬂ;r:ugarf:rizzg:;: ;)nrgincipall) characteristics of the species described
perhaps advis
above. is 1 in the following table in which the species are arre.mged in orc%er accord-
This o o . (1) capacity for growing vigorously in a dry soil, (2) capafnty for .en-
ing fo thelr re e acity for endurix;g bad soil-aeration and (4) capacity fo.r withstanding
during sl?ade, o =capf an);a.rly fire in December--February. The species v.nth the greatest
the in:]urlous eﬁt?bF > in a dry soil, and for enduring shade, bad soil-aeration fmd fire, res-
capacity ©oF thI'IVIPg l ch case placed first. Species joined by a bracket are bel.leved to haYe
pectivey. l?as oy o0 eal capacity. With regard to the capacity for thriving ina dry soil,
o apPTOXImat.elY e;l ul? cu{)m is of interest; this has therefore been noted and it will be seen
:lisot‘ :}111: sd;ef;:elsozb?e ’:o egrow w-fell in dry soil usually have annual culms :—
a ‘

‘ . . . isting injurious
Copct fortriving | Durgton of | Copaiy o g | Cpac o oo b Cupcty S rviin i
dry soil. __J | | —
. Saccharum Narenga. t Imperata arundinacea. Aristida cyanantha.
Andropogon monticola. 3 Evianthus Ravenne. l {'Sacohnrum spontaveum. Triraphis madagascariensis,
{Aristida c3~m§nthn. ! @ | ¢ Impersta arundinaces, i Erianthos Ravenne. [ Andropogon monticola.
Saccharum spontaneuin. & Annual. ! g -~ madagasc- {Trimphiﬁ madagascariensis, (Erianthus Ravenng.
ng‘imPhis madagascariensis. ' 1 rie}:ﬁs' Saccharam Narenga. ; Saccharum Narenga.
(Tmperata arundinacee- ) } [ Soccharum Munja. {Sachharum Munja. Imperata arundinacea.
Saccharum Munja. 1| _— J Saccharum spontaneum. ,4] Andropogon monticola, | Saccharum spontaneum.
{_Saccharum Narengs. r Biennial. | | Andropogon monticola. |L Aristida cyanantha. Saccharum Munja.
Erianthus Ravenn:e. J ‘J {_Aristida cysnantha.

i i ion obtained from careful field observations.

The abp ve tabledS u'Irlllng;:fils)&tserﬂ}e:%ll?()t;(f)(ar,n;2:12)plemented by the results obtaine:d from the

in the 1°cahty. deﬁnel l1tures which alone have been possible up to date. It is the.refore

limited expermo'a, & mental field observations and extended and careful experiments

to be exp e(.:ted that lnStf‘u as to give accurate information regarding the effect of

designed 1n such & v atyhe g;rowth of the different species will to some extent modify the

each individual faCt.Oszgn bove. On the whole, however, it is believed that the conclusions

conclusions f:;rll‘m :Z(l:urati and that they will be of utility. It is believed that the observa.
drawn are 2

aarding S 1 brace the principal classes of habitat
hi ; nade regarding each Specles em
tious which have been 1 ) ] [ 115 ]
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in which the plant is naturally found and that therefore the results obtained will to a
considerable extent apply to areas other than that in which the information has been collect-
ed. Alterations in climate, by affecting the period of vegetative activity, will no doubt to
some extent modify the above arrangement as regards fire-damage.

In the present paper, however, what appears to be the normal life history of the culms
of each species has been carefully explained and the connection hetween this development
and the damage done to the plant by fire has been indicated. This information therefore
will, it is believed, enable anyone to form a good idea of the liability of these species to fire
damage in any particular locality, by observing the differences in the life history produced
by local climatic conditions.

As regards ability to thrive in a dry soil, the arrangement given above merely refers
to what is believed to be the average capacity of the species, as it occurs in nature.  Thus
the swamp form of Saccharum spontaneum can only thrive, i.e. attain average dimensions
on a soil containing large quantities of water and the quantity of water actually utilised by
a plant of average vigour of this form is probably not less than that utilised by an average
plant of Saccharum Munja. On the other hand, however, the majority of the individuals
composing the species Saccharum spontaneum. as it exists in nature, do not belong to the
typical swamp form but to the forms commonly found on dry sand and wet agricultural
lands. Taking these into consideration therefore the average plant of Saccharum spon-
taneum is able to thrive on a drier soil than the average individual of Saccharum Munja.

A similar point of view has been taken in arranging the species with regard to other
factors.

Thus as regards soil-aeration in species like Andropogon monticola, Saccharum Munja,
and Aristida, which in nature as a rule are found on well-aerated soil, a comparatively few
individuals can be found growing well on heavy, less acrated soil.  Plants of all these
species taken from well-aerated soil and then cultivated in Dehira Dun on loam have all
shown in a single season : —

(1) Some plants which entirely fail to adapt themselves to the new soil and die, or
which adapt themselves with difficulty and show inferior growth.

(2) Seme plants which adapt themselves at once to the new soil and show average
dimensions.

We almost certainly have an example here of individual variation and ot the power
possessed by individual plants, in a greater or less degree, of adapting themselves to new
conditions, and if the comparatively few individuals of these specics which can be found in
nature growing on heavy soil are experimentally cultivated, they would almost certainly
show greater capacity for enduring poor soil acration (probably equal to that of Naccharum
Narenga or Erianthus) than those taken from sandy, stony places,

z.&t the same time the.average plant of these species, at all events in the present ocality.
certainly does not occur in dense, poorly acrated soil and the above arrangement has been
[ 16 |}
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. indivi the total aggregate
< believed to be the capacity of the average individual of gg
d on what 1s beli€ acit the ?
bisfndividuals which compose the species 10 na
(8]

y 1 i 1 : d .n the
damaged and on the WhOle, therefore, thlS SpGCleS cannot be p aceq 1
be ConSiderabl ]

first class of fire-resistant plants.

Lony )



118 INDIAN FOREST MEMOIRS.

CHAPTER I1T1.

Suggestions regarding the Practical Treatment of Local @Grasslands.

98. Before attempting to make suggestions.
regarding the practical treatment of grasslands it is obvious that we must clearly define the

object which we desire to attain, seeing that it is frequently impossible to satisfactorily

attain two distinct objects by one and the same method of treatment. It is therefore
highly advisable at the outset to draw a line between—

(1) Grasslands required for grazing and for the production of fodder,

(2) Grasslands which are not required for fodder-production and which it is desir-
able to afforest,

seeing that the production of grass
less mutually incompatible objects w
same time, on one and the same area

and production of trees are two distinet and more or
hich cannot as a rule be satisfactorily attained at the

Occasionally grasslands are of course required for purposes other than those defined
above, e.g. for the production of munj fibre, of thatching grass, and so on, for each of
which a more or less special treatment is required, but as a general rule the maximum pro-
duction of the best quality of wood and fodder respectively is undoubtedly the most import-
ant ohject which we desire to attain by a judicious treatment of our forest grasslands.

A point of some importance consists in the fact that grasslands tend to become highly
inflammable in the hot season and therefore greatly increase the danger of ﬁre-damage in
the adjacent woodlands. It is however possible to prevent such damage, (1) by successfully
afforesting our grasslands and thus killing out the grasses or (2) by managing these areas
chiefly with a view to satisfying the demand in respect of fodder production and grazing
needs, in which case the old, inedible and inflammable grass 1s either removed by burning,
or else is not allowed to accumulate, owing to the young grass being continually cut or
grazed.

The suggestions which it has been possible to make regarding the treatment of the
grasslands in the locality here dealt with and which are based mainly on the detajled study

of the representative species described above, have therefore heen arranged with reference
to these main objects as helow :—

A —Treatment with a ciew to Fodder-Production.

' 99. The first point of primary importance
consists in this that the robust hvgrophilous, or markedly mesophilous, gt

! , grass species are, as
a rule, too coarse to yield good fodder and only the young shoots and young leaves, or the
[ 118 ]
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lder shoots and leaves of the less vigorous individuals, of such species are consequently
older shoots a X
utilised to any considerable extent by cattle.
i :oq of this description are the common coarse savannah grasse_s Saccharum
TYPlcal specwsNarengw, Erianthus Ravenne and I mperata. The Ia‘st, being probably
All]unya, tS ac;:;z;ﬁn;m fodder, may be taken as fairly representative of this class.
the most va ’

ed to develop undisturbed, the gra.sslands composed of it chic?ﬁy

. hout the cold and hot season of a mass of immature culms each bearing
consist. throughot leaves which are more or less dead and dry and useless for fodder
several large mature shoots are minute and inconspicuous. The presence of the old de:ad
while the still younger't difficult for cattle to find the few young green shoots that do exist,
leaves not (?nly makeshlful of fodder free from a considerable admixture of unpalatable
or to .obtam 2 @outl retards the development of the young shoots by inte?ferlng with the
material, but serious yt the soil and with the access of light. Until the rains have well set
passage of moisturc mtOf the young culms has well advanced the quantity of green I.Ha{cerlal
in and the developmflﬂ 10 nds is exceedingly small and in the rains the majority of it is too
available on such g1ass %n the other hand, if these grasslands are fired when the old leaves
coarse to be palatable t December, the young shoots usually start vigorous growth in Janu-
are thoroughly dry, abou ood supply of fodder becomes available from February to June.
ary—February and 2 g11 razed throughout the rains and thereafter, the vigorous develop-
If the grasslands are :eth;g production of the coarse unpalatable full-sized leaves oecomes
ment O,f the plant anrassland yields a practically perennial supply of slender culms and
imP;JISSIble al;ga::: ng it is impossible to check vigorous growth during the rains, fire
small green .

hould be annually employed to increase the fodder supply.
shou

iori he coarse savannah grasses in the present locality and

In the case of the n;?tzr;;yl(r)lflita, fire alone is rarely capable of killing out the species

P robably. also In Oth;-:r'pl in clearing away inedible material, in enabling cattle to gain easy

and s directly bene Clilatable shoots and in increasing the production and accelerating the

access to the yOu's pat a season when fodder is usually scarce. The only coarse savannah

grovsfth of (e l'a tte-l‘ athis paper which is liable to be killed out by repeated early firing is

species dealt Wlt'h lnhen growing on dry sandy soil. In this locality at least one area exists

S‘w?hamm Mun]ah:re tl?is has taken place and where a far more valuable fodder-grass,

near 4Blzi1:.2;:;inwmonti005a now occupies the ground, owing to the fact that it suffers less
piz. Androp ’

severely from fire damage.

If this grass is allow

ddition to the direct action of fire on the grass plants, also, we have to consider
In p 1 t point, viz. the effect of fire upon the soil. It is obvious that any factor
another 1mport:ilhepwatér-content of the soil, ipso facto, renders a locality unfavourable for
th of robust mesophilous and hygrophilous species and tends to produce
for the growth of more xerophilous plants.
[ 119 ]

which decrease
the vigorous grow
conditions suitable
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This is exactly what fire really does and it appears to act in two principal ways : —

(1) By directly destroyirfg the humus which may exist in the surface soil and by
effectuauy preventing any further addition to the existing supply through the
destrl?ctmn of all dead leaves and organic débris. °

(2) By altering the character of the clayey constituents of the soil in such a way

b o
tfatthloan} to a great extent loses its power of retaining water. The texture
of the soil becomes coarser and percolation is increased.

The gr S .
<L is beli ::Zli:ie kzz“;ﬁi:ufgla Tappar in the.present locality which is shown in Plate
R 1ve example of this drying action of fi he soil.  This
grassland is believed to occupy ground which was % re on the soil. 23
latter havi und which was at one time covered with Sal forest, the
er having been cleared for cultivation. The soil is a | .
and more or less similar to that in the adjoining Sal fores - apparently suitable for Sa
sides, while Saccharum Narenga, the Sal'IOCaliL; > d'or?bt w:luch surrounds the area on all
This Tappar is reported to have been re ular’ly-llr)l fcator, is a common grass in the ared
remarkable. Instead of a dense growth %f thoy ".urnt for many y efxrs and thq result 18
naturally have been expected in such a locali ' °_mnt Saccharum Narenga which would
Narenga and Saccharum Munja bb 2 locality we find a good deal of both Saccharum
more significant still, we ﬁ;xd tlZe ,te: ) (1)11‘111 d ?f_ ve?y inferior vigour and dimensions, while
considerable areas and to beco xeroparious . Indropogon contortvs actually able to occupy
circumstances, have been oust c;n E dominant in a !ocality where it would, under ordinary
elsewhere in si,milar soil b “b*l(: ‘ y the far more vigorous competitors named. Experience
of the Saccharum sp notisebdb g""g’that ﬁre is not likely to have here caused the poor growth
freely which would r;o t be thé czl selirf('zctthm;]'lry to the plants and both the species here flower
year culms destroyed. It is therefore Zonllie(;t gmhdam'age My s? B ltlhefonlc-
coarse savannah grasses and th ‘ cluded that, in this case, the poor growth of the
is mainly due to the deyi e unua}lal prcvalence. of the more xerophilous Andropogon
power possessed b eﬁ {)mg of th.e soil and tbat this arca affords a gOf)d example of the
serophilous ¢ Yf res Of. replacing hygrophilous, or strongly mesophilous growth, by a
of Conrse s eZiP? 0 (\l’egeta‘tl(?n. . It has often been stated that fires favour the development
remarke h([))W es and are injurious to the more valuaple .fod(%er. grasses. From the above
o ,C 0 ever, it will be §een that such a generahsa?mn is tmpossible, that fire under
umstances can kill out a coarse, comparatively valueless, fodder-grass like
Saccharum Munja and may cause it to be replaced by a more valuable fodder-s;ecic;' like
Andropogon monticola and that, as a general rule, by its action in dryine the soil F e
able to produce conditions favourable for comparatively xerophilml; s;oci(\; .“.h: .lm h
usually more valuable for fodder than the hygrophilous or strongly m(‘sophiiou- ,l,crl an
I‘n areas where the latter prevail it must I think be accepted that firing is, o t; g "‘1”;‘
fle(nde(!ly beneficial in improving the fodder supply. Further than tﬁi‘ ’] ’n‘ -1'c wae C
lmpc?smble to generalise for, when dealing with the xerophilous or less str O;’nlli)“ cx‘er.h.llt ‘?
species, it is obvious that some are of more value as fodder than nfllirTei(r)lz lt;):,:
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hairs, barbs, and so om. Whether firing is, or is mot, a beneficial treatment to
adopt in grasslands of such species will depend entlre'ly on t.he characteristics o.f
the particular species dealt with, on the nature of 'competmg species, and on the condi-
tions of the locality. Thus Andropogon contorius Linn., Andropogon .fo'veolatuf Del. and
Andropogon annulatus Forsk. are probably all to be reckoned as Xel‘ophﬂO‘l%S species and all
yield in consequence fairly good fodder. The first, however, 1s oftel.n .av01de.d by cattle on
account of the characteristic masses of its 1ong-ayvned a:nd barl?ed fruiting spikelets and for
this reason it is often considered of little value 1n India. It is, however, hardly correct to
rse species which is a term best reserved for the more robust

is plant as a co& . . .
ipea;l(i) o}f t:slsagd mesophytes and it should be noted that, apart from its peculiar fruiting
sgigkelztsy this species is a good fodder and Duthie writes as follows regarding it : “ Largely

: 3 t chi hen it is young and tender
both before and after 1t has flowered, but chiefly w young .
used as fodder u the people consider it the best fodder grass they have. * * In

* % Mount Ab .
Austra(l)ig it is looked upon as & splendid grass for a cattle runm, as it produces a great

amount of feed” It ;s undoubtedly a fact that t}lis species freque1.1t1y tends to increase in
burnt grasslands, whereas in similar stations which are protected it has to give way, to a

'dg tlo extent, to such species as Andropogon foveolaius and Andropogon annulatus.
considerable eXter t’i ated by Mr. R. S, Pearson some years ago in the Panch Mahals Division
An exPenmentdlmf which details have kindly been supplied to me has shown this to have
of Bombay arlxl 1;0100&1“), while in Dehra Dun a comparison of the grasslands known as
occurred in t aG o Ta ’ par indicates that in protected areas 4 ndropogon contortus is to
Zabaﬂzh:ft::;irepolace d gy Andropogon intermedius. The fact that Andropogon contortus
a great X

tends to spread in burnt areas is probably due to the fruit being fire-resistant, on account
ends :

d enclosing glumes. L X )
of thélv ery. :1 :I;ll be clear that while a generalisation, to the effect that fire is as a rule bene-
hus 1 ’

1 ilous or coarse meso hilous grasses predominate, appears to be
f.icm} n areas whe;zthyfsgeilél further to say thatI;ire is as a rule beneficial with all species.
]usmﬁable, v ce;n 1 prassla,nds, therefore, it may be said that where Erianthus, Saccharum

o regardZaOC?:n gM unja and I mperata are dominant, early firing is as a rule decidedly
Narend® Sacfc . the fodder supply is concerned inasmuch as this (1) increases the quan-
bfzneﬁmal TO Z;‘ afsodder available from these species themselves, and (2) either by directly
o O'f P e le ts themselves (as in the case of Saccharum Munja on sand), or indirectly
injuri e the p o0 ds to replace these coarse species by less vigorous and generally more

ing the soil, ten .
bylﬁ?&zgf;dge?grasses such as Andropogon monticola on sand and Andropogon contorius
va ’

loam. . .
o The value of Saccharwm spontaneum for fodder is also, as a rule, probably increased

1y fring which cleans the clumps of débris and old culms and insures the production
b?fr earob(’)d cupply of vigorous young shoots from the ground. In places where it cannot be
© ?‘1}% fred owing to the wet conditions of its habitat and where vigorous growth during the
easi : '

J— ,/"‘"’ff"f?l T v N
1 Fodder Grasses of Northern India by J. F. Duthie, p. 32,
[ 12t 1]
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rains cannot be checked by grazing, the grass should be cut close to the ground in the cold
season, as this will to a great extent have the same effect as fire,

- although of course it is a
more expensive treatment.

Triraphis and Aristida are believed to be little used for

would probably be of value during the period February to Ju
flowering culms by fire, or cutting,

fodder, but the young shoots

: ne and the removal of the old
in the cold season would he advisable where possible.

As regards grasslands where valuable fodder-grasses are already the dominant specics
it is obviously advisable, as a rule, to let well alone and not to run the risk of fa\:ouri;)e th
introduction or extension of less valuable kinds by firing. On sandy soil where Afd,-;
pogon monticola is already dominant firing may to some extent directly injure that species
and may result in bringing in less desirable xerophilous species of _{ 1ldropJO(/()u Frajlef)dis
and others. On loam where species like . ndropogon annulatus, A ndro o,,;,, ,",, ,:,,. ) e(l;'m‘
Andropogon foveolatus, Iseilema, and others are dominant ﬁri’no e g’ s
in increasing the proportion of 4 ndropogon contortus and i,t is 01:

officers to decide, in the light of local prejudice and demand, whe
able. ’

very frequently results
arly a question for local
ther or not this is desir-

On grasslands where v 1al species 1
dominangt itbi: C(i:a\; Igl. t\t;lu;li)l;le perennial species like ndropogon monticola are already
¢ fod(ier Iy that the best treatment to apply, in order to obtain the maximum of
good a minimum of damage to the plants, Comsists in protecting the arcas f
fire and grazing and in cutting the orass w ing i b B T s Trom
. Dg the grass when flowering is Just commencing.  Grass so cut
should be made into hay, or silage, and the ¢ -

attle stall-fed. Heavy erazine - di ;
weakens the plants by continually depriving ¥ grwzang not only directly

the growing culms of thei
: g g culms of their green leaves more
Zr lfss gompletely, l;]ut con51derable damage.ls done by the treading of ('athtlo in the way of
cﬁzcxl;(;{lln%hy?ungtsv 00(;3 and also by treading down the soil around the plants, and thus
g their outward growth. 1In sandy soil the rhizome-branches are often found to be
exposed above the ground surface on accou

nt of this injurious acti i )
e s action and in loam the soil
becomes injuriously hardened and compacted. n the s

B.—Treatment with a view to A fforestation.

100.
the local grasslands must first be divided into—

1) Those in whic -' . . _
) frost h}mh the vigorous gl"owth of most woody plants is made impaossible by
» the latter being in this case the factor of dominant importance.

(2) Those where the frost damage is not severe and where woody plants can establish
themselves.

As regards the question of afforestation,

As examp‘les of the first we may take the areas locally known as Zabarkhet in Lachi-
wala Range, Gola Tappar in Tirsal Range (sce Plate XL) and Koilpura Tappar in Ganges
Range.

[ 122 ]
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Examples of the second are Kanswala Tappar and parts of Palasi Tappar in Lachi-
Xa

wala;{angle- ds of the first class appear to owe their characteristif:s mainly.to the.fact tha}t

R all sides by dense forest, on account of which free circulation of air
they are g:urrounded Onreas are therefore subjected to intense heat by solar radiation during
is impossible. These » and to great cold by terrestrial radiation during the night and cold
the day and hot seas;m ult of these influences is to diminish the water-content of the soil
season. The naturs o frost, i.e. to create conditions only suitable for the develop-

reat damage from : ;
e : (:)?a ’zasri)ghilous or the less mesophilous, and frost-hardy species.
men 3 ’

101. On the loamy soil prevailing in Zabar-

otected, the grass which should be dominant is the coarse mesophilous
The latter, however, is here seen to grow vigorously, as a rule, only
land where the shade of the surrounding forest keeps the soil
d portions of the area, the far less mesophilous Andropogon

khet, which is fire-pr
Saccharum Narenga.
pear the edges of the grass
moist, while, in the most exposed |
intermedius tends to become dominant. | | | |
la Tappar which 1s regularly fired, but which hfzs higher and where there is

.In Gola 1app :rculation, the drying action is intensified by fire and here again
possibly mol‘,e "‘111‘ Cis seen to be of inferior vigour and dimensions. Here, however, pro-
iagha’”’:cé‘oiﬁ"gg its fire-hardy fruiting spikelets, Andropogon contortus to a consider-

ably on

able extent takes the place of Andropogon intermedius.

lands of this type appear; as a rule, to have been caused by clearings which were
dGiI‘:l1 StSh: forest for the purposes of cultivation and then abandoned.
made in t

h rasslands where, owing to the small size or shape of the area cleared, or to
In"t et £ the ground, a certain amount of shade is derived from the surrounding
o conngumlltlon N few trees were left scattered over the area at the time of clearing, the
ot ot wlllerehi;de in increasing the water content of the soil is very marked. As
Siready Sucd Sbove Saccharum Narenga is vigorous near the edges of Zabarkhet, while a
alread{hno&eh aGola,Tappar only showed a single vigorous plant of the moisture-loving
wa%k th:.; Ig%avennoe which was situated beneath the ample shade of a large tree of Ficus
fer,ZZlensis. This prevalence and increased vigour of strongly mesophiloys grasses in
these areas near the shade of trees is very marked, has been f}‘gquegtly noticed, a.nd s a
very striking illustration of the .value of shade under these conditions in the way of increas-
ing the water content of the soil. | |
102. As regards the question of frost, it
should first be noted that low temperature is believed to be injurious to woody plants in two
principal ways :i— | | | |
(a) Indirectly by desiccation. When the soil temperature falls below a certain point

the roots are no longer able to absorb the necessary supplies of water. While
[ 13 ]
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the roots are thus inactive, the leaves may be actively transpiring moisture
under the influence of bright sun-light and dry air-currents. The leaves and

branches of woody plants may thus become completely dried up and killed, in
the same manper as in a case of drought. ’

(b) Directly by the low temperature of the air in contact with the acrial leaves, twigs
and branches. '

The first mode of action can often be recognised in the forest by the fact that those
aerial portions of a plant tend to be injured first which are furthest removed from the water

supply ascendiflg from the roots, i.e. the base of the leaf and those parts of the lamina
nearest tht? main nerves are often found to be uninjured and green when the rest of the
leaf is shrivelled and brown, while the terminal twigs and branches tend to die back first

On the other hand, the second mode of action can often he recognised by the fact that
those parts of the plant are most injured which are in contact with the coldesgv air, irrespect-
ive of their position at the base or apex of the plant. Thus those leaves or ’01'tiox§)sec of
leaves which are shaded by neighbouring leaves and thus protected from radiatri)on 'will be
often found to have escaped damage when the rest of the leaves have been killed. In erass-
lands unrestricted radiation tends to produce a layer of cold air just at, or i.mm ‘ dgatel
above, the level of the grass and that radiation is chiefly responsible for t,he frost Ldalm i
done to woody plants in the grasslands now under consideration is often clearly indica?gd
by the fact that the leaves and twigs situated just at, or immediately above, the level of the
grass tend to be damaged first, although they are not necessarily at the ape;t of ’the LPlz(m'a

103. With reference to i
. . ' ' to the treatment of this
type of grassland, therefore, it is obvious that we may ecither try to reduce radiation which is

izhl.eﬂg §%p9n31blfa fo.r the failure of Sal to establish itself in arcas where the soil is generally
suited for it, as indicated by the prevalence of the grass Saccharum Narenaa. or we must

introduce frost-hardy and xerophilous species which : .
of the habitat. P species which are able to thrive under the conditions

The injurious action of radiation might be modificd—
(a) By clearing lines through the surrounding tores _ _
tion of t;ir. ] unding torest and thus improving the circula-
(b) By :;;‘Igzzlligtandf tl’lus keeping t.he s0il moist which would result in increasing
q 1ty ot water vapour in the air and thus in decreasing radiation.
fmst(_)ﬁ;:ge of]}:ie; 3?%‘ llf Ehese measures are impracticable, the most suitable indigenous
ya philous species for afforesting these grasslands is almost certainly the

khair, 4 cacia Catechu. Another species whi
) . pecies which would ably ; i ishi
woodland in such places is Zizyphus Jujuba. probably be of valuc in establishing

Two exotic species which it is beli . .
P 1t 1s believed might be successtul are Cinnamomum Camphora

a.nd l{]lucalyptus ?ztnodora bothrof. which were observed to successfully survive the excep-
tionally severe winter of 1904-05 in frosty grasslands in this locality.

[ 124 ]
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Once these species or some of them have been estal).lished, a shrub vs{hich 'iliahl.s bille:efl

1d be of great value if introduced as an underwood 1s Adhat.oda Vasica. Thisp ant is
o o g1 hough a strong shade-bearer and on account of its power of increasing t?le
xerophilous alt (; tghe soil it would probably help to establish soil moisture cond{tlnfns sult:-
hzlmufs cc:;tle:;; thus facilitate the ultimate introduction of the latter, where this 1s consi-
able for :

dered advisable. 104. As regards those grasslands where frost

] bered that where—
i t severe 1t should be remem . .
damagesls nho,arum Munja 18 dominant 'the 1()(:a1it iS llSlla,H Sdltable f()r Dr M 1S ||
ace { Y y y cellaneous
Saccﬁarum ’a g 1 y 1 y su' a le for Sal Forest
‘arenga 1s dominant the locaht 18 usuall 1.t b : . 2
E’r' thus Izltz;:nnw is dominant the 1oca1ity 18 usuau sultable for Mois Mlscella-
1an y t

neous Forests l ! 1
i i i i1], ¢ le, result in naturally replac-
on from fire and grazing will, as a rule, re
ond that carel ?m::zgand by forest of the parallel type. Acacia Catechu has been seen
ing th.ese . typ? ° Olf ® turally in thickets of Saccharum Munja, Mallotus and Cedrela h@ve
establishing 15 usting Erianthus and it is believed that Sal can do the same with
similarly boeh 5% 0but artiﬁcial'sowings would naturally hasten this result.

Saccharum Narenge: 105. The study of the cecology of Sal has only 4
i f necessary staff and appli-
t Dehra Dun and owing to the want o y :
recently been comml:’;‘;ed :ssible to carry out a few preliminary and comparatively rough
ances it has onlyh urp ose of determining the factors favourable for the establishment of
experimil(lits ic.)r I;c e APi flll)u account of these experiments is beyond the scope of the present
Sal reproduction- =

. . tely. but it is interesting to note that so far as tl
is will be pubhshed separately,
paper and this w1 y

go these exg;ri??:ttsh?:‘)l:;ity a number of sal seedlings die back in September—-Decem-
(«) That i

1o to the rapid drying of the soil after the close of the rains. Th.is
bel: ow! g tion is most marked on sand, less so on stiff loam and least 1n
in]unous'ii ¢ hich contained a considerable admixture of humus. There had
garden 5 “tl when this dying back was noticed and where the seedlings on
e fl‘Ofﬂasses of soil were regularly watered they did not die back.
thefe tpree kedly sensitive to the intensity of light. The leaves are coloured

(b) That Sal maZung and even when mature they possess considerable power of
red ;:;:l;i }ftrequently turning their edges to intense light and the upper sur-
mov

face of the lamina to diffuse illumination.

That, in this locality, seedlings grown in stiffish loam, similar to that on

-hich I’nost of the local sal forests are found, develop more S}lccessfully [as

: . 4 independently by (i) the percentage of stems which die back and by

](;ll(;iie :ilr-dlz‘ied weight o‘r\' the best stems which survive] when provided with
[ 125 ]
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overhead shade and diffuse lateral illuminatio i
n th
o o e an when grown in the open
(c) That sal is decidedly sensitive as regards soil i
. § -aerat - i
vamidly fatal. g lon and water-logging proves
. Th.ese .results th-erefore show that sal is only likely to establish itself on well-drained
soil which is not subject to water-logging and that in this locality any factor which reduces
the humu.s content of the soil, or which tends to increase the loss of moisture from the soil b
evaporation, tends to retard the establishment of sal reproduction. ’

. ’Ijhe buI:ning of grasslands which it is desired to ultimately afforest with sal theref

is obviously injurious owing to the destruction of all humus and organic débris whil o Otl;e
other hand the introduction, where possible, of plants like Eugenia ol’erculatw 1‘; ; :n tde
and Mallotus into these areas will almost certainly accelerate the eStablish(:lent :ftos :1

owing to their power of increasing the humus content of : i
. of the soil :
to some extent beneficial. soil, their shade being also

106. It must of course be understood th
. at the
above remarks apply to the locality more particularly considered in this paper and it is

ol.)vious that the conditions prevailing here and in the Sal forests of Central India are very
different f.rom those of some of the Sal.tracts of Bengal and Assam where the tree has
extended into, or close to, the hygrophytic Zone of the tropical evergreen forest. In such
places the dominant factor is frequently not lack of sufficient soil moisture, but th'e presence
of more vigorous competitors, and it is possible that fires, by reducing the’ water-content of
the soil, may be beneficial to the Sal by rendering the conditions lgss favourable for the
vigorous development of its injurious hygrophilous competitors. In these localities, also,
insufficient aeration of the soil may in some cases be responsible for the unsatisfactory
growth of Sal seedlings and here again firing would probably be beneficial.

‘ - [ 126 ]
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Explanation of Figures.

Prate 1L
ﬁ.harll"‘

Fig.1. .Aristida cyanantha the dominant species, with scattered plants of S0 thwards
Munja, in dry gravelly bed of torrent near Jhajra which flow® 90”‘ Munjo
into the Tons River. In the background is seen a line of Sac¢ ha
occupying the sandy deposits on the banks of the Tons River.

Photograph taken 18th October 1909.

» 2. Aristida cyanantha the dominant species, with scattered plants ©
Munja, showing the Tons River in the background with sacchary
the dominant species on the sandy deposits on its banks.

Photograph taken 21st October 1909.

f SacchaTv™

o Muni®
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Explanation of Figures.

Prate I11.

Fig. 1. In the foreground a portion of the bed of the Tons River below Jhajra. In
the background the Siwalik Hills. Between these lics the Asan River
The sandy deposits on the banks of these laree streams constitute an extensive
savannah of Saccharum Munja.
Photograph taken 18th October 1909.

.» 2. The Asan River below Jhajra. On the water-logged arca at the water’s edge
Saccharum spontaneum var. nepalense is dominant. The high well-drained
ground in the background, on the contrary, is held by Saccharum Munja.

Photograph taken 21st October 1909.
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Explanation of Figures.

Prate IV.

Fig.1. Triraphis madagaseariensis dominant on sandy bank of stream on edge of Sal

1]

forest near Kansrau.
Photograph taken January 1910.
2. Triraphis madagascariensis with Aristida cyanantha in dry gravelly torrent-
bed on edge of Sal forest near Kansrau.
Photograph taken January 1910.

On the right in the foreground are seen some bent and broken twigs of
i

Orthanthera viminea.

y
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Explanation of Figures.
PraTe V.

Fig.1. The Song River above Lachiwala with the Himalayas in the background, show-
ing a patch of A cacia Catechu forest established on an island of boulders and
sand.

On the edges of the forest Saccharum Munja and Saccharum spontaneum (tufted
sand-form) can be seen. Under the A cacia is some undergrowth of Adhatoda
Vasica.

Photograph taken January 1910.

» 2. The Song River below Doiwala showing Dry Miscellaneous Forest on deposits
of boulders and sand. The forest consists of Bombaxr malabaricum, Odina
Wodier, Acacia Catechu, Bauhinia racemosa, Dalbergia Sissoo, Grewia
oppositifolia, Moringa pterygosperma (now flowering and conspicuous),
Stereospermum suaveolens, Aale Marmelos and Cassia Fistula.

In the undergrowth are Calotropis procera, Murraya Koenigii, Zizyphus
Jujuba, Randia dumetorum and Adhatoda Vasica.

On the edge of the forest are Saccharum Munja and Saccharum spontaneum.

Photograph taken January 1910.
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Explanation of Figures.
Prate VI.

Erianthus Ravenne on shady bank of irrigation canal below Lachiwala.

The water-logged soil at the water’s-edge in the foreground is occupied b
Lachryma-Jobi and Saccharum spontaneum var. nepalense.

On the slightly higher ground behind is Erianthus Ravenne. The trees ar :
sebiferum, Trewia nudiflora, Mallotus philippinensis, Salixz tetrasperma, Bombal
baricum, and Cedrela Toona.

Photograph taken 31st October 1909.
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PLATE V]I,

Explanation of Figures.

Prate VIL

sociated with young trees of Mallotus philippinensis, Cedrela

Erianthus Ravenn® as
achiwala.

Toona and Bombazx malabaricum near L
Photograph taken 31st October 1909.




Explanation of Figures.
Prate VIIL

Erianthus Ravenne dominant in narrow clearing made on account of the railway line
in Moist Miscellaneous Forest near Lachiwala.

Photograph taken 31st October 1909.

The branches of the younger panicles are still spreading but the majority of the
panicles are fruiting with erect branches. On the left is seen a panicle which has dried
prematurely owing to the culm having been attacked by a larva.

Photograph taken 31st October 1909.
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Explanation of Figures.
Prate IX.

Fig.1. Erianthus Rarenne in Moist Miscellaneous Forest near Kansrau. The trees
are Stereospermum suaveolens, Celtis australis, Bombax malabaricum, Ehretia
acuminata and Cedrela Toona.

., 2. Erianthus Ravenne in Moist Miscellaneous Forest near Kansrau. The trees
are Dalbergia Sissoo, Gmelina arborea, Kydia calycina, Cordia Myza and
Putranjiva Roxburghii.

Both these photographs taken January 1910.

TS UABEN, IS S e ns o s syt .__{»

PLATE X,



Explanation of Figures.
PraTe X.

Fig.1. Erianthus Ravenne in Moist Miscellaneous Forest near Kansrau. The trees
are Odina Wodier, Butea frondosa, Mallotus philippinensis, Garuga pinnata,
Gmelina arborea, and Terminalia tomentosa.

9. Erianthus Rarenne in Moist Miscellaneous Forest near Kansrau. The trees
are Mallotus philippinensis and Cordia Myza.

Both these photographs were taken January 1910.

Fig. 1.

PLATE X,




PLATE X].

f Figures.

Explanation o

Prate XI.
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Explanation of Figures,

Prate XI1.

Saccharum Narenga the dominant gr

ass in g shady blank i §
Photograph taken 18th October 1909

al Forest near Jhajra.
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LATE XIJII.

Explanation of Figures.
Prate XIIT,

Figs. 1 and 2 flowering panicles, I‘jigs:‘ fi.and 4 fruiting panicles, of the
of Saccharum spontaneum, as usually found in wet pasture ‘lands_
habit of growth. The grass here is cutﬁannually at the close of the r

Photograph taken at Dehra Dun, September 1909

loam-form

Note the spreading
ains,




PLATE XIV.

Explanation of Figures.
Prate XIV. k

}1‘-’ 1. The tufted form of Saccharum Spontaneum as usually found on 8 wndd

The four plants shown were collected in Mav 1909 and planted at onc in
the Dehra Dun Experimental Garden, where they wers !‘}",‘,\,““,\\.-l i
December 1909

The two thin clumps on the left had been burnt while the two on the right had
not been burnt.

e ])\:UN of the tufted sand-form of Sacehar wm spontaneum collected 10 Januarn
1909 which had been severely damaged and almost killed by a fire in Aoy
1008,

2

3. Another plant of the tufted sand-form of Suceharun




Explanation of Figures.
Prate XV.

Figs. 1 and 2, plants of the ordinary spreading loam-form of Saccharum spontaneum,
as usually found in wet pastures.
Fig. 3. The Asan River near Jhajra, with the Siwalik Hills in the background.
The water-logged soil in, and close to, the river bed is occupied by Saccharum
spontaneum var. nepalense. The plants show inferior dimensions, as the area
is heavily grazed and the grass here is also cut for thatching purposes.
Photograph taken October 1909.
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PLATE XVI.

Explanation of Figures.

Prate XVI.

Fig. 1. Flowering panicle of Saccharum spontaneum x 3.

3.

-

species x

2. Culm and leaf of same

»”

3. Ligule of same x 3.

2

oot, the culm is solid above and

(a) the culm node, (b) the leaf insertion x 3.
with an erect habit of growth originating from the nodes of

4. Portion of culm of same with axillary sh

»

an
(a) the

Note the short internodes C, C, at the base of the culms.

culm node, (b) the leaf insertion x 2.
6. Base of culm of same showing the spreading habit of growth; CC the short

fistular below,

,» 9. Culms of same
older culm.

internodes at base of culm x 3.
7. Flowering spikelet of same x 6.

»
"



: Explanation of Figures.
Prate XVIL.
Fig. 1. Fruiting panicle of Saccharum spontaneum x 4.
» 2. Leaf of same x 3. ?

» 3. Pair of flowering spikelets of same with joint of axis ; note the erect callus hairs,
; x 3. ;

hies 3 Frmtmg sessile spikelet of same with joint of axis and pedicel of pedicelled
spikelet which has fallen off. Note the wide-spreading callus hairs %3,

« 5. Flowering spikelet of same x 6. ; :

» 6. Glume T of spikelet 1 !

o e 3 A - ' :

C ARk ) 1 SRR '

L T 2

,» 10. Pale ) r x 6.

» 11. Lodicules

» 12. Stamens

» 13. Ovary

-» 14. Ovary stamens and lodicules

PLATE XVII.



PLATE XVIilI.

Explanation of Figures.
Prate XVIII.

Fig. 1. Fruiting panicle of Saccharum spontaneum var. nepalense x4.

» 2. Leaf of same x $.

» 3. Pedicelled spikelet of same x 2.

» 4. Sessile spikelet of same with pedicel, from which the pedicelled spikelet has
fallen off, and joint of axis x 2.

» 5. Basal portion of culm of same with axillary shoot. Note that culm is
fistular x $.

,» 6. Upper portion of culm of same. Note that culm is solid x 3.

Figs. 7 and 8. Culm of sand-form of Saccharum spontaneum showing the effect
of cutting off the leaves on the length of the internodes. The culm was cut
over at X and thus deprived of all its green leaves which were visible on the
date of cutting. When the culm was drawn however the continued growth of
the apical bud of the culm and of the leaf rudiments which had been uninjured
by the cutting had produced a new terminal tuft of green leaves. This cutting
resulted in the removal of the entire lamina and more or less of the sheath
of 3 leaves numbered 1, 2 and 3. 1In figure 8 the sheaths of these leaves have
been removed to show their insertions on the culm which are also numbered
1,2 and 3. Internode (a) had practically completed its growth on the date of
cutting and is of normul length. It will be seen however that internode (b)
has not increased in length since the date of cutting, as is indicated by the
cut apices of the leaf sheaths 1, 2 and 3 having remained at the same level X_

. Compare the length of the abnormally short internode (b) with that of the
normal internode (a). C is a leaf of which only the apical portion of the
lamina was destroyed by the cutting.




PLATE XIX

Explanation of Figures.

Prate XIX.

Flowering plant of Saccharum Munja.
Photograph taken on the banks of the Tons River near J hajra on 21st October 1909,




Explanation of Figures.
Prate XX.

Fig. 1. Flowering panicle of Saccharum Munja collected October 1909,

S
» 3
» 4
a3
gy
2,2,
3,3,
4,4,
f ) <

LA,
11, 11,

. Three fruiting panicles of Saccharum Mun ja collected November 1909
. Pair of spikelets of Saccharum Munja with joint of axis

Pedicelled spikelet of same

Sessile spikelet of same
Glume 1 of sessile spikelet of same
FE ; .
AP » "
Ggp e s, ” »
Pale " » .,
Anthers 5 » ”
Lodicules , “ ”
Glume T of pedicelled spikelet of same
o 11 , . s

b all x 6.

XX,




Explanation of Figures.
Prare XXI.
Fig. 1. Culm of Saccharum Munja. (a) leaf insertion, (b) culm node, (c) axillary bud

x 3

» 2. Leaf of same showing ligule x 3. :

3. Base of lamina and upper part of sheath of same, showing ligule and concave
convex midrib x 2. _

4. Immature one-year culm of same with the basal leaves removed to show the
short basal internodes. There are 13 short internodes of which the upper
internode is still immature x §.

5. Base of mature flowering culm of same. There are 11 short basal internodes
x4

6. Base of flowering culm of same with 13 short basal internodes and in addition
to these a second series of short internodes indicating that a change has taken
place in the soil level x 3.

» 1. Portion of rhizome of same showing the aerial culms developing from the

terminal bud of the rhizome. The basal leaves have been removed to show
the short internodes x 3.

”
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Explanation of Figures.

PraTe XXII.

Fig. 1. Saccharum arundinaceum growing in a garden at Dehra Dun.

Photograph taken November 1909.
»» 2. Pair of spikelets of same with joint of axis "
3.

& Sessile spikelet of same with portion of
joint of axis
,» 4. Pedicelled spikelet of same :
1,1, Glume 1 of sessile spikelet of same
2.2 A I ” » "
5 By el T - E -
44 S v P . L oall x 5.
P Pale . F
L  Lodicules .
S S Stamens . > -
O  Ovary a 5 i
I, I, Glume Tof pedicelled spikelet of same
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Explanation of Figures.
Prate XXIIT.

Fig. 1. Flowering panicle of Saccharum Narenga Wall.  Collected October 1909,

2. Four fruiting panicles of S. Narenga all collected from the same plant on 20t}
November 1909. The two on left of staff and the outer one on the right are-
normal.  The panicle next the staff on the right was caused to dry prematurely
on the plant by bending the flowering culm. Note the tenacious panicl;f
branches.

X

»» 3. Two abnormal fruiting panicles of S. Narenga caused by the culms being
damaged by insects and fungi. Note the tenacious panicle branches.
Collected November 1909.

» 4 A group of three plants of S. Narenga in Dehra Dun Experimental Garden.
The fragile branches of the fruiting panicles have broken up leaving only
the persistent, spike-like, primary rachis.

Photograph taken December 9th, 1909.




Explanation of Figures.
PraTe XXIV,

Figs. 1—4. Culms of Saccharum Narenga which have become fistular owing to an in-
sect- or fungus-attack at the leaf-insertion. In Figs. 1 and 2 the base of the
leaf-sheath has not been removed, in Fig. 3 the base of the leaf-sheath has
been removed from its insertion showing an axillary bud and the culm-node
immediately above it. In Fig. 4 also the base of the leaf-sheath has been
removed from its insertion and a section cut through the centre of the culm
showing the hollows caused by the attack.
Fig.5. Leaf of Saccharum Narenga.

,» 6. Top of leaf-sheath and base of lamina showing the section of the lamina and
the ligule of Saccharum Narenga.

Figs. 7—8. The uppermost leaf of the flowering culm of Saccharum Narenga.
Fig. 9. Portion of culm of Saccharum Narenga showing the smooth culm and the hairy
~ leaf-sheath and leaf-insertion.
All figures x 3.
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Explanation of Figures,
Prare XXV.

Figs. I—IV. Glumes I, IL, IIT and IV of pedicelled spikelet of Saccharum Narenga

Fig.

C
»

x 6. T

V. Pale . s ; :
VI. Lodicule§ }Of pedicelled spikelet of same x 6.

Figs. 1—4. Glumes 1, 2, 3 and 4 of sessile spikelet of same x 6.

Fig.

»

”

”

”

2

9

»”

(14

%, %cules }of sessile spikelet of same x 6.
7. Stamen 1

{
8. Ovary and Stigmas § of same x 6.

9. Sessile and pedicelled spikelet of same species with joint of axis x 6.

10. Pedicelled spikelet of same x 6.

11. Saccharum fuscum Roxb., copied from Roxburgh'’s drawings, Vol. II,
No. 73. Note the distinct pedicels of both spikelets of cach pair.

12. Portion of rhizome of Saccharum Narenga showing the aerial culms
developing from the terminal bud of the rhizome and as axillary shoots
from the basal nodes of older culms. The basal leaves have been
removed to show the internodes x 1/1.

13. One-year culm of Saccharum Narenga with the basal leaves removed to
show the short basal internodes. There are 13 internodes of which the
upper three, (a)—(a), are still soft and immature, (b), (b) scars of roots
which have been cut off, (¢) an axillary bud, (d) scar from which an
axillary bud has been removed x1/1.

14. Another one-year culm of the same species. There are 12 short basal
internodes of which the upper two, (a), (a), are still soft and imma-
ture. (b), (b) root scars, (c), (c) axillary buds x 1/1.

15. Portion of rhizome of Saccharum Narenga (a), (a), young buds from
which the scale-like outer leaves have been removed. (b) axillary bud
from which the basal 4 scale-leaves have been removed showing the
next two leaves with small lamina.

(c) immature one-year culm with 12 short basal internodes the upper two
of which are still soft and immature.
(d) mature flowering culm with 8 short basal internodes x 1/1.

v .
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Explanation of Figures.
Prate XXVI.

Fig.1. Flowering panicle of Erianthus Ravenne, collected October 1909
»» 2. Two fruiting panicles of Erianthus Ravenne, collected November 1909,

»» 3. Group of the same species growing in Dehra Dun Experimental Garden.

Photograph taken October 1909.
,» 4. Pair of spikelets of same with joint of axis
1,1, Glume 1 of sessile spikelet of same
o NSRS To S S
TRl S,

2

» »

£d. . 4 » o - r all x 4},
P Pale

S Stamens

O  Ovary showing stigmas

L Lodicules J
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Fig. 1.
» 2.
o' 3.

» 4

Explanation of Figures.
Prare XXVIII.

Flowering panicle of savannah form of I'mperata arundinacea.

Fruiting panicle of same.

Depauperate culm of Imperata arundinacea collected from an area where the
grass is annually cut at the close of the rains and which is then frequently
grazed over, (a), (a), the hearded leaf-insertions, (b), (b), the long villi at base
of lamina. ,

Ligule of plant shown in Fig. 3.

Figs. 1—4 all x §.

,, 5. Pair of spikelets of savannah form of Imperata arundinacea x 2%

. 6
iy

} A
1L 1%
I1I, I11,
$ e L
L,
S, S,

0,

Spikelet of same showing callus hairs x 3.
Callus hairs of same x 3.

Glume I of same
st § R
e ) € vl
wo IV, b x 3.
Pale of same
Stamens ,,
Ovary ,,

PLATE XXVII].,




Explanation of Figures.

Prate XXIX.

Fig.1. Leaf of savannah form of Imperata arundinacea.
,» 2. Base of lamina and apex of sheath of same showing ligule.

,» 3. (a) Stolon of same covered with membranous sheaths. (b) young aerial culm
developing from terminal bud of stolon (a). (c), (¢), stolon branches devel-

oped from the nodes of stolon (a).

,» 4. Shows the same but with the sheaths removed to show the internodes. Lettering

as in Fig. 3.

» . Base of mature flowering-culm of same showing 14 short internodes at the

base (a)—(a). S, S, stolons.

,» 6. Base of mature flowering-culm of same showing 11 short internodes at the base

(a)—(a); S, S, stolons.

., 7. Culms of same showing transition from glabrous to densely hearded leaf-

insertions.
All figures x £.

PLATE XXIX.
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Explanation of Figures.

Prate XXX,

Fig.1. Three plants of Imperata arundinacea growing in Dehra Dun Experimental
Garden. Note the young leafy culms in the foreground springing from the . .f
wide-spreading subterranean stolons. A
Photograph taken October 1909.
, 2. Another group of the same in Dehra Dun Experimental Garden. The culm ¥
on the right which originated from a subterranean stolon in May 1909 has '
y : 4
produced a flowering panicle. ;
Phqtograph taken December 1909.

.. 3. Panicles of the same. The three central panicles were collected from a grass
lawn where the plants had been dwarfed by grass-cutting.

The outermost
panicle on the right and the two outermost panicles on the left belong to the

swamp-form and were collected in a marsh.

The remaining three panicles
belong to the ordinary savannah form of the species.
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Explanation of Figures.
Prate XXXI.

Fig.1. Flowering panicle of Triraphis madagascariensis.

Photograph taken September 1909.
» 2. Fruiting panicles of T'riraphis madagascariensis.
Photograph taken November 1909.

Fig. 2.

PLATE

XXXI,



PLATE XXXI1.

* .
Explanation of Figures. : [ / /
et Y i / /’//
Prate XXXIT. | ﬁ" /.
1 i 1S { SCAriensis orowino i ‘I \ly I/,l
Fig.1. Triraphis mwla(/u.wfuu,u,~z.,~ growing in Dehra Dun Experimental Garden. g ‘r//‘
Photograph taken September 1909. 1174
2. Spikelets of same x 3. . \!
. 3. One spikelet of same x 6 approx. showing the rachilla jointed and bearded be- H [\
tween the flowering glumes. & |
4. One flowering glume of same embracing the pale ’ 3
I, I, Glume Iofsame X ._
AGEL e e M 4
111, I1I, Flowering glume of same l 1
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PLATE XXXIII,

Explanation of Figures.

PraTe XXXIIT.

Fig.1. Culm of Triraphis madagascariensis.
~,, 2. Ditto showing leaves.

,» 3. Base of lamina and apex of leaf-sheath of same showing ligule.

» 4. Base of mature flowering culm of same showing the short internodes and
‘numerous large buds at base.

5. The same with the roots cut away to show the short, basal internodes more

clearly. In this case there are 13 short basal internodes.
All figures x 3.

»




Explanation of Figures.

Prate XXXIV.

Aristida cyanantha in gravelly stream bed near Jhajra.

Photograph taken 21st October 1909.
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Explanation of Figures.
Prate XXXV.

Fig. 1. Flowering panicle of Aristida cyanantha x 3.
-, 2. Flowering spikelet of same x1/1. Note the erect adpressed awns.
. 3. Fruiting spikelet of same x 1}. Note the 3 spreading awns.

Figs.4—5. Spikelets of same attacked by Ustilago aristide-cyananthe. Note the re-
markable pod-like structures x 3.
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Explanation of Figures.
; : ~ Prare XXXVI. 3
b, FET o Fig.1. Culm of Aristida cyanantha (a) leaf-sheath from which the lamina has been
shed, (b) leaf-insertion, (c) culm-node, (d) axillary shoot with scaly leaves at

base x §.

. 2. Lamina of same showing ligule at (a) x 3. -

,» 3. (a) Mature flowering culm of same which has developed as an axillary shoot
from the basal node of an older culm (b). (c) is another axillary shoot spring-
‘ing from (b) which at present is merely a large bud. There are 9 short inter-

nodes at the base of (b) and 6 short internodes at the base of (a) x §.
,, 4. Spikelet of same x1/1. :

I, I, Glume I of same
g II, II: I II 1]
DELILE 5 PRk

PLATE XXXVI.
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Explanation of Figures.
Prate XXXVII.

Fig. 1. Andropogon monticola var. robustus growing in Dehra Dun Experimental
Garden.

Photograph taken October 1909. This is a robust plant which shows little to
no hair on the basal 3rds of Glume IT of sessile spikelet and which
approaches var. 7rinii very closely.

, 2. Another less robust plant of the same variety also growing in Dehra Dun
Experimental Garden.

Photograph taken September 1909. This plant showed the middle third of
Glume IT of sessile spikelet pectinately white-ciliate and was taken
from a dry sandy soil in a locality which is annually fired.

PLATE XXXVII.




Explanation of Figures.
Prate XXXVIII.

Fig. 1. Flowering panicle of Andropogon monticola. Note the spreading branches
x 4.
., 2. Fruiting panicle of same. Note the erect branches x §.
,, 3. Panicle of same after the fall of the spikelets showing the bearded tips of the
branches x $. :
Figs.4 & 5. A single cluster of spikelets of same showing the central ¢ and two lateral
: & spikelets x 2%. '
Fig. 6. Base of lamina and top of sheath of same showing the ligule x 1/1.
,, 7. Base of culm of same showing 13 short basal internodes, from which numerous
buds are developing which will produce next year’s culms x .
., 8. Culm of same showing the leaves and flowering axillary branches x .

PLATE XXXVIII.
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Explanation of Figures. AN \' 2
Prate XXXIX. !! « (-0

Fig. 1. Culm of Andropogon monticola var. robustus showing the fan-like arrangement
of the branches.
.» 2. Sessile ¢ gpikelet of same
,» 3. Pedicelled g spikelet of same
I, I, Glume I of sessile spikelet of same
 § I o SRR 1T i »
B i P 3 O i § | i £ X
IV WY 3
L1 o 1 pedicelled ,, all x 44,
% A e 2 & > = .
- - S 3 o o =
A Sl 4 3
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Explanation of Figures.
Prate XL.

Gola Tappar, a grassland, which is believed to have originated from a clearing being
made in Sal Forest for purposes of cultivation. Note the dense wall of Sal Forest surround-
ing the grassland; the Himalayas are seen in the distance.

This grassland is annually fired, but is closed to grazing. The Sal-locality-indicating
grass Saccharum Narenga is common in this area, but note the inferior dimensions attained
as compared with those shown in Plates XI and XII. In parts of this area, also, the
xerophilous Andropogon contortus is dominant. These characteristics indicate a drying
up of the soil, which has been probably caused partly by the surrounding forest interfering
with the free circulation of air currents and thus causing intense insolation, but which has
undoubtedly been accentuated by the annual fires.

Photograph taken January 1910. .
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