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On Some Insect Pests of the Himalayan Oaks
(Quercus dilatata and Q/. incana).

GENERAL.

In the year 1H68 a small pamphlet entitled Insects destructive to Woods
and Forests ”* from the pen of Mr. R. Thompson, lately Conservator (then

Assistant Conservator) of Forests, was issued by the Government of the

United Provinces. This small brochure was the first thing of its kind to

appear and showed its author to be possessed of remai'kable powers of

observation, although the system of classification adopted renders the

identification of many of the insects dealt with a matter of some difficultv.

Whilst there is much that is absolutely correct in every detail in the small

monograph, a note on the subject of pests infesting the oak trees at Xaini

Tal would appear to have been written in the absence of that first hand

knowledge from personal observation which is so apparent elsewhere in

the pamphlet.

Writing on the subject of the Li^canida or Stag beetles iMr. Thompson
stated The Stag beetles are both numerous and common in individuals

and are, of the whole order of wood beetles, the most destructive to liv'ing

trees. Some idea may be formed of the ravages of these insects when it is

stated that the larvse live from three to four years in that state in the

interior of the trunks of oaks, and that barely one in ten of the trees to be

met Avith in Naini Tal does not bear the marks of their ravages. These

* Report on Insects destructive to Woods and Forests, bj’ R. Thompson, Assistant

Conservator, Garhwal Forests. (Allahabad Governroent Press, North-Western Provinces,

1868 .)
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and larvae of Priouus beetles seem exclusively to attach themselves to the

oak as their habitation. They bore circular chambers, penetrating to the

heaii; of the stem and winding into various passages both up and down the

trunk. The}' eject the undigested particles through holes made for the

purpose, forming lateral communications with the main tunnels. Some

twenty years ago Mr. Walter F. Blandford, Lecturer on Entomology at

the R. I. E. College, Coopers Hill, first di’ew attention to this statement

of Mr. Thompson's on the subject of insect attacks in the Naini Tal oaks.

Mr. Blandford had never visited India, but in commenting upon

Mr. Thompson's assertion he pointed out that it was quite impossible that

hard oak wood could be tunnelled into by the larvse of Lucanidce in the

manner detailed.

Incidentally it may be mentioned that this family does not contain

the worst beetle pests. The larvse of lamellieorns, to which group the

Lucanidce grubs belong, are bulky curved insects, the hinder segments

consisting of a soft swollen kind of bag or sac. Whilst a grub so built

could move slowly about in tunnels in rotting wood, it would be quite

impossible for it to do so in hard wood.*

For some years subsequent to its appearance this statement of

Mr. Thompson's as to the cause of the damage to the oaks at Naini Tal

and elsewhere in the Himalayas was received and quoted in India as an

accepted and undisputed fact.t In Injurious InsectsX I pointed out that

the galleries said to be made in the oaks by the Stag beetle grubs were more

probably the work of the ‘ Prionus ' larvse (a Cerambycid) than that of the

Lucanid ones, but the real cause of the diseased condition of the trees in the

station has remained an open question round which a certain amount of

speculation has arisen. As will be seen later, it is now believed that the

galleries in the oak wood are made by the larvse of a Cerambycid.

That this is the view now' held by the Manager of the Breweiy at

Jeolikote near Naini Tal is borne out by the fact that he recently forwarded

to the office of the Imperial Forest Zoologist some Cerambycid grubs and

specimens of oak timber from galleries in w'hich they had been taken, with

a request for the identification of the pest.

In the follow’ing pages I propose to describe, from investigation and

* For a full description and illustrations of the Stag beetle and lamellicorn larva vide

my Manual of Forest Zoology for India, p. 79 and 6gs. 132a, 137, 138, and 143a,

t Vide Indian Museum Notes, Vol., II, p. 148.

J Injurious Insects of Indian Forests, p. 32.
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studies conducted personally in the fields the life histories so far as at

present known of some of the more dangerous insect pests infesting the

two Himalayan oaks, Quercus dilatata, known in the vernacular as the

morn oak, and Quereus incana, known as the hdn oak. The insects dealt

with are all save one members of the bark and wood boring families

Buprestida, Ceramhycidce, Scolyti da 2mA Platy;pidce, four of the most

dangerous families of beetles to the forests of the country.

The Buprestidse contain one species, Amorphosoma ? sp.

The Cerambycidte three, lophosternus Imgelii, Xylotrechus smeei and

Xylotreclms stelbingi, Gahan.

The Scolytida, including the Platypida, contain o species : a new
species of SyBiaerotrypes, which I call S. querci

;

a new species of

Bryocoetes which I name B. Hewetti after S^ir John Hewett, the life

histories of which are both here described for the first time, a species of

Chramesns, and the two Platypids Biapus impressus and Biapus sp. prox.

impressus.

The only other insect to be treated of here will be the newly discovered

Scale insect Kermes liimalayensis^ Green, which was found killing the ban

oaks above, and to the north of, Bhim Tab The discovery of this insect

is of high interest both scientifically and economically. It is the first

report of the existence of the genus Kermes in India, whilst owing to

its method of attack and great powers of rapid increase the scale must

be regarded as a serious pest.

As regards other known pests of these oaks I have already detailed in

Bepartmentat Notes* idoti life hi story of the leaf-roller and defoliating

weevil Apoderus incana^ Steb,, whilst Mr. B. O. Coventry, I.F.S., in an

excellent paper in the Indian Forester, dealt fully with the life history of

the ban acorn weevil tunneller Calandra sculpturata, Gyll., which is

responsible for so little natural regeneration of this tree being found in

some parts of the Western Himalayas.

Investigations have also been made into several twig and leaf galls

made upon these two oaks by as yet undetermined hj'menopterous flies,

probably Chalcids.

Little is kmwn at present on the subject of the lepidopterous defolia-

ting caterpillar pests of these two oaks.

•Slebbir-g, Dtparirntnial Botes on Insects that affect Forestry, Yol. I, p, i8y.

‘\lndian Forester, Yol. XXYIII, ISo. 10 (November, 1902).
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Part I : THE BUPRESTID BEETLE OF THE OAKS.

AMORPHOSOMA ? sp.

(The Oak Buprestid beetle.)

Nature of Attack.

The egg is probably laid in a crevice or depression on the bark of the

oak. The grub on hatching out bores down through the bark to the bast

layer and eats out in this an irregular winding gallery which grooves both

bast and sap wood. The larval galleries destroy the bast, and when
numerous the insect helps to kill the tree.

Previous Record of Insect.

1 have no previous record of reports of this insect. I first took larvae

of the species in Jaunsar, North-West Himalayas, in 1902.

Distribution.

The insect is fairly plentiful in Naini Tal and thi'oughout Kumaun.
It is probably spread throughout the Morn and Ban oak areas of the

Western Himalaya.

General Appearance.

Larva or Grub .—The larva is yellowish white, flat, elongate, with

narrow body segments and a large circular segment immediately following

the small yellow head
;

the segments following this large prothoracic

segment are of equal size save the last which tapers slightly posteriorly.

The grub is one inch in length, and in its gallery it is often found

curled up, the posterior segments lying almost in contact with those

immediately below the large one. Plate I, figs. 1, \a, show the larva

dorsal and side view.

Beetle .—The beetle is a small insect of brilliant green metallic

colouring. The head is exserted and horizontal
;

the prothorax shining,

constricted in front, and finely pitted. The elytra are brilliant metallic





plate I.

Fig. 1, la, doml and side views of the larva of Amorpkosoma sv

naileries of

Amorpkosoma 6p!!Tn
chamber and pupal chamber made by larva of

Fie. 4. 4«. dorsal and side views of grubs parasitic on sp.
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HaU-toue.

Amorphosoiiia ? sp.

Survey of India Offices, Calcutta, 1909.

[<o face page i.
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green, constricted towards apex, the latter armed with several spines.

Length 4 inch.

. Life History.

Little is at present known on the life history of this insect. The

larvsB eat out wide shallow irregular galleries and chambers in the bast

layer of the tree, these galleries being out of all proportion to the width of

the grub making them. At times they are long and wind irregularly

about in an undecided fashion
;
at others the grub eats out a chamber or

patch having irregular edges and no definite gallery or arms (Plate I,

fig. 2). In all cases these galleries are made in fresh bast, the larva

requiring sappy material for its food. The larval galleries or chambers

are closely packed with wood excrement, the only free portion being the

area occupied by the larva. They are roughly from 6 inches to 9

inches in length and ^th inch to jrd inch in width. When full

fed, the grub bores down into the sap wood at an angle
; the tunnel so

made is elliptical in section and of about V' to in length {fig. 3).

At the end of this tunnel the larva eats out an oval elongate pupal

chamber parallel to the long direction of the tree (fig. 3). In this

chamber the grub then pupates. Both entrance tunnel in the wood and

pupal chamber are quite free of wood excreta. The beetle on maturing

crawls up the tunnel in the wood, bores through the bark of the tree, and

escapes. The appearance of the irregular shallow larval gallery in the

wood with the elliptical entrance holes down into the sap wood starting

from near the larger end of the larval gallery are very characteristic of

this beetle and are easily recognizable (cf. figs. 2, 3).

Damage committed in the Forest.

The buprestid evidently, accompanies the more dangerous Scolytid bark

borer Dryocmtes Hewetti and the longicorn Xylotrechus in attacking

trees as soon as they are weakened by the Lorantlms parasite, Loranthus

vestitus, which infests them. Also old dying trees are evidently sought

out by this insect for egg-laying purposes. In a tree of this nature newly
dead the galleries of the beetle were very numerous, the beetle having

evidently accelerated its death.

As has been often evidenced in Europe, small buprestid pests of

this kind are quite capable of killing trees by themselves without any
extraneous aid.
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Natural Enemies.

I took from pupal galleries in the trees containing living grubs the

elongate maggot-like grub shown in Plate Ij figs. 4 4a.

This grub had all the appearance of being parasitic upon the bupres-

tid one.

Points In the Life History requiring further observations.

1. The time taken by the larvae to reach full size,

2. The time or times, if more than one generation in the year, of

appeai’ance of the beetle.

3. The number of generations in the year.

4. In what stage of its metamorphosis the beetle hibernates through

the winter.
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_ Survey of India Offices, Calcutta, 1909*
naif-tone.

Lophosternus Hugelii.

\_tofa(e page 7.



PLATE II.

Fig. ], larva—dorsal view—of Lophosternus hugelii.

Fig. 2, Beetle do. do.

Fig. 3, Section of base of an oak stem (half natural size) with part of the bark

removed showing the shallow gallery, A., made in the sap wood by the young larva;

the deeper gallery B made as laiwa reaches full size and the entrance hole C of the

tunnel made down into the sap wood to pupate.
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Part 11 : THE LONOICORN (CERAMBYCID/E) BEETLES

OF THE OAKS.

LOPHOSTERNUS HUQELII, Redtenb.

The Oak Timber Longicorn borer.

Reference.—Gahan, Fauna British India, Coleop. Vol. I., Cerambycidae No. 8 (p. 11)

Nature of Attack.

The grub eats out a deep and large irregular patch in the bast and

sap wood of the Ban oak tree. When full fed it bores down into the

heart of the tree.

Previous Record of Insect.

This beetle is common in the North-West Himalayan oak forests.

I can find no data of its life history having been previously recorded.

Distribution.

Apparently spread throughout the oak forests of the Western Hima-

layas.

General Appearance.

Larva .—A large yellowish white elongate thick grub. Plate II, fig. 1.

Pnpa.—Yellowish, white, stout with the general appearance of the

beetle, the parts such as antennae, wings, legs, etc., being fi'ee.

Beetle .— S —Chestnut red in colom', the head and prothorax darker

than elytra, at times the thorax being mostly black. Head closely

punctured
;
the last joint of the palpi distinctly widened towards the

extremity. Eyes are large and are placed rather close to the insertion of

antenna behind. Antennae a little shorter than body, the first joint not

reaching beyond the hind margin of the eye, 3 to 10 joints acutely pro-

duced at the apex on the anterior side. The prothorax is finely and

closely punctured in front and along sides, smooth and shining medianly,

the hind angles obtuse and projecting and the side margins produced out-

wards into two sharp points
;

elytra ragulose the ridges finely punctured

and each with two or three weak raised costae. The hind breast beneath

covered with a tawny-coloured silky pubescence.

The last ventral segment is sinuate at the apex.
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$ .—The antenn® hardly reach to middle of elytra and are more

slender than in male. Hind breast with no tawny pubescence. Last

ventral segment with rounded hind margin. {Descr. after Gahan). Plate

n, fig. 2, shows this insect.

Life History.

The egg is laid in an interstice in the bark, and the small grub

on hatching out bores down to the bast and sap wood and feeds in this.

At first whilst small the bast wood is only slightly grooved, Plate II, fig.

3A and PI. IIIA, but as the grub becomes larger and its mandibles stouter

it works down deep into the sap wood filling the whole of the gallery and

depression thus made between the outer shell of the bark and the inner

layer of sap wood with wood particles and excreta, Plate II, fig. 3B
;
Plate

IIIB. The iiTegular shaped area thus eaten out in the bast may be as

much as 5" across, the edges being very irregular and may stretch a

fifth or a fourth round the tree, the height diameter being 4" or more (Plate

II, fig. 3 ;
Plate III). When full fed, the grub, starting usually from

one of the lower edges of the depression Pt. II, fig. 3C, tunnels into the

wood to pupate. This tunnel is carried deep down into the wood and

usually curves upwards from its orifice in the outer sap wood
;
the chamber

bored out at the end of the tunnel is parallel to the long axis of the tree

and is of larger diameter than the tunnel leading to it, Plate II, fig. 3C
;

Plate me. In making this tunnel and chamber the larva ejects every

particle of wood eaten away through a hole which it cuts in the bark of the

tree, and it is these holes and the heaped up wood dust and excreta to be

seen at the foot of the tree which renders it easy to recognize and find

this insect when it is in its full grown larval stage, although e.\ternally no

trace of the large eaten out depression in the cambium layer and sap wood

will be visible on the bark of the tree. Beyond this fact that the larva is

full grown and is pupating in its pupal chamber at the commencement of

June, and that the beetle issues during the rains (July- August), nothing

further on the subject of its life history is known.

Damage committed in the Forest.

This insect, when at all abundant in the forest, is a dangerous pest

owing to the fact that its method of feeding is capable of destrojdng the

tree, whilst its mode of pupation destroys the timber. The large circular

holes and borings in oak timber are well known in the Western Himalayas

and are entirely the result of the work of this beetle.
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PLATE III,

Section of base of an oak stem split open to show the pupal chamber, C, of the

longicorn beetle Lophosternut hugelii in the interior of the tree. A, Shallow gallery

in sap wood made by young grub ; B, deeper gallery'made in sap wood by nearly full

grown lai-va
; C, the pupal chamber in heart wood of the tree.
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Half-tone, Survey of India Offices, Calcutta,1909-

Attacks of Lophosternun Hngelii in Oak.

[
to face page 8.
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As far as I am aware, the fact that its larva, whilst attaining to full

growth, destroys so much of the bast layer has never been previously

recorded, and a complete study of its life history by those in a position to

do so is urgently needed.

Points in the Life History requiring further observations.

1. When the eggs are laid.

2. How long the larva spends in this stage of its metamorphosis

feeding in the bast laj'er and sap wood.

3. When the larva first commences to bore into the heart wood of the

tree, and how long this tunnel and the pupating chamber take to make.

4. Where the larva passes the winter.

XYLOTRECHUS STEBBINQI, Gahan.

Reference.— CiMha,-a, Fauna British India, Coleop. Vol. I, Cerambycidaj No. 274 (p. 244)

Nature of Attack.

The eggs are laid by the beetle on the bark of living or newly felled

Mora oak trees. The grubs on hatching out feed entirely in the bast

and sap wood until full grown, eating out winding galleries.

They then bore down into the inner sap wood, eat out a pupal

chamber, and pupate in it.

Previous Record of Insect.

This insect w'as taken by myself in oak in Bashahr State, North-

Western Himalaya, in 1901.

It was sent to the British Museum where Mr. Gahan, the well-known

authority on the family, determined it as an unrecorded species. It is

also an inhabitant of Tibet.

Distribution.

The insect is recorded from Bashahr State in the North-Western

Himalayas and Tibet. Probably spread throughout the Morn oak belt

in the Western Himalaya,

B
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Description.

Larva .—Wliitish yellow, elongate, the segments of the body more or

less of the same size decreasing gradually posteriorly. No enormously

large segment follows the head as in the case of the buprestid larva.

Head black. Length about 1” when full grown. See Plate IV,

figs. 1, \a.

Beetle .—Brown ; head and prothorax clothed with a greyish pubes-

cence, the prothorax with four small brown spots in a transverse

row across the middle—two dorsal and two lateral. Elytra subglabrous,

testaceous brown, narrowly covered with grey pubescence at the base,

marked with some small spots of ashy-grey pubescence which form three

interrupted bands—one near the base, another just before the middle,

the third midway between it and the apex
; the apex also narrowly

bordered with ashy-grey. Body beneath covered with grey pubescence,

a rather large posterior spot on each of the metathoracic episterna ashy-

white. Antennte less than half the length of body
;
third joint slightly

longer than the first. Femora rather strongly thickened ; the hind pair

extending a little past the apex of the elytra. First joint of hind tarsi

twice as long as the second and third united.

Length 12— 18; breadth Sj—5 millim. [^Descr. after Gahan).

Plate IV, figs. 2, 2a shows the beetle.

Life History.

The larva of this insect feeds entirely in the bast and outer sap wood

of the Morn oak. I have not as yet taken it in the Ban. The grub

grooves both bast and sap wood, eating out large irregular galleries in the

long axis of the tree (Plate IV, fig. 3). Occasionally the gallery is quite

straight, but it is more often irregular with winding edges
; the larva

however, appears to confine itself to the layer of wood between the long

straight medullary rays and more esj^ecially so in its young state. The

larval gallery is always tightly packed with the wood refuse and excreta

ejected by the larva and is about o" to 8" in length with an average

breadth of ith inch. On becoming full grown the grub bores down

into tbe sap wood at an angle for about to 1" and then eats out a

pupal chamber parallel to the long axis of the tree (fig. 4). Both

chamber and entrance gallery in the wood are kept quite free of wood

dust and excreta. When mature the beetle crawls up the entrance
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tunnel in the wood, bores through the bark which overlies it and leaves

the tree.

Larvae in various stages up to nearly full grown and full grown were

taken from trees in Naini Tal towards the end of May. Several of

these grubs had already bored down into sap wood and constructed the

pupal chambers and commenced to pupate.

The beetle appears on the wing towards the end of July and in

August, the pupal stage lasting from six weeks to two months. It is

possible that there may be two generations of the insect in the year, but

I think it is improbable. It is more likely that the beetles issue at

intervals (as the larv® mature) through a part of July, August and into

September.

Damage committed in the Forest.

The insect attacks the tree in a manner very similar to its Buprestid

companion above described. The two are not infrequently found at work

in the same tree, the Scolytids being at times also present.

XYLOTRECHUS SMEI, Lep. et Gory.

Eeferenee.—Steb. Depnrtmental Notes on Insects that affect Forestry (X. vicinus). I, 24.

Gahan, Fauna British India, Coleop. Vol. I, Cerambycida; No. 270 (p. 241).

Nature of Attack.

Similar to that of X. stehhingi. Only as yet reported in the Moru
oak.

Previous Record of Insect.

This insect was taken near Kilba in Bashahr in 1901 by the Range

Officer in charge of the Range.

Distribution.

In addition to Bashahr State in the North-Western Himalayas, the

insect according to Gahan is to be found in Bhutan and the Deccan.

B
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Description.

—Resembles that of X, slehUngi.

Beetle .—Brown above ;
with a greyish or yellowish pubescence

covering the head and most of the prothorax and forms bands and spots

on the eh’tra placed as follows :

—

(1) a transverse band on each at the base, followed a little behind

by

(2) a short transverse spot

;

(3) a narrow band which begins near the scutellum, passes close

to the suture, diverges a little from it posteriorly and at a

shoid distance before the middle curves outwards to the side,

thence it bends forward a little before reaching the margin ;

(4) a narrow, obliquely transverse somewhat wavy band, placed

a little behind the middle
;

(5) an apical band, which is slightly produced forwards at the

suture. Body beneath marked with spots or bands of whitish

pubescence.

Length 11—17 ;
breadth 3—5 millim. (Descr. after Gahan).

Plate IV, fig. 5, shows a dorsal view of this beetle. The beetle from

which the drawing was made was much rubbed.

Life History.

Little is known on the subject of the life history of this beetle. It

probably closely resembles that of X. stelbingi.

The larva tunnels in the bast and wood of the oak {Onerous dilatata)

in Bashahr. Specimens of the mature beetle were taken from the trees

in August 1903 and sent to me by the Range Officer of the Kilba Range.

Beyond this nothing is known about the insect.

The damage done by it to the tree is probably the same as that already

detailed for X. stelbingi.

Protection and Remedies against the Longicorii Borers.

Remedial measures in the forest for these longicorn beetle pests are

somewhat difficult to prescribe as the insects are normally distributed

throughout the area occupied by the tree. A point, however, which should

always be borne in mind is that the egg is deposited by the beetles we
have here considered on the bark of gi-een standing sickly trees or newly

felled ones, and that the young grab requires at first the soft bast layer to
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PLATE IV.

Pig. 1 la, side and dorsal view of the larva of Xylotrechus Stebbingi.

Pig. 2, 2a, side and doisal views of the beetle Xylotrechus Stebbingi.

Pig. 3, Section of stem of an oak with bark removed showing the larval galleries

of X. Stebbingi in the sap wood.

Fig. 4, Section of portion of stem showing the elongate pupating chamber of

X, Stebbingi in the wood.

Fig. 5, beetle of Xylotrechus Smei.
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Half-tcne.

Xylotrechus Stebtingi, Gahan.

Survey of India Offices. Calcutta, 1909.

Xylotrechus Siiiei, Lep. et (tor.

[
to face p n/c 1 !.
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feed upon. Consequently barking the trees soon after felling will ensure

the destruction of the XylotrecJi us beetles since their grubs spend the whole

of the period of their existence in this stage in the bast layer and outer

sap wood. The barking of the trees leads to the drying up of

the bark and the death of the grubs. To make certain of protecting oak

timber against the attacks of the oak timber longicorn borer it is

absolutely essential that the tree should be barked as early as possible

after felling in order to ensure that the ffrub does not g'et down into the

sap wood to such a depth that the barking of the tree would have no

harmful effects on it. Once it has got there the barking of the tree

will not prevent the larva from making its destructive galleries in the

heart wood of the tree and thus ruining the timber.

Points in the Life Histories of the Xylotrechus Beetles requiring further observations.

1. Where and when the eggs are laid. Is it on the bark in July,

August ?

2. How long the larva spends in the larval stage.

3. Length of the pupal stage.

4. The number of generations in the year.
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Part III: THE SCOLYTID (SCOLYTID^E) AND PLATYPID

(PLATYPID/E) BARK AND WOOD BEETLES,

As far as present observations have led, four, and perhap a fifth,

Scolytid and Platypid iusects are known to infest the oaks. Two new

bark boring beetles Dryoccetes Uewetti, n. sp. and Sphaerotrypes qtierci, n.

sp., and the wood borers Clirumesus globulus, n. sp., Diapus impressus

and D. sp. prox impressus.

THE BARK BORERS.

DRYOCOETES HEWETTI, Steb.

-ffe/ereJi^e.—Stebbing. On “Some undescribed Sc lytidae of Economic importance from

the Indian Region,” Indian Forest Memoirs, Zoology Series, Vol. I, Ft. i (p. 11.)

Nature of Attack.

The male beetle bores through the bark of the tree and eats out a

pairing chamber, squarish in shape, in the bast and sap wood. Three or

four female beetles successively enter the pairing chamber through

the male entrance hole (the first one enlarging the entrance gallery in

doing so) and after pairing with the male bore galleries away from the

pairing chamber. These galleries are eaten ont in a direction at right

angles to the long axis of the tree (in standing trees) and typically two

females bore in one direction and the other two in the opposite one, each

female or egg gallery being distinct from the other
;
the eggs are

deposited on either side of these egg galleries and the larvae on hatching

out bore away in a direction at right angles to the egg gallery, the larval

galleries being straight.

When sufficiently numerous, the beetles and their larvae remove all the

cambium or bast layer of the tree and the tree dies.

Previous Record of Insect.

I have no previous record of this insect.
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Survey cf India Offices, Calcutta, 1909.

Dryocictes Hewetti, !steL.
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PLATE V.

Fig. 1, larva of Dryocostes Ueioctti, Steb.

Fig. 2, 2a, dorsal and side view of female, 2b, 2c, same of male beetle of Dryocce-

tes Hewetii-, 2d, enlarged antenna, 2e, enlarged leg of same.

Fig. 3, Section of stem of oak showing the pairing chambers, and egg and larval

galleries of Dryoccetes Hewetti in the outer sap wood. p. pairing chamber
; /. female

nr egg gallery ; 1. larval gallery, (half natural size.)

Pig. 4, same in bark, natural size.
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Olstrlbutloa.

At present I have only records of this insect from the Naini Tal and

Kumaun oak forests in the North-Western Himalaya.

General Appearance.

Larva or Grub .—A small white elongate worm with a 3'ellowish

head. The grub instead of being curved as is usual with bark boring

Scolytid grubs is more or less straight and tapers slightly posteriorly,

riate V, fig. 1, shows the larva.

Pupa .—Whitish yellow with ordinary beetle shape.

Beetle .—A small oblong black insect with a reddish chestnut tinge.

Head with front slightly convex, shining, punctate, very finely trans-

versely striate at sides with long scattered hairs on front and a fringe of

hairs on mouth. Prothorax slightly broader than long, base truncate,

humeral angles rounded, sides and apex forming a blunt ellipse ; surface

convex, raised into a point medlanly and depressed posteriorly
;
granulose,

the granulations coarse on anterior half especially on disk and much finer

posteriorly. Scutellum rather large, shining, convex, rounded. El^'tra

slightly broader aplcally than prothorax and a fourth as long again

;

truncate at base, apex strongly rounded
;
surface shining, flat medianly

and strongly declivous apically, the declivity shining and edged with long

spiny hairs
;

rest of surface with rows of punctures which are fine basally

and medianly and confluent and rugose medianly. Under surface lighter

reddish brown medianly with longish hairs dense laterally. Length 2‘5

—3 millim.

Plate V, figs. 2, 2a show the dorsal and side views of the female

beetle ; 2^, 2c the same of the male beetle ; shows the antenme

enlarged
;
and 2c a leg.

Life History.

The following notes on the life history are compiled from observa-

tions made in the field during the latter half of May and the first half

of June. The life history of the insect for the remainder of the year is

at present unknown.

The male insect flies to and settles on the outer bark of the tree and

then bores into the bark eating out a straight tunnel, of the same

diameter as itself, down to the bast laj^er and sap wood of the tree. On
reaching the latter it gnaws out a small chamber which grooves both the

bast and sap wood and is squarish in appearance (Plate V, figs. 3/), 4jo).
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When this work is complete^ or before the male has finished the pairing

chamber
j a female enters the orifice of the entrance tunnel of the male in

the bark and works her way downwards, enlarging the tunnel as she

goes in (as she is larger in circumference than the male), till she reaches

the male in the pairing chamber. After pairing with the male the

female commences to eat out a galleiy in the sap wood and bast
;
this

gallery takes a direction away from the pairing chamber and is always

more or less at right angles to the long axis of the tree (figs of, 4/), in

this differing from other Indian coniferous and broad-leaved Scolytid®,*

in which the gallery bored by the female is parallel to the long axis of

the tree. As she eats out this tunnel, the female makes little indentations

in the edges on both sides and places an egg in each. When she has

completed the gallery, which is the egg gallery, i.e., when she has laid

all her eggs, she dies in situ at the head of the gallery. Before the

gallery is completed, however, the larvae from the first laid eggs commence

to hatch out. The larva eats (jut a narrow tunnel in a direction at right

angles from the egg gallery (c/. figs. 3/, 4i^), and this larval gallery

appears to be invariabh’- straight. Tliis may be due to the bard

straight fibres of the oak w^od, but whatever the cause, this habit of tlie

grub distinguishes it at once from other known Indian Soolytid

bark boring grubs whose tunnels invariably serpentine
;

also, owing to

the fact that the egg galleries are at right angles to the long axis of the

tree i.e., go round the tree, the larval galleries go straight up and down

the tree. The plan tlius made is so different to any of the at present

known Indian Scolytidge as to render the presence of this insect in the

trees easily recognizable.

The larval galleries increase in diameter with the growth of the grub

as it eats away from the egg gallery
;
they do not groove the sap wmod

as deeply as the female ones do.

The larva where full grown eats out a depression in the sap wood

at the end of its gallery and pupates. On maturing from the pupal

stage the beetle eats its way through the bark which covers it, making

a small circular exit tunnel in it and escapes to seek out a good tree in

which to oviposit and carry on the attack. The presence of these

numerous exit holes on the outside of the bark serves as an indication

that the beetles bred in it have left the tree.

Sphaeroirypet tiwalikensis, Scolytug major, Polygraphug major, etc.
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The pupating chamber is ith inch by fth inch in size
;
the egg gallery

from inches to 2 inches in length and those of the larvae from Ij

inches to inches ;
the number of eggs laid is usually about 20.

This insect is a polygamous one, and the male pairs with three or four

females. In the case of the latter typically the egg galleries of two of

the females are taken in one direction and those of the other two in an

opposite one, alternate beetles boring in opposite directions after pairing.

A plan similar to that shown in Plate V, figs. 3 and 4 is thus obtained.

Practically, however, it will be found that the direction of these egg

galleries, varies and they may curve considerably
;

at times even it will

be found that three take off on one side and one only on the other
; or

again one or two may be extremely long and a third very short, the

fourth being absent. These variations are doubtless due to differences

in the physical capabilities of the beetles themselves and to variableness

in the hardness of the wood, such as knots, etc. After pairing with

the females the male dies in the pairing chamber.

This beetle is an active little insect leaving the trees in daylight,

which is most unusual with Scolytidee, and walking and flying actively

about in the sunlight.

From observations made towards the latter part of May it is evident

that a generation of the beetle was just maturing and issuing fi-om the

trees at this period of the year. This generation of the beetles is prob-

ably the first generation of the year, fiftd it is certainly followed by a

second, since larvae from eggs laid by it were taken from the trees in

J uiie. It is probable that there is at least a third generation of beetles

during the year, from eggs laid Ijy the second generation which probably

issues some time in August. This point, however, requires further careful

observations to be carried out between July and the close of the year. The

eggs of the ^lay generation of the beetle are probably laid in the trees

early in April by beetles which have either hibernated through the winter

in the tree or which have passed the winter as larvae in the larval gal-

leries in the bast, subsequently maturing and issuing as beetles as soon as

the first warmth of spring makes itself felt.

Damage committed in the Forest.

At present I have only taken this insect in full-grown and old oak

trees, but it apparently attacks both the Mom and Ban oaks. The danger
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to be feared from the insect is due to its habit of ovipositing in the bast

layer of the trees. As has been shoTvn^ the operations of the beetles and

their larvae lead to the destruction and disappearance of the bast, and when

the insects are numerous end in the death of the tree. In several instances

the death of large trees examined appeared to be due directly to the

attacks of this insect.

Its greatest danger is, however, evidently to be found in the fact that

it forms such a powerful ally to the Loranthus parasite which infests the

oaks. Broad-leaved trees are much more resistant to the bark boring

beetle attacks than is the case with conifers, and consequently it is prob-

able that the oak can ordinarily hold its own against the Scolytid.

It is essential to the latter that the bast layer of the tree should be

fresh and sappy, but the beetle invariably seeks out diseased trees or those

which have become weakened through some cause in which to lay its

eggs. The slow strangulation and consequent weakness set up in the

trees b}- the Loranthus parasite places the tree in the exact condition

preferred by bark beetles, and where these insects are at all numerous an

attack in Loranthus-weakened trees may be looked upon as a foregone

certainty. Once the insects have obtained a hold in a forest their powers

of rapid multiplication render them a pest which has to be reckoned with.

Protection and Remedial Measures.

Protective and remedial measures for safeguarding the uninfested trees

in Naini Tal and elsewhere have already been considered in the section

devoted to the longicorn beetles. It will be well, however’, to glance at

measures applicable to this insect alone, since it is probable that A'ery often

it infests the tree before the Huprestid or Ceiainbr cid pests make their

appearance.

To combat these bark borer prests adequately it becomes necessary to

know’ the exact life history of the insect, and more especially in what

months during the year it is in its larval stage, for it is in this stage that

it can be best attacked. hen the tree is full of nearly full-grown larvjB,

it should be felled and barked and the bark burnt. From the life history

as at present observed we know that this can be done at the end of the

first week in M ay for the grubs of the first generation and at about the

end of June for those of the second generation.
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Further, both as a means of discovering the number of insects in a

forest and as a means of protecting that forest as well, ' trap trees
’
should

be arranged for. Trees which are either sickly, already attacked, or are

chosen for other reasons, should be selected and girdled or felled a week

or so before the flight time of the beetles. The insects will resort to

these to oviposit, and when egg laying has been completed and the trees

are full of nearly full-grown larvse, the bark should be stripped off and

burnt.

Points in the Life History requiring further observations.

1. Where and in what stages of its metamorphosis the insect hiber-

nates through the winter.

2. The times of appearance throughout the year of the insect as

—

() full-grown larvae.

() mature beetles on wing.

3. The number of generations passed through during the year.

SPHAEROTRYPES QUERCl, Steb.

Reference—Stebbing, On “Some undescribed Scolytidae of Economic Importance from (be
Indian Region,” Indian Forest Memoirs, For. Zool. I, Ft. I, (p. 5).

Nature of Attack.

The female beetle eats out an egg gallery in the bast and sap wood of

the tree, laying eggs in indentations on either side The larvse on

hatching out mine out galleries in the bast in directions at right angles

(about middle of egg gallery) or which trend upwards or downwards

in the upper and lower parts of the egg gallery {cf. PI. VI, fig. 3).

When numerous, the bast layer is entirely destroyed and the tree

attacked dies.

Previous Record of Insect.

I have no previous record of this insect having been taken or

described. I only took specimens of the beetle in two Moru oak trees in

the grounds of Government House, Xaini Tal, and then only sparingly.

Larvse were taken in one of the trees.

The genus contains two species which commit serious damage to sal

trees in the United Provinces and in Assam and a third, which may be

identical with one or other of these in the Central Provinces sal forests.
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DistribuHoa.

Naini Tal Oak Forests, N.-W. Himalaya (as at present known).

Description.

Larva .—Small white oval. Very convex above and much corrugated

and channelled (PI. VI, fig. 1).

Beetle.—Short, oval, very convex. Black with antennae slightly

lighter and tarsi ferruginous.

Head punctate, more strongly so at sides, hairy at vertex. Prothorax

1 ^ times as broad as long, base bordered and produced backward to form

an obtuse angle, the angle truncate, concave on either side, emarginate

anteriorly and sides rounded and narrowed anteriorly, a narrow elevated

line down centre more prominent and shining at base and not reaching to

anterior margin
;
coarsely and somewhat closely rugose

;
a few stout

bristles, yellow in colour, on anterior outer margin. Scutellum squarish,

oblong, punctate. Elytra slightly wider than thorax, not quite twice as

long as latter, conjointly emarginate at base, basal borders crenate, basal

angles strongly rounded and sides rounded from base to apex. Almost

black with a dull reddish tinge on them
; striate, the striae deep and

prominent, but not reaching to base of elytra, shining, flat with scattered

punctures, the interstices slightly elevate and convex, coarsely rugose

punctate. Under surface black, with a scattered yellow pubescence, abdo-

minal segments 1 and 5 large and equal to one another, 2, 3 and 4 much
narrower, punctate with sparse yellow hairs on them. Long 3 millim.

(Figs. 2, 2fl, PI. VI, show a dorsal and side view of this beetle.)

Life History.

Very little is known upon the subject of the life history of this bark

borer. Nearly full-grown laiw® were found in their galleries in the tree

towards the end of May, these being the larvte of the first generation of

the year. The beetles mature about 1st to 2nd week in June. We have

yet to discover how many generations of the insect there are in the vear.

In the case of its sal tree confrere in the Dun four, and a partial fifth,

generations are passed through, and it is probable that the oak species has

at least three life cycles in a season. It is important that this fact

should be definitely and accurately determined. Fig. 3 shows the

diagram of the egg and larval tunnels made in the sapwood and bast by
this insect.
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The damage it is capable of committing to the tree and the forest

and the methods of combating its attacks are similar to those detailed

above for the Dryocates bark borer.

THE WOOD BORERS.

CHRAMESUS GLOBULUS, n. sp.

Steb. Dopartiiiental Notes on Insects that afifect Forestry (Cliraniesus ? sp.),

I, m.

Nature of Attack.

The beetle tunnels down into the heart wood of the Ban oak to lay its

eggs. Only green trees are attacked, usually sickly standing ones or

newly felled ones. The damage committed is to the timber only.

Previous Record of Insect.

I first took this beetle early in May 1901 in .Taunsar, N.-W. Hima-

laya. I have seen no other record of it either before or since.

Distribution.

The Ban oak forests of the N.-W. Himalaya.

Elevation roughly about .5,000 feet to 5,500 feet.

Description.

Beetle.—Small, globular, very convex above, flat beneath, widest

across middle. Head small, black with a yellowish brush of hair on fore-

head. Prothorax black, pentangular in shape, anterior margin straight,

slightly ridged with a transverse depression behind the ridge, posterior

mai’gin produced back into a median point. Elytra very convex, purplish

or black in colour, striate, base rugose, the interstrial spaces with series of

fine raised poiirts
;
the striie cuive inwards towards apex

;
surface set w ith

a short yellowish pubescence. Under surface flat, black
;
abdominal

0
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segments clothed with a short spiny yellow pubescence, denser laterally.

Length, 3 millim. (PI. VI, figs. 4, show a dorsal and side view of

this beetle.)

Life History.

The beetle first appears on the wing in the spring about the first Aveek

in May at elevations of 5,000 to 5,500 feet.

It tunnels into the wood of newly dead or dying Ban oaks for egg lay-

ing purposes. The insect bores straight through the bark and into the

sap wood and then turns to one side or the other and carries its gallery

right down into the heart wood at an angle. These beetles lay the eggs

of the first generation of the year.

This is all that is at present known on the life history of this beetle.

It will not attack dry wood. The holes drilled in the wood are circular in

section.

DIAPUS IMPRESSUS, Janson.

Reference. — Steb Departmental Notes on Insects that afifeet Forestry, I, 414.

Nature of Attack.

This insect, as also its companion Platypid, D. sp. prox imfressns,

bores down into the timber of green standing or felled green oak trees and

lays its eggs at the bottom of the tunnel so bored in the heart wood.

Previous Record of Insect.

The insect was first reported as riddling Ban oak stumps at Deoban,

N.-W. Himalaya, 9,000 feet, as long ago as the year 1S9'

.

Distribution.

Jaunsar, N.-W. Himalaya.

Description.

Xarvrt. — White, legless, straight with a light orange yellow head and

black mandibles.

Beetle .—Elongate cylindrical with a vertical exserted head, broader -

than thorax, and weak legs. Red brown, shininsr, basal margin of the





PLATE VI.

Fig. 1, larva of Sphcerotrypes querci, Steb.

Fig. 2, 2a, 'lorsal and side view of beetle Splicerofrvpes querci.

Fig. 3, Diagram showing egg and larval galleries of Sphcerolrypes querci.

Fig, 4, 4a, dorsal and side view of Chramesus globulus n. sp.

Fig. 5, 5a, do. do. do. Diapus impressus.

Fig. 6, 6a, do. do. do. Diapus sp. pro's, impressus.
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tliorax and elytra brownish yellow, apical posterior of the latter red

brown
;
legs and antennae pale yellow. Thorax oblong, strongly einargi-

nate at sides before the middle, base finely and closel}' punctured and with

a slight median line. El^dra punctate striate, the second striae from

suture and the outer marginal one broader and more strongly punctured,

the first and second interstices from the sutiue strongly raised, the fourth

slightly convex
;
the apex coarsely punctured, sublj uncate and unarmed

in the male, in the female with five acute apical spines. Under surface

light orange yellow between the second and third pairs of legs, brown

anteriorly to this, and dark brown to black on abdominal segments which

are very short. Abdomen densely pubescent at apex in male, in the

female concave, rugulose. Long 3| to -f millim. (PI. VI, figs. 5, 5a.)

Life History.

The only specimens of this insect taken appear to have been sent to

the Indian Museum, Calcutta, from Deoban, Jaunsar, in 1891. The

insects were reported as tunnelling into Ban oak stumps, but nothing

further appears to be known about them.

DIAPUS sp. prox. IMPRESSUS.

Reference.—Steb. Departmental Notes, I, 415.

Nature of Attack.

Similar to that of B. impressus.

Previous Record of Insect.

Specimens of this beetle were first taken by the writer in June 1902

in Jaunsar, N.-W. Himalaya.

Distribution. ^

Probably throughout the Quercus incana forests of the N.-W.

Himalaya.

Description.

The beetle resembles Biapus impressus but is much larger being 5

—

5-4 millim. in length. The colour is darker red, the thorax being entirely

of this colour, as are the legs with the exception of the tarsi which are
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lighter brown. The front of the head is only very finely pitted in the

male, but strongly punctured in the female. The thorax is strongly

constricted at the sides behind the middle and has Jio median line. The

apical margin of elytra is concave in male and in female truncate, with

the outer edges produced into teeth curving inwards. The abdomen is

concave behind in the female. Figs. 6, 6a, Plate VI, show this beetle

side and dorsal view.

Life History.

The insect is to be found on the wing at the commencement of June

at elevations of 6,000 feet. It tunnels into the Ban oak for egg laying

purposes. The beetle appears to prefer trees which are dead but not yet

absolutely diy, and it bores down through the thickest bark into the heart

wood making circular tunnels, the sawdust eaten out being ejected at the

surface of the entrance hole. A tree attacked can be easily detected by

the presence of these small heaps of sawdust piled up on the outside bark.

The tunnels may be quite straight or curved slightly. Both male and

female beetles are to be found in the tunnel and pairing probably takes

place inside. The female insect appears to live for some time after egg

laying is completed, finally dying in the mouth of the tunnel and so

blocking it to preilaceous enemies The eggs are laid at the bottom of

the tunnel and the laivse feed on fungus growths with which the walls of

the tunnel are discoloured. The tunnels are as much as 9—12 inches in

length.

This is all that is at present known about the life history of this

insect.

Damage committed in Forest by the Wood Borers.

As will be seen from the little at present known about the life

histories of these three wood borers, the damage they commit is entirely

to the timber of the tree since the small portion of bast they eat through

on their way to the heart wood is a negligible quantity. When
plentiful the beetles entirely ruin the wood of a tree for timber purposes

and greatly reduce the value of fuel stacks.

Protection and Remedies.

W hen wood is badly attacked by these wood boring beetles, the only

safe method of destroying them and endeavouring to lessen their numbers

in an area is to burn the whole of the infested timber and fuel. The
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actual hole or tunnel in the wood made by these small Scolytid wood

borers is of small diameter and therefore in itself of no great consequence.

When, however, the insect appears in numbers, the timber is so riddled as

to be quite useless for timber purposes. Its value as firewood is also

greatly lessened owing to the great loss of weight the attack results in.

It is one of these wood borers which occasionally causes great loss of beer

from beer casks in India, and since the Hill Breweries in N.-W. India

make use of oak timber to a great extent it becomes of the first importance

to have a working acquaintance with the wood borers of the tree.

Points in the Life Histories requiring further observations.

VN e know nothing about the life histories of these wood borers save

that the first generation of the beetles lays eggs in the trees some time in

May.

(2) We require to know how long the larvie spend in this stage of

their existence.

(3) When the second generation of beetles appears.

(4) Whether there are more than two generations in a year.

(5) Also in what stage the insects pass through the winter, and

whether the beetles are abundant in the oak forests of the Western

I ! imalaya.
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Part IV : THE SCALE INSECT OF THE OAK.

KEK'WES HIMALAYENSIS, Green.

(The Ban Oak Grey Scale.)

Eeference.—Green, Ent. Monthly Mug. 1908.

Neture of Attack.

This scale insect thickly encrusts the branches, twigs, leaf stalks,

leaves, and buds of the Ban oak, sucking- out the sap and tinally, when

abundant, killing the tree.

Previous Records of the Insect.

1 have no previous record of this pest and at the time of its discovery

was of the opinion that it had never been previously recorded in this

connection.

This surmise was corroborated by Mr. Ernest Green, Government

Entomologist, Ceylon, the well-known expert on this family. The genus

is known to infest oaks in Europe and North America. In the Catalogue

of the Coccidae of the World* Fernald gives a list of 28 species of this

genus, all of which, with the exception of one living on an Acacia, infest

species of Enropean and North American oak. This fact adds pecnliar

interest to the discovery of the genus in India on one of the Himalayan

oaks.

Distributiou.

At present the insect has only been reported from the Ban oak forest

on the hills to the north of Bhim Tal in the Almora District in the

N.-W. Himalaya.

Oescription.

Eggs.—Elongate, tiny, white, with a white filamentous papery shell

covering
;

enclosed in considerable numbers beneath the dome-shaped

scale, forming a fine white mass of elongate bodies {vide Plate VII, fig. I).

Newly hatched small scale .—Very small, reddish brown in colour,

consisting of a head and 1’2 segments. The antennin are short and small

and there are a pair of long anal appendages (fig. 2).

* A Catalogue of the CocL-iflEB of the Worhl by M. E. Fernald, Bulletiu No. 88, Hatch
Experimental Station of the Massachusetts Agricultural College.





plate Vll.

Pig. 1, eggs of Kermes himalayensis. Green.

Pig. 2, young newly hatched larva of Kermes, himalayensis.

Fig. 3, adult female viewed from behind (after Green).

Fig. 4, antenna of adult female X450 (after Green).

Pig. 5, young insect with the scale partially formed round it.

Fig. 6, brnneh of oak with young immature scales to be seen in considerable

number on the outer bark.
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Part I.] Stebbing ; Insect Pests of the Himalayan Oaks. :i7

Young female scale.—Small flat elongate elliptical with blunt ends,

the posterior extremity broadly rounded ;
segmented with ridged tuber-

culate reddish grey smoke-coloured segments and from 1— « to 1—12

inches in length. They have no scale covering and are almost indistin-

guishable from bark colouring {vide Plate VII, fig. 6).

Fig. 5 shows a more developed ?cale with the covering partially formed

round it on outer edges.

Old female insect.—Black, shining with white streaks and specks on

it giving the scale a mottled grey appearance.

Spherical or spherical-elliptical in shape, very convex above and flat

beneath with a long diameter of j inch and a transverse one slightly less
;

the shape often disguised by crowding. Skin smooth, shining, milky

white or reddish, marbled and spotted, the markings black, punctate (see

Plate VII, fig. 3 ;
Plate VIII, figs. 1, 2). Antennse short two jointed

with 4; short hairs (fig. 4).

The scale when full grown greatly resembles at a little distance the

pupse of the predaceous coccinellid (lady bird) beetle Fedalia guerini

which is predaceous upon the sal monophlebus scale insect.

Life History.

On the 12th June 1908 this scale was discovered infesting the branches

and crowns of the Ban oak forest which clothes the hills to the north of

Bhim Tab Mr. Milward, I.P.S., in charge of the Naini Tal Division,

has since reported it to be in considerable abundance in the oak forest on

the Naini Tal-Bhawali Road.

I am given to understand that the recent long drought has unfavour-

ably affected the oaks here and there throughout Kumaun, trees having

become stag headed and in some cases dying under its effects. It is

doubtless due to the long drought that this scale has increased in such

numbers as to infest the trees to a very considerable extent [cf. Plate VIII).

At the time of its discovery the scales were mature and the female

insects inside them were engaged in egg laying, or the scales consisted

simply of masses of eggs surrounded by a dried shrivelled female skin.

The minute larvffi swarmed from these eggs about the fourth week

in June in Dehra Dun, to which place they were taken on the 15th of the

month. It is probable that in their natural habitat they leave the scales

at the commencement of July, i.e., at the break of monsoon. Tlie larv®

on swarming are minute little active creatures and appear to at first



28 Indian Forest Records. [VoL. II.

coixfiae theiiiselves to the young twigs of the tree. As they grow older

they go down to the larger branches and are to be found encrusting quite

thick branches which have a coating of old bark and moss on them.

t the same time, old scales may be found on the smallest green twigs,

on leaves and leaf stalks and, more curious still, on unopened buds and

on youug acorns on the tree (see Plate VIll, figs. 1, 2).

The scale greatly resembles the lac scale [Tacliardia lacca) in its

habit of collecting together in dense masses on the branches, but it has

not the power of exuding an exudation as is the case with the lacand so

the scales do not become joined together in a solid mass. In colouring

they bear a strong resemblance to oak branch bark and appear like small

natural excrescences or warts on the branch
;
so much so that at a little

distance it is impossible to distinguish a few scattered scales on a branch.

It is only when they are in the mumbers such as were to be seen this

year (1908) that their presence attracts attention.

It is probable that the larvae which hatched out towards the end of

June spend the summer and autumn forming the scales on the trees, and

that the old female insects in the scales pass through the winter beneath

the scale, laying their eggs, as seen, in the spring and early summer.

Damage committed in the Forest.

It is perhaps too early to say what effect the appearance of this scale

in large numbers would have upon an area of oak forest. It is more

than probable, however, that the insect would be able to kill off

weakly and sickly trees and young growth. That the present increase

would appear to be due to climatic conditions favourable to the insect

seems probable. We have yet, however, much to learn about the

habits of this insect.

Points in the Life History requiring further observations.

These are many :

—

(1) The period taken by the insect to pass through a single life

cycle.

(2) Length of time spent by the young insect on the branches before

it comes to rest and commences to form its scale around it.

(3) Length of time for the scale to reach full size.

(d) Time passed in the egg stage beneath the old scale covering.

(5) Distribution and abundance of the scale.

(6) Does it infest the Moru as well as the Ban oak ?





PLATE VIII.

Fig. 1, oak branch shovring the method of infestation of the tree by the scale

Kermes himala y ensis, Green.

Fig. 2, port ion of same, enlarged.
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INDIAN FOREST RECORDS.

Vol. II] 1909 . [Part II

A Note on the Fissibility of some Indian Woods.

By R. S. TROUP, F. C. H.,

Imperial Forest Fconomisf.

I. Introductory.

Fissibility, or the capacity for being split, is under certain conditions

an important property in wood, closely affecting, as it does, the utility

or otherwise of wood employed for various purposes. Thus for split

fuel fissibility is a decided advantage, whereas it is the reverse in the

case of wood employed for any purpose in which it is subjected to great

strain or shock. Again, the manner of splitting, particularly as re-

gards the straightness of grain and the evenness of the split surface, is

an important factor in the ease of woods employed for such purposes as

oars, carriage- shafts, wheel-spokes, sieve-frames, cask-staves, split

shingles, basket-work, and many other purposes. Hence it will be seen

that an accurate knowledge regarding the general qualities which affect

the fissibility of wood, as well as the particular properties possessed by

various woods in this connection, is of considerable importance.

Little has been known hitherto regarding the relative fissibility of

various Indian w'oods or the manner in which different w'cods behave

when acted on by a splitting- wedge. In order to make a commence-

ment in compiling information on the subject, therefore, the writer

recently carried out splitting tests at Debra Dun wTl,h GI different

species of Indian woods. The results of these tests are given below ;

these results, it may be mentioned, are in some respects not entirely in

accordance with accepted theories.

B
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2. Woods Tested.

The following is an alphabetical list of the woods tested, the

numbers in brackets referring to the relative order of fissibility as given

in the Appendix :

—

fl) Abies Pindrow. (3).

(2) Acacia Catechu (20).

(3) Adina cordifolia (31).

(4) iEgle Marmelos (48).

(6)

Aisculus indica (9).

(6) Albizzia procera (21).

(7) Do. stipulata (45).

(8) Anogeissus latifolia (48).

(9) hauhinia retusa (58).

(10) Berrya Ammoiiilla (32).

(11) Bomlax nialabaricum (44).

(12) Boswellia serrata (9).

(13) Bridelia retusa (40).

(14) Bucbanania latifolia (26).

(15) Calophyllum spectabile (53).

(16) Carallia integerrima (14).

(17) Cassia Fistula (26).

(18) Casuarina equisetifolia (42).

(19) Cedrela Toona (38).

(20) Cedrus Deodara (7).

(21) Chlorosylon Swietenia (56).

(22) Dalbergia latifolia (58).

(23) D. Oliveri (60).

(24) D. Sissoo (52).

(25) Dipterocarpus tuberculatns (25.

(26) Gardenia gummifera (50).

(27) 6. latifolia (15'.

(28) G. lucida (35).

(29) G. turgida (30).

(30) Garuga pinnata (35).

(61) Zizyphus

(31) Gmelina arbovea (46).

(32) Grewia vestita (41).

(33) Holoptelea integrifolia (46).

(34) Homalium tomentosum (6).

(35) Kydia calycina (34).

(36) Lagerstvoemia parviflova (29).

(37) L. tomentosa (16).

(38) Mallotus philippinensis (21).

(39) Odina Wodier (18).

(40) Oi'oxylum indicuin (23).

(41) Ougeinia dalbergioides (61).

(42) Picea Morinda (8).

(43) Pinus escelsa (4).

(44) P. longifolia (9).

(45) Podocarpus neriifolia (9).

(46) Populus citiata (18).

(47) Pterocarpus maorocarpus (32).

(48) P. Marsupium (57).

(49) Pterospernaum acerifoUum (53).

(50) Quercus dilatata (51).

iSl) Q. semecarpi folia (43).

52) Schrebera swietenioides (23).

53) Setnecarpus Anacardium (16).

(54) Sborea robusta (55).

(55) Spondias mangifera (9).

(56) Sterculia villosa (2).

(57) Taxus baccata (1).

(58) Tectona grandis (5).

(59) Terminalia belerica (37).

(60) T. tomentosa (39).

Xylopyrus (26).

3. Method of Testing.

Tests were carried out with blocks of wood 5^' x x cut with
the grain, the relative splitting force of which the fissibility is the
converse being measured by the number of blows of constant strength
required to split the blocks completely. The apparatus employed is

described in section 4 below. Tests were caii'led out by splitting in a





Plate I.

1. (4ngeinia dalbergioides

2, Do. do.

d. Pterocairpus Marsnpinui

4. Do. do.

Do. niaci'ocaiiais

(). Do. do.

Cedrela Toona

s. Do. do.

9. Do. do.

It). Dalhei-g ia latifolia

11. Do. do.

V2. Do. Oliveii

i:i. Do. do.

14. Do. Sissoo

15. Do. do.

10. Anogeissus latifolia

17. Do. do.

18. Do. do.

19. Chloroxylon Swietenia

L’O. Do. do.

•_>1. Shorea 1•obusta

22. Do. do.

2 :3 . Bauhinia retnsa

24. Do. do.

25. Teruiinalia belerica

20. Do. do.

27. Do. tonientosa

28. Do. do.

29. Ptero.sjx‘rmiini acerifoliuiu

.•30 . Do. do.

:3l. Garuga pinnata

:32. Do. do.

:3;3. Berrya Annnonilla

134. Do. do.

;35. Albizzia procera

;30. Do. do.

Radial.

Tangential.

Radial.

Tangential.

RatUal.

Tangential.

Radial (with eros.s grain).

Do. (with straight grain),

Tangential.

Radial.

Tangential.

Radial.

Tangential.

Radial.

Tangential.

Radial (coarsely wavy).

Do. (finely wavy).

Tangential.

Radial.

Tangential.

Radial.

Tangential

.

Radial.

Tang('ntial.

Radial.

Tangfaitial.

Radial.

Tangential.

Radial.

Tangential.

Radial.

Tangential.

Radial.

Tangential.

Radial.

Tangt'iitial.
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Plate II.

•'57. Gardeiiiii latifolia

.•5.S. Do. do. -

.'59. Do. hic'ida -

Id. Do. do. -

41. Do. tiirgida -

42. Do. do. -

4 :5 . Do. do. -

44. Do. do. -

4.'). Grewia vestita -

4(5. Do. do. -

47. Tc'ctona grandis (plantation grocvn)

4.S. Do. d 0 .
-

49. Do. grandis (natin-ally grown) -

.')(). Do. do. -

51. Quereus semecarpifolia -

52. Do. do. -

5.'5. Do. do. -

•54. Do. do. -

55. Cediais Deodara -

5(). Do. do. -

57. Picea IMorinda -

5.S. Do. do. -

5!». Pinus longifolia -

(id. Do. do. -

(51. Abies Pindrow -

(52. Do. do. -

6 :5 . Taxns baceata -

(54. Do. do. -

(55. Stercalia villosa -

(5(5. Do. do. -

(57. Bonibax nialabancuiii - -

(5IS. Do. do. -

(59. Gdina WOdier -

7d. Do. do. -

71. Carallia integemtna -

72. Do. <lo. -

Eadial.

- Taii,2:eiitial.

- Eadial.

- Tangential.

- Radial.

Tangential.

- Eadial.

Tangential.

- EacEal.

Tangential.

- Eadial.

Tangential.

- Ea(Eal.

- Tangential.

- Eadial.

- Tangential.

- Eadial.

- Tangential.

- Radial.

- Tangential.

- Eadial.

- Tangential.

- Eadial.

- Tangential.

- EatUal.

- Tangential.

- Eadial.

- Tangential.

- EacEal.

- Tangential.

- Eadial.

- Tangential.

- Eadial.

- Tangential.

- Eadial.

- Tangc-ntial.



PLATE n

Pliotogravure Survey of Offices.Calcutta. August 1009.





Pa UT II .] Troup : Fissibility of some Indian (Foods. 81

longitudinal direction only, that is, in the direction of the axis of the

log ; no tests were made by splitting in a direction at right angles to

the axis, though such tests would form an interesting subject for future

experiment.

These longitudinal splitting tests were carried out in a radial as well

as in a tangential direction, the blocks being specially cut so that one

pair of sides was parallel to the radius of the log and the other at right

angles to it.

It was found by trial that when longitudinal splitting is carried out

between the tangential and the radial dii'ection, the force necessary to

split the block lies between that required to split in a tangential and that

required to split in a radial direction, the actual relative splitting force

(see section 4) approximating to the radial or the tangential splitting

force according to the acuteness of the angle between the plane of fission

and that of the radial or tangential surface respectively. Hence it was

found sufficient to split in the radial and tangential directions only, the

average relative splitting force being taken as the mean between the two.

In most cases six tests were carried out with each sample (log) of wood,

three in a radial and three in a tangential direction
; the results are

tabulated in detail in the Appendix.

For purposes of comparison the I'elative splitting forces of seasoned

wood only ai’e taken, because not only can such wood be conveniently

obtained in much greater variety than green wood, but it is more

constant as regards moisture percentage, which affects fissibility to a

considerable extent, the percentage of moisture in green wood varying

greatly according to the time the wood has lain after felling
;
further it

is not always possible to obtain absolutely fresh-felled wood for testing

purposes. In the case of 16 woods, however, tests have been carried

out with green wood, while specimens cut from the same log and

allowed to season thoroughly were also tested for comparison. The

results are somewhat surprising, as they effectually contradict the accepted

theory that green wood splits more easily than dry wood.

Dm-ing these splitting tests special note was taken of the manner in

which the various woods were affected by the splitting, particularly as

regards grain and surface
;
these observations are recorded in the remarks

column of the Appendix, while Plates I and II show various types of

surfaces produced by splitting, references to which are made in the

remarks column of the Appendix.

B 2
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4. Apparatus Employed.

The object of these tests being to obtain comparative figures showing

the amount of force necessary to split pieces of wood of different kinds,

an apparatus had to be devised which would effect this result. After

various trials the apparatus depicted in Plates III and IV was construc-

ted, the dimensions being as shown.

The machine, which is made of sissoo wood, consists of a hammer-shaft

(a) working on an axis [b] in a strong fixed support, and fitted at its

other extremity with a gun-metal hammer-head (c) . This hammer-head

is allowed to fall from a given height by its own weight on to a steel

wedge (<^) of given dimensions
;
the wedge acts perpendicularly down-

wards and splits the block of wood [e) which is held by means of an iron

clamping-socket (/) vertically below the wedge. The force necessary to

split any wood specimen is measured by the member of blows required to

drive the wedge through the wood until the expanded head of the wedge

[h) comes in contact with the platform (/}. This figure we may term

the relative splitting force : the fissibility of the wood is the converse

of this force.

From the above de.scription it is evident that the relative splitting

force is an entirely arbitrary one, depending on the size of the wood

specimen to be split, the weight and dimensions of the wedge, the weight

of the hammer ami the distance through which it falls. Many prelimi-

nary trials were made to ascertain the most suitable size of specimen,

weight of hammer and falling distance, and the following dimensions and

weights were ultimately adopted :

—

(1) Weight of hammer-head alone, detached . . 9 lbs. 14 oz.

(2) Weight of hammer-head and shaft (the latter

not being detached from the axis (4) and the

scale-pan being placed under the hammer-head

at a distance of 4^ inches above the platform J) . 11 2 lbs.

(3) Weight of wedge ..... 2 lbs. 15 ozs.

(4) Size of wood-specimen ..... Sg" X 1^* ^ la”-

'i'he remaining dimensions necessary are given in the diagrams, the

hammer being shown in the position to which it is raised immediately

before being allowed to fall, an iron pin (y) preventing its being raised

above the desired height. The hammer is repeatedly raised by hand to

this position and allowed to fall on the wedge until the wood specimen

is split through.



Plate III. DIAGEAHI OF 8PLITTIXG MACHINE.

Scale l.y'=l
,
or

K---7 i

(Wed^e, KanvTTver -Jtead and part of hammer - shaft removed.^

Survey of India Offices. Calcutta, ld09.



I ^=_-

:>c
, .T

’=5r
5^*\ S'‘A

» V'‘'--?i' »»t

.. - , ^ 8*V-

-1

^ ’

'X



Pi.ATK IV. DETAILS OF HAMMEK - HE.^D, SPLITTIXG - WEDOE, AXD CLAMiTXO SOCKET
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The hammer-head was made hollow in order that lead could be added

inside it should its weight have proved insufficient
;
further weight, how-

ever, was found to be unnecessary with samples of the size adopted.

The wedges, which are made accurately to scale, are not resharpened

on becoming worn out, but are replaced by new ones of exactly the same

dimensions.

In order to give free play to the wood-specimen during splitting, the

clamping- screws are not tightened more than is necessary, and the ends

of the clamping-socket are open in order to prevent the splitting wood

from holding together by artificial means.

5.— Results.

(1) General. The Appendix contains details of all the tests made,

the woods being arranged in order of fissibility. It will be noticed that

in many cases the individual splitting forces often vary greatly for the

same species, even in the case of different blocks cut fi-om one and the same

log. These variations are not due to experimental errors, but to the fact

that in a non-homogeneous substance like wood the relative splitting

forces must of necessity vary, this variation being greater the less the homo-

geneity of the wood in question
;
thus conifei’ous woods, which, if free

fro 1 knots, are among the most homogeneous of wmods, show little

variation in the relative splitting forces of the various blocks tested,

whereas cross-grained woods, such as Shorea rohusta, Cedrela Toona,

Pterospernmm acerifol'%um, Ouqeinia dalbergioides and others show great

variation, owing to the fact that the degree of inclination of the cross

fibres varies greatly, not only in different logs of the same species, but

even in closely adjacent parts of one and the same log.

(2) Various Factors which affect the Fissibility of Wood.

Among the factors which influence the fissibi-
(a) Anatoinical Structure.

, . , , • i 1 , n
lity of wood the most important is undoubtedly

its anatomical slnicfure, and particularly the straightness or crossness

of grain. Woods, whether hard or soft, which have straight grain, in-

variably split more easily than those with cross- fibres, at any rate where

radial fission is concerned. Thus the samples of Acacia Catechu, in

which the grain was straight, split with comparative ease, although the

wood is one of the hardest, whereas much softer woods with cross-

fibres, such as Garuga pinnata, Bomlax malabaricum, Gmelina arborea,

Cedrela Toona and other fairly soft woods, required on an average more
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force to split them, owing to the cross-grained structure of some of the

blocks tested. In every case the cross-grained structure appeared on the

radial and not on the tangential section. As evidence of the influence

of cross-grain on the fissibility of wood^, it will be seen that Nos. 1 to

15, that is, the most fissile woods, all have straight grain, whereas

Nos. 52 to 61, that is, the least fissile woods, are all cross-grained. In

general it may be said that anything which interferes with the straight-

ness of the grain, such as the presence of knots and dormant buds, or

obliqueness or waviness of the fibres, reduces the fissibility of the wood.

The presence of large medullary rays is generally, and no doubt

rightly, held to increase the fissibility of wood in a radial direction. As

far as the present tests go, the number of specimeus tested was hardly

sufficient to form the basis of independent conclusions on this point. Of

the woods tested which have large medullary rays, Carallia integerrima

split more easily in a radial than in a tangential direction, the difference

however being small
;
Casuarlna equisetifolia, on the other hand, was

more fissile in the tangential directiou. The results in the case of the two

oaks tested can hardly be considered conclusive. In the case of Quercus

semecarpifolia there was no appreciable difference between the forces

required for radial and tangential splitting
;
the medullary rays, however,

were not very conspicuous on the radial section. In the case of Q.

dilatata fission was slightly easier in the radial than in the tangential

direction, bat two of the specimens used for the tangential splitting test

were knotty.

As far as these tests show, hardness has far less Influence on the fissibi-

lity of a wood than anatomical structure. This

is particularly the case with straight-grained

woods; thus Hornahum tomentosum and Acacia Catechu, both hard woods

with straight grain, split without difficulty. In the case of cross-fibred

woods hardness has considerable influence, for in the case of such woods

the wedge is driven through the block by severing the cross-fibres trans-

versely as well as by tearing them out ; this process is accomplished with

more ease in the case of soft woods than in the case of hard woods. The

cross-fibres of such soft woods as Bombax malabaricum, Garuga pinnata,

and Oroxylum indicum were cut across in this way with comparative ease,

whereas in the case of such hard cross-fibred woods as Ougeinia dalber-

gioides, Balbergia latifolia, D. Oliveri, Pterocarpus Marsupium, Shorea

rebusta and others, the tough hard fibres either were cut through with

(b) Hardness.
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force acts. Radial as compared

with taagenfial cleavage.

great difficulty or refused to l)e cut through at all, the wood being ulti-

mately split only after repeated blows which gradually tore out the

fibres in the form of rough .splinters. In such cases the primary cause

of difficulty in splitting, however, was the crossness of the grain rather

than the hardness of the wood.

Text-books teU us that wood splits more easily in a radial than in a

tangential direction. This may possibly hold
(c) Dir<:ctIon la^ which the^ with most European woods, but the reverse is

certainly the case as far as the great majority

of Indian woods are concerned, judging from

the results of the tests described in this Article, for of the 61 woods

tested the splitting was easier along the tangential plane in 43 woods,

and easier along the radial jdaue in 11 woods, while in the remaining 7

woods the splitting force was identical in each plane. The results

tabulated in the Appendix show that of the 11 woods where fissihility is

greater in the radial direction, in every case the difference between the

radial and tangential splitting force is less than 2 units, while of these as

many as 9 woods show a difference of only one unit or less. Thus in no

case is radial splitting markedly more easy than tangential splitting.

On the other hand this difference amounts to over 10 units in nine different

woods where the splitting force is greater in the radial than in the

tangential direction, the difference being as much as 87 '29 units for

Ougeinia dalhergioides, ‘62)‘o units ioi Dalbergia Oliveri, 21 units for

Falbergia latifulia, 20 units for Banhinia reUna. and 19'33 units for

Pterocarpus Marsupium. In the case of Dalbergia Oliveri, splitting in

a radial direction is more than 17 times as difficult as it is in a tangential

direction
;
in Ougeinia dalbergioides it is more than 13 times, in Pterocar-

pm Marsupium more than 12 times, in Shorea robusta more than 9 times

and in Dalbergia latifolia 7 times, while in many other woods the diffi-

culty of splitting radially as compared with tangentially is much more

marked than in any of the woods where radial fission is the easier.

Finally, if we take the average splitting force for all the 61 woods,

we find it to be 7‘79 for radial and 2'92 for tangential splitting in the

case of dry wood. As the woods tested may be taken to be fairly

representative, the results prove beyond doubt that, as far as Indian

species are concerned, wood as a general rule splits a good deal more easily

along a tangential than along a radial plancj. It has already been

mentioned that cross-grain is encountered during radial and not during
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tangential splitting, and it is this fact which is generally responsible for

any great excess of force required for splitting in a radial, as compared

with a tangential direction.

According to Gayer, European hard woods are more fissile when wet

and soft woods are more fissile when di’v^,

(d) Moisture. mi • • i • <> t t
'

1 his IS not borne out in the case or Indian

woods by the present tests, for of the 16 woods tested in this respect

all split more easily when dry than when wet except one, Sterculia villosa,

which required the same splitting force for green and dry wood. The

green and dry specimens of each species were cut from the same log

from a freshly-felled tree, some being tested while quite green and the

remainder being kept till thoroughly seasoned. The explanation why
green wood splits with more difficulty than dry wood no doubt is that the

moisture toughens the fibres : hence, as we might expect, the greatest

disparity in the relative forces required for splitting green and dry wood

exists in cross-fibred woods, such as Cedrela Toona, Shorea rohusta,

Bombax vialaharicun
,
Anogeissns latifolia, and Dalbergia Sissoo, where

the cross-fibres have to be cut across or torn apart with difficulty, whereas

in straight-grained woods such as Kydia caJyeina, Cassia FtstiUa, Acacia

Catechu, Sterculia villosa 2Mdi others the disparity is small or non-existent.

(3) Surfaces produced by Splitting. As a general rule the tangen-

tial surface of fission is smoother and straighter than the radial surface,

this being particularly marked in the case of cross-grained woods. In the

remarks column of the Appendix will be found notes regarding’ the surfaces

produced on the various specimens tested, these being also illustrated in

Plates I and II.

There are some characteristic types of surface produced by the splitting

of certain classes of wood, the following being worthy of special remark :

—

{a) Conifers. As a general rule the radial surface consists of

parallel ridges and furrows corresponding to the annual rings,

while the tangential surface is apt to curve in the direction of

the annual rings, being smooth until it intersects an annual

ring, when it becomes broken.

{h) Gardenias have a characteristic flaky or almost conchoidal frac-

ture, the surface being covered with iiTegular hollows and

undulations ;
this is usually more marked on the radial than on

the tangential surface. This structure is noticeable also in

Schrebera swietenioides.
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(c) Cross-grained woods show on the radial surface a series of

ridges and furrows, usually in parallel rows, the depth and

roughness of the furrows depending chiefly on the degree of

“ crossness
”

of the grain. The tangential surface docs not

show this stracture, being comparatively smooth. The ridges

and furrows referred to appear to correspond, in some cases at

least, with the concentric rings of growth, the fibres altering

their course with each successive ring : whether or not this is

universally the case it is difficult to say, as the concentric rings

cannot be distinguished clearly in many cross-grained woods.

6, Further Experiments Desirable.

The experiments described here, although they extend to a fair number

of common Indian woods and some rarer ones, do not pretend to be

exhaustive, and it is desirable that they should be supplemented from time

to time by further tests. The splitting apparatus is at the Forest

Research Institute, Debra Dun, and similar tests can be carried out

without difficulty in the case of woods which Forest Officers and others

may be good enough to send for the purpose.
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APPEN

Details of Splitting 'Jests with various Indian

Order

of

fissibility.

Name.

Sample

Number.

Locality.

EELATIVE SPLIT

Gbeen Wood Dry

Eadial. Tangential. Badi

1 2 3

Average

of

columns

5,

6

and

7.

1 2 3

Average

of

columns

9,

10

and

11.

1 2 3 4

]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 Taxus bacoata Jaunsar, United ... 2 1 1

1

1

i

Provinces.

2 Sterculia villoea Debra Dun 2 1 ] 133 2 1 1 1-33 1 2 2

i

1

1

!

1

1

3 Abies Pindrow 1 Jaunaar, United 1 1

Provinces.

2 Do. ... ... 1 1 1 ...

3 Do. 2 1 1
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DIX.

Woods arranged in order of Fissibilify.

TING FORCES.

I

General avekaoe.
Wood . I

radial and tangen-
tial.

al. Tangential.
Green
wood.

Dry wood.

Remarks.

(Note.

—

Bad. refers to
the radial and Tan.
the tangential fissure.)

Average of

columns 13, 14,
15 and 16.

1 1

1

I

Average of
'

columns 19, 20,

21 and 22.

1

13
0
c3

00

rn

samples,

imns

17

of

same

ige

of

4.

For

separate

samples.

For

all

simple

s

of

same

species. 1 2
1

3 1

i

4

For

seoarate

samples.

For

all

samples

of

same

species.

B
a
'o
o

«4-l

o
a>
b£i

«
u
^(^i

For

separate

Average

of

coli

and

23.

For

all

samples

species.

Avers

columns

18

and

2

17 18 19 20 21 22 23 24 25 26 27 28

1-33 1 1

i

1 ... 1 117 Rad.—Grain straight:
surface smooth, with
slight longitndfnal
fur rowing. Tan.—
Smooth and shiny,
with numerous small
longitudinal indenta-
tions : tends to follow
the cnrve of the annual
cylinders. ^Vide Plate
II, Nos. 63 and 64.]

1-67 1 1 1 1 1-33 ... 1-33

j

Rad.—Straight and
clean: medullary rays
very conspicuous.
Tan.—Straight and
clean. [Vide Plate
II, Nos. 65 and 66.]

1 1 f

1 1

2 2 2 2 r
1

1-5 1 1

1

1*33

1
1

1 1

J L

2

2

1

1

1

2

2

1

1-67 !-

1

2J

1

l-89-i

1

L

... 1-33

^
1-67J

1

1-5 Rad.— Grain straight:
surface varying from
fairly smooth to con-
spicuously furrowed,
longitudinally along
lines corresponding
with the annual rings.
T a n.—Very smooth.
[Vide Plate II, Nos.
61 and 62.]
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Details of Splitting Tests with various Indian

RELATIVE SPLIT

Green Wood. Det

Radial. Tangential. Radi

Na”a9.

Sample

Number.

Locality.

1 2 3

Average

of

columns

5,
6

and

7.

1 2 3

Average

of

columns

9,

10

and

11.

1 2 3 4

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Finns eicelaa . I Jannsar, United
Provinces.

... ... 2 ...

2 Do. ... 2 2 1

3 Do. ... ... ... 1

4 Do. ... 1 2 2

1 Tectona grsndia 1 P 1 a n t a tion
grown teak
from iJyodwin
plan tation,

Zigon Divi-
sion, Burma.

... 2 2 1 ...

2 Naturally
grown teak
from Burma.

2 3 3

Homalinm
tomeDtosnm.

Tonngoo, Burma ... ... 2 1 2
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Woods arranged in order of Fissihility—continued.
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TING POECES.

Wood.

al.

Average of
coinmns 1.3, 14,

15 and 16.

17

1-67

1

1-67

1-67

2-67

© CO^ O

§ &
ts CO

O
=3 aa

Tangential.

General average,
RADIAL AND TANGEN-

TIAL.

Green
wood.

18 19

I r

! i

1-62^

»

2T7JJ.2
f

I

I I

J L

1 67

20 21

2 2

Average of
columns 19, 20,

21 and 22.

22 23

21

2-33 ‘

QQ m
Q) ©
'E’S
a g.

24

1-75^

2 1
I

...
i

1-33J

1 2

2 ' 1

1-331

r33J

13-3<i

> (M
<5’^

25

Dry wood.
Eeuares.

For

separate

samples.

Average

of

columns

17

and

23.

For

all

samples

of

same

species.

Average

of

columns

18

and

24.

(Note.— Ead. refers to
the radial and Tan. to
the tangential fissure.

)

26 27 28

1
2 L> 1-68 Rad .—Grain straight:

1
1

surface marked by
longitudinal furrows

1-5J
1 corresponding with the

annual rings. Tan .

—

Straight and smooth,
sometimes curving
slightly along the
annual cylinders.

1-5 1

1
1

1

!• 175 No. 1.— Eac?.—G r a i n
1

1

2J

straight but surface
somewhat rough with
longitudinal furrows.
Tan .—Very straight
and smooth.

No. 2.

—

Rad .—Q rain
straight with slight
longitudinal farrowing
and splintering. Tan.
—Straight and smooth,
with occasional fine
longitudinal splinter-
ing. Growth slower
than No. 1. [Vide
Plate II, Nos. 47 to
50.]

183 Rad .—Grain straight,
surface fairly smooth,
with slight longitudi-
nal furrows. Tan.—
Straight and smooth.
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Details of Splitting Tests with various Indian

EELATIVE SPLIT

Green Wood. Dry

1

Eadial. Tangential. Eadi

1

1 o
j

o
• Name. Locality. 1 1

•4^

1

1

02

d
a

00

C
a

m
ca

o

o
i-i

O
Sample

Number.

1 2 3
^

Average

of

coli

and

7.

1 2 3

Average

of

coir

and

11.

1 2 3 4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

7 CedruB Deodara 1 Jaunsar, United
ProvinoeB.

... ... ... 1 3 2 ...

2 Do. ... ... 4» ...

3 Do. 1

8 Picea Morinda 1 JaunBar, United
Provinces.

... 3 2 2

2 Do. ... ... 1

3 Do. 2 2 1



Part II.] Troup; Fhsihility of some Indian Woods,

Woods arranged in order of Fissibility—continued.
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TING FORCES.

Wood.
General average,
RADIAL AND TANGEN

TIAL.

a 1. Tangential. Green
wood.

Dry wood.

Average of

columns 13, 14,

15 and 16.

1 2 3 4

Average of

columns 19, 20,

21 and 22.

Average

of

columns

8
and

12.
For

separate

samples.

Average

of

columns

17

and

23.

For

all

samples

of

same

species.

Average

of

columns

18

and

24.

For

separate

samples.

For

all

samples

of

same

species.

For

separate

samples.

For

all

samples

of

same

species.

17 H 19 20 21 22 23 24 25 26 27

2 1 r
1 1

1 1 ... n
1 1

1-5 4
1

4

1 1

!>2-2 4
1 1

3*

1

3
1-5 \

1

1

3-5 1
185

1
1 1

J L 1

1

IJ
1

L

1

IJ

2-33

1 [
2 2 r

1

2171
1

1
l-86<!

i f

2

1

2-i

1

..

1

1-5
\

1-93

1-67 J 1 2 2 2 ... 2J 1 1-83J

Remarks.

(Note.—

R

od. refers to
the radial and Tan. to
the tangential fissure.)

28

Rad.—G rain straight,

surface marked by
longitudinal furrows
corresponding with the
annual rings. Tan .

—

Straight and smooth,
sometimes curving
slightly along the
annual cylinders.

* These two specimens
had small knots in
them, reducing their
fissibility. [Fide
Plate II, Nos. 55 and
56.]

Rad .—Grain straight,

surface marked by
longitudinal furrows
corresponding with
the annual rings. Tan.
— Straight and smooth,
sometimes curving
slightly along the
annual cylinders.
[Vide Plate II, Nos.
57 and 68.]

C
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Details of Splitting Tests with various Indian

9 «(

Name.

o.

a
cj

«)

! 3

Jilsculus indica

Pinus longifolia

Spondias
Qiangifera.

Boswellia
serrata.

P o d 0 c arpus
neriifolia.

Locality.

Jaunsar, United
Provinces.

Jaunsar, United
Provinces.

Debra Dun

Do.
(Siwaliks).

EELATIVE SPLIT

Geeen Wood. Det

Eadial.

Andamans

Tangential. Radi

10
, 11 12 13 14

;

15

2 2

16

2 2

2 ' ...
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Woods arranged in order of Fissibility—contiaued.
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TING FORCES.

Wood.

al.

Average of
colnrans IS, 14,

15 and 16.

17

c. o
E s,

o

ii

IS

Tangential.

19 20

2*

21 22

Average of

columns 19, 20,

21 and 22.

O

U

©

.2
'E

o i For

all

sain

plea

of

same

species.

23 24

2*

2
I

2

2 2

2 ...

Geneeal aveeage,
RADIAL AND TANGEN-

TIAL-

Green
wood.

25

Dry wood.

6 S
c3 a

' Kr •

:<! i

26

«8

•
'* %< ®
00

. T, -1

i-2g

27

Remaekb.

(Note.—Bad refers to

the radial and Tan to

the tingential fissure.)

28

Rad.— Grain straightito

wavy : surface slightly

rough with longitudi-

nal furrows. Tan .

—

Grain straight ; sur-

face smooth to slightly

rough.
Rad.— Grain straight:

surface furrowed with
longitudinal furrows
corresponding with
the annual rings.
Tan .—Grain straight :

surface inclined to be
furrowed longitudi-

nally.
* These two specimens
were somewhat knotty.

[Vide Plate II, Nos.

59 and 60.]

Rad. and Tan.—Grain
straight : surface
fairly smooth.

Rad.—Grain straight:

surface somewhat
r o u gh. Tan.—Grain
straight: surface

smoother than on
radial section, with
small longitudinal far-

rows.

Rad.—Grain straight

:

surface somewhat
rough with longitudi-

n a 1 furrows- Tan .

—

Similar but with

smoother surface.

0
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Details of Splitting Tests with various Indian

\

RELATIVE SPLIT

1

Green Wood. Dry

1

i

Radial. Tangential. Radi

Name

.

1
Sample

Number.

Locali ty.

1 2 3

Average

of

columns

5,

6

and

7.

1 2 3

Average

of

columns

9,

10

1
and

11.

1 2 3 4

2
,

3 4 5 6 7 8 9 10 11 12 13 14 15 16

CaralHa inte-

geriima.
1 Rangoon Divi-

Bion, Burma.
3 2 2

1

1

1

2 Debra Dun ... 2 1 1

1

Gardenia lati-

folia.

Raipur, Central
Provinces.

4 2 2

’ Lageretroemia
tomentosa.

... P yin man a,

Upper Burma.

,

3 5 3 ...

S e m e c arpus
Anacardinm.

Debra Dun. ... 2 1 2
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Woods arranged in order of Fusibility— continued.

TING FORCES.

Wood.

al.

Average of
columns 13, ll,

15 and 16.

Tangential.

17

a w
S'

ai w

18 19

2-33
^

/

U'83j
1-33 ) (

2-67

3-67

1-67

Average of

columns 19, 20
21 and 22

Genee.al avebage,
RADIAL AND TANGEN-

|

TIAL.

Green
wood.

Dry wood.

t3
Et
c3

20 21 22 23

W 5)

a g.

2-671

2 33)

21 25

2-5

1-67

§* ®
.

m Jfco

ffl ra
fc > c
°«r cj

26

...

1-83 ^
i

2 17

233

2'33

Remarrs.

(Note —Ead. refers to
the radial and Tan. to
the tangential fissure.)

O 'T3

P
c3

. ^

Cm O
CD C

27

2 16

28

Ead.—Grain straight

;

surface very tough
with the broken largo
medullary rays and
splintered brittle
fibres. Tan .—Grain
straight: surface
covered with small
longitudinal furrows
formed by the largo
vessels and broken
brittle fibres. [Vide
Plate II, Nos. 71 and
72.]

Rad.— Grain straight to
wavy : surface broken
with a flaky appear-
ance characteristic of
the Gardenias. Tan.—
Similar, but with a
smoother surface.
[Vide Plate II, Nos.
37 and 33.]

Rad.—Slightly cross-
grained. 7dn.— Grain
straight to very slight-

ly wavy.

Rad.—G rain straight

:

surface fairly smooth.
Tan.—Grain straight

:

surface with small
longitudinal furrows.
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Details of Splitting Tests loith various Indian

Nan.e.

Sample

Number.

RELATIVE SPLIT

Geeen Wood. Drt

Locality.
'

1

Radial. Tangential. Radi

1 2 3

Average

of

oolumns

5,
6

and

7.

1 2 3

Average

of

columns

9,

10

and

11.

1

1

2 3

1

i

4
i

1

i

2 3 4 5 6 7 8 9 10 11 12 13 11 15 16

f Populus ciliata Jaunsar, United 2

1

Provinces.

Odina TVodier Dehra Dun 3 2 3
V. (Sapwood).

0 Acacia Catechu 1

1

j

Debra Dun 7 3 5 5 3 3 5 367 8 2 3

2 Do.

i

1

1

1

i

4 2
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Woods arranged in order of Fissihility—continued.
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TING FORCES.

Wood.
General average,
RADIAL AND TANGEN-

TIAL.

al.

Average of
columns 13, 14,

15 and 16.

m a,

g io CD

17

433

3

S o
S Ci.

® w
Q

^ a
d d

w

C o
Cb

18

2-67

1

Tangential.
Green
wood.

19 20 21 I
22

I

2
!

2

2 2

Average of

columns 19, 20,

21 and 22.

K P.

. s

23 24

233

2-33'

2-17 •

25

:
433

Dry wood.

m g

Remarks,

(Note.—Rad. refers to
the radial and Tan. to
the tangential fissure.)

23

2 5

2 5

198

Rad.— Grain fairly
straight ; surface
smooth and shiny,
d'an.—Grain fairly

straight : surface
smooth. The latter
specimen had a small
knot in it, which ren-
dered splitting more
difficult than would
otherwise have been
the case.

Rad.—Grain straight

:

surface furrowed
longitudinally. Tan .

—

Grain straight to
slightly oblique ; sur-
face smooth. [Tide
Plate II, Nos. 69 and
70.]

Rad.—Grain straight to
wavy ; surface fairly

smooth with occasional
slight longitudinal
splintering, to rough
with long i t u d i n a 1

furrows. J'an.— Grain
straight to slightly
wavy : surface flat or
undulating, smooth or
slightly furrowed
longitudinally.
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Details of Splitting Tests with various Indian

Order

of

fissibilily.

Name.

j
Sample

Number.

1

Locality.

EELATIVE SPLIT

Geeen Wood. Dbt

Radial. Tangential. Radi

1 2 3

^

Average

of

columns

5,

G

“>

and

7.

1 2 3

Average

of

columns

9,

10

and

11.

1 2

1

1

3

I

j

4

1

i

t

1

1

1 2
3

4 0 6 7 9 10 11 12 13 14 15 IG

r Mallotus philip- Debra Dun 3 3 3

I

pinensis.

!

•21

K

1 Albizzia procera 1 Debra Dun 5 6 7 6 3 3 3 3 3 4 2

2 Do 5 6 5

Oroxylum indi- Debra Dun 3 3
cum.

1

23-
I

i
Scbrebera ewie- Mandla, Central 5 4 ...

j

tenioides.

1

1

Provinces.
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Woods arranged in order of Fissihility—continued.
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TING FORCKS.

Wood.
I

Genbbai. avebage,
I RADIAL ANDTANGEN-
I TIAL.

al. Tangential.

Average of
oolnmne 13. 14,

15 and 16.

£8

CQ

a PU

^
a

O ffi

17

m tc

o-'R

18 19 20

3

5-33

4'5

21
I
22 23

Average of

columns 19, 20,
21 and 22.

Q CO
. ©

Green
wood.

'O
B
<8

24 25

.e'}

4-5

3-5

Dry wood.

o< ti

26

O ^0 .

02 ^
© >.

'S.'C §
a ^

^ 00 a^ ® C3

^•s I

27

153
25

3

326

325

Eemabks.

(Note.—Bad. refers to
the radial and Tan. to
the tangential fissure.)

28

Bad. — '.irain broadly
wavy : Surface uudula-
ting and somewhat
jagged. Tan .—Grain
broadly or slightly
wavy : surface undula-
ting and smoother than
on the radial surface.

Bad .—Straight to cross-
grained : surface with
longitudinal furrows
and sometimes splin-
ters, the depth of the
furrows varying with
the extent of cross-
grain. Tan. —Smooth
and straight. [Vide
Plate I, Nos. 35 and 36.]

Bad.— Cross-gi a i n e d :

surface deeply furrow-
ed by the cross fibres

being torn out or
severed. Tan,—Not
cross-grained : surface
undulating, fairly
smooth, with small
longitudinal furrows.

Bad.—Very roueh and
jagged, resembling the
fracture of the Garde-
nias. Tan. — Smooth,
but surface somewhat
undulating.
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Iktaih of Splitting Tests with various Indian

Order

of

fisaibility.

|

Name.

Sample

Number.

Locality.

EELATIVE SPLIT

Green Wood. Dry

Eadial. Tangential. Badi

1 2 3

I
Averaeo

of

columns

5,

G

and

7.

1 2 3

Average

if

columns

9,

10

and

il.

1 2 3 4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

25 Dipterocarpus Kangoon Divi- 3 3 5
tuberculatus. sion, Burma.

Cassia Fistula

.

... Debra Dun . 9 6 3 6 1 2 2 1-67 2 5 7

Buc h a n a n i a Do. 3 6 4

26-
latifolia.

Zizypbus Xylo- Mandla, Central 4
pyrns. Provinces.
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Woods arranged in order of /'Vs.s^6^7^Y_y— continued.
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TING FOKCES.

Wood.
General average,
radial and tangen-

tial.

al. Tangential.
Green
wood.

Dry wood.

Average of

columns 13, 14,

15 and 16.

1

1

1

Average of
columns 19, 20,

21 and 22.

d
03

00

00

d

samples.

luniDS

17

of

same

ige

of

!4.

Eemarks.

(Note.—Rad. refers to
the radial and Tan. to
the tangential fissure).

For

separate

samples.

For

all

samples

of

same

species. 1 2 3

1

i

4

For

separate

samples.

For

all

samples

of

same

species.

Average

of

colum

12.
For

separate

Average

of

oo’

and

23.

For

all

samples

species.

Averi

columns

18

and

i

17 18 19 20 21 ' 22 23 24 25 26 27 28

3-67 3 4 2 3 333 Rad.—Grain fairly
straight : surface some-
what rongh. T a n.~
Grain straight : surface
slightly rough, with
small longitudinal
furrows.

467 1 3 3 2-33 3-83 35 Rad.—Straight to slight-
ly cross-grained, with
longitudinal furrowing
and splintering. Tan .

—

Grain straight : surface
smooth, with fine

longitudinal furrows
and sometimes fine

splintering.

4-33 3 2 3 2-67 35 Rad.—Straight to slight-

ly cross and oblique-
grained, the weak
cross-fibres being
broken through : sur-
face furrowed and
splintered longitudi-
nally. Tan.—G rain
straight to slightly

wavy : surface fairly

smooth, with small
longitudinal furrows.

4 3 ... 3 35 Rad.—Grain s t ai g h t :

longitudinal elastic

splinters on surface.
T a n.—Grain straight,
surface fairly smooth.



Order

of

fissibility

.
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Details of Splitting Tests with various Indian

j

Name.

1

Sample

Number.

1

Locality.

RELATIVE SPLIT

Green Wood. Dbt
1

Radial. Tangential. Radi

1

1

2 3

j
Average

of

columns

5,

6

1
and

7.

1 ^ 2

i

1

1

1

1

'

3

i

1

1

Average

of

columns

9,

10

and

11.

1

1 2

1

3 4

i

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
;

Lagerstroemia 1 Debra Dun 6 5 3 4-67 3 4 5 4 2 3 2

1

parviflora.

j

Mandla, Central 6 ... •
1

1

j

Provinces.

Gardenia tnr- 1 Mandla, Central 4 4
gida. Provinces.

2 Raipnr, Central 1

Provinces.

Adina cordifolia Debra Dun 7 8 8 7-67 3 3

1

i

!

2 3-67 5 5 5

1

1

1



Part II.] Troup : Fisnibility of some Indian IFoods.

Woods arranged, in order of Fissibility—coutinue-l.

55

TING FOECES.

Wood.
Genbraf, average,
RADIAL AND TANGEN-

TIAL.

al. Tangential.
Green
wood.

Dry wood.

Average of

colnmns 13, ]4,

ISaod 16.

Average of

colnmus 19, 20,

21 and 22.

'TS

0
a
00

GO

a

samples.

Inmns

17

of

same

ige

of

^4.

Bbuabeb.

(Note.

—

Pad. refers to
the radial and Tan. to
the tangential Ossare.)

For

separate

1

samples.

.2 S
S'"3

a o.
CD OQ

^ i
oc

O o

1 2 3 4

jFor

separate

j

samples.

'

1

For

all

samples

of

same

species.

a

'o

o
o
b£
d
t-t

®2
For

separate

Average

cf

co!

and

23.

I

For

all

samples

1

species-

Avers

1

columns

18

and

i

17 18 19 20 21 22 23 24 25 26 27 28

2-33

6 1

3-25

1

3

4

5 4 4-33 3-17|

si
362 Bad.- Grain straight

:

surface finely to
roughly furrowed
longitudinally, and
in some case splintered,
the splintering being
more pronounced in
the green than in the
dry specimens. Tan.—
Grain straight : surface
finely to ronghly fur-
rowed longitudinally.

4
'I r 3 4 3-5'l

f

... 3*75“)

1

4

I 1

J. 4^

1 1

J 1

3

!

3|
J

3-33<

1

1

;»

3-5
1

J

3'66 Rad.—Surface irregular-
ly undulating with the
flaky fracture charac-
teristic of Gardenias
but smoother than
the other Gardenias
tested. Tan.—(irain
slightly wavy ; surface
smooth and very
s 1 i g h t ly undulating.
[Vide Plate II, Nos. 41
to 44.]

5 2 3 2 2-33 5-67 367 Rad.—Grain fairly
straight : surface longi-
tudinally furrowed
and splintered. Tan.—
Grain straight : surface
smooth, with occasion-
al slight splintering.
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Details of Splitting Tests with various Indian

Order

of

fissibility.

Name.

1
Sample

Number.

Locality.

RELATIVE SPLIT

Green Wood. Dry

Badial. Tangential. Badi

1 2 3

Average

of

columns

5,

6

and

7.

1 2 3

Average

of

columns

9,

10

and

11.

1 2 3 4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Pterocarpns Enby Mines, . 6 7 4
macrofiarpus. Upper Burma.

32.

Berrya Ammo- Pyinmana, 3 6 8
nilla. Upper Burma

34 Kydia calycina 1 Tehra Dun 8 5 9 7-33 2 3 2 2-33 4 6 4

2 Do. 3 4 4



Part II.] Troup : Fusibility of some Indian IFoods.

IVoods arranged in order of Fissibility—continued.
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TING FOECES.

Wood.

al.

Average of

columns 13, 14,

15 and !(!.

0

cd

U 8 03

Q4 ^
03 30

0 9
Ui Ma

a CD

Pm

17 18

5-67

5-67

Tangential.

19 20 21

Average of

columns 19, 20,

21 and 22.

22 23

Eq

24

General average,
RADIAL and tangen-

tial.

Green
wood

.

25

Dry wood.

00

S g
ed C
03 3

o o
03 be •

03 CO
u '•*

M ^ flo< S

2e

Cm bo
O ^
® _

5
Q, ra

a

CO fl

e::-2 a^ S =>

27

S83

383

Eeuares.

(Note.— Rad. refers to
the radial and Tan. to
the tangential fissure.)

23

Bad .—Somewhat cross-
grained : surface fur-
rowed longitudinally.
Tan. —Grain straight
tu very slightly wavy,
surface smooth. [Vide
Plate I, Nos. 5 and 6.]

Bad .—Somewhat cross-
grained to nearly
straight grained. Tan.
—Grain very straight:
surface straight with
fine longitudinal fur-
rows.

[
Vide Plate I,

Nos. 33 and 34].

4T7

3-58

3-88 Bad .—Grain straight

:

surface with iongitudi-
na( furrows c o r r e s-
ponding to the con-
centrio rings, as in the
case of conifers, and
with occasional splint-
ers, especially in the
green specimens. Tan.
—Grain straight:
surface smooth to
somewhat rough.
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Derails of Splittiny Tests with various Indian

1

Order

of

fissibility.

Name.

Sample

Number.

Locality.

EELATIVE SPLIT

Green Wood. Det

Radial. Tangential. Radi

1 2 3

Average

of

columns

5,
0

and

7.

1 2 3

Average

of

columns

9,

10

and

11.

1 2 3
4

1

1

1

1

1 2 3 4 5 6 7
!

® 9 10 11 12 13 14 15 16

r Garlenia luci ia Raipar, Central 4
Provinces.

35-

L (iaruga pinnata Dehra Dun ... ... 10 6 3

1

37 Terminalia be- 1 Debra Dun 18 12 11 13 67 2 7 3 4 8 7 6
lerica.

2 Do. 2 3 3



VaUT II.] Teoup : Fisiihility of some Indian Hoods.

Woods arranged in order of Fissihility—continued.

59

TING FORCES.

Wood.

al.

Average of

columns 13, 14,

15 and l6.

c3 ^
^4 Q>

17

a “

C O
C3 P4
OQ 02

« o
« s
u ^

IS

6*33

7

2*67 I
4-83

1

Tangential.

19 20

Average of

columns 19, 20,

21 and 22.

21 22

=3 ®
S2. S>

® 'a
x c
^ eS
o "0

23

= a

1 67

General average,
BADI&L AND TANGEN-

TIAL.

35

3 33

Green
wood

25

) ( 8-83

r‘l; ...

Dry wood.

is

o
«4-i

5 °
p.

S.' o'

S

'A

26

(D

C fcC
.

jIsa< p
5 “
a 00
IC rH

. w
^2 ® C
= •2 gO j3
t- oa
o a o

27

.25

4-11

Remarks.

(Note.— Had. refers to
the radial and Tan. to
the tiingential fissure.)

2S

I

Rad—Grain wavy and
Curly ; surface deeply
indented in the manner
characteristic of Gar-
denias. Tun -—Surface
not quite so deeply
indented as on the
radial section ; a knot
iu this specimen in-

creased the difiBculty

of splitting it. [I’ide

Plate II, Nos. 39 and
40.]

Rad.—C r o 8 s-grained :

surface longitudinally
furrowed, the weak
c r o s s-fibres being
broken across. Tan .

—

Fairly straight and
smooth. [V'tde Plate I,

Nos. 31 and 32.]

Rad.- Sample No. (1)

surface furrowed, with
much splintering
longitudinally, especi-

ally in the green speci-

mens : sample No. (2)

grain straight : surface
smooth. ian.—Grain
straight : surface with
small longitudinal fur-

rows and occasional
splinters. [Fide Plate
I, Nos. 25 and 26.
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Details of Splitttng Tests with various Indian

RELATIVE SPLIT

Gbebn Wood. I Dry

Name.

1 2

38 Cedrela Toona

39 Terminalia to-
mentosa

.

40 Bridelia retusa

41 Grewia vestita

Radial. Tangential. Kad

j
Sample

Number.

Lccality.

1 2 3

Average

of

columns

5,

6

and

7.

1 2 3

Average

of

columns

9,

10

and

1
1.

1 2 3 4

3 4 5 « 7 8 9 10 11 12 13 14 15 16

Dehra Dun 8 14 45 .22 '33 5 15 3 7 67 5 4 9

1

1 Do. 5 11 9 8-33 4 6 8 6 7 5 13
2 Mandl.i, Central

Provinces.
.. 4 ...

3 Dehra Dun ... 2 3

Mandla, Central
Provinces.

... 8

... Dehra Dun 16 9 9 1133 4 4 3 3' 67 5 4

1

11 ...



Part II, ]
Troup : Fissihility of some Indian Woods.

Woods arranged in order of Fissihility—continued.

61

TING FOBCES.

Wood.
Genebal average,

RADIAL AND TANGEN-
TIAL.

al.

Average of

columns 13, 14
15 and 16.

a>

es

u

P* a>

© Q,

"a

Pm 1For

all

samples

of

same

species.

17 18

6

8-33 r
4 t 5-67 i

Tangential.

19 20

r2 5

Average of

columns 19, 20,

21 and 22.

C.5
= (D

i £*

p,_o
<B C,
® s

Green
wood

> ^
<

21

4
j

4
j

5

2 3
:

...

6-67

22 23 21 25

15

4-33

I 3-6 ^

) i

7-17

4 ' 4 3-67 7-5

Dry wood

Oi

la
'o
O

3 ®
P4
a> o
CD bc^

^ > G0< c3

tx .

> 'O
<j a

' a
so

—< ® a
a-2 a

Remarks.

(Note.— Rad. refers to

the radial and • Tan. to
the tangential fissure.)

26 28

4-25

6-33

25

4-63

517

Rad.— Grain varies much,
being sometimes very
cross-grained, withdeep
rough longitudinal fur-
rows, and sometimes
nearly straight, with
only slight furrowing.
Taw.—Grain straight;
surface smooth. [Fide
Plate I, Nos, 7,8 and 9.]

i?ad.— Straight to slight-

ly cross-grained: sur-
face varies from fairly

smooth to somewhat
furrowed, usually with
longitudinal splinter-
ing. Tan .—G rain
straight : surface fairly

smooth to finely fur-

rowed, with longitndi -

nal splintering, f Pide
Plate f. Nos. 27 and 28.]

Rad.— Cross-g rained :

surface rough, with
longitudinal furrows
and splintering. Tan.

—

Surface fairly smooth,
but the specimen was
somewhat knotty.

Rad.—Straight to slight-

ly cross-grained and
sometimes finely wavy.
Surface varies accord-
ing to grain from
smooth to finely wavy .

Tan .—Straight and
smooth to finely wavy.
[Pide Plate II, Nos. 45

j

and 46.]
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Retails of Splitting Tests with various Indian

1

1

EELATIVE SPLIT

1

> Green Wood. Det

1

Eadial. Tangential. Eadi

Name.

s

1

Locality.

1 2

i

3

j

K

s

'3

Cm
o

^ %O 2
> ^
<

1 2 3

Average

of

columns

9,

10

and

11.

1

I

t

‘2 3 4

i

2 3 6 6
1

‘
i

8 10
j

11 12 13 14 15 16

Casnarlna equi- Debra Dun 6 7 5
setifulia.

1

Querons seme- 1 Jaunsar, United 9 10
carpifolia.

2
Provinces.

Do. ... ... ... ... 3 3 ...

3 Do. 5 5 3

Bomliax mala-

i

1

i

' 1 Debra Dun 6 0 5 5‘3J 2 3 5 333 2 3 2

baricum.
' 2 Do.

i

1

!

5

1

6 7



Part II.] Troup : Fissihility of some Indian Woods. 63

H oods arranged in order of Fissihility—continued.

TING FOECES.

Wood.
General average,
RADIAL AND TANGEN-

TIAL.

al. Tangential.
Green
wood.

Dry wood.
Eemarks.

Average of

columns 13, 14,

15 and Iti.

Average of

Columns 19, 20,

21 and 22.

a
CO

CO

samples.

umns

17 O «*-.

P S

d o
® to
d

"o S-^'

(Note.

—

Bad. refers to
the radial and Tan. to
the tangential fissure.)

For

separate

samples.

* o

S X

o
^ p
d d

&;
°

1 2 3 4

For

separate

samples.

For

all

samples

of

same

species.

s
s

o

o
tc
d
c
> ^

o
o

o

b ^

cT p
u. be .

« «
fc.

^ r—

r’ < dA

o
. d

P
d ^
u/ -r-i a:

^ o 5

^ J
£ « S
tH

17 18 19 20 21 22 23 24 25 2G 27 28

G 4 5 ... 4*5 5-25 Bad.—Surface rough
and somewhat wavy
owing to the curving
of the fibres round the
largo medullary rays.
7’aJt.— Surface rough
and pitted where the
large medullary rays
are broken across.

9-5 1 r
1

7 6 6’5 ^ r 8

3

T'l
3 8 - 5-5 V o A 42 5 S.5'55

I

End.— Grain straight to
wavy : surface slightly

4-33

2-33

G

J L

}«,{

7

1

1

3

2

3

1

1

5

133

2

J L

1

4-33

4'6G

1-83

4

J

I
584

furrowed and splinter-
ing much longitudi-
nally, medullary rays
not conspicuous. Tail.
— Grain straight t o
M'avy surface fairly

smooth to 8 1 i g h t ly
ridged longitudinally.
[Fide Plato 11, Nos. 61
to 54.]

Bad.— Sample No. (1)

Grain straight : sur-
face furrowed longitu-

d i n a 1 1 y, splintering
much when split green
but little when split

dry. Sample No. C-)-
Grain rather oblique :

surface very rough
owing to the soft obli-

que fibres being cut and
torn across. Tan.—
Grain straight : surface
smooth. (Fide Plate

11, Nos. 67 and 68.)
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Details of Splitting Tests with various Indian



Part II.] Troup : Fusibility of some Indian Woods.

Woods arranged in order of Fusibility—continued.

65

TING FORCES.

Wood.
General average,
RADIAL AND TANGEN-

TIAL.

al.

.

Tangential.
Green
wood.

Dry wood.
Remarks.

i

Average of [

columns 13, 14,

15 and 16.
|

Average if
Columns 19, 20,

21 and 22.

•o

09

00

o

samples,

lumns

17

For

all

samples

of

same

species.

Average

of

columns

18

and

24.

(Note.—Rad. refers to

the radial and Tan. to

the tangential fissure.)

For

s

eparate

samples.

For

all

samples

of

same

species.
1 2 3 4

<5>

4^

U
^ .

Sc.
a

^ diO CO For

all

samples

[
of

same

species.

1

t
J3

'o
O

o
o
bo
c3
u

<
For

separate

•Average

ol

co!

and

23.

i

18 19 20 21 22 23 24 25 •26 27 28

1

1

j

i

8 3 5 4

—
4 9-83 6 Rad—Straight-graini d

to slightly cross-grain-

ed with longitudinal

fui rowing and splinter-

ing. T a n.—G rain
straight : surface fairly

smooth, but with fine

longitudinal furrows

and sometimes fine
splintering.

9-33 3 3 3 3 ... 617 Rad.—Cross grained:
surface with longitudi-

nal furrows. Tan.—
Grain stiaight : surface

fairly smooth.

6-33 3 7 8

i;

... 6 617 Rad.—Fairly straight-

grained to very cross-

grained : surface fairly

smooth to deeply
furrowed, the cross-

fibres being torn out.

2'a)i.—Gr.iin straight

except specimen No.

(3), which was a bad
specimen with oblique
grain and a Lnot
Surface fairly smooth,,

splintering longitudi-

nally.
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Details of Splitting Tests loitli various Indian

48

50

51

Name.

Ano? e i s s u s

latifolia.

/Eg\e Marmelos

Gardenia gum-
luifera.

Quercus dilata-

ta.

RELATIVE SPLIT

Green Wood.

Locality.

Dclira Dua

Dehra Dun

Radial. Tangential.

in

6
C3

'o

2 3
*0

cl-
ttr-J
C3 i
3 5

1 2

G 8 9 10

32 G2 16 3067

Raipur, Central
Provinces.

1 Jaunsar, United
Provinces.

2 Do. ... I

o
o
bjo n

11 5 7‘67

Det

Radi

n

11

16



Part II.] Troup: Fissihility of some Indian Woods.

H oods arranged in order of Fissilility—continued.

67

TING FORCES.

Wood.
(General average,
RADIAL AND TANGEN-

TIAL.

al. Tangential.
Green.
wood.

Dry wood.

Remarks.

Average of Average of
CO

7J

® S© w
©
fl «*-<

S o (Note.—

E

ad. refers to

colnmnsllS, It, columns 19, 20, j
Q P4 = ® © T? the radial and Tan. to

15 and 16. 21 and 22.
£

i-i
(C ®

...© © ©
the tangential fissure).

a>

ci
u .

rz m

CJ Ts
“ s

p
®

i §
CD .

§

i’S

1 2 3 4

O
-4->

c •/:

CL ®
ct, ^
. S3

all

sani-

es

of

same

eoies.

(4-1

tCrH
c3

O SM
O .

u ^
cc O
& ^
© * —
CD ^ ^

© > eg

p4< 00
a
c: . ©
© © O^ .2
c3 ©

n n 3 t O C£ ^ 5 ,oCrt
Pm Cb <1

17 18 19 20 21 22 23 21 25 26 27 28

1

3 3 5 3 67 2217 633 Ead.— Grain and surface
coarsely and excessive-
ly wavy to finely wavy
or almost s.raight.
2Vnr.— Finely wavy to
nearly straight. Vide
Plate I, Nos. 16, 17 and
18. i

7-33 8 4 4 5-33 633 End.—Grain and surface
somewhat wavy, with
longitudinal splinter-
ing. Tan .

—

Similar.
The waviness is due to
the presence of small
knots and dormant
buds.

8 5 5 • M ... 65 End.— Surface uneven
and indented in the
manner characteristic
of the Gardenias. Tan.—Similar, but not so
deeply indented.

8")
{

3 3 (
5'5 ) Rad.—G rain fairly

I G
] [

7-75]
[ 6 87 straight to somewhat

4) t 14 11 ... 125) i ... 8-25 •) curly, but not cross-
grained : surface rather
rough, splintering
much longitudinally.
Tan.

—

G rain wavy :

surface pitted where
the large medullary
rays are broken across.
Both the tangential
splitting tests with
sample No. (2) were

• unsatisfactory, as the
specimens had knots
which affected the
straightness of the
grain and increased the
difficulty of splitting.
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Details of Splitting Tests with various Indian

Name.

1

52 Dalbergia ' Sis-
soo.

53«!

Pteroapermum
acerifolinm.

I Locality.

1 Debra Dnn

2 Do.

1. ,
Calophy Hum
apectabile.

55
;

Shorea robuata

Debra Dun

.. Andamans

1
'' Debra Dun

2 i Do.

34

RELATIVE SPLIT

Gesen Wood.

Radial. Tangential.

cfl

U

6
i

7 ; 8

34
!
32 33-33

26
:

22 I 26 i24-67

9 10

6 3

U
® Cl

> S<

11 12 13

Dey

Radi

I

2 3-67 20

10

2 2-33 10

42

14

11

15

7 11

12

12

24

23

22

16



Part II.] Troup : Fusibility of some Indian Woods. 69

Woods arranged in order of Fissibility—continued.

TING FOBCES.

Wood.

al. Tangential.

Average of

columns 13, 14,

15 and 16.

B a>

d a
CO CO

' a.
' a
[
^

17

i
OQ

18 19

33 "I

•335

18-33

8

15-67-j

isj

13-33

1

14-67

14-67

16-83 •

20 21

2
!

3

2
I

4

3 ' 4 3

3
1

4

22

Average of

columns 19, 20,

21 and 22.

O s

23

2-33

1

33

24

2-67

3-33

333

^]\ 1-835
1

-673 ! (

General average,
RADIAL and tangen-

tial.

Green
wood.

25

18-33

13-5

Dry wood.

S'®
‘ ^ “
>•<! d

26

•33

1

•67 5

10-33

5

•83^

•835

8-83

9

27

833

Remarks.

(Note.—

R

ad. refers to
the radial and Tan. to
the tangential fissure.)

a
1 <1 d

•S B
2 =>

28

Bad.—Cross-gr a i n e d :

surface with much
deep longitudinal
furr owing. Tan.

—

Grain straight : surface
fairly smooth. ’’Vide
Plate I, Nos 14 and
15.]

Bad.—Cross-gr a i n e d :

surface with deep
longitudinal furrows
where the cross-fibres
are torn out. Tan .

—

Grain straight : surface
smooth. [Fide Plate
I, Nos. 29 and 30.]

Bad.— Grain wavy and
cross-grained : surface
indented with large
longitudinal furrows.
Tan .—Grain somewhat
wavy : surface much
smoother than on the
radial section, but
slightly furrowed.

Bad .—Very cross-grain-
ed : surface with deep
longitudinal furrows

;

more splintering when
split green than when
split dry.

—

Tan ,

—

Grain straight : surface
fairly smooth. [Fide
Plate I, Nos 21 and 22.

J
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Name.

56 Chlor o X y 1 o n
Swietenia.

57

58 <{

Pteroca r pus
^arsapium.

Banhinia retusa

Dalbergia lati-

folia.
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Details of Splitting Tests with various Indian

Locality.

EELATIVB SPLIT

Geeen AVood.

Eo.dial.

Mandla, Central

Provinces.

Balaghat, Cen-
tral Provinces

Debra Dun

Balaghat, Cen-
tral Provinces

Tangential.

10 11

U *^3

12 13

23

30

26

21

24

23

Dbt

Eadi

15

16

18

16
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Woods arranged in order of Fusibility— continued.
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TING FORCES.

Wood.
General average,
RADIAL AND TANGEN-

TIAL.

al. Tangential.
Green
wood.

Dry wood.

Average of

columns 13, 11,

15 and 10.
I

Average of

columns 19, 20,

21 and 22.

'•C

a
c3

00

m
s

£0 ^o ^

S 2
ia

.

S
of

same

igo

of

4.

Remarks.

(Note.—Rad. refers to
the radial and Tari. to
the tangential fissure.)

O

c5

eS

'Z §
o ® For

nil

samples

of

same

species.
1

!

2 3 4

1

For

separate

samples.

1
For

nil

samples

of

Same

species.

B

'o

o
o

u

For

separate

Average

of

col

and

23.

For

all

samples

species.

Aver!

Columns

18

and

2

I 17 18 19 20 21 22 23 24 25 26 27 28

15
, 7 1 6'5 1025 Rad.—Very cross-grain-

ed ; surface very rough,
with deep longitudinal
furrows. 7’an.— Grain
curly; surface curved
showing on its surface
the pattern of the cross
fibres.

1 Vide Plato I,

Nos. 19 and 20.1

21 2 1 2 ... 1-67 1133 Rad.—Cross-gra i n e d ;

surface with longitudi-
nal furrows and splin-
tering. Tan.—Grain
straight, surface flat

with fine longitudinal
furrows and splinter-
ing. [Fide Plate I,

Nos. 3 and 4.]

21 3 3

i

C ...

1

1

1

4

1

1

14: Rod.— Cross-gr a i n e d :

surface with deep
furrows and much
splintering. During
splitting the wood
splinters off by cracks
at right angles to the
sides of the wedge.
T'an.—Grain fairly
straight: marked
longitudinal splinter-
ing on surface. [ Fide
Plate I, Nos. 23 and 24.]

24-5 4 3

i

3*5
i

1

14 Rad.— Very cross-grain-
ed : surface much fur-
rowed longitudinally.
Tan.—Grain straight :

surface fairly smooth,
tending to follow the
curve of the concentric
cylinders. [Fide Plate
I, Nos. 10 and ll.j
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Woods arranged in order of Fissibilily—concluded.

73

TING POKCES.

Wood.

al.

Average of

columns 13, 14,

15 and 16.

<D

M i
eS

H ffl

c8 .

P. o <D

^ a® p.
® a CO

o i

17 18

35-5

Tangential.

General average,
RADIAL AND TANGEN-

TIAL.

Green
wood.

Dry wood.

19 20 21

Average of
columns 19, 20,

21 and 22.

o...

a

;

22

® p.

o g
iu

23

^ a

24

TS
a
eg

<

25

W tJ® rH

S* ®
S a
^ a

P4
a> o

o<5 S

26

O he .

o3

O, (M

,2 2- 03
'S-aJ 9
a ^

w o

® ,3

O K t

27

1875

Eemares.

(Note.— Rad. refers to
the radial and Tan. to
the tangential fissure.)

28

Bad .—Very cross-grain-
ed : surface with nu-
merous longitudinal
furrows. Ton.—Grain
straight : surface fairly
smooth, tending to
follow the curve of the
concentric cylinders.
Manner of splitting
very similar to that of
D. latijolia. [Vide
Plate I, Nos. 12 and
13.]

1

i

I

62-37

21 I
4478 Bad .—Very cross-grain-

ed, with tough fibres :

surface very rough,
with deep longitudinal
furrows and splinter-

ing. Owing to the
stiffness of the fibres

the wedge repeatedly
sprang out of the cleft

during spUtting.Ton.—
Grain fairly straight

:

surface fairly smooth,
with fine longritudinal

furrows and occasional
fine splinters. [Vide
Plate 1, Nos. 1 and 2.J
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Sylvicultural Habits of the Species.
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Vol. II.] 1909 . [ Part III.

The Sylviculture of Hardwickia binata (Anjan).

By D. O. WITT,
Deputy Conservator of Forests, C. P.

Part I.—SILVICULTURAL HABITS OF THE
SPECIES.

I.— References.

Tlie Flora of British India, J. Hooker, Volume II, page 2T().

The Forest Flora of Vorth-IVest and Central India, D. Brandis,

page 162.

Indian Trees, D. Brandis, page 250.

A Manual of Indian Timbers, J. S. Gamble, page 276.

The Forest Administration Report of the Berar Circle, Central

Provinces, 1903-04, page 11.

The Indian Forester, Volume XXIX, pages 517—527.

The Indian Forester, Volume XXX, page 123.

The Indian Forester, Volume XXXI, pages 105 and 106, 380—
382 and 695—698.

The Indian Forester, Volume XXXV, pages 376—381.

II.—Description of the Species.

A large deciduous tree. Bark 1 inch thick, dark grey, rough

with irregular vertical cracks, exfoliating in narrow flakes. Wood
extremely hard; sapwood small, yellowish white; heartwood dark

reddish-brown, streaked with purple, usually in concentric wavy

lines, close and fine grained. Annual rings not very distinct, but

with a good lens can frequently be made out by the numerous pores

filled with resin at the inner edge of the ring.

b2
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TLe proportion of sapwood to heartwood varies with the diameter

of the tree, but measurement along the radii of a number of speci-

mens gave the following proportions for bark, sapwood, and heart-

wood of trees 4| feet in girth :
—

Bark . ..... 15 per cent.

Sapwood . . . . . 25 „
Heartwood . . . , . GO ,,

Average weight of the wood 82 lbs. per cubic foot, but wood from

the Upper Godaveri appears generally to be lighter. Leaves bifoliate

;

leaflets sessile, entire, obtuse, obliquely ovate or semi-cordate, with

4-5 arcuate merves. Stipules small, cordate, caducous. Flowers

greenish-yellow, on long slender racemes, arranged in axillary or

terminal panicles
;
pedicels shorter than flowers

;
bracts minute,

caducous. Ovary oblong, style ascending with a large peltate stigma.

Pod lanceolate, 2-3 inches long, with parallel longitudinal veins, a

solitary seed near the top.

III.—Utility.

The dark reddish-brown heartwood is used for house posts and

bridges, and for ornamental work, being very durable. It is liable to

split, but does not warp. It has been used for sleepers on the Eaj-

putana Malwa Railway. Sleepers buried at the Forest College,

Dehra Dun, when dug up in 1893, after 7 years in the ground, were

found still perfectly sound in every respect.

The bark yields a valuable fibre, and the leaves are much relished

by cattle for fodder. In Berar and tSouth India the trees were

formerly much pollarded for cattle fodder.

IV.—Distribution.

(1) General.

In the dry forests of Soiith and Central India, but not every-

where, extending northwards as far as the Banda District of the

United Provinces. Generally gregarious in patches of greater or

less extent. In South India its chief localities are:—in Godaveri

in the forests round Bhadrachalam
;
in Kistna in the great Bollapilli

Reserve
;

in Anantapur in the Muchukota forest
;

in Bellary at

Malpangudi; also in Ciiddapah and Kurnool. Further south it is

found on both banks of the Cauvery in Salem District and on the

Balarangams, and at Hasanur and Gazalhati in Coimbatore,
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In Central India the tree is found in Chanda, parts of Berar,

Khandesh, Nimar, Hoshangahad, and Indore State as far north as

Mhow. The strangely local nature of the distribution of this species

is but one of its many interesting peculiarities, and much local know-
ledge will have to be gathered together and put on record, before a

satisfactory explanation is forthcoming. Soil and climate—usually

the most powerful factors in determining the limits of a species

—

do not supply in this case the solution to the question, though the

former affects the quality of the growth to a very great extent.

No better evidence could be adduced than a study of the distri-

bution of the Anjam in the Nimar District of the Central Provinces,

with which the writer has had four years’ experience. We pro-

pose to deal with the point at some length, since a just apprecia-

tion of this phenomenon is necessary in considering the other sylvi-

cultural peculiarities of the species, and any theories for the success-

ful treatment of it, whether these theories be based on ascertained

facts or on mere deductions from general observations.

In order to draw attention to this peculiarity of the Anjan, it is

necessary in the first place to describe the physical features and the

geology of the Nimar District.

(2) Physical Features of the Nimar District.

Almost through the centre of the district, from west to east, runs a

branch of the Satpuras forming the watershed between the N erbudda

river on the north and the Taptee on the south. Practically the

whole of this ridge is Government reserved forest. Between this

range of hills and the Nerbudda river lies the town of Khandwa in a

broad and fertile valley. The drainage from the central ridge to the

north is diverted from its direct course by another low and irregular

ridge constituting the forests of the Khandwa Itange. This parti-

cular block will be alluded to again later on. North of this ridge,

and bordering the Nerbudda river, is a strip of broken and hilly

ground, from 3 to G mi^es wide, constituting the forests of the Punasa

Kange. On the north bank of the river, and to the east is situated

the Chandgarh Range, on the continuation of the hills constituting

the Punasa Range.

Along the southern face of the main central branch of the Sat-

puras runs the Taptee. South of this river rises a higher ridge.
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forming the southern face of the Satpuras and separating Nimar
from the Berar plain. These hills are the highest in the district,

and constitute the forests of the Burhanpur Bange. A deep fertile

valley separates these two branches of the Satpuras, except for the

isolated hill of Samardeo.

A reference to the attached sketch map will clearly show these

main physical features.

(3) Geology of the Nimae District.

With the exception of a fringe of ground along both banks of the

Nerbudda in the most northern part of the district, the underlying rock

i s trap. On the surface the trap is more or less decomposed into moorum

,

and in the valleys forms a fairly deep soil, but on the hills the soil is

shallow, and stretches of bare sheet rock are frequent.

The excepted tract is composed of Vindhyans, consisting of sand-

stones, conglomerates, and shales, with small outcrops of granite, schists,

and gneisses of the Archaean system, and lametas of the Cretaceous sys-

tem. A considerable portion of the Punasa and Chandgarh Ranges con-

sists of hard, almost crystalline Vindhyan sandstones, very difficult of

disintegration, and consequently yielding a shallow soil.

On the other hand, the outcrops of granite and gneiss, as well as the

cretaceous limestone-bearing transition rocks of the Chandgarh Range,

are of loose structure and often conglomcritic. They, therefore, disinte-

grate more easily, and result in a deeper and richer soil.

(4) Distribution and Composition of Anjan Forests in Nimar.

Now let us see how the configuration of the ground and the under-

lying rock affects the distribution of the Anjan. We will first take the

main branch of the Satpuras running from west to east. On the extreme

west we find the Anjan scattered and fairly plentiful, but proceeding east

it becomes less so, until we reach the railway at Mandwa where it practic-

ally vanishes, hardly a single tree being found throughout the whole of

the ridge east of the railway.

Isolated Anjan are found on Samardeo, and it is fairly common at the

western extremity of the ridge separating Nmiar from the Berar plain.

It does not grow to any great size in these areas. Proceeding to the

areas north of the main central ridge, we find the low and undulating hills

of the Khandwa Range fairly stocked with Anjan, and to the extreme

west of this range, and extending almost up to the Nerbudda, we find a
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peculiar type of Anjan growth, viz., isolated blocks of practically pure

Anjan in the pole stage, growing closely and thickly together. Old

mature trees are few and far between, and where found are of small dimen-

sions, and have invariably, at some time or other in their life, been pol-

larded. That the present pole growth is the natural regeneration of a

previously existing Anjan forest goes without saying, but the manner of

its formation is a subject of much speculation. These Anjan areas appear

to be a continuation from the south, northwards, of the areas already

referred to at the western end of the main central branch of the Satpuras.

Perhaps even more extraordinary are the areas outside the blocks of

Glovernment forest now referred to. The ground is for the most part un-

dulating, and much is unfit for cultivation. The Anjan here holds its

own tenaciously, in spite of all that is done by grazing and felling to ex-

terminate it. Its feathery green foliage is a peculiar feature of the land-

scape in the hot season, long after all other species are leafless. The

average height of a mature Anjan tree throughout these areas may be

put at 40 feet, and its girth at 3 feet.

We now come to the strip of broken and hilly ground bordering the

Nerbudda, and extending to the extreme north-east of the district, con-

stituting the Punasa and Chandgarh Ranges. We find the Anjan

throughout this area, but always mixed with other species, never pure,

the proportion of Anjan to other species being seldom more than 5 per

cent. The patches of pure pole Anjan previously referred to are never

found in this area, though natural regeneration is by no means absent.

It must be remembered that here we are for the most part off the trap,

and in place thereof have Vindhyan sandstones, conglomerates, granite,

schists, and limestone.

Most remarkable is the development of the Anjan in this area. No-

where else in the district does the tree develop such proportions, both as

regards height growth and girth. Mature trees with a height of from 80

to 100 feet and a girth of from 6 to 10 feet are by no means uncommon,
with a clean cylindrical bole of from 40 to 50 feet.

Having now described the distribution of the Anjan with reference

to the physical features and geology of the district, it remains to be seen

what sylvicultural facts governing this distribution can be deduced there-

from. This brings us to a consideration of the “ Locahty,” which, as

every forester is aware, is the sylvicultural term employed to denote the

active agencies of soil and climate in their relation to, and combined

effect on, forest vegetation.
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V.—Locality.

(1) Soil Requirements.

(a) Depth of Soil.

The Anjan, as will be described further on, develops a moderately

long tap-root, and for this reason prefers a deep soil into which the

tap-root can easily penetrate. At the same time it cannot be said

to be exacting in this respect, for it is commonly found on trap rock

where the surface soil is very shallow, and it thrives particularly well

on the hard crystalline Vindhyan sandstones, which disintegrate with

difficulty and have as a consequence a shallow soil covering. On this

latter formation it would appear that the chemical composition of

the soil and underlying rock plays the most important part, for it has

been noticed that whereas the forest growth on this formation is generally

of the Salai {BosueUia serrata) tjrpe, and teak is scanty and of poor

quality, Anjan grows to its very best. The trees are very scattered in

such areas, and there is a notable absence of natural regeneration, but

such trees as do establish themselves grow to very large dimensions. The

fact that the Anjan can thrive on shallow soils is also very probably due

to the extraordinary power of the tap-root, which seems to be able to

bore its way even through hard rock down to a permanent water-supply.

(b) Porosity of the Soil.

A porous soil with a well -fissured underlying rock is required for

the best development of Anjan.

This statement must not be thought to contradict what has been said

in the preceding paragraph regarding the development of Anjan on the

hard crystalhne Vindhyan sandstones. True, the development of in-

dividual trees cannot be bettered on this formation, but on the other hand

on the loose-structured formations in the Punasa and Chandgarh Ranges

of the Nimar Division, on the conglomerates and shales, we have not only

an equally good individual development, but what is of more importance,

ample natural regeneration in addition. For this reason a porous soil

with a well-fissured underlying rock is preferable to a firm soil over-

lying a hard non-disintegrating rock. Nowhere on the trap formation,

with as a rule an impervious stratum a short distance below the surface,

does the Anjan develop to anything like the size it attains on the more

loose -structured formations.
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(c) Degree of Moisture in the Soil.

We know very little regarding the absolute requirements of the

species in this respect, but one thing is certain,—^the Anjan requires

a constant and permanent supply of water wliile young, which supply

it takes up through the tap-root it develops. By this means alone is

it able to survive the months of dry and hot weather, during which

there is no rainfall and the plant is exposed to scorching dry winds,

causing rapid evaporation from its leafy surfaces. On the other hand,

from the sapling stage upwards, which, so far as our knowledge goes

at present, means from the age of about 15 years, the Anjan can put up

with very little moisture, and is essentially a drought-resisting species.

This was very noticeable in Nimar during the droughts of 1901 and

1904. Whereas following these droughts such species as Tectona grandis,

Terminalia tomentosa, Lagerstrcemia parviflora, Mangifera indica,

Buchanania latifolia, suffered severely all over the Division, not only

coppice being affected, but also mature trees, in the case of Anjan no

damage whatever was done, even on the driest soils.

{d) Chemical Composition.

From what has gone before we can safely say that the Anjan prefers

sandstones, conglomerates, gneiss, limestone, and generally rock forma-

tions which produce a sandy loam as soil for the roots, rather than the

stiffer and more clayey soil changing into moorum which overlies the

trap. The former soils afford a better drainage, the underlying rock

being as a rule of looser structure, and this is no doubt a factor favour-

ing the Anjan, though, as aheady pointed out, individual trees develop

equally well on an underlying rock of much closer and harder texture,

provided that rock is a sandstone.

Mr. E. D. M. Hooper, Conservator of Forests, Madras Presidency,

writes in a letter to the Conservator of Forests, Berar Circle, Central

Provinces, regarding the soils most favourable for Anjan, as follows :

‘
‘ In the Ahiri Zamindari to the south of the Bhimaram reserve,

Anjan was found in 1881 over a restricted area, a pure

forest, the stems being strangely uniform, varying in girth

from 5 to 6 feet, and in height from 40 to 60 feet, with clear

straight bole.

“ The soil ivas a quarUose red gravel, crunching under foot, and I

have generally observed that wherever Hardwickia is prevalent,

this soil occurs.'
’’
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Again :

—

‘
‘ As regards its distribution, we find it occupying clearly

defined areas on the rocky quartz soils of Bellary and

Anantapur, and the sandstones and shales of the Palnad in

Kistna.”

Mr. E. M. Crothers, Forest Ranger, ^writes in the Indian Forester for

July 1905, under the heading “Sylvicultural Notes on Hardwickia

binata,” the following:

—

‘
‘ I have seen Hardwickia on all aspects and doing very well so

long as the soil is inclined to be sandy and deep
;
the under-

lying rock in all the reserves here is chiefly quartzite, which

yields a reddish-yellow gritty soil on which the growth

of grass and other vegetation is not very profuse, and this

seems to be the soil favoured by Hardwickia.”

These formations are very similar to those of the Punasa and

Chandgarh Ranges of the Nimar District already referred to as pro-

ducing the best growth of Anjan.

On the other hand it is very commonly found on trap, but here we

come across a peculiar characteristic—^it is by no means universal on the

trap.

To come back again to that main central branch of the Satpuras.

The whole of it is trap formation, most of it with a very shallow soil-

covering, bearing the poorest forest growth, and this is particularly

noticeable over the western portion of the ridge where the Anjan is

found
;
yet there is a definite limit where the railway crosses this ridge

from south to north. These is no obvious reason for this phenomenon.

The soil is no poorer to the east, in fact on the extreme east in the

Khibhit Range the soil is as a rule much deeper, and some of the

best teak forest is found here. Climate, aspect, rainfall, none of these

can be said in this prescribed area to affect the question.

There should be no difficulty in collecting information regarding the

distribution of Anjan in other districts, and carefully comparing and

tabulating the information obtained. This, however, is a work that

can only be carried out by the Imperial Sylviculturist at the Dehra Dun
Research Institute. Such results would very likely throw further light

upon the subject, but for the present, at any rate, we must leave it at

t^s, that the peculiar gregarious nature of the Anjan prescribes in an

unknown manner the limits of the species on trap rock.
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(2) Climate.

{a) Rainfall.

The Anjan prefers a dry climate. The average annual rainfall in the

localities peculiar to the species varies from 10 to 60 inches. In South
India, in the localities mentioned under “Distribution,” it enjoys,

for the most part, a rainfall of from 10 to 30 inches. In the Central

Provinces it is found where the average rainfall is from 20 to 60

inches. It appears to thrive best with a rainfall of from 20 to 40 inches

as obtains in Nimar, where, so far as the Central Provinces are concerned,

the best growth occurs.

(h) Heat and Aspect.

Except when quite young, Anjan can stand a great deal of heat,

and at all stages a considerable amount of cold. Growing as it

does . in the dry hot regions of Central India, it frequently has a shade

temperature as high as 112° to put up with during the months of April

and May.

The following average mean maximum and minimum temperatures

during selected montlis, as recorded at Khandwa since 1875, will give a.

general idea of the temperature suitable to the growth of Anjan :

—

Maximum. Minimum. Mean.

January . •

0
00 52° 67-5°

May • . 106-5° 81° 93°

July .
87-5° 75° 80 -5 °

Frosts not infrequently occur in these regions in low-lying locahties,

though as a rule they are not severe. No instance has come to our

knowledge of Anjan, either in the seedling, sapling, or m.ature stage,

suffering in the least degree from such frosts.

This, however, is not the opinion of ail who have studied the pecu-

liarities of the Anjan. Mr. E. E. Fernandez, late Conservator of Forests,

who was for several years in charge of the Nimar Division, wrote as

follows in his annual report for 1877-78 :

—

“ The Anjan seedlings were slightly cleared of the tall grass

weighing down over them. This is all that is necessary as

weeding exposes the seedlings too much to the air, and

makes them sensitive to drought and frost.”
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Again, in his report for 1878-79 he wrote

“ The Anjan germinated very fairly, hut, like the teak, sneered

from the effects of frost. This species, from the sapling

stage upwards, is capable of resisting even severe frosts,

hut, as teas to he expected, the loiv delicate seedlings harely 6

months old easily succumhed.'"

As stated above, we are quite of a contrary opinion, and feel sure that

wnat Mr. Fernandez took to be the effect of frost was really the effect of

drought. This is borne out, moreover, by what he himself wrote many
years later, when he had had considerably more experience of the species.

On pages 525 and 526, Volume XXIX of the Indian Forester, quoting

from a letter to the Inspector-General of Forests, Mr. Fernandez says :

—

“ In .the Punasa forests in 1874, when I took over charge of them,

I found the most perfect new reproduction wherever there

had recently been field cultivation In

October the seedlings began to wither, and by the middle

of the hot weather there was scarcely a single one alive,

the inability of the tap-roots to penetrate through the

dense mass of grass roots was the cause of their death.”

No mention at all is made of frost, besides which, the seedlings were

noticed to be withering already in October, at least two months before

the first frosts occur.

Direct observation on our own part has satisfied us that frost is no

enemy of the Anjan seedling. On the 16th January, 1906, we were

camped at Kirgaon, w'here, at the time, the adjoining forest was full of

Anjan seedlings in their first year, the result of a prolific seeding in 1905.

That night a severe frost occurred, killing all the brinjal and tomato

plants in the forest garden, and doing considerable damage to such

species as Terminalia tomentosa, Buchanania latifolia, Tectona grandis,

and others, as was evident by the blackened and withered branches to be

seen when inspecting the forest the following morning. We particularly

noted on that occasion the absolute immunity from all damage of the

Anjan seedlings. Again on the 6th January, 1908, a similar frost oc-

curred, and the same facts were again observed. It may be added that

not only were seedling Anjan immune, but Anjan in every stage of growth.

On the other hand seedling Anjan suffer terribly from excessive heat.

Curiously enough it is only at this stage of its career that excessive heat



Paet III,] Witt: Sylcicidture of Hardwichia binata. 85

appears to have any iniurioiis effect on the Anjan. There is little doubt

that the holocaust of seedlings, which has been noticed again and again

to occur after a good seeding, is due to the excessive heat combined with

scorching winds causing too rapid evaporation, the seedling being unable,

except under the most favoured circumstances, to replace through its

root the moisture lost thereby. Aspect would only appear to be of im-

portance in so far as it modifies the temperature to which seedlings are

exposed in the hot weather, and protects them from the scorching dry

winds. From notes and observations taken in Nimar, it would appear

that aspects between north and south give the greatest protection to

Anjan seedlings, and are therefore most suitable to the development of

Anjan.

(c) Light.

Anjan is on the whole a light demander, and cannot force its way
through overhead shade. Even the moderate shade afforded by a

mature tree of Boswellia serrata is too dense for an Anjan sapling to

penetrate through, if once dominated. The very flexible, yielding

nature of the leading shoot of an Anjan sapling may also account to some

extent for its inability to pierce overhead cover.

At the same time Anjan requires a certain amount of shelter or pro-

tection during early youth, though not against light as such. From
observations made, we are strongly of opinion that shade as a protection

to seedlings during the first three or four years’ growth, against the heat

and the dry winds of the hot season, is a sine qua non in the successful

regeneration of Anjan forests.

The observations made were so conclusive on this point, that, although

they will be dealt with in greater detail further on, in connection with some

experiments relating to the cause of death of Anjan seedlings, it will not

be out of place to record that portion which immediately concerns us here.

The point under consideration was whether a long growth of grass was

injurious to the growth of Anjan seedlings. Two plots measuring 2

square yards, both covered with Anjan seedlings, were marked out

alongside each other
;
from one of them all the grass was removed as

soon as it came up, while the other plot was not touched. These

plots were examined on January 7th, 1909, the seedlings then being 3|

years old. On the plot kept clear of grass the seedlings, numbering

171, had all, without exception, lost their leaves, and the shoots were

in several instances beg inning to wither and die. On th e plot from which
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the grass had not been removed (it -was standing on an average 2| feet

high) the seedlings, numbering 83, had, without exception, all their

leaves intact and green, and showed no sign whatsoever of withering.

In addition to this, throughout the area where these plots were situ-

ated, it was noticed that wherever grass had been removed by cutting

and the seedlings exposed to the full light, they had withered or were

withering, whereas, under the protection and shade of the long grass,

they were all quite green. There can be no other explanation than that

the grass over the seedlings acted as a protective covering against the

direct rays of the sun, thereby reducing evaporation from the stem and

leaves, and lessening the demands on the root for moisture, thus giving

the seedlings a better chance of surviving through the dry, scorching

months of the hot weather.

VI.—Shape and Development.

A.—SHAPE.

The Anjan is perhaps one of the most graceful of our Indian trees.

Its drooping foliage and branches, quivering with the slightest breeze,

remind us very much of the European birch tree. During the early

part of life the Anjan develops a conical crown
;
as it approaches full

height the crown extends horizontally, the extremities of the branches

drooping slightly downwards.

If allowed to grow up in a free position, so that its natural develop-

ment is not interfered vdth, the main stem of the Anjan is found divided

comparatively low down, the branching commencing usually at about

one-third of the total height from the ground. On the other hand, if

grown in a fairly crowded forest where the growing space is limited, it

develops a long, cylindrical bole, free from branches. The crown is

then reduced to less than one-third of the total height of the tree.

It must be remembered in this connection that the nature of the

soil influences the shape of the mature tree, and that shallow and rocky

soils produce only short stems, with a tendency to divide early and

develop branches.

B.—DEVELOP.MEXT.

(1) Reproductive Power.

We will commence with the formation, on the mature tree, of the

flower which is to produce the seed that will develop into the new indivi-
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dual. THs may seem like starting at the end, but it is necessary to draw
attention to the season of fruiting and seeding, as it is of great importance

in the development of the seedling. In describing its life history actual

statistics and records will be made use of as far as possible.

(a) Season of Flowering and Fruiting.

The Anjan then comes into flower during the rains, that is, usually

some time in August or September. The fruit is seen on the trees by

October, but it is not ripe then, and in fact does not ripen until the

following April or May. This is a peculiarity not infrequently met with

amongst other species of the same family, such as Dalbergia Sissoo,

Pterocarpus Marsupium, etc.

The seed remains on the tree until May and then falls, being scattered

by the winds, which are strong at that season of the year, for a consider-

able distance from the parent tree, owing to the light nature of the pod

which acts as a wing to the seed.

An important point to note here, is that the seed falls when most of the

forest fires are over. It therefore suffers very little from this source of

danger, so that as a rule every seed which falls from the parent tree is

available and ready when the first burst of the monsoon occurs, to do its

share in the regeneration of the species.

{b) Periodicity of Flowering and Fruiting, and Quantity of Seed

produced.

When the Anjan flowers and fruits, it produces seed most proli-

fically, probably more so than any other of our valuable Indian

timber trees
;
but these seedings do not occur annually, nor, when a

seeding occurs, is it always of the same intensity. It would not appear

that any very definite statistics have been gathered together over a long

series of years on this point, but we have collected the following informa-

tion from the Annual Forest Administration Reports of the Central

provinces and Berar.

The Berar reports were gone through from the years 1876-77 to

1887-88. The only references to be found were ;

—

(1) 1877-78 was a seed year in Gerumatergaon Reserve (Buldana

.
Division).

^2) 1886-87 was a bad seed year.
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The Central Provinces reports were gone through from 1887-88 to

1906-07. The references found were :

—

(1) 1898-99 was a bad seed year.

(2) 1899-1900 was a good seed year in Chanda and Nimar.

(3) 1902-03 was a seed year in Gerumatergaon Reserve (Yeotmal

Division).

A note of more value than any of the above is made by Mr. Fernandez

in the report for 1899-1900, and is worth recording verbatim :

—

“ It may be convenient to record here the years in which Anjan

has seeded in Nimar since the writer of this report joined

the service—1874, 1879, 1884, 1889, 1893, 1899.”

Here we have some definite figures to go on. To these we can now

add the year 1904-05. Accepting the above figures as those of recorded

observations, we find that the Anjan reproduces itself by seed almost

regularly every five years. From 1874 to 1904 there were in Nimar

seven good seed years, and in only one year, i.e., in 1893, was the five-

year period deviated from.

The actual year in which a seeding takes place is not, however, neces-

sarily the same in two localities, and it may vary within very prescribed

limits. To take a case in point, we have the year 1877-78 as a seed year

in the Gerumatergaon Reserve of the Yeotmal Division of Berar, and

again the year 1902-03. We shall probably not be far vTong if we fit

in the intervening seed years as 1882, 1887, 1892, and 1897, and the fact

that 1902 was recorded as a seed year lends strength to this supposition.

It will be seen that this cycle of seed years comes in between that re-

corded for the Nimar Division. The Yeotmal and Nimar Divisions are

no doubt some distance apart, but to take a more prescribed area we

may mention that this year (1908) none of the Anjan in the Khandwa or

Punasa Ranges of the Nimar Division seeded, while all the Anjan trees

planted along the roads in the Civil Station of Khandwa, and there are a

considerable number, flowered and seeded most profusely.

(c) E^ect of Drought on Seeding.

It is a well established fact that a year of drought often induces

profuse seeding. This frequently occurs with the bamboo Dendro-

calamus strictus, but it would also appear to be the case mth the Anjan.

Writing in the Forest Administration Report for 1899-1900,
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Mr. Fernandez says :
—

“ Similarly, the drought was the immediate

cause of the seeding, always gregarious, of the Anjan.”

We certainly ha\e the following facts to uphold this opinion. The

rains of 1896, 1899 and 1904 were very scanty throughout the Province,

while on two of these occasions, viz., 1899-1900 and 1904-05, good

seedings occurred in Nimar. Again, the rainfall as recorded at Khandwa
during 1907 was only 17 inches, as against a normal average of 30 inches.

May not this have had something to do with the abundant seeding of the

Anjan planted along the roads in the civil station as already mentioned ?

(2) The Seedling.

(a) Development during First Year.

We have described the process and periodicity of seeding of the

mature tree, and have reached the stage where the seed lies scattered on

the ground in the eaily days of June, waiting for the rain which is to

quicken it into life.

We will now continue the story, making use of actual observations to

emphasize our facts.

In May 1908, the seed from the Anjan trees planted along the road

running past the front of our bungalow* in Khandw*a w*as scattered by

the wind in large quantities over an open space of compound. The soil

here consists of a dry, sandy loam, varying in depth from 6-18 inches,

followed by hard moorum soon passing into solid trap rock. The first

shower of rain fell on the 13th June, followed by over one inch on the

16th, and smaller amounts on the 17th and 20th.

For easy reference the tables of rainfall for the months of June and

July 1908, as recorded at Khandw*a, are here appended, as w’e shall

frequently have to refer to them.
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(i) Germination .—The seed lay on the ground during these preliminary

showers, but to all outward appearance was not affected thereby. Then

came nearly a week of dry hot weather, until on the 26th the rain began

again in earnest. Up to this date the seeds had shown no signs of

germination, but as a matter of fact they had been taking in the moisture,

and the seed was swelling within its seed coats, and preparing itself for

further development. Then came six days of continuous rain, during

which germination was in active progress, with the result depicted in

Fig. I.

This figure represents the stage of development on the 2nd July. The

cotyledons are seen bursting or already having burst out from the seed

coats, and the radicle well on its way towards forming a tap-root. Let

us now turn to Fig. II, which shows us the development a week later—on

the 8th July. A reference to the table of rainfall wiU show that there was

continuous rain, though light, between the 2nd and 8th July. The soil,,

however, was well saturated with moisture, and development was very

rapid. The tap-root is already 5’75 inches in length, and two leaves are

almost fully formed. It should be here noted that the examples taken

were typical of the hundreds of seedlings that were germinating all round,

and that no exceptionally developed spec'mens were chosen.

We will now pass over an interval of three weeks, which brings us to

August 1st. Rain fell in small quantities every day except on the 16th,

22nd to 27th, and 31st. Our typical seedling has now developed into a

specimen as depicted in Fig. III. Four leaves are fully developed, and

there is the beginning of a fifth.

{ii) Development of the tap-root .—The tap-root is, however, the point

that interests us most. That in Fig. Ill was found to be 9 '80 inches

in length. For purposes of comparison eight typical seedlings were dug

up, with the results shown below :

—
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Serial No.

Depth below the sur-

face at which hard
moorum was met

with.

Length of tap-

root in inches.
Remarks.

1 8 inches 9-80 Fig. III.
O 8 .. 8-38 Incomplete, tip broken.

3 8 „ 11-33

4 8 9-20

5 8 9-64 Last 2-28 inches were in hard
moorum which was with

difficulty broken away.
6 10 .. 1115
7 16 16-10

8 16 .. 6-51 Fig. IV. At 2 inches the

root met an obstruction of

a piece of broken tile, and
divided into two branches.

Soil mixed with stones and
pieces of broken tile.

The extraordinary power of the tap-root in be ng able to pierce through

what appeared to be almost solid rock was the most noticeable feature in

the above experiment.

Fig. IV is of interest as showing the manner in which the tap-root

avoided and worked round obstacles which it could not pierce. The

breaking up into two main branches is exceptional, and was only brought

about by the stony nature of the soil.

On September 1st, that is to say, a month later, we again examine

our seedlings. Rain has been neither excessive nor deficient. The first

thing that strikes us is that practically no further development has taken

place above ground, while below ground the tap-root has only made an

appreciable advance where the soil is so deep that growth in length is

easily accomplished. Otherwise only a slight thickening of the tap-root

is noticeable.

In exceptional cases a difference is seen, and it will be of interest to

quote an example. A particularly healthy and well developed seedling

was dug up. The part above the ground measured 5| inches, and had

nine leaves developed (compare this with Figs. Ill and IV), but the

length of the tap-root, when laid out straight, was only 12'75 inches, and

the end was not at this depth below ground. This particular example

was dug up with the expectation that a particularly long tap-root would

be found, and a good depth of soil. Quite the contrary, however, was the

case- The soil was found to be very shallow, hard moorum being met
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with 6 inches below the surface. From this point the root turned off at a

sharp angle, seeking fissures which it could penetrate, and after numerous

twistings and turnings came to an end at only 10 inches below the surface.

The most remarkable point was the exceedingly hard nature of the moorura

which the root penetrated, a strong pick being required to break it away.

The tap-root had, in this instance, developed numerous side shoots, and

was strongly developed.

This was no doubt an exceptional case, but none the less interesting.

{in) Dying off of the shoot .—By about the middle of September the

rains ceased altogether, and the grass, which, owing to the poorness of

the soil, is never much more than from 6 to 10 inches in height, soon

began to dry up, and by the 15th October the Anjan seedlings also

commenced to show signs of withering.

On December 7th some further observations were made. On an

area of about 8 yards square, 100 seedlings, taken haphazard, were

examined to see how far the process of “ dying off,” which is so notice-

able a feature of Anjan regeneration, had proceeded. The following

results were obtained :

—

Seedlings with she>ot still alive, and with two upper leaves still green 10

Seedlings with shoot still alive, hut all leaves dead . . .52
Seedlings with shoot completely dead ...... 3S

Three seedlings of which the shoot in each case was completely dead

were next dug up, the length of the tap-root measured, and the quality

of the soil noted, as follows :

—

Serial No.
1

Soil.
Length of

tap-root.
Re.maeks.

1 () inches sandy loam,
then hard moorum
very little fissured.

12 '5 inches.

2 4 inches sandy loam,
then hard moorum
little fissured.

14-0 „ Root took a circuitous path,

tip only 12 inches below
surface.

3 4 inches sandy loam,
then hard moorum
very little fissured.

14-25 „ At 7" 5 inches root divided info

2 branches, both same length.
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These three examples diftered in no special manner from those dug up
in August and September. The tap-root appeared healthy, and was

certainly still alive at this time. Unfortunately no comparison was made
with seedlings of which the shoot was still living and green, but probably

the only difference would have been that the roots of such seedhngs had

been able to penetrate somewhat deeper into the ground to moister

layers. By February 15th not a single green seedling was to be seen, and

of a very large proportion of them the shoot was also completely dead.

This brings us to the end of the first year’s period of growth, and

although the succeeding months, until the next burst of the monsoon, are

very important ones in the seedling’s struggle for existence, we can only

wait and note the effect of that struggle after the monsoon has broken.

What has been described above may be seen going on on a larger

scale in the forest, though the season of the drying up of the shoots may
vary, and certainly does so, with the quality and depth of the soil, and

quantity of moisture in the ground. In the case under observation the

date—February 15th—is particularly early for all the seedlings to have

lost their leaves, but the poor soil and early cessation of the rains is

sufficient explanation. This state of affairs is generally reached by the

middle of March, and by the beginning of June hardly a trace of the

thousands of seedlings that were so conspicuous during the rains is to be

seen.

(?)) Development during Second Year.

{i) The new shoot .—We will now pass on, from the seedlings which

we have watched germinate and make their first start in life, to the

typical seedling in its second year. Let us start describing the second

year’s development by imagining a plot of ground—say one yard

square on which we counted 50 seedlings last year. We examine this

plot just before the commencement of the second rains, and with

difficulty we count 15 little brown stalks, which we take to be all that

remains of our 50 seedlings. After the first month of rain we again count,

and are surprised to find no less than 30 seedlings easily distinguishable

by their one or two leaves. At first sight it appears as though new seed-

lings have sprung up, but on closer examination we find this is not the

case. What has really happened is that the first shoot has entirely died

down, while the root has survived, and, with the fresh lease of life in-
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duced by the rains, has sent up a fresh shoot. The chief interest here is,

where does this fresh shoot spring from ? For the answer to this question

we must turn to Figs. V-VI.

Fig. V represents three actual two-year-old seedlings.

(m) Cotyledonary buds.— glance at the points marked A on the

figure discloses on either side of the ascending stem a small bud. This

point A marks the position where the cotyledons are attached in the

seedling. These buds are best known as cotyledonary buds. In Fig. V
it will be noticed that the buds are dormant, the main and original

stem only having developed.

Now let us turn to Fig. VI {a and b). In Fig. VI (a) we notice that

the main stem has died down, and one of the side cotyledonary buds has

developed in its place. Fig. VI (b) shows a case in which the main stem

has continued to develop, but in addition one of the side cotyledonary

buds has begun developing and then died down again.

In Fig. VII {a and b) we find that both the cotyledonary buds have

developed. The central stem has also died down, and has been replaced

the following year by the development of one of the cotyledonary buds,

which in its turn has died down, to be again replaced the third year by

the remaining bud. It not infrequently happens that both side buds

develop after the main stem has died down the first year, but only one of

these becomes finally the leading shoot.

This peculiarity explains the phenomenon already alluded to, viz.,

the small number of seedlings to be found on the ground just before the

monsoon breaks, and the large increase in their number after a month of

rain.

Not the least interesting part in the life history of the An]an seedling is

this “ dying back ” of the shoot. The process is common to several

other Indian trees, for example the Sal (Shorea robusta) and the Teak

{Tectona grandis). A complete comprehension of the causes of this

phenomenon is, we believe, essential in deciding upon the sylvicultural

system best adapted to the working and regeneration of our Anjan

forests. Too much importance cannot be laid on this point. We have

already remarked that poverty of soil and want of moisture are agents

in this process of “ dymg back,” but we shal reserve further consider-

ation of this question to a later section dealing with the “ Formation of

Anjan Forests.”
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[Hi) Development of the shoot.—The next point to claim our atten-

tion is the size and development of the second year’s shoot. The

most marked thing about it is its extremely small size, both as

regards stem and leaves, when compared with the first year’s shoot.

It would appear that the plant was determined tc concentrate all its

energies towards the development of the root system. Figs. V and VI
give some idea of the small size of the second year’s shoot, as compared

with Figs. II-IV.

(iv) Development of the root.—As regards the tap-root, development

would appear to be more in the direction of circumference than in

length. Fig. V may be compared with Figs. II-IV in this respect.

The actual recorded length of two two-year-old seedlings was 20 inches

and 27 inches, respectively. This, considering that seedlings in the first

year attain a length of 20 inches, shows that comparatively little advance

in the length of the tap-root is made during the second year.

In judging of these lengths, and comparing them with the measure-

ments recorded of the 8 seedlings dug up in Khandwa on August 1st, 1908,

it is necessary to take into consideration the soil in which the seedlings

were growing in each instance. In the case of the first year seedlings we

found hard moorum at a depth varying from 8 to 16 inches. The two-

year-old seedlings, however, were growing in soil consisting of 6 inches of

deep loam, 6 inches of a mixture of loam and moorum, and 18 inches of

loose disintegrating moorum, with harder portions in between. Thus

there were 24 inches of easily penetrated soil for the tap-roots to grow

down into.

A marked diminution in the number of lateral rootlets was also

observed to have taken place, indicating that the seedhng depends upon

the lower layers of the soil for its moisture, which it then takes up

through the tap-root.

(c) Development during Third Year.

(i) Shoot development.—Passing on to the third year we find

exactly the same conditions as we found in the two-year- old seed-

lings. The shoot has again died back, and been replaced by a fresh

one from the root colum.n, and although the seedling is now three years

old, this shoot is neither larger nor m.ore vigorous than that of the second

year. It is almost ircipossible to distinguish with any degree of accuracy
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I
'

. . .

between a two and a three-year-old seedling by its size. Comparing

Figs. IV and VIII (a), except for the cotyledon, who would imagine that

Fig. IV represented a seedling one month old, and Fig. VIII (a) a seedling

three years old ?

(ii) Root development.—As regards the tap-root we again find that

further development has been very slight and gradual. Fig. VIII

depicts three three-year- old seedlings dug up on August 6th, 1908. They

had therefore completed three years of growth, and were just entering

on their fourth year. The figures are drawn to scale, life size. The

different lengths of the tap-roots were 20-30 inches, 23‘30 inches, and

30-3 inches, respectively. They were dug up within one foot of
j
the

spot from which the two-year-old seedlings were taken, and were

therefore in similar soil, so that comparison is {possible. From these

examples it is clear that there has been very httle development in length

since the first year and still less between the second and third year.

On the other hand, there has been an appreciable thickening of the

tap-root, as may be easily seen by comparing Figs. II, III, V, and VIII.

The tendency of the tap-root to lose its lateral rootlets, especially

near the surface, continues, in fact it is at this stage the exception, rather

than the rule, to find any lateral rootlets within 12 to 15 inches of the

surface.

(d) Development during Fourth and Subsequent Years.

From the fourth year onwards we are m.uch in the dark as regards

the development of the seedling, until we find it a healthy saphng,

shooting up rapidly 1 and 2 feet in a year.

All we know at present is, that those seedhngs which get through

the first two or three years of their existence, and they are few compared

with the numbers that originally germinated, drag on an existence which

appears to consist mainly of root development, the part above ground

only very gradually developing into a little much branched bush 12

to 18 inches in height (see Plate A). Then suddenly a change seems

to come, a leading shoot forms, and, pro-vdded it is not interfered with,

starts growing in height a foot or more annually. The chief point to

elucidate in this stage of the development is how long does it take the

average Anjan plant to reach the stage where height growth com-

mences. From general observations we believe the length of time to
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be certainly not less than 10 years and probably considerably longer.

Continuity of observation would soon set this point at rest.

The following statement, from actual measurements of typical

Anjan seedlings, will give some idea of the nature of the development

during this undetermined period :

—
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In one case only, serial No. 6, has height growth properly com-

menced. It will be noted that development is confined mainly to the

root system and that the length of the tap-root depends to a great extent

on the nature of the soil it is called on to penetrate. Serial No. 7

depicted in Plate A, though probably as old as Nos. 1-5, has an ex-

tremely short tap-root, due no doubt to the almost impenetrable

nature of the soil.

(e) Summary and Conclusions.

It may be well to halt here a moment, and enumerate the chief facts

we have learnt regarding the early stages of development of the seedling.

They may be summarized as follows :

—

(1) The seed requires to be subjected to a thorough soaking for

some time before germination sets in.

(2) Growth is very rapid as soon as germination has set in, the

principal development being in the formation of a tap-root.

(3) The length of the tap-root depends on the nature of the soil

it has to traverse, deep loose soil favouring a long tap-root,

and vice versa.

(4) This tap-root may attain a length of 3 feet or more, that de-

pending on the nature of the soil.

(5) The first year’s growth is almost completed within the first

two months of rainfall, subsequent development being

very shght.

(6) The majority of the seedlings die down at the end of each

cold weather, and produce fresh shoots the following rains

by development of the cotyledonary buds.

(7) The second and third year shoots are not nearly so vigorous,

as those of the first year.

(8) Root development after the first year is gradual but continuous

and is in the direction of girth as well as length.

(3) The Sapling.

(a) Its Appearance.

We must now pass over the unknown interval of seven or more

years and make a fresh start with a typical sapling which has just

commenced its principal height growth. In the natural forests with
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whicli we have to deal, and especially where grazing has been at all

prevalent, our typical sapling has a very bushy and much branched

base, from 1 to 2 feet in height, out of the centre of which rises a distinct

leading shoot. Plate B shows this fairly clearly, except that in this

instance, owing to damage by grazing, there are two leaning shoots

striving for the mastery.

(b) Sheiding of Branches.

To return to the leading shoot, a close examination of it will show,

at intervals along its length, distinct annular marks or rings, usually in

the form of a slightly raised ridge. Plate C shows some of these rings,

the small black arrows indicating their position. These marks come in

the following manner. Towards the end of the season of growth,

about March, a portion of the year’s growth is shed, much in the same

way as leaves are shed. Just as a leaf scar arises from the shedding

of a leaf, so does a scar result from the shedding of the woody shoots

and branches. In April and May the ground under Anjan trees will

be found to be littered with small twigs and branches, which, at first

sight, appear to be have been broken ofi, but a closer inspection shows

that they have literally been shed hke leaves.

On the surface of the scar so formed a bud develops, which bud, the

following year, grows out into the new year’s shoot. There is thus a

distinct ridge or scar left at the point where the branch has been shed,

and these ridges can be traced back on the sapling for several years.

From what has been said it is clear that each ring represents the end of

a year’s growth, and the space between two such rings represents, therefore,

the height growth for that year.

These rings gradually become efiaced as the sapling increases in girth,

but from 4 to 6 years’ growth can usually be fairly accurately deciphered.

(c) Rate of Height Growth.

From these rings we find that the average rate of height growth of a

normal Anjan sapling, from a height of 3 feet onwards, is from 9 to

12 inches a year. How long this rate of height growth continues,

and whether it increases still further or afterwards decreases, are

points still awaiting elucidation. As the sapling shoots up, the bushy

appearance at the base disappears by a process of dying oft, and, by

the time the sapling is about ten feet high, it is usually clear of all
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branches on tlie lower portion. The bark of the sapling is then smooth

and an almost silvery white, and a patch of advance growth of young

A-njan presents at that time a very conspicuous appearance. See Plate D.

{d) Age of 10-foot Sampling.

It may be interesting to calculate, from what has been said, the

average age of a sapling 10 feet high. We start on the assumption

that when height growth set in, the sapling was 3 feet high and 12

years old. A further growth of 7 feet, at an average rate of 10

inches a year, would occupy another 8 years, thus bringing up the

age of the sapling at that height to 20 years.

As the sapling advances in growth to the pole stage, the only outward

alteration in its appearance is the gradual change in the character of the

bark, which becomes dark grey and rough, with irregular vertical cracks.

(4) Growth from the Pole Stage to Maturity.

(a) Height Growth.

We have been unable to obtain any statistics regarding the rate of

height growth on the sandstone formations in the Nimar District,

but as regards the growth on trap we have the following facts to go on.

In 1874 some of the roads in the Civil Station of Khandwa were planted

with Anjan trees. Assuming these to have been three-year-old

seedlings, the present age of these trees would be 37 years. The average

height of 45 of these trees was found to be 35 feet, which gives us an

average growth of 9-3 inches per annum. The soil in this instance was

extremely shallow, dismtegrating trap being followed by hard trap rock,

as a rule 6 inches below the surface. At the same time it is more than

probable that pits with prepared earth were dug for the planting of these

trees.

We have searched in vain for any statistics relating to height growth

in other areas. The factors of the locality, and more especially the soil,

have, of course, a decided effect on the height growth. Generally we
may say that on sandstone formations under the best conditions Anjan

frequently reaches a height of 80 feet and more
;
Brandis says

‘
‘ occasion-

ally 120 feet,” but in the shallow soil of the trap formation it seldom

attains a height of even 60 feet.
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(6) Volume Growth.

(i) General .—We have found some difficulty in obtaining accurate

statistics on this point, partly owing to the lack of information re-

garding the ages of planted trees, and partly to the difficulty entailed in

the ring counting of felled trees, the rings in only a small proportion

of the trees examined being clearly visible. The figures here given must
therefore be taken with some reservation, but we believe they will be

found to approximate fairly closely to the true rate of growth.

Data have been collected for growth on trap rock and on sandstone,

as it was expected that a considerable difference would be found to exist

in the rate of growth on the two formations. The fact that such is the

case is borne out by the results obtained.

{ii) Volume growth on tray rock .—Taking the growth on the trap

rock first, and referring to the 45 trees planted in the Civil Station of

Khandwa, and already mentioned under height growth, girth measure-

ments at breast height gave an average radius of 4-05 inches for the

45 trees, after deducting DO inch for the thickness of the bark. The
age of these trees we have already put at 37 years, so that the rate

of growth works out as nearly as possible to 9 rings per inch of

radius, which is not so slow as we should have expected.

(m) Volume growth on sandstone .—Coming now to the growth on

sandstone the following table shows the results of ring countings of 10

trees of various ages :

—
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It will be seen from these figures that the rate of growth varies very

considerably in the different examples, from 9 rings per inch of radius to

as many as 22 rings. These two examples may perhaps be taken as ex-

treme limits, the average lying between 13 and 14. With these figures

may be compared statistics of some trees of known age, planted on the

Kistna Canal, Madras Presidency, taken from Gamble’s “ Manual of

Indian Timbers,” which we have included in the table. Prom them we
learn the rate of growth to be on the average 8 rings per inch of radius.

There is, however, no information with regard to the soil and underlying

rock, which vitiates to some extent the comparison.

(iv) Comparison of rate of growth on trap and sandstone .—The

data relating to the rate of growth on trap can be fairly well com-

pared with that on sandstone, if we bear the following in mind :—The

trees on the trap formation, having been planted in prepared soil and

doubtless watered for the first few years, grew continuously, and were not

exposed to the “ dying back ” process to which all naturally grown Anjan

are subject, consequently the rate of growth in the earlier stages of the

trees planted on the trap must necessarily have been very much more

rapid than that of the naturally grown trees on the sandstone.

Bearing the above in mind, let us continue the comparison.

Our trees on the trap formation had an average radius of 4 C5 inches

at an age of 37 years, corresponding as nearly as possible to the trees of

54 years of age on the sandstone, taking this as the average age of the

trees with a radius of 4 inches. If now we deduct 10 years, as being the

time occupied by the naturally grown tree in establishing itself, we
reduce the age of our 54-year-old tree to 44, and can then compare it

directly with our trees planted on the trap formation, which have de-

veloped continuously. It follows from the above, that our 37-year -old

planted tree on trap corresponds to a 44-year-old planted tree on sand-

stone
;
that is to say, the rate of growth of planted Anjan on sandstone

would average 11 rings per inch of radius as against 9 rings on trap, or in

other words volume growth is more rapid on trap than on sandstone in

the proportion of 11 to 9.

One other point in this connection deserves mention. The examples

of ring countings were obtained from an area of which the underlying

rock was that very hard crystalline Vindhyan sandstone alread.y referred

to under “ V .—Locality : (a) Depth of Soil.” This formation has a

shallow surface soil, and other species do not thrive well on it. It is

quite possible and even probable, that on the more porous and fissured

D
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sandstone formations, where conglomerates and shales are intermixed,

the rate of growth may be more rapid, and equal to that on the trap

formation.

That volume growth, though comparatively slow on sandstone, con-

tinues for a very long period, is evidenced by the size of the old mature

trees to be found in the Punasa Reserve. A girth of 8 feet is not uncom-

mon, and trees up to 12 feet in girth are occasionally found.

(c) Duration of Life.

(i) General.—Judging from the size of some of the largest trees m
the Punasa Reserve, the Anjan must be a very long-lived tree.

Taking the average rate of growth on sandstone to be 13 rings per

inch of radius, a tree of 9 feet in girth, after allowing, say, 2 inches for the

thickness of the bark, will represent an age of not less than 200 years.

{ii) Unsoundness of old frees.—Trees of this age appear quite healthy

as regards their outward appearance, but a very large proportion prove

to be unsound when felled.

Other observers have foimd this to be the case. Mr. E. M. Crowther,

writing of the Anjan in the Kurnool District, Madras, says :
“ A peculiar

feature is that very few trees of 6 feet girth are sound.” Old Ranger,

in some notes on Anjan in the Buldana Division, Berar, wn-ites : “An
enormous percentage of the stock in these Anjan forests is composed

of old gnarled trees, inva/riahly unsound.” The former ascribes this nn-

soundness to fires and dry hot seasons causing cup and heart shakes, and

the latter to generations of lopping. We ourselves are more inclined to

think that the “ dying back ” process, during the early stages of exist-

ence, creates a centre of infection, which becomes the seat of a fungoid

disease, that asserts itself as the vitality of the tree diminishes through

age.

Probably the Anjan tree reaches maturity and is at its best at an agt,

of 100 years on the best soils, and at an age of 60 years on poor shallow

soils

(5) Coppice and Pollaed Growth.

(o) Coppice Growth.

Opinions difier as to the coppicing power of Anjan. Mr. E. M,

Crowther whites :

—

“ Hardwickia stumps throw up a number of shoots from about

s an inch below the cut surface of the stump
;
these shoots
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continue to grow up in a bush till one takes the supremacv

and the others then die down.”

Mr. H. F. Arbuthnot, Deputy Conservator of Forests, writing of

Anjan in th^' Bellary Division, Madras, says :

—

“ in inspecting a coupe in the Sandur leased forests, which

had been felled about two years ago, I found a stumji which

had been coppiced about 3 inches above the ground, but

had not been very well trimmed. It had sent out two cop-

pice shoots from well below the ground, both strong and

straight, one a little more than an inch in diameter and

about 5 feet high, and the other rather smaller. This will

probably be considered very slow growth for coppice, but

it should be remembered that the growth of all species is

very slow in this dry district.”

On the other hand “ Old Ranger ” writes :

—

” In Berar Anjan does not coppice successfully; the stools fre-

quently produce numerous coppice shoots, but these never

advance beyond a slender drooping stage and gradually all

die back.”

Mr. E. E. Fernandez, retired Conservator of Forests, who had much
experience of Anjan in Nimar as Divisional Officer, and later as Conser-

vator in Berar, makes the statement
—“ The tree will moreover not

coppice.” {Vide the Indian Forester, Volume XXIX, page 524.)

We ourselves are not of this latter opinion. We have seen coppice

shoots 9 years old with a height of 14 feet, from an Anjan stool 2| feet in

girth. The growth was on trap rock with not much depth of soil. The
differences, in cur opinion, can be explained. In Berar the majority of

trees felled are old lopped and pollarded trees, mostly unsound, and all of

great age. According to our own observations the stools of such trees d o

not produce coppice shoots, and very naturally, in our opinion. This

has led to the rather sweeping statement that
‘

‘ the tree will more-

over not coppice.” We hold, however, that this statement is only ap-

plicable to the old lopped, and. pollarded, trees referred to above, and that

further experience will show that a good healthy seedling Anjan tree up
to a girth of about 3 feet will not only coppice, but will coppice very

well whether on trap or sandstone.

p 2
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(b) Pollard Growth.

On the other hand, there is but one opinion as to its pollarding capa-

bilities, which is that it pollards extremely well, and to a comparatively

late age, differing in this respect from its coppicing power, which dis-

appears before maturity is reached. To its capability of pollarding,

and to the value of the leaves as fodder, may be attributed the large

number of old pollarded trees that are still found all over the Anjan areas

in Berar, Nimar, and elsewhere. (See Plate E.)

On account of the very hard nature of the timber it is the custom in

Nimar to fell large Anjan trees over 4 feet in girth at a height of from

3 to 4 feet from the ground. Such stumps, though anything from 100 to

200 years old, almost invariably send up strong pollard shoots which

develop into fair sized poles. Trees of this age, however, if cut flush with

the ground, will never produce coppice shoots.

Note.—Since wTiting the above section some fresh notes on this subject by Mr. L. S.

Osmaston, have appeared in the June and July, 1909 number of the Indian Forester.

His figures relating to the coppicing power of Anjan are peculiarly instructive and are

the first serious record of this nature we have come across. We do not propose to quote

from the article, but it deserves careful perusal and consideration. Sufficient to say here,

that the results of the observations made tend to show that, irrespective of the height and
circumference of the coppiced stump, barely 50 per cent, of such stumps produce coppice

Shoots.
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Part II.-F0RW VTI0I\ A^I) TEXDIAG OF
AXJAX FORESTS.

I. -Character and Composition of Anjan Forests.

(1) Types of Anjan Forests.

(o) Pure Forest .

The gregarious nature of the Anjan lends itself to the formation of

pure crops, but the most important factor in producing these pure forests

appears to be the nature of the soil, and underlying rock. Under the

heading “ Distribution and Composition of Anjan Forests in Nimar ”,

we have already shown that the pure forests are entirely confined to the

trap formation with its shallow, overlying sod. The most noticeable

feature in this type of forest is the absence of natural reproduction.

That the tree can reproduce itself naturally on this soil goes without say-

ing, for otherwise this type of forest could never have arisen. It will be

our endeavour, further on, to give an explanation for this phenomenon.

Trap rock alone does not bear pure Anjan forest. In a letter from

E. D. M. Hooper, Esq., Conservator of Forests, Central Circle, Madras

Presidency, to the Conservator of Forests, Berar Circle, Central Pro-

vinces {vide Indian Forester, Volume XXXI, page 102), we read : “In
the Ahiri Zamindari to the south of the Bhimaram reserve, Anjan was

found in 1881 over a restricted area—a pure forest, the stems being

strangely imiform, varying in girth from 5 to 6 feet, and in height from

40 to 60 feet, with clear straight bole. The soil was a quartzose red

gravel, crunching under foot, and I have generally observed that

wherever Hardwickia is very prevalent this soil occurs.”

Generally we may say that pure Anjan is confined to the shallowest

and poorest soils, the reason being, most hkely, that other species are not

able to compete with it, on such sods.

For the rest, reference may be made to what has already been said

qnder “Distribution and Composition of Anjan Forests in Nimar.”
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(b) Mixed Forest.

This type is exemplified in the forests of the Punasa and Chandgarh

Ranges of the Nimar Division, already described.

We need not here add to the description given, except to note that

this type is, as a rule, denser than the pure forest, that the middle age

classes are very poorly represented, the majority of the Anjan stock

consisting of old mature trees, and that natural regeneration is not in-

frequently to be found in the form of small patches of advance growth.

(2) Absence of Natural Regeneration.

(a) General.

The general complaint of most Foresters, who have had to do with

Hardivickia binata, is that there is no reproduction to be found in the

existing Anjan forests. This applies to both the pure and the mixed type.

To quote but one instance of this lack of reproduction, Mr. E. E.

Fernandez, when Conservator of Forests, Berar, wrote with reference to

the Anjan forests of the Buldana Division ;

—

Anjan forests .—This is here a most unsatisfactory type. The

species is incapable of attaining the dimensions of sawyer’s

timber, and can at the most furnish small house-posts.

But the -worst about it here is that there has been abso-

lutely no reproduction for at least 20 years (I should have

more correctly said 30 years), although there has been

abundant seeding every 3-5 years. After each seeding

numbers of seedlings come up, but all disappear before the

end of the ensuing hot weather.”

The matter is one of paramount importance, as upon the satisfactory

reproduction of the species must depend the continuation of the existing

forests. One thing is quite certain. The existing forests arose naturally,

and not by planting, or any other artificial process. Consequently

where such forests have arisen, and now exist, there must, at some time

or other, have existed conditions suitable to their formation. Ha-ving

once existed, it must surely be possible to recreate similar conditions

for the further reproduction of these very forests. During the last four

vears, while in charge of the Nimar Forest Di-vision, we have constantly

kept this view before us, and we hope to show, by observations made and

!
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experiments carried out, that the explanation for the present dearth of

natural reproduction is not far to seek, and of more importance still,

that the conditions necessary for the successful reproduction of the

species are by no means difficult of attainment.

(b) Existing Theories to account for Absence of Natural Regeneration.

Various notes, on the sylviculture and treatment of Anjan, have been

written at different times in the Indian Forester, from several of which

we have already had occasion to quote.

None perhaps have gone so much into detail on the subject as

Mr. E. E. Fernandez, retired Conservator of Forests. As Forest

Divisional Officer in Nimar, and later as Conservator of Forests, Berar

Circle, he had unique opportunities of studying this species from all

aspects, and he specially went into the important question of the lack

of natural reproduction and its causes. His opinions and observations

therefore deserve full consideration. It is easy to pull a theory to

pieces. It is more difficult to substitute another in its place.

At the same time we are quite unable to agree with Mr. Fernandez’s

very decided views. If in criticizing we thereby destroy these views,

it will be in the endeavour to substitute an alternative and, it is hoped,

more satisfactory theory.

In order to fully understand Mr. Fernandez’s views, it is necessary

to peruse carefully his article entitled “The Treatment of Hardwickia

binata ” in the Indian Foiester, Volume XXIX, pages 517-527. It is

unnecessary to quote the whole article here. IVe shall content ourselves

with extracts to give the general idea. On page 525 of the above-

mentioned article Mr. Fernandez writes :

—

“ As already explained above, we have still to devise a means of

saving a sufficient proportion of the myriads of seedlings

that make their appearance at each periodic fructification

of the species. 1 here is no doubt uhatsoever that the death

of the seedlings is due to their inability to force their long

slender tap-root down deep enough through the matting of grass

roots, occupying the soil everywhere to a depth of 1-2 feet.’’’'*** ;^
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Again :

—

“ In the Punasa forests in 1874, when I took over charge of them,

I found the most perfect new reproduction wherever

there had recently been field cultivation

In October the seedlings began rapidly to wither, and by

the middle of the hot weather there was scarcely a single

one alive
;

the inahilitij of the tap-roots to penetrate through

the dense mass of grass roots was the cause of their death. .

“ During the 7 years that I was able to continue my observations,

before I was transferred to the United Provinces, the seed-

lings of pre-reservation days continued to strengthen

themselves and develop, but no new contingent of seed-

lings survived to swell their numbers, and in my inexperi-

ence, and under the influence of the erroneous idea, un-

fortunately still very generally prevalent, that the exclu-

sion of fires and cattle was the one panacea for all our

forest ills, I attributed the death of the new seedlings

exclusively to the annual conflagrations

We are now xviser, for ive have learnt that more than 20 years

of successful fire prevention have given us no better results.

The seedlings are as usual produced in countless numbers

after every periodic gregarious seeding, but, being unable

to push their tap-roots doivn deep enough, they all perish in

their first ijear.’’’’

The above remarks refer especially to the type of Anjan forest grow-

ing on sandstone. They apply, however, equally to the Anjan growing

on trap as may be seen from the following :

—

“ On trap the Anjan is a very small tree, and has quite a different

habit of growth. Moreover, besides the periodic gregarious

seedings, a few trees here and there, scattered or in small

groups, are to be met with every year in fruit during the

interval. Nevertheless, reproduction is no more successful

here than in the sub-type growing on sandstone. Indeed,

the chances of survival, on the class of trap affected by the

Anjan, are less favourable than on sandstone, which

always offers numerous deep fissures for the downward

development of the tap-root of the seedlings.”
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He * * * * *

“ I feel certain that my diagnosis of the reason of the failure of

Anjan to reproduce itself from seed is absolutely correct, and

that the only remedy for it is to devise some practical, and

therefore necessarily cheap, method of keeping down the

grass at numerous points not too far apart from one

another, in anticipation of a gregarious seeding.”

The above extracts formulate briefly Mr. Fernandez’s theory to

explain the absence of natural reproduction in our Anjan forests. Before

entering into a discussion on his views, it will not be out of place to quote

the opinions of some other Forest Officers, who have studied this subject.

A very decided partisan of Mr. Fernandez is Mr. L. K. Martin, Extra

Assistant Conservator. An extract from his Annual Report for

1903-04 quoted by Mr. Fernandez in the Berar Administration Report for

1903-04 {vide Indian Forester, Volume XXXI, page 105) reads as

follows :

—

“ The Anjan seeded very fairly profusely in the spring of 1902,

and the seed germinated freely during the following

monsoon, along the Ajanta Hills, especially in the Geru-

Matargaon Range around Botha and Matargaon. A very

noticeable feature uas the complete absence of seedlings from

the midst of dense grass, that is, from areas entirely closed to

grazing. They appeared wherever the grass was light, and

increased in numbers with decrease in density of the grass,

till over areas free of grass the seedlings were quite dense-
’ ’

;
*7 I * * *

“In the portions of the reserve closed to grazing, and consequently

covered with a dense crop of grass, Anjan seedlings were

completely absent, except just along roadsides
; whereas in

Survey Xos. 1, 2, 3, and 6 of Chinchker, w'hich were open
' to heavy grazing, and being situated close to a public road,

were much resorted to by cattle, and as a result absolutely

clean grazed, thousands of seedlings have sprung up, and

stand out uninjured and perfectly healthy. The above

appears to prove conclusively that a dense growth of grass

is inimical to the successful reproduction of Anjan. The

seedlings observed in those Survey numbershaving survived

the past two hot weathers, and escaped injury from cattle

during the same period, when, in the absence of other
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fodder, cattle might have been expected to browse them
off, grazing throughout the year must obviously be

looked upon as a distinct advantage, in fact a real

necessity.’
’

On the other hand, we find that the observations and conclusions of

Mr. H. F. Arbuthnot, Deputy Conservator of Forests, are entirely at

variance with those of Mr. Fernandez and Mr. Martin. On page 123,

Volume XXX, Indian Forester, Mr. Arbuthnot writes as follows re-

garding the Malapanagudi block in the Bellary District —

“ Tills block is an interesting one, as it has been under special pro-

tection from grazing, cutting, and fires for the last 25 years.

The lesult has been that most of the area, w^hich was then

presumably blank, has been stocked with Yepi {Hard-

inckia hinata) -svhich is the principal species of the block.

This species now appears on the ground in different aged

groups, from old trees down to young seedlings. There

are groups representing all ages. From examination of

the younger plants it seems to me that it takes at least

six or seven years before a seedling really becomes estab-

lished, and begins to grow
;

till then it dies off every hot

weather. Very possibly the necessary time for a seedling

to become established is even longer. There are still a few

blank areas which remain unstocked, but seedlings are

scattered sparsely over these two.’’

We would specially draw attention to the views of Mr. J. B. Fry,

Conservator of Forests, Bombay Presidency, in a letter to the Conservator

of Forests, Berar (vide the Indian Forester, Volume XXIX, page 527) :

—

“ The tree seeds more or less irregularly every year, and abund-

antly every third or fourth year, but in spite of this one

never finds a dense growth of saplings. Throughout

Khandesh and Xasik, where the tree is fairly abundant

in parts, I have almost invariably noticed that the trees

are dotted about singly, 20, 30 or more feet apart. In our

case fire and grazing may have had something to do with this,

especially in Khandesh- If we could protect seedlings from

these tivo dangers, 1 believe that many more of them would

survive, though possibly the open nature of the forests in

which the Anjan grows may have something to do with the
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great mortality among the seedlings. Perhaps they cannot

stand the fierce hot weather to ivhich they are exposed, and
something might he gained by introducing nurses.”

The italics in the above extracts are our own, and are for the purpose

of drawing attention to the main points of view of the different observers.

Briefly put it comes to this. Mr. Fernandez holds that a dense

growth of grass is absolutely fatal to the natural regeneration of Anjan,

and consequently that fire protection and closure to grazing are distinctly

inimical to its development.

The opponents of this view, on the other hand, including ourselves,

hold that protection from fire and grazing are beneficial, and suggest

other causes to explain the heavy mortality of Anjan seedlings.

We will now describe certain experiments carried out and observa-

tions made, which have led us, after full consideration, to discard

Mr. Fernandez’s theory.

(c) Investigations to ascertain the Cause of Death of Anjan Seedlings.

(i) General.—In studying the question we were materially aided by

three facts : (1) that we already had a definite theory before us as a basis

for investigation
; (2) that this theory was formulated with reference to

the identical forests in which we carried out our own observations
; (3)

that we were fortimate enough to be able to extend our observations over

an uninterrupted period of four years.

(ii) Comparison of germination on grass-covered areas ivith those devoid

of grass.—To begin then, in May 1905 there was a profuse seeding of Anjan

in the Khandwa, Punasa, and ( handgarh Ranges of the Nimar Division.

The Anjan in the Khandwa Range is, as already described

under “ IV.—Distribution, ” entirely on the trap formation. For con-

venience, an area in the Kirgaon block in this range was chosen for the

purpose of experiment and detailed observation. Some coupes, which

had recently been worked over and were consequently closed to grazing,

afforded a suitable field for detailed observation, while general obser-

vations were made over all the area affected by the seeding.

The seed which fell in May 1905 came up profusely, in all areas both

closed and open to grazing, during the following monsoon months.

Between the 11th and 15th January 1906 we inspected these areas. The

grazing in the open areas is so heavy here that as fast as the grass comes

up it is grazed off, consequently, as we expected, there was practically
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nothing to be seen of the Anjan seeding on such areas. On the other

hand, the areas closed to grazing were full of seedlings. In places the

ground was literally carpeted with them, large patches not infrequently

containing from 50 to 80 seedlings to the square yard.

It was particularly noticeable that the seedlings had come up equally

well on poor and on good soil, and in long grass as well as on areas covered

with a very poor short growth of grass.

This latter observation, it will be noted, is contrary to that made
by Mr. Martin in the Geru-Matargaon Eange, in Berar, and we are quite

unable to offer an explanation for this divergence in observed facts, not

having seen the area ourselves. We are, however, inclined to believe

that some other factor was at work, a very likely one being the com-

parative absence of seed-bearing parent trees in the areas closed to

grazing and covered with a dense crop of grass.

{Hi) Experiment to test effect of grass roots on seedlings.—Having noted

that the initial germination of the Anjan was as satisfactory on areas

clothed with a dense growth of grass as on those devoid of grass, the

question that arose was, could the growth of grass affect the Anjan seed-

lings later on, that is,, would the seedlings in long grass gradually die off,

while those on ground not so clothed survived ?

On the occasion of this inspection the seedlings were but six months

old
;
consequently there was a possibility that the full effects of the dense

growth of grass had not yet made itself felt.

To test this, two experimental plots, each 1 yard square, were chosen

and pegged out, the one in an area covered with a good growth of grass,

and the other where the grass was of the thinnest and scantiest descrip-

tion. The quality of the soil was noted in each case, and the niunber of

seedlings on each plot was carefully counted.

If now Mr. Fernandez’s theory was correct, other factors being equal,

the seedlings on the area clothed with grass might be expected to die

off, while those free of grass survived. What actually happened was,

however, just the reverse.

For the sake of comparison we wUl now give a description of each

plot, and tabulate the results of the observations made.

Plot I.

—

Situation.—In the middle of a blank of about half an acre

on fiat open ground. The whole of this blank was carpeted

with Anjan seedlings in January 1906.

Surface covering.—A thin growth of “ bhurri ” grass about 6 inches

high, the roots penetrating into the soil to a distance of 2 to 3

inches.
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Soil .—6 inches of dry reddish sandy loam, then hard nioorum, very

little disintegrated and with few fissures, requiring a pick to

break it, down to a depth of 18 inches from the surface,

passing over into solid trap rock.

Plot II.—Situation.—On the flat top of a small ridge within a

quarter of a mile of Plot I. Surrounded by tree growth, the

plot itself under the shade of a Salai {Boswellia serrata) tree.

Surface covering .—A dense growth of long grass, 30 inches in height,

with roots penetrating into the soil to a depth of 6 inches.

<SofZ.—Six inches of good loam, followed by 6 inches of a mixture

of loam and moorum. Then 18 inches of loose, disintegrat-

ing moorum with harder portions between, gradually passing

over into hard moorum and trap rock.

Experiment 1.

Date of counting of

number of living

seedling.s.

No. or SEEDLINGS ALIVE.
Age of

seedlings.
Remarks.

Plot I. Plot 11.

y. M.

10th Jklarcli 1906 41 61 0 8

Kith July 1906 0 40 1 0

3rd December 1906 . 1 45 1 5

29th September 1907 0 43 2 3

22nd March 1908 37 2 9

6th August 1908 35 3 1

7th January 1909 36 3 6
1

The first thing to strike us in comparing these results is the complete

dying out of the seedlings on Plot I in the first year, and, secondly, that

they all died between the months of March and July, that is, during the

hot dry season.

On the other hand, in Plot II, taking the number 45 counted on 3rd

December 1906, we find that no less than 74 per cent, of the seedlings

survived.
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The excess of 1 and. 5 in the countings of 3rd December 1906 over

those of 16th July 1906 need not trouble us. It is easily explained by
the fact that the counting on 16th July 1906 was made at the commence-
ment of the rains. The 5 seedlings which appear later in excess were, no

doubt, still lying dormant after the dying back process of the hot season,

to which we have already alluded when d.escribing the growth of the

seedling.

To return to our consideration of Plot I. It is impossible that the

growth of grass accounted for the death of the seedlings, since there was

practically no grass on the plot. Again, we have already shown under

“VI.—B(2) The Seedling ” that the development of the tap-root is

exceedingly rapid to begin with, and that the first season of growth is

practically completed within three months of germination
;
consequently,

had the seedlings not been able to force their tap-roots through the few

inches of grass roots near the surface, it is not likely that they would

have lived even up to 10th March 1906, when the first counting was

made.

We would also draw special attention here to the full description of

the development of the seedlings in our compound at Khandwa. Here

the soil is exactly similar to that of Plot 1, and yet we have demonstrated

that the tap-root can and does bore its way down in a marvellous

manner through what appears to be almost solid rock. With such facts

before us, it seems impossible to believe that even a thick matting of

grass roots, let alone the very thin layer in this case, could in any way

hinder the development of the tap-root. This drives us to seek some

other explanation for the death of the seedlings on Plot I.

It may still be argued that, although the death of the seedlings on

Plot I cannot be attributed to an impenetrable layer of grass roots, it does

not follow that such a layer is not prejudicial to the development of

Anjan seedlings. For the answer to this objection, we must consider in

detail the development on Plot II, and some general observations made

throughout the area.

Eeverting then to the countings on Plot II, chosen for its thick growth

of grass, we find that after one year and five months of growth 74 per

cent, of the seedlings are still alive.

Their tap-roots have evidently not been prevented by the grass roots

from developing. At the age of 2 years 3 months, after a second dry

season, 70 per cent, are still surviving, and after a third dry season, the

seedlings being now 3| years old, we still find .b9 per cent, alive.
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That the mortality, during the second and third season of growth, is

not due to the grass roots is quite certain, for the tap-root is well below

the level of these roots by this time. The actual lengths of the tap-roots

of the surviving seedlings may be gauged by comparison with the

examples of 2 and 3-year-old seedlings given on pages 96 and 97.

These were dug up within a few inches of Plot II and are therefore

typical of the seedlings on this plot.

{iv) General observations made on the effect of a grouih of grass on seed-

lings .—The general observations made at each inspection gave similar

results.

The value of these observations will be increased by quoting a few of

them as recorded at the time.

“ Inspection of Anjan seeding in Khandwa Range on 3rd Decem-
ber 1906.”

“ Examined the same areas as in January 1906.”

“ Dug up a seedling on shallow poor soil where ‘ bhurri ’ grass

only was growing. The grass roots only penetrated a few

inches. The seedling had a tap-root of which I dirg up 14

inches when it broke off
;

it w'as probably at least 6 inches

longer. Yet on this class of soil the majority of seedlirrgs

have perished.”

“ On a south slope covered with boulders and very long grass

(kajeli and seri), on removing the covering of grass, T count-

ed, in a space 5 yards by 3 yards, no less than 43 green

healthy seedlings.”

“ A northern slope covered with boulders and long grass was a re-

gular carpet of seedlings, so w^as the south slope alluded

to above, and also a north-west slope.”

“ It was very noticeable that the seedlings which are protected by
a long growth of dense grass over them are all quite green,

while those not so protected have, already in many in-

stances, begun to lose their leaves.

“ The greatest number of seedlings are on ground covered with a

dense growth of grass.”

“ Inspection on 7th January 1909.”

“ Growth of grass in coupes 29 and 6 fairly thick.”
“ Seedlings under cover of grass all green. Grass has been cut a

good deal for extraction. Where seedlings are thus ex-

posed they are already beginning to wither.”
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The above observations, so far from proving grass to be inimical to

the seedling by preventing development of tap-root, tend to show that

a growth of grass may be distinctly beneficial and helpful in acting as a

protection or nurse to the delicate seedlings.

(<;) Experiment to ascertain whether the development of seedlings ts

impede i hy a growth of grass.—Having satisfied ourselves by these ex-

periments and observations that the roots of the grass did not interfere

with the developmeit of the seedlings, the question arose whether the

dense growth above ground might not perhaps choke and smother the

seedling, and so prevent its development.

To test this another experiment was devised. Two plots, each

measuring 2 yards by 1 yard, were laid out adjoining each other on a

north-west slope covered with a dense growth of grass 2J feet in height.

The soil was very similar to that of Plot II, but interspersed with

numerous boulders of trap. The grass roots penetrated to an average

depth of 6 inches.

From one of these plots the grass was kept down by cutting, whilst

from the other plot the grass was not removed. Countings, at stated

intervals, were made of the seedlings in each plot, with the following

results ;

—

Experiment II.

Date of countings of

No. OF SEEDLINGS ALIVE.

Age of

seedlino-s.
number of living

PI t III. Plot IV.
Remarks.

seedl ngs.
Grass Grass not

re.noved. removed.

Y. M.

21st De ember 1900 . 171 1 5 Plot IV was not laid

out until the follow-

ing year.

20tli July 1907 180 180 2 1

22nd March 1908 209 177 2 9 By mistake the grass

on Plot IV was cut

in January so that

the plot was exposed
throughout the dry
season of 1908.

6th August 19)8 159 81 3 1

7th January 1909 171 83 3 6
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;
It must be stated at once that this experiment has not been alto-

gether satisfactory, and is not entirely convincing. The figures show

several discrepancies, which lead one to suppose that the countings were

not always very accurate, though every care was taken to make them so.

, The experunent was further interfered with by the removal of the

grass on Plot IV in January 1908. In spite of these drawbacks, it is

possible we think to draw certain inferences from the above figures, which

we will now consider in detail.

In Plot III we must first notice that when these seedlings came under

observation they had already successfully survived one hot weather, in

spite of the long grass over them. After the second hot weather we find

the number has increased to 180, and by the following March to 209.

While admitting this to be an objection, the increase can be explained by

one of two causes. Either the first counting on 21st December 1906 was

inaccurate, or two shoots of one seedling have been counted as two separ-

ate seedling in the second and third countings, an error which might

very easily occur. The subsequent countings do not show very much
variation. Taking the figures as a whole we may say the cutting of the

grass has not affected the seedlings one way or the other.

The figures of Plot IV on the other hand give a very different result.

Supposing the dense growth of grass to be the main cause of mortality

in the seedlings, we should have expected a very large drop in the num-

ber between the countings in July 1907 and March 1908, but such is not

the case. On the other hand, we do get a very large difference after the

second dry season has-been gone through, viz., between the countings in

March 1908 and August 1908.

,
But tlirough an accident the grass was cut from this plot early in

January 1908, so that the plot was fully exposed throughout the dry sea-

son of that year. Obviously the death of such a large proportion of the

seedhngs, more than 50 per cent., could not be due to a growth of grass.

On the contrary it would appear that the removal of the grass was to a

great extent the cause, in that the seedlings were thereby suddenly ex-

posed to the full effect of the sun and scorching hot winds of the dry sea-

son. If we note also that the rainfall of 1907-08 was extremely short,

only 17 inches, we can more fully appreciate what effec‘ this exposure

would have on the seedlings, already fighting for existence against an

exceptionally dry season.

It will probably be asked, why did the seedlings in Plot III not show

I he same mortality, since here also the grass was cut ? to which the

E 2
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answer would appear to be that, as the grass had been removed from
this plot already since December 1906, the seedlings on it were more
acclimatised to exposure to excessive heat and evaporation.

The results of this experiment must be taken for what they are worth,

but it will add to their importance to append some general observations

made when carrying out the countings.

Date. Plot TII. Plot IV.

oth August 1908 . 83 out of 159 seedlings have
produced new shoots from
the root column. The long-

est shoots measure 7^’, fij",

5-|', 51". The majority are

between 2" and 4".

17 out of 81 seedlings have pro-

duced new shoots from the root

column. No notice i ble differ,

once from the seed iugs kept
clear of grass.

7th January 1 909 Without exception all the

leaves have dropped and the

shoots are beginning to dry
up.

Without exception all the seed-

lings have their leaves, which
so far shov.' no signs of wither-

ing. All the plants look
healthy. Grass dense, aver-

age height 2 feet.

Of particular interest are the notes made on 7th January 1909, show-

ing clearly that the grass acts as a protective covering to the seedlings

against the sun’s rays, hinders evaporation, and lengthens the seedlings’

pei'iod of vegetative activity.

{vi) Results of investigations .—This completes our case against

Mr. Fernandez’s theory. It will be well to briefly sum up the results

of our investigations, before attempting to put forward an alternative

theory.

They may be summarized as follows :

—

(1) Grass, as such, does not hinder the germination of Anjan

seedlings.

(2) Anjan seedlings may fail to survive on soil quite free of grass.

(3) The tap-root of the Anjan is quite capable of penetrating

through any obstruction of grass roots.

(4) The first season of growth is the crucial one in the life history

of the seedhng, the mortality being then the heaviest.

(5) Seedlings on soil clothed with grass retain their leaves for a

longer period than those on soil not so clothed.
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(6) The shoots of seedlings protected by a long growth of grass

do not dry up so early as those from around which (though

on precisely similar soil) the protecting grass covering has

been cut away.

(7) Seedlings up to an age of 3| years are not smothered and killed

by a dense growth of grass weighing down upon them.

(8) The removal of a covering of grass, from seedlings which have

developed under its protection, may be distinctly harmful.

(d) Explanation for Absence of Natural Regeneration.

With the above facts before us, we will endeavour to explain what

we believe to be the true reasons for the dearth of natural regeneration

in many of our existing Anjan forests.

{i) Insufficiency of moisture in the sub-soil.—As already stated, the

Anjan when it seeds reproduces itself prolifically. We may look on this

as a dispensation of nature to aid the Anjan in its task of reproduction.

Nature never intended that every seed should develop into a mature

tree. The growing space would never suffice to permit every seedling to

reach maturity. The myriads of seeds are strewn by the wind in all

directions, and fall alike on good, bad, and indifferent soil.

As soon as germination sets in, the tap-root starts on a race, which

has, we believe, for its object the reaching of a permanent water level be-

fore the dry hot season commences. Failing in this object, the seedling

perishes, being unable to replenish through its tap-root the moisture lost

by evaporation.

Naturally the seed which has fallen on rock and very poor shallow

soil is the first to succumb, for not only will the permanent water level

be low down, but the resistance afforded by the rocky nature of the soil

to the penetration of the tap-root will be very great. This •wull partially

explain the death of all seedlings on Plot I and on similar soil. But even

on such soil a few seedlings may be found to survive. Here the prodi-

gality of nature comes to the rescue. Out of the myriads of seeds that

germinate, one or two find themselves in a favourable position, where an

existing fault, or crack, or other weakness in the underlying rock, enables

the tap-root to develop and reach a permanent water-supply, where

otherwise it could not possibly do so.

Some of the seed, however, is more fortunate, and falls on richer and

deeper soil, where it is in a very short time able to drive its tap-root down
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to a permanent water supply. There are, as we know, great variations

in the depth and composition of the soil, even in restricted areas.

According as the seed has fallen on each class of soil will its ultimate

survival depend.

It is the soil, its depth, composition, the resistance it offers to the de-

velopment of the tap-root, and, above all, the supply of moisture in the

sub-soil level, which is primarily responsible for the survival or death of

the seedling, and not grass roots which, we have shown, are easily pen' -

trated by the powerful tap-root.

{ii) Insufficient frotection against excessive evaporation .—Now since

a certain amount of moisture, especially during the dry months of the

year, is absolutely essential to the life of the seedling, it follows from the

above that the seedling which can reduce its requirements to the lowest

minimum will have the greatest chance of survival.

The less a plant transpires through its leaves, the less moisture does

it require to take up through its roots. The more, then, evaporation and

transpiration can be reduced, the less moisture will the seedling require.

The investigations carried out clearly showed that seedlings in long

grass transpire less, and lose less moisture by evaporation, than those not

so protected. Consequently such seedlings require relatively less water

than similar seedlings in areas not clothed with grass, or from which the

grass has been removed, and d fortiori have a greater chance of survival.

We can carry this point further. The more the seedlings are exposed

to the direct rays of the sun, and the scorching hot winds of the dry sea-

son, the more will they transpire, and the m_ore moisture will they re

quire. Consequently, if in addition to the protecting growth of grass,

the seedlings also have overhead cover, we might expect it to act in a

similar manner. And this is exactly what we have observed. Wher-

ever the seedlings have been protected by a growdh of grass and overhead

shade, they have survived in far greater numbers than those in free and

exposed positions.

We are of opinion, then, that the amount of shade and cover aftorded

to the seedlings, in combination with the absolute quantity of water in

the sub-soil, are the main factors affecting the survival or disappearance

of any Anjan seeding.

We will next endeavour to show how the above theory can be made

to fully explain the present condition of our Anian forests. .
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(3) Formation of the Present Anjan Crop.

(a) Pure Forest.

(i) Present conditions .—We have already remarked on the almost

universal absence of natural regeneration in these forests, yet, at some
time or other, there must have been such regeneration, to produce the

present crop. The question arises, in what way are the present condi-

tions different from those that previously existed ?

In the first place we know for a certainty that all these forests were

considerably denser in the past, and that years of unrestricted and un-

regulated fellings have sadly devastated and opened them up. Further

we know that the Anjan has always been very much sought after, and

persistently lopped and pollarded, on account of the value of its foliage

as fodder. Here then we have two processes at work retarding re-

production, inasmuch as the forest no longer continues to afford the

same amount of shade and protection to the young seedlings as formerly,

during those critical months of the dry season, with the result that seed-

ing after seeding perishes wholesale, instead of a portion of it sm’viving to

aid in the work of reproduction. If we bear in mind that these pure for-

ests are mostly situated on dry and shallow soil, where the struggle of the

seedling for existence is severest, the harm done by depriving it of this

most necessary covering becomes all the more serious.

To the above we can now add the factor of grazing. Certainly in

Nim.ar, in those areas most conspicuous for a total absence of regenera-

tion, the grazing is now-a-days very much heavier than it used to be.

Since according to our theory a growth of grass benefits the seedling,

grazing must obviously be considered injurious, in removing this protec-

tive covering.

Taking now these three conditions together

—

{i) a poor shallow soil,

(2) insufficient overhead shade, (3) removal of the protective growth of

grass by grazing—we fully believe that the combined effect of these

has been, and is, sufficient to account for the present absence of

regeneration in forests of the pure type.

The state of affairs to-day can be seen by anyone who will take the

trouble to notice the result of a gregarious seeding of Anjan in forest of

this type, comparing areas heavily grazed with areas closed to grazing.

Nowhere was the present process more evident than in the forests of

the Khandwa Range, Nimar Division, after the seeding of 1905. Our
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present system of management has given us contiguous areas, respec-

tively, open and closed to grazing.

Wlien the rains of 1906 commenced, the almost total disappearance of

the seeding from the areas which were open to grazing, as compared with

those closed, was most remarkable.

A very noticeable fact repeatedly observed in these forests is, that

wherever a stray seedling exists that has escaped the general holocaust

of its brethren, it is to be found under the shelter of a bush of some

other species, more often than notone of a thorny nature, suchas Acacia

Catechu or Gymnosporia montana. The escape of such a seedling is

obviously due to (1) the overhead shade, (2) being protected by the

bush from damage by cattle.

Plate F shows a tj^pical example of an Anjan sapling, which has

survived and developed under such circumstances.

(ii) Past conditions .—On the other hand, so long as (1) overhead

shade was sufficient, (2) the protective growth of grass was not removed

by grazing, the Anjan seedlings were able, in spite of the poor soil, to

survive the first critical stages of their existence, producing as a result

the present crop.

(b) Mixed Forest.

{i) Present conditions .—We are here dealing for the most part with

Anjan on sandstone, and granitic formations. The forests of the Punasa

and Chandgarh Eanges, Nimar Division, may be taken as the type of

this class.

The first point to notice is that, according to Mr. Fernandez, for the 7

years between 1874 and 1881 whilst he was in charge of these forests no

Anjan seedling survived, and that, generally, natural reproduction in

this type of forest is no better than that on the trap formation. Here,

however, we must emphatically disagree. During our frequent inspec-

tions of these forests, and whilst wandering in the pursuit of game, we

frequently came across areas which would not have been visited other-

wise, in which the most perfect advance growth of Anjan was to be seen.

Patches varying from half to one and sometimes two acres in extent are

not infrequent in these areas. Plate G represents a typical patch of ad-

vance growth in the Punasa Reserve on crystalline sandstone, the soil

consisting of 8| inches of sandy loam.

These patches of advance growth, judging from the height of the in-

dividual plants, vary in age from a few years up to 20 or more. It
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cannot therefore be said that there has been no successful natural re-

generation, since reservation days, in these forests.

[ii) Factors affecting regeneration .—Such as it is the existing repro-

duction can, we believe, be explained in almost every instance by a for-

tunate combination of (1) suitable soil, (2) sufficient overhead shade, (3)

freedom from grazing.

Let us consider for a moment to what extent these three factors have

been at work in these forests. Taking suitability of soil, there is no

doubt that the sandstone, conglomerate and shale formations are con-

siderably more fissured than the trap formation, and offer more oppor-

tunities for the necessary downward development of the tap-root.

As regards overhead shade, these mixed forests are as a rule denser

than the pure forests, owing to the competition of other species, and to

comparative inaccessibility and lack of demand.

{Hi) Harmful effect of grazing .—We now come to the third factor,

grazing. Its importance cannot be over-estimated. It is not so much
grazing in itself as grazing at a particular period of the Anjan’s life, which

has done, and is still doing, so much harm. That period is clearly the

time occupied by the seedling in establishing itself, roughly an interval

of five years. This being the case, it is not difficult to explain why, in

these forests, we have regeneration in some places and not in others.

It is a fact that, owing to their extent, the grazing in these forests is

extremely irregular in intensity. Into some parts the cattle are brought

in large numbers, into others hardly a single animal ever comes, although

open to grazing. Even this state of affairs is not constant, and for one

reason or another, an area which was formerly heavily grazed over is

deserted, and a less frequented part becomes a popular grazing ground.

Now suppose a general seeding to occur all over the reserve. In the

ungrazed areas, at that particular time, the seeding finds its opportunity,

and other factors being favourable, it survives the critical period of its

existence and establishes itself. Not so in the grazed areas. Here the

protective covering of grass is being constantly kept down by grazing,

and
,
quite apart from the direct damage done by the cattle to the seed-

lings, they perish from want of the necessary protection against exces-

sive evaporation.

Once the seedlings have established themselves, the effect of grazing

is not of paramount importance. The young plants cannot, it is true,

grow up so long as grazing is permitted, but they do not die out, and will

exist indefinitely until such time as closure to grazing gives them the
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necessary chance of asserting themselves. To illustrate what has been

said, we will give two examples from the Punasa Reserve to show what
has occurred, and what is actually going on at the present time in these

forests.

Example 7.—In coupe 9 of the Chickdaria Pelling Series a large patch

of advance growth was observed in December 1906. The soil here con-

sists of a light sandy loam, and the underlying rock of alternate layers

of shale and sandstone, very much fissured, and easily disintegrating.

The advance growth varied, from bushes barely 2 feet high to saplings of

8 feet, which we estimated to be from 8-15 years of age. The existence

of this most perfect reproduction led us to search, on the same area,

for the seeding of 1905, but for the most part in vain.

On the other hand, in the adjoining coupe 30, the same seeding was

to be found in profusion, more especially where the grass was longest.

Now observe the reason.

Coupe 9 was at the time of the seeding open to grazing, whereas

coupe 30 was closed. As regards the existence of the advance growth,

the explanation is as follows :

—

Coupe 9 is situated in a very remotte part of the reserve. Until

the year 1895, that is to say, eleven years previously, there

was almost certainly no grazing in this area.

In 1895 a forest village was established here, and grazing commenced,

at first light, and then gradually more severe. The advance growth

which we now see, had, however, already established itself before the

grazing commenced, and once established, grazing has been unable to ex-

terminate it, although it shows evidence of constant browsing.

Example II .—In April 1907 coupe 2, Takli Pelling Series, was found

to contain a large number of Anjan saplings 5-8 feet high, which, judg-

ing from the annular rings on the stems, were net more than 18 inches

high in 1902.

At the same time they appeared to be of considerable age. Up to

the year 1902 this area had been open to grazing, but it was then felled

over, and consequently closed to grazing from that year. The inference

to be made is clear. The advance growth was already there, but heavy

grazing prevented its further development. Immediately the area was

closed to grazing, the plants shot up.

We might multiply these examples indefinitely, but the two will

suffice.
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This is the sort of thing that is going on now, and has been going on

for a long time in all these Anjan forests. It of course varies in degree in

different parts. In Berar, in the same type of forest, regeneration is, we

believe, more unsatisfactory than in Nimar. More serious denudation

of the forests in Berar, and more general and intensive grazing, may well

account for this result.

Note.— Since writing the foregoing, some fresh sylvicultural notes on Hardwickia
hinata have appeared in the June and July 1909 number of the Indian Forester.

The notes are hy ilr. L. S. Osmaston. It is gratifying to find that our own observa-

tions are borne out, in almost every particular, by this observer, more especrafly

with reference to the effect of a growth of grass on seedlings. His notes relating

to the coppicing power of Anjan, we have remarked on under their appropiiate

head. They compel us to somewhat modify our views on that part of the s ibject.

and will influence, to some extent, what we still have to say in the fcUowing

chapter on the subject of tending.

Ih—Tending.

(1) Tending during Early Youth.

From what has been said, it is evident that the Anjan requires con-

siderable attention during early youth. The seedlings, we have seen,

are peculiarly liable to damage. It will be convenient to deal with each

element of danger separately.

(a) Protection ayainst External Dangers.

(i) Drought and hot dry winds.—These are the deadliest enemies of

the Anjan seedling.

To prevent their ravages, as dense a crop as is consistent with the re-

generation of the forest should be retained, and grass and undergrowth

made use of as nurses, as much as possible.

(n) Grazing.—Graziiig should on no account be permittted unti.

the seedlings have thoroughly established themselves, which process will

take at least five years. Even then it should neither be continuous nor

intensive. It may, however, prove useful, for short intervals, in clearing

the young plants, which it must be remembered are partial light de-

manders, of any exceptionally thick growth of grass. It may be used as

a form of weeding, but must not be such as to imperil the further develop-

ment of the seedlings. Young growth, both seedling and coppice, is

highly favoured by cattle and deer. Heavily grazed Anjan has a peculiar,

tii.tk, Luchy appearance, of which an example is depicted, in Plate H,
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(m) Tl^eecZs.— Grass and weeds .are beneficial in the first stages of

seedling growth, and should not be cleared away. After the seedling has

become established and the leading shoot is about to assert itself, it may
probably assist the seedling if the surrounding growth is removed. This

may either be done artificially, or, as has been suggested above, by light

grazing.

[iv) Fire.—The young shoots are easily destroyed by fire, but in the

majority of cases a fresh shoot is thrown out from the root column. On
only one occasion have we seen seedling growth completely killed by a

fire. In this case the seedlings were from one to three feet in height, and

were surrounded by a dense growth of long grass. In all probability, the

fire was so fierce that the intense heat generated, penetrated below the

ground sufficiently to destroy the root column, and prevent recovery.

Special care should therefore be taken to adequately fire protect

seedling growth.

{v) Insects and fungi.—We have not come across any insect damage

to young plants. The mature timber, however, often suffers severely

from the attacks of a Longicorn beetle, which has recently been identi-

fied by Mr. E. P. Stebbing as Molesthes holosericca, Fabr. The matter

is of considerable interest, as the same insect appears to attack Sal in the

United Provinces.

The following is from Mr. Stebbing’s report on some specimens of the

larva and perfect insect, collected and forwarded to him by us

“ This beetle is the chief Longicorn beetle of the Sal in the United

Provinces Terai, and Oudh Sal belt, where it replaces the

Hoploceramhijx spinicornis sal pest of the Central Pro-

vinces and Assam.

“ This is the first report I have received of this insect infesting

Harduiclcia hinata. Also I do not find that it has been

previously reported as present in the Central Provinces.”

So far, the insect has only been found attacking stumps and felled

timber. The damage caused by it is often considerable. The larvae

attack not only the sapwood, but even the extrem.ely hard heartwood.

The attacks commence as a nrle at the beginning of the rains
;
con-

sequently any timber felled during the dry weather, and not removed

before the rainy season, is almost sure to suffer. Larvae, in different

stages of growth, and perfect insects, have been obtained between the

months of October and December.
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The remedial methods to be adopted would appear to be, (1) removal

of the timber from the felling area as soon as possible after felling, and

in any case before the next rains commence, (2) removal of the bark and

sapwood from the timber immediately after felling.

Nothing is known so far regarding the fungoid diseases of Anjan.

That fungi do infest the Anjan, is certain from the number of mature

trees which are found to be rotten and hollow inside when felled. We
have already referred to this fact in an earlier section.

The matter deserves careful attention, for much of our large-sized

timber is rendered valueless on this account. Eepeated damage to the

young plants by fire and grazing, as well as the “ dying back ” process

to which the seedlings are subject, are probably the main causes at work

assisting infection by fungi. Consequently, the best remedial measures

to be adopted, are those which have for their object the protection of the

seedling from damage, and the reduction of the “ dying back ” process

to a minimum.

(6) Preservation of a proper Density of the Crop.

A young crop of Anjan will seldom be found too dense, in spite of the

prolific nature of a general seeding. The struggle for existence is invari-

ably so acute, that the plants are thinned out naturally. Rather the

danger is that the crop may be too thin. The preservation of a judicious

mixture of other species is to be recommended, in order to maintain the

proper density of the crop.

(2) Tending after Early Youth.

(a) Thinnings.

It will seldom happen in the present state of our Anjan forests, and

for some time to come, that thinnings will be required. Rather must we
aim at preserving and increasing the existing stocking and density, in

order to provide the cover necessary for satisfactory regeneration.

The only areas where thinnings are likely to become necessary, in the

near future, are in some of the larger patches of advance growth, such as

are found in the Punasa Reserve already alluded to. Here the Anjan

tends to oust all other species, and form pure forest. It would be advis-

able, in such cases, to remove such Anjan as are interfering with the

natural development of other species, in order to maintain a judicious

mixture. Pure Anjan forest is not to bs recommended, even on the better

class soils.
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(3) Regeneration.

In deciding on the best method for regenerating our Anjan forests,

we must be guided by such considerations as soil, climate, external

dangers, and the sylvicultural habits of the species.

Planting we can rule out at once as quite unfeasible.

Direct sowing by itself is costly, and the necessary seed may not

be always available.

Generally speaking, we may say that conditions of soil, climate, and

cost, as well as past experience, point to artificial regeneration, by

itself at any rate, being out of place.

This brings us to the two chief methods of natural regeneration,

which will be dealt with separately.

(a) Natural Regeneration by Shoots.

We take this system first, as it is that which, so far as we are

aware, is at present in force throughout all our Anjan forests. In

theory the system in force is a combination of natural regeneration by

seed, with regeneration by stool shoots, known as coppice with standards,

but in practice we are almost wholly dependent on coppice regeneration,

since the demands of grazing, and the lack of sufficient cover, render it

imjrossible to make use of any but the smallest portion of a gregarious

seeding.

In view of the fact that recent observations have shown that the

coppicing power of Anjan is by no means so great as has generally been

supposed, the present system is not, to our mind, the best suited to the

sylvicultural requirements of the Anjan, and should either be entirely

given up, or, if other considerations render this impracticable, should be

so modified as to ensure the stability and continuance of our Anjan

forests.

{b) Natural Regeneration by Seed under Shelter-woods.

We have little doubt that this is the method most suited to the

sylvicultural requirements of Anjan. The precise manner in which the

regeneration may be effected, may vary according to the soil and locality,

but one of the following two methods will be found to suit most

cases :

—

(1) Group system.

(2) Selection system.

A few words on the merits of each system will not be out of place.
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(i) Group system .—This system is particularly suitable to the mixed
type of Anjan forest, on the better class soils such as sandstone, owing
to the prevalence of j^atches of “advance growth.”

The groups should be numerous and small to begin with, the neces-

sity of ample cover for the seedlings being duly borne in mind when en-

larging the groups.

(n) Selection system .—This system is more suitable on poor shallow

soil, as on the traji formation, and in the pure type of Anjan forest.

Also, where the crop is already very open, and the soil requires special

protection.

(c) Combination of natural regeneration by seed, and by shoots, with

artificial formation.

The first two methods necessitate complete control over all grazing,

throughout the areas where these methods are in force.

As such control is not always possible, it follows, that some other

system must be devised to take their place in such areas.

For this reason, and this alone, the above system is recommended.

In itself, we are convinced it does not do justice to the sylvicultural le-

quirements of the Anjan.

Its chief drawbacks are, (1) that it does not give sufficient shelter to

the young seedlings, (2) that the regenerative power of Anjan stools is

comparatively poor.

To overcome these drawbacks as far as possible, and prevent the for-

est d,eteriorating, it is absolutely necessary that natural regeneration by

seed should be supplemented by artificial formation, and this may be

best done by sowings. Under the system most commonly in force in the

Central Provinces these sowings would be carried out in coupes imme-

diately after they had been felled over, as such areas are then ensured to

closure from grazing for a period of ten years.

It is recommended that the sowings be made in patches, as in this

way better use can be made of the available cover, without which such

sowings are almost boixnd to result in failure.

The seed d.oes not require to be covered over, but the soil may with

advantage be wounded beforehand.

In addition, the proportion of standards to be retained must be the

maximum admissible, having regard to the proper development of the

coppice. The greater the number of standards, the more protection will

there be for the seedlings, and in conseqirgnce the greater their chance of

survival.
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Germination and Growth of Sandal Seedling^s.

By RAO SAHIB M. RAMA RAO,
Conservator of Forests, Travancore.

INTRODUCTION.

In the Nallamalai hill range of the Kurnool District, sandal occurs

naturally in small patches over a limited area south of the Krishna river

and about 0 miles north of the Mantralakanama road, extending on the

west to Pedda-Cheruvu and on the east to the Chinna-Arutla-Peddaehama
path passing Thummalabailu. That it should have confined itself to this

comparatively small area when there is anv amount of land to the east,

west and south of this locality apparently suitable for its growth on the

Nallamalais is rather curious. Could it be that the introduction of the

tree was compai’atively recent and that it has spread from the few old

trees which are growing in the famous Sreesailum Temple enclosure ?

This conjecture is not improbable, for the existence of sandal on this

plateau was first brought to official notice in 1864 by the late Mr. Sheffield,

who then found no trees over 4 inches in diameter. When the writer

inspected this sandal area in Pebruarv 1907, he found no ti’ees exceeding

I inches in diameter. An investigation into the origin of sandal here

would be interesting and perhaps not altogether unprofitable. Sandal is

also found in some of the gardens at Cumbum, in a few private compounds
at Kurnool and up the canal from the latter place as far as its junction

with the Tungabhadra river at Siinlcesula. It is said to occur also on the

\ erramalai plateau between Betamcherla and !Malkapuram, and at and
around Rangapuram, along a nulla near TTyyalavada village of Cumbuiti
Taluk, and also near a village about .5 miles west of Nandikotkur town.

2. With a view to introduce this most valuable species into the central

Nallamalais where it is believed that natural conditions favourable
to its growth exist, some experiments on a small scale were undertaken to

study the best method of propagating it. The following is a brief record

of the results of these experiments.

B
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PART I.

Nursery Experiments.

Experiment Eo. 1 at Dipuvametta.

3. Ill October 190.j, a small qiiautity of seed was obtained from the

Bellary District. The seed was old and had been collected probably a

year previously. One bed in the nursery was sown with sandal seed on

the ’Zlth Nov^ember 1905, and it was watered regularly. On the same
date, some seed was dibbled in amidst bushes on the banks of the Sagileru

and along the western fence of the teak plantation but these were not

watered. Neither in the nursery nor in the dibbled area did any seed

germinate for two months. The sowings proved a failure, due most

probably to the age of the seed, as in other respects every care and

attention were bestowed on the experiment.

Experiment No. 2 at Kurnool.

4. On the 2nd January 1906, a small nursery bed was prepared after

digging the soil to a depth of 1 ^ feet to ensure freedom from roots of

other plants in the compound of my bungalow at Kurnool. It was sown

with sandal seed collected under a few sandal trees growing on the canal

bank and also a few ripe fruit picked off the trees that morning. The
bed was regularly watered once a day. Two seeds germinated on 2nd

February, 2 more on the 9th, 2 on the 15th, 1 on the 20th and 3 on the

23rd idem; and some were still germinating. On the 28th idem 6 of the

seedlings measured 2j to 3^ inches in height and had 3 pairs of leaves

omitting the cotyledons.

In the middle of March 1906, the bed was divided into two by a

small bund and in one of them peppermint (Mentha piperita) was planted

between the sandal seedlings while the other was left untouched. In

June the roots of the sandal seedlings were found to havm formed root

attachments with the peppermint plant in the one bed while in the other

they were unattached and their leaves looked paler than those of the

former bed. Gradually the purely grown seedlings became paler and

sicklier and all of them died off before the end of December 1906. An
examination of their roots showed that rootlets and root-fibres were scanty,

ill-developed and unhealthy and the ends of the tap-roots were dead in

most cases. Among the seedlings associated with the peppermint plant,
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only 4 seedlings were healthy and vigorous and the rest stunted and
sickly : the mint plant gradually died out and only the 4 sandal seedlings

survived. Of these one close by which a cotton (Gossypiuni arboreum)

plant was vigorously growing showed a rapid growth and measured 33

inches in height early in January 1907 ;
two of the others remained small

measuring H feet and 9 inches in height while the 4th plant died out.

On gently removing the earth round the roots of the best grown plant it

was found that it had formed numerous root-connections with the cotton

plant. It measured 5 '2 inches in height at end of August 1907. A
number of sandal seedlings were growing close to a plantain tree, but I

could discover no root-connections between them and the latter : eventually

they died off.

In the course of this experiment it was observed that a number of

seedlings had been damaged by squirrels, rats and insects, and their stems

broken off about an inch above ground in INlarch 190C. The ends of

these stumps tliickened gradually and adventitious shoots were formed

in some cases, while in others the seedlings died. This fact was observed

in other exjieriments also.

Experiment No. 3 at Diguvametta.

5. On the 25th January 190G, a nursery bed was sown with sandal

seed collected at Kurnool at the beainning' of the month, and watered

daily. The first germinations were noticed on the 14th March and on

the 22nd idem there were 100 seedlings, and on the 12th April 135

seedlings. About the third week of June, the seedlings were somewhat

paler than in April, and this was probably due to the pulling up of the

weeds that had come up in the bed, by the gardener, who was ignorant

of the root-parasitic habit of sandalwood.

Some of the seedlings were damaged by insects and vermin when they

were hardly two months old. A few of the damaged seedlings sent out

lateral shoots and survived the damage while the others succumbed.

Taking advantage of a light shower of rain that fell on the 24th June,

all the seedlings, of which there were 218, were removed from the

nursery with balls of earth on the 25th idem and planted out amidst and

close to bushes of other species with a few seeds of Margosa {Melia

Azadiraclita) and Dirsannm {Alhizzia Lelhek) so that the roots of sandal

might attach themselves to the roots of these species when they germinated.

The transplants were regularly watered. On the 3rd of August 1906

B 2
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there were only 159 plants alive, and on the 25th idem only 141 alive and
these pale and sickly : on 29th September the number had dwindled to

101, and the seedlings looked very unhealthy. In the latter part of

October there were 33 transplants alive, and on 21st November only 12.

In most cases the seedlings of Margosa and Dirsanam also died. On
examining the roots of some sandal transplants I found them unhealthy

with very few secondary roots and rootlets and no attachments to

roots of other plants. On the 9th January 1907 only 2 transplants were

alive and these in a dying condition. Subsequently these too died.

The experiment thus ended in failure, not even a single sandal seedling

having been established out of the 218 transplanted.

Experiment JSo. 4 at Diguvamelta.

6. In the second week of April 1906, 705 bamboo tubes 2 to 3 "
in

diameter and 10 " long with 4 or 5 holes bored in the septum at the

bottom node of each to allow surplus water to escape, and 536 pot tiles

were arranged honeycomb-wise in the nursery as shown in the illustra-

tion Plate X and filled with friable loamy soil up to an inch below

the top, the soil being pressed down firmly : water was poured into each

to further consolidate the soil. To keep the honeycomb in position, earth

was put round them up to the top. In each of the tubes or tile-cylinders,

3 sandal seed and 2 of Kanuga [Vongamia glabra), Neeroddi {Dolichan-

drone crispa), Odesa {Cleistanthus collimis), Vepa [Melia Azadirachta),

Dirsanam [Albizzia Lehhek), Chennangi [Lagerstroemia parviflora),

Teak, or Tamarind were put in and watered daily and regularly. None

of the sandal seed germinated and only a few Neeroddi, Dirsanam and

Odesa sprouted up. On the 23rd June, when the sandal seed was exami-

ned it was found to have rotted in every case. I believe the failure of

this experiment was due to the stagnation of water in the tiles and

tubes the soil in which had become too hard to allow the surplus water to

run through, and to insufficient aeration due to the interstices between

and round the tiles and tubes having been filled in with earth.

7. On the 23rd June 1906 all the tiles and bamboo tubes were pulled

up and after cutting off the nodes of the tubes and splitting each of

them into two, they were re-arranged into honeycombs and held in

position by bamboos horizontally laid between forked uprights fixed in

the ground at the corners of each honeycomb. The tubes and tile-

cvlinders were lightly filled in with good fresh soil and sown with
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Kurnool sandal seed collected in the preceding January and seeds of

one of the other species as was done at first in the ju’evious April.

Round the honeycombs earth was loosely banked up about 2
" high but

the interstices between the tubes or tile-cylinders were left unfilled to

facilitate free circulation of air and escape of surplus water. One thousand

one-hundred and forty-three bamboo tubes aud 405 tile-cylinders were

used in this experiment. The honeycombs were watered daily.

- The Dirsanam seed commenced germinating on the 28th of June 1906,

next Kanuga on the 3rd of July and Teak on the 6th of July : only a few

tamarind and Odesa seeds germinated later. The first germination of

sandal seed was observed on the 19th of July 1906. On the 29th of

September there were 82 sandal seedlings in the tile-cylinders and 95 in

the bamboo tubes. There were no germinations in the rest of the bamboo

tubes and tile-cylinders. Failures were greater in the former than in the

latter, probably due to the narrowness of space in them. The sandal seed-

lings associated with Kanuga were the best and largest, next came those

associated with Dirsanam, next those associated with Odesa and last those

with Teak. A number of tile-cylinders and bamboo tubes contained

pure sandal seedlings, the seeds of the host plants either not having

germinated at all or having died out soon after sprouting.

In the middle of March 1907, some of the best grown seedlings were

measured with the following results :

—

Sandal with Kanuga. Sandal with Odesa. Pure sandal.

high. high. high.

1 Sandal seedling . . .
22" 1 Sandal . . 17" 1 seedling .

7"

1 „ „ ... 21" 1 „ . .
13" 1 „

5"

1 ... 17" 1 „ . . 10"

In above cases host plants

stunted and sickly.

high.

1 Sandal ... 8"

1 „ ... 7"

1 „ ... 6"

In these cases host

plants pretty healthy and
vigorous.

both
unlieathy and pale.

All pure sandal
seedlings were pale

,
and unhealthy and
leaves much smaller
than those grown
with hosts.

For some reason which could not be ascertained, almost all the Dir-

sanam hosts sickened and died. Only in a few cases Teak seedling'sO
survived but were unhealthy. The tiles and tubes containing teak with
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sandal seedlings were transplanted in March 1907 in the Teak planta-

tion of 1906, and a few of them were thriving well in August 1907.

In the latter part of June 1907 the three sandal seedlings grown with

Kanuga were measured again, and the first 2 plants were found to be

43'' and 42" high respectively, and the third plant, having lost its origi-

nal leading shoot, had produced two side-shoots measuring 22" and 21."

At the end of March 1907, most of the sandal seedlings with their

hosts grown in tile-cylinders and bamboo tubes were lifted with their re-

ceptacles and planted out in vacant beds of the 1906 Teak plantation,

and were regularly watered till the south-west monsoon set in. Some

of them died, there remaining only 23 seedlings in the middle of August

1907. All the purely grown sandal seedlings, whether left in the nursery

or planted out, died without exception, their root-ends having decayed.

The transplanted seedlings were measured on the 16th August 1907,

and the following results were recorded :

—

Sandal with Kanuga,
Sandal with Kanuga

and teak.

Sandal with Kanuga
and Odesa.

Sandal with
Odesa.

high hiijh, high. high.

1 seedling 51|" 1 seedling 23|" 1 seedling 3H'' 1 seedling zV
1 37 1 » 20" 1 » 8" 1 „ 10"

1 „ 24" 1 16"

1 21" 2 „ 10"

1 „ 19"

1 » 18"

1 » 15" In these cases Kanuga was planted some
2 „ 14" time after transplanting the sandal as the

1 13" latter showed signs of withering, probably

4 between t)4" & 5" owing to the sickly condition of their origi-

nal ho.sts

All the sandal seedlings appeared healthy and vigorous on the 15th

August 1907 and were doubtless well established.

8. Some of the seedlings with their hosts were taken up and carefully

washed at the end of October 1906, they were found to have established

root-connections with the hosts. In all cases in which sandal seedlings

were vigorous, the haustoria were somewhat larger, more numerous

and healthy : thin and long thread-like rootlets were more numerous and

largely developed in the young sandal with their ends slightly thicker,

reddish-brown and pointed— a characteristic which enables us to distin-

guish the sandal rootlets from those of its hosts in many cases ; whereas

in cases in which the sandal seedlings were stunted unhealthy and
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withering, the haustorm were smaller and less numerous, and secondary

and tertiary rootlets were fewer and shorter.

It may not be out of place to mention that in numerous cases of

young thread-like rootlets of sandal seedlings and of their hosts the haus-

toria were found developed on the sandal rootlets themselves even when

actual attachments had occurred, instead of on the hosts rootlets as

generallv occurs in more developed and thicker rootlets : in some instan-

ces, thin rootlets of host plants were found trailing along those of the

sandal and firmly fixed to them at some points without any visible

haustoria being formed at such points, while in others the sandal rootlets

trailed along those of the hosts.

E^jterimenl j\o. 5 at Diguvametta.

9. On the 19th July 190G, two dealwood boxes A and B were di-

vided into two equal compartments by fixing a plank vertically in the mid-

dle. In box A, one compartment was filled with sand and the other with

loamy friable soil from the nursery. In the former 18d sandal seeds and

In the latter 130 were sown. In box B one compartment was filled

witti sand and the other with loamy soil : the former was sown with 200

sandal seeds and 200 Dirsanam {Alhizzia Lebbek) seeds, and the latter

with 200 sandal and 200 Kanuga seeds [Pougamia glabra).

In both the boxes and in all the compartments germination of sandal

was observed on the 16th of August. On the 29th of September, there

were sandal seedlings in the sand and .8 seedlings in the soil compart-

ments of box A
;
in box B, there were 30 sandal seedlings in the compart-

ment sown with Kamiga and 36 sandal seedlings in the other. The

Kannga and Dirsanam seedlings which had also germinated were not

counted. The sandal seedlings in all the compartments were alike in

their vigour and appearance in September 1906.

On the 16th of March of the following year the heights of the

seedlings were measured and the following notes recorded :
—

Bos A.

—

Pure sand.

Average height of 20
seedlings was 6".

Plants faii'ly healthy. Leaves light green and
small.

Pure loam. Average height of 8
seedlings 7".

Not quite so healthy. Leaves slightly blanch-

ed and pale-green,

small and narrow

Bos B.

—

Average of 8 big san- All healthy escept Leaves dark-green and

Sandal and
Kanuga.

dal seedlings 1

5"

and a large number
12" high.

those sujipressed by
host plants.

larger.

Sandal and Average of 14 big All healthy except Leaves dark -green but

Dirsanam. seedlings 8" and
of a number 5."

those suppressed by
host plants.

somewhat smaller.
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The host plants in both compartments were healthy along the outer

margin and measured up to 16" high
;
but in the interior, they were

stunted and small-leaved and measured less than 1" high.

On the 20th of June the sandal seedlings in all the compartments

were again measured with the following results :
—

Box A. —
Pure sand

There were 18 seed-

lings of which 9

de^ ; tallest plant

was 7 " and small-

est 4" high.

All plants unhealthy
and dying.

Leaves had dropped off

except the topmost
pair or two and these

A'ery narrow and yel-

lowish and withering.

Pure loamy
soil.

There were 13 seed-

lings of which 5

dead: height varied
9'' to 3|".

All plants unhealthy
and dying except

those growing close

to weeds which had
spontaneously come
up in the box.

Leaves had dropped off

except of plants near

weeds which were pale-

green and lai'ger.

Box B.

—

Sandal with

Kanuga.

There were 29 sandal

and 9 7T<»«Hya seed-

lings. 11 sandal and

6 Kanuga were do-

minated or suppress-

ed by others.

Tallest sandal 33"

and smallest 15"

high.

Leaves large and dark-

green : plants branch-

ed from axils above

their middle, except

dominated ones whose
leaves were smaller

and yellowish and no
axillaiy branches.

Box B. —
Sandal with

Dirsanam.

There were 37 seed-

lings (of which only

one dead) and 25

Dirsanam plants.

12 sandal plants

were dominant and
rest dominated or

suppressed by the_

host plants.

Tallest sandal 19"

and smallest 7"

high.

Leaves large, healthy

and green in dominant
seedlings ; small and
pale in dominated ones

:

no axillary branches

on any of the seed-

lings.

The surviving seedlings in box A were irretrievably decayed and were

therefore removed after carefully washing out all soil round their roots

and then dried and preserved as specimens. Those in box B were sent to

Waltaii’ with the box itself intact for transplanting in the forest garden

of the Conservator's Bungalow. They were reported to be thriving well

about a fortnight after transplantation, but afterwards died from the

7nalu foolishly digging about their roots.

The process of germination.

lU. In all the above expeiiments the soil was well triturated and

levelled in the nursery beds, tile-cylinders and bamboo tubes, and the
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seeds of sandal and of host plant^ were sown and covered with a thin

layer of soil in no case exceeding the thickness of the sandal seed.

They were watered daily exceptinrainy weather when there was suOScient

moisture. To drain off surplus watei-j a small trench was dug on the

lower side of the nursery bed.

The earliest germination of sandal in one case was on the 27th day,

in another on the 29th day, in the third case on the 31st day and in a

fourth case on the 49th day after sowing. The observation in the last

case was recorded by a Ranger, and the accuracy of his observation appears

doubtful as it differs so enormously from the periods of germination in the

other three cases. For practical purposes we may assume one month as

the earliest period for sandal seed to germinate. I have observed germi-

nation to continue even up to the end of the third month after sowing.

Some days after sowing, the seed swells a little and the radicle deve-

lops first and the seed-shell cracks near the radicle, thus allowing the

latter to push forward and enter the soil downwards : then the hypocotyl

develops and forms a loop which becomes thicker and longer and rises

above the ground : meanwhile, the radicle grows rapidly downwards and

becomes firmly fixed in the soil. Then the loop unbends and the hypo-

cotyl becomes erect, crowned at its top by the seed-shell : the cotyledons

also develop rapidly, though still covered by the seed-shell : the plumule

pushes itself up vertically between the cotyledons and out of the seed-

shell which still continues to envelope the cotyledons whose petioles have

also emerged out of the seed-shell. When the cotyledons develop and

expand to their full size,’the seed-shell drops off naturally. But very

often insects attack the cotyledons before they are fully developed and

nip them off leaving their remains on the young stem for a considerable

period. In a young germinating seedling the taproot (radicle) which had

not yet developed any lateral rootlets, measured 1 long while

the hypocotyl along the curve of the loop was only up to the base

of the cotyledons. The length of the cotyledons was
3^", while

the plumule w'as only mere elongated speck. The cotyledons

were yellow at their apex and green at their base. When the loop

unbends and stands erect the well-known “ raddish-like
”
appearance

of the hypocotyl becomes distinct. Specimens illustrating these points

have been drawn ; from an examination of them it will be seen that the

plumule has emerged out of the seed-shell, while the upper portion of the

cotyledons remains still enclosed in it. See Plate II.
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A few seedlings raised from seed sown pure on the 2nd of January

1906 at Kurnool were measured on the 'JSth of February and the results

are recorded below :

—

Xumbcr of

seedling.
Date of germination.

Length of

seedlings up
to tip.

Xo. of pahs
of leaves.

Remabks.

1 2nd February If06 2t'' 3 3 leaves at each of

the first 2 nodes

and 2 leaves at the

3rd node.

2 » w
3 9th February If 06 2|" 3 1

1

4 if
Vi"

1

3 1 Only 2 leaves at each

node.

5 15th February 1! 06 91" 3 1

1

6 a 9 7''

3J

N.B.— The terminal bud and cotyledonaiy leaves were not reckoned in counting

paus of leaves.

After this stage the height- growth was not measured till January

1907 when there were only 3 seedlings surviving, and they measured 33,"

8" and 9" respectively. Jirdging from the results of the foregoiirg experi-

ments, it appears that the rate of height-growth is largely dependent

upon the species of host plants associated with the sandal seedlings,

apart of course from the innate vigour of the latter themselves derived

from the reserve material in the seed.

11. Explanation of the accompanying plates.

Plate 1.—Specimens of sandal seedlings picked up under a sandal

tree in Denkanikotta Forest Office compound. Seedlings grown natur-

allv from seed shed by the parent tree.

Fig. 1. —

a

germinating young loop of sandal seedling with

radicle and hypocotyl partly developed :
plumule

and cotyledons still enclosed in the seed cover :

end of radicle broken.

a a side rootlet just forming with a reddish-

brown and pointed end.
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Fig. 2—A young seedling with loop just becoming erect and

taproot much longer and better developed.

aaa secondary rootlets just forming with the

charaiteristic reddish-brown tips— a pebble

was attached to the rootlet on the right side

of the lowest a, hut it dropped off on mov-

ing with a pin.

li a haustorium.

The cotyledons and plumule which had been still

enclosed in the seed-shell drojiped off.

Fig. 3—A seedling about 2 months old.

Secondary roots and rootlets are well formed.

c remains of the petioles of cotyledons.

lihli haustoria.

Plate II.— Specimens of germinating sandal seedlings picked up

at Denkanikotta along with those in Plate I.

Figs. 1 and 2—Illustrate emergence of the growing point

(plumule) from the seed-cover, while the latter

still encloses the cotyledonary leaves whose
petioles have partly emerged out of it. Note the

3 cotyledons in specimen No. 2— not an un-

common occurrence in sandal.

Fig. 3— Shows the stage at which the seed-cover has just

dropped off. In all the specimens cc indi-

cate the cotyledons and jjjjp the plumule
(growing terminal bud).

Plate III.—Specimens of 4 sandal seedlings grown pure (unmixed

with other species), in the nursery at Diguvametta between June 1 W06
and June 1907. All the seedlings illustrate scanty development of

roots and rootlets, and stunted aud unhealthy growth of leaves, and
hence early decay resulting in their gradual inanition and death is

indicated. Examination with a lens shows a few attachments to

foreign rootlets Jr. of weeds and minute haustoria formed on the

sandal roots themselves h.

Plate IF. — Specimens of 2 sandal seedlings A and C 4 months
and 4 days old, and of a weed

(
B) which was growing with one of

them {A) : these illustrate the abundant development of fine thread-

like roots and rootlets from the sandal roots and their pointed
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reddish-brown ends which appear characteristic of sandal. An exam-

ination with a lens shows numerous haustoria [hh) on the sandal rootlets

themselves, and their actual attachments to roots of the weed at [f)
and {g) ;

the former (sandal rootlets) can be distinguished from those

of the weed by their brighter white-brown colour and reddish-brown

tips
;
(d) and (e) are fine sandal rootlets of seedling A detached during ex-

amination
;
/)•—foreign roots

;
(c) remains of the petioles of cotyledons.

Plate V.—Specimens of sandal and Kanuga [Pongamia glalra)

seedlings grown together in tile-cylinders, A, B and C being sandal

seedlings, and D and E Kanuga seedlings
;
seeds sown on the 25th of

June 1906, and seedlings taken out on the 29th of October 1906.

Examination of the network of sandal and Kanuga rootlets wuth a lens

will reveal numerous haustoria [hh) and attachments between the rootlets

of both species. Note the vigorous and healthy growth of the sandal seed-

ling B compared with those in Plate IV and suppression and consequent

stunted growth of the seedling C : the tap-roots of Kanuga have also

been attacked by the sandal rootlets and haustoria are formed on them.

The secondary and tertiary roots of Ranuga are not as abundant as those

of the same species grown in nursery beds, probably owing to the limited

space in tile-cylinders in which these specimens were raised.

Plate FI.—Specimens of sandal and Dirasanarn [Alhizzia Lebbek)

seedlings grown in tile-cylinders
;
seeds sown on the 25th of June 1906,

and seedlings taken out on the 29th of October 1906. Root-connections

between the 2 species and the numerous haustoria [hh) are found in both

sets of the specimens. The height-growth of the sandal seedlings is much

less than that of the seedling B in Plate V, and the root development

of the host plant is not so abundant as that of Kanuga : this may partly

account for the comparatively slow development of the sandal seedlings.

Plate FI I.—Specimens of sandal [A) and Odesa [B) & (C) [Cleistan-

thus colUnus) seedlings grown together in tile-cylinders : seeds sown on

the 25th of June 1906, and seedlings taken out on the 29th of October.

Root-attachments between both, and haustoria yhhh) of sandal are found

not only in the networK of rootlets but also on the tap-root of the Odesa

plant close to the sandal seedling ; note the stouter secondary and tertiary

rootlets of Odesa plants and the larger size of the sandal seedling and

its leaves than in the case of other host plants.

Plate Fill.—Specimens of sandal (A) & (B) and teak (C) & (B) seed-

lings grown together in tile-cylinders : seeds sown and seedlings taken
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out on the same dates as those in the above plates. Careful examination

with a lens of the network of rootlets shows some root-attachments

between the '2 species, but they are not so numerous as in the other cases ;

one of the teak seedlings sickened and was withering when removed

from the tiles pots. The sandal seedlings in both specimens were healthy

though not quite so vigorous and rapid in growth as those grown with

Kanuga or Odesa. s. h.—Sear of Haustorium.

Plate IX.—Specimens of 2 sandal seedlings growing together pure

in one tile-cylinder. Their roots have mutually attacked each other and

formed connections at several points starting from a of the seedling on

the right-hand side. Note the scanty and short development of the

secondary and tertiary rootlets as well as the shortness of the tap-roots

of both seedlings compared with those grown with other species of plants

(Plates IV to VIII).

Plate X.—A diagram of the tile-cylinders arranged honeycomb-wise.

12. Sumwary of the results gathered from the foregoing experiments.

1 . Sandal seed appears to lose its vitality in about a year and

apparently does not germinate after this period. (This point requires

further investigation and confirmation as it is based on only one experi-

ment.)

2. It generally germinates in about a month after sowing and

germination may continue up to 3 months and even later.

3. The seed-bed should be well drained as otherwise stagnant water

will cause the seed to rot more easily than in manv other species.

4. The young seedling is nourished and developed almost solely by
the reserve material in the seed in its early stage : the reserve material

is transferred quickly to the hypocotyl from the cotyledons, which,

however, persist for a long time (0 months or more) on the young stem,

unless destroyed by vermin as often hajrpens.

5. Sandal seedlings aie incapable of growing beyond a year at the

most unless nourished by root-attachments to roots of other plants

without which they turn pale, wither and die out within a year of

germination.

6. Young seedlings establish root-attachments with other plants at a

very early age - when less than even 2 months old. (Examination of the

roots of a number of young sairdal seedlings with a strong lens showed
that root-hairs aird root-fibres which are the chief organs of absorption
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of nourishment from the soil were much fewer and less developed than in

the seedlings of non-parasitic plants.)

7. In sandal seedlings grown pure side-roots (secondary and tertiary)

are small, poorly developed and scanty, and root-ends decay and die

down, whereas in seedlings growing with other species they are more

abundant, longer and healthier.

8. Seedlings grown pure do not thrive when transplanted even with

halls of earth in which they grow in the nursery and even when they are

planted close to the seedlings of other species. (This inference is

based upon the results of only one experiment and therefore requires

further investigation.) This may probably be due to the inability of

sandal roots to reach and attach themselves to the roots of the host

plants, owing to the scanty development of their root system.

9. Sandal seedlings raised with seedlings of other species, the seeds be-

ing mixed at the time of sowing are more successful, healthy and vigorous.

10. Although the sandal plant may attack roots of almost any plant,

it shows a decided preference for some species, in whose company it

grows best
;
for example, in the above experiments, Pongamia glabra and

cotton plants {Gossgpium arhoreum) have been found to be the best;

next Alhizzia Lehheh j next CleistaoitJnis collinus and so on.

11. For transplanting purposes the best method of raising sandal

seedlings in a nursery is to sow the seed with that of the host in tile-

cylinders above the ground and to remove and plant out the whole

cylinder, thereby causing the least disturbance and damage to the roots

and their attachments : basket-cylinders may prove as good as tile-

cylinders but they are liable to destruction by white-ants or by rotting.

12. The tile-cylinders may he transplanted when the sandal seedlings

are 4" to 6" high : bigger plants up to 2' high have been transplanted

successfully, but their roots are liable to injury when lifting in the

nursery, especially when they have attached themselves to foreign roots

at the bottom of tile-cylinders as usually happens.

13. The transplants require to he watered gently but copiously until

they are well established.

14. If the host plants show signs of exhaustion or decay, other vigor-

ous hosts should be planted at once close to the sandal seedlings without

disturbing and damaging their roots.

15. Transplanting close to or amidst suitable host plants already

existing on the site would be conducive to quicker and more vigorous

growth of the sandal.
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PART 11.

Experime7its on in-situ soivings of Sa'adnl.

13. A bag of fresh sandal seed was kindly supplied by the District

Forest Officer of North Salem. This was sown mixed with seeds of

iJirsanavi, Vena and Kaniiga in several places in the Railway Working

Circle and at the Chenchu centres at !Maddipenta, Chinna-Mantrala and

Pedda-Mantrala. The mode of sowing was this. A number of women

each carrying a small quantity of the mixed seeds and a blunt pointed

stick made shallow holes with the stick under bushes and dropped in each

hole a sandal seed with seeds of host ])lants a few inches apart in each

patch. Thus at every spot or patch 2 sandal^ and 2 I'epa or 2 Eirs^mafn

or 2 Kanuga seeds were sown and lightly covered over. The sowings

were done in July and August 1906 on or immediately after rainy days.

The bushes under which the sowings were made consisted of such species

as are generally found in the natural hahitat of sandal, viz., Zizynhus,

Jlandius, if'ehera, Limonia, Toddnliay Murraya, Acacias, Ptei olohium,

Alhizzias, Pongamia, Melia, Bamboos, etc.

1-i. The following are the localities at which the sandal sowings

were made in 1906 :

—

Pailway Working Circle.

Locality. Date of sowing.
Quantity of mixed

seed sown.

(1) Di^uvametta—Along the Sagileru

river on both hanks from Eailway
bridge up to first crossing of the

old road to Malakondapenta.

Latter part of

June and July
1906.

61 seers of .sandal and 61
seers of Fepa and Dir-
sanam mixed.

(2) Diguvamatta—Amidst bushes in

horse-gram area noith of 1905
Plantation.

July 1906

(3) Tungapenta— Along the Digutisela

stream for 1| miles.
>9 • 6| seers of mixed seed.

(4) Tungapenta—Along the Dadigun-
dalu stream for about miles.

9) • ^2 1)

(5) Chelama—Near Dongabhavi 30th June 1906. J seer sandal with 1|
seers of Vepa, Dirsa-
nam and CJiinduga {Al-
htzzio Odoratissima).
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Railway IForJcing Circle—conttl.

Locality. Date of sowing.
Quantity of mixed

seed sown.

(6) Chelama—On llampakothakosina

Konda noith-west of rest-house.

July 1906 4| seers of mixed seed.

(7) North of the Chelama new tank 10^

(8) Bhireni -On Mondikatta > 3

(9) Palerdam—West of Railway guide

line between Chelama and Paler-

dam.

•9 • 2

(10) Palerdam— On Muduguddalavagu . 99 3

Cumhum Range.

(11) Maddipenta—Korth of the first

year’s plantation and East of

Chinna-Mantrala road. >

Markapur Range.

(12) Chinna-Mantrala—Near Camping
ground.

(13) Along Kortikanama path, in

patches at three places west of

Camping ground.

(14) Pedda-Mantrala—West of the Plan-

tation of 1905 amidst bamboo
bushes.

15. The sowings along the Sagileru and in the horse-gram area near

Diguvametta were the most successful, because the operations were

conducted under the frequent personal supervision of the District Forest

Officer and of two Rangers (Rahimtulla and Chengappa)
; the sowings

elsewhere in the Railway Circle were entrusted to Foresters and Deputy

Rangers under the supervision of Ranger Chengappa who did not pay as

much personal attention to them as he should have done. The sowings

in the other Ranges were conducted by the Deputy Rangers in charge

of the Chenchu Gudem. works, under the supervision of Extra Assistant

Conservator IVIr. G. W. Thompson. Germinations of sandal along the

Sagileru and iq the horse-gram area were first observed in the second
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week of August 1906. On the 29th September there were 212 sandal

seedlings along the Sagileru and 30 seedlings under bushes in the horse-

gram area as reported by Ranger Chengappa. They were all healthy

and vigorous. In the third week of June 1907, I inspected this area

and made a partial counting of seedlings here and there and found 150

sandal plants all healthy and vigorous and some of them more than 1

foot high. I then recorded the following remarks in my diary for the

week ending 22nd June:— “Considering that the sowings were not

watered at all and that we have done nothing more for them than pro-

tecting them from fire and cattle, I think the results very satisfactory

and encouraging. These seedlings may be taken as established as they

have survived one hot weather : even if damaged by deer and other

wild animals, they are not likely to disappear hereafter, provided they

escape fire.

On 16th August 1907 Ranger Rahimtulla measured 20 seedlings at

random with the following result :
—

1 Sandal seedling

2 „

2 „

1

4

1

1

These seedlings do not compare unfavourably in their height-growth

with those of the same age raised in the nursery with their hosts in

tile-cylinders, excepting 2 or 3 sandal seedlings grown with Kanuga
and which had a marvellously rapid height-growth—vide the results of

experiment No. 4 described under Part I. In their vigour and general

appearance of health these in-situ-sown seedlings were quite equal to and
in some cases better than nursery-raised seedlings—notwithstanding the

regular watering and constant attention these latter received, while the

former received no watering during the hot weather and no more atten-

tion than protection from fire and cattle.

c

24" high.

23" „
16"

lo" „

11" »

13" „

12 " „

10" „

9 " „

>•

7" „

4" „
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The sown area was frequently grazed over by large herds of deer espe-

cially at night in spite of its having been fenced with thorns, and a large

number of seedlings were damaged or destroyed. Notwithstanding this

damage, the number of plants now surviving must be very much larger

than what the subordinates have counted, as it is improbable that they

noticed all the sandal seedlings amidst the dense growth of rank vege-

tation along the Sagileru.

16. Information available regarding the results of the sandal sowings

in the other localities is meagre and incomplete, and the following brief

remarks are based on what I saw when I last inspected some of the

localities.

Chelama.—Dongahhavi sandal sowings.

On 1st September 1906 there were 14 sandal seedlings with an

average height of about 4"
: overgrown with grass and weeds which

were subsequently cut and removed : the area had not been properly

protected, it was therefore fenced later on.

Sowings North of the Chelama Tank.—'Inspected on 1st September

1906, and found a few sandal seedlings. Somng was done in cleared

patches which was a mistake. Some of the seedlings healthy : they were

of the same average height as those at Dongabhavl. As the area was

unprotected, orders were issued to fence it with thorns to keep out cattle

and wild animals.

Sowing near Tunga.penta.—Inspected on 28th October 1906 : a number

of sandal seedlings were found east of Tungapenta sheds on the right

bank of the stream and in another patch south of the Railway line and

west of the station buildings : the seedlings were healthy and some of

them were about 5" high. Forester was ordered to fence them.

Sowing near Maddipenta.—Ins^eciQA. on 2nd August 1907 and could

trace out only 2 sandal seedlings which were not healthy ; the area selec-

ted was unsuitable owing to heavy cover of bamboos and tree-growth

overhead and a dense covering of leaves on the ground, causing heavy

drip from above and damp below with insufficient admission of light

:

there were few or no young plants of species suitable as hosts for the

sandal on the ground. A number of seedlings germinated but all of

them died off ovdng to damp and drip, only the 2 seedlings surviving.

Sowing near Chinna-Mantrala.—Inspected on 5th August 1907, and

found 4 sandal seedlings on the west side of the Camping-ground on the
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bank of the nulla : they were healthy and vigorous and above 6" high,

the patches had been fenced : a large number of seedlings had germinated

but died in the hot weather for want of water, there being no water any-

where within 2 miles of the Chenchu (judem.

On the Kortikanama path, about a mile west of the Chenchu gudein

I found G sandal seedlings in the patch sown in 190G. Four of the seed-

lings were healthy and the other two somewhat sickly. These also had

been fenced in with bamboos.

Sandal near Pedda-Mantrala.—Inspected on 8th xVugust 1907 : the

area sown with sandal in 1906 is to the west of the plantation of 1907

and the dibbled area of 1906 : the sandal was sown in a low bamboo area

on both sides of a small nalla that runs into the Pedda-Mantrala tank.

I found only 6 sandal seedlings all healthy and vigorous. One of the

plants was 2 feet high and had branched, the rest were about a foot high.

They had not been properly fenced and a fence was therefore ordered to

be put up at once. Here, too, there were not many bushes of species

suitable as hosts for sandal, probably owing to the heavy cover of the

somewhat low bamboo clumps. In this locality also a large number

of seedlings died, probably owing to damp and drip during the rains

and the heat of the succeeding hot weather. The locality appears better

suited for sandal than Maddipenta, provided the heavy bamboo cover is

partially opened out and Kanuga and Birsanam are introduced as hosts.

17. The sowings at the last three places would have proved more

successful, had the Deputy Rangers in charge of those Chenchu centres

paid any attention to them, but owing to sickness and frequent changes

of officers, the sowings were neglected. The localities being in the heart

of the Nallamalals and better suited for the growth of sandal than

Diguvametta where the experiment may be said to have been successful,

I think attempts to sow sandal with frequent Inspections and protection

from fires, cattle and wild animals, will succeed in establishing and

spreading this valuable species, if these attempts are persisted in.

Sandal sotdngs of 1907.

18. Having received a large supply of sandal seed from the North

Salem District, it was distributed to all the Ranges except Rachakonda

in the East Kurnool District in order to sow it with seeds of Kanuga,

Birsanam, Yegi {Pterocarjpus marsupium), etc.

c 2
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Sowings were commenced under my personal supervision at Dlgu-

vametta in the latter part of June and July and about 60 acres were

sown in the whole of the horse-<rram area, in the old teak dibbling’S of

1905 and along the Sagileru. In the middle of August 1907, I saw

seedlings germinating in these localities.

On 5th August 1907 Mr. Aswatham Naidu and myself personally

supervised dibblings cf sandal vf{ih.\Kanuga at Chinna-Mantrala near the

Camping-ground and along the Kortikanama path, and the subordinates

and Chenchus w'ere taught how to do the operation ; the root-parasitic

habit of the sandal and the species of j^lants in whose company sandal

grows well were also explained to them.

On the 7th and 8th August, I myself supervised dibbling in of sandal

with seeds of Kanuga and Yegi at Pedda-Mantala under bushes of suit-

able species to the north and we.st of the teak plantation in the cultu-

ral block. In the teak nursery, sandal and Kanuga were sown in a

number of bamboo tubes, and the Dejjuty Ranger and the plantation

watcher were instructed to regularly water them.

It is hoped these sowings will be better cared for and will prove much

more successful than those of 1906 wRich was the first year in which

these operations were initiated. With persistent and steady efEorts at

dibbling in sandal seed amidst suitable species year after year in cool

localities and along streams and nullas, I think it is not too much to

hope that sandal-wood would become established and spread almost

throughout the Nallamalais at a comparatively small cost and within a

decade or two. What is wanted is genuine interest and enthusiasm

among Range ofiicers for this work and frequent inspections and guid-

ance by their superior officers. If we succeed in establishing even a few

trees scattered over the whole Nallamalai Range, the species wall spread

by reason of its early sexual maturity and consequent abundant and fre-

quent seeding, and by its prolific production of root-shoots or root-

suckers.

19. Comparative merits of sandal regeneration [1 ) hy planting out

nursery-raised seedlings and [2) hy sowing in-situ.

Although the experiments described in the foregoing pages were not

conducted in that systematic, methodical and regular manner which

would entitle their results to claim full scientific w’eight owing to the

want of a sufficient stafP—the existing staff having been fully engaged

in a multitude of other important works, still the facts gathered from
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them appear to me to be sufficient to indicate briefly which o£ the two

methods of propagating sandal-wood should be adopted. From the

knowledge derived from these experiments, I feel no doubt in my mind
that the method of in-silu sowing is better than planting out nursery-

raised seedlings, because, firstly, it is very much cheaper than the latter ;

secondly, freedom from damage to the roots and root-attachments of the

seedlings and their nursery hosts—a very important point on which the

success of the whole undertaking would depend ; in the case of nursery

seedlings, damage to roots cannot be avoided even with the best of

skilled labour, which is hardly available
;
thirdly, the ease and quick-

ness with which the sowing of seeds of sandal and its hosts can be

performed even by the most ignorant and unskilled labourers
;
fourthly,

the great advantage the seedlings will have of starting their life on the

very spot where they are to spend their existence without change of soil

and of their early associates
{
hosts

) j
and fifthly, on account of superior

and trained supervision not being necessary especially during transplant-

ation—by no means a small consideration in these days of an inadequate

Controlling staff everywhere in the Department. 1 lay some stress on

this point because I have found by experience that even ordinary Rang-

ers do not exercise sufficient care in lifting sandal seedlings from the

nursery and in planting them out.



CALCUTTA

SCPEIilNTENDEXT GOVERNMENT PRINTING, INDIA

8, HASTINGS STREET





PLATE I.

Figs. 1 and 2.'—Two geminating Sandal Seedlings showing root-development.

Fig. 3.—A fully germinated and developed seedling with secondary root ramifica-

tions.

For full description see pages 146 and 147.
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PLATE II.

Figs. 1, 2 and 3.—Geminating Sandal Seedlings showing emergence of plumule

out of seed cover while Cotyledonary leaves are still enclosed in it.

For full description see page 147.
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PLATE III.

Sandal Seedlings grown pure (unmiscd with other species), illustrating the scanty

root development, and stunted and unhealthy growth of leaves result-

ing in the early decay and death of the seedlings.

For explanation see page 147.
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PLATE IV.

Sandal Seedlings with abundant roots and root-lets developed probably as a result of

their association with weeds.

A, C Sandal Seedlings.

B a weed.

Por explanation see page 147.
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PLATE V.

A, B, C— Sandal Seedlings.

D, E—Kanuga Seedlings.

For full explanation see page 148.
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PLATE VI.

A, B Sandal and C, D Dirasanani (Albizzia Lebbek) seedlings with root-connec-

tions. For explanation see page 148.









PLATE VII.

A Sandal Seedling.

B, C Odesa ( Cleistanthus collinus) seedlings.

For explanation see page 148.
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PLA.TE VIIT.

A, B Sandal and C, D teak seedlings grown together in tile pots.

For explanation See page 148-
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PLATE IX.

Two Sandal Seedlings with mutual root-oouneutions.

For explanation see page 149.
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PLATE X.

Diagram showing tile-eyliuders arranged honej'-combwise.

For explanation see page 149.
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The Host Plants of the Sandal Tree.

By RAMA RAO
Conservator of Forests, Travancore

The economic and commercial value of Sandalwood (Santa-

h/ni ulhum), its restricted occurrence over a limited area in

India, its practical absence in othei' parts of the world, and the

threatened extinction of the exist ino- sandal by the occurrence of the

“ Spike ” disease, point to the necessity for the adoption of earnest

and vif^orous measures, not only for the preservation and protection

of all existing sandal «rrowth, but also for extending its area by

artificial reproduction and by effectively aiding its natural regenera-

tion. Much appears to have been done in the past in this direction

by way of plantings and sowings both in Mysore and Coorg where it

occurs most abundantly, but those efforts have not been quite success-

ful. This failure ajipears to be due to the ignorance of the life-

history and habits of the plant and to its being treated like other

species of trees in the methods adopted for its propagation. Al-

though its root-parasitic habit was discovered 40 years ago, no value

or importance was attached to the effects and influence of this

peculiar habit of this species on its growth and development. It is

only during recent years that the importance that its root-parasitic

habit plays in its growth has been .studied and it has been realised

that all operations undertaken towarcTs its regeneration must be

regulated and guided by this habit of the plant. It has now been

sufficiently well demonstrated that sandal derives its root-nourish-

ment from the roots of other species of plants and that it shows a

decided preference for some species moie than for others. It is

159 S
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therefore of the utmost practical importance to Foresters and others

who deal with the protection and propagation of sandalwood to care-

fully investigate and ascertain which species of plants it likes best

and which of them help to produce the largest quantity and the best

quality of scented wood.

2. I have attempted to study this question for some time oast

by my own observations and from those of othei's who have devoted

attention to this subject. The results of that study are embodied

in the following pages. They are by no means exhaustive or con-

clusive and require to be tested and verified by further investigation

and observation by others who are interested in the subject, and

that is the object of the publication of these notes in spite of their

admitted incompleteness.

3 The investigations made during recent years into the natural

histoiy of sandalwood by Dr. Barber, M.A., Sc.D., F.L.S., and the

writer's study of its root system in the Salem, Kurnool and Banga-

lore Districts and elsewhere, and the observations recorded by some

Forest Officers such as the late Mr. Eicketts of the Mysore service,

Mr. P. M. Lushington and a few others have confirmed and estab-

lished beyond all doubt the correctness of Mr. Scott’s discovery in

1871 that the sandal plant is a root-parasite. Dr. Barber’s and
my own studies further indicate that this species depends entirely

for its root-nourishment upon other species of plants in its neigh-

bourhood without which it cannot live or grow. This latter state-

ment does not appear to have been made hitherto in an authoritative

and unqualified manner, but it seems to be justified by the evidence

collected from Dr. Barber’s pot-culture of sandal seedlings, from
a series of experiments made by me in the Kurnool District in

190G and 1907, and from other recorded observations. The avail-

able evidence is briefly set forth below:—

({) Inability of pure-grown sandal seedlings to grow and develop

after the reserve materials stored in the seed and subsequently

transferred to the hypocotyl are exhausted.

This was found to be the case in four separate experiments made
by me at Kurnool and Diguvametta by raising seedlings in nursery

beds, pot-tiles, bamboo tubes and dealwood boxes. In aB the

experiments, the seedlings, una^sociated with other .species, died
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out when they were about a year old while those grown with host

plants continued to grow vigorously, producing lateral branches.^

This is practically in accord with the results of Dr. Barber’s experi-

ments on the growth of sandal seedlings.^

The failures of early sandal plantings and .sowings in the open

in My,sore and Coorg, referred to in Mr. P. M. Lu,shington’s “ Notes

on the Sandal Tree in Southern India,” were probably due io this

cause, as also the failure of .sowings of sandal seed after ploughing

in open glades in Mysore, and at Hassanur in the Coimbatore

District, referred to in the same notes. These failures were attri-

buted to want of shade, as the real effect of the root-parasitic habit

of sandal was not so well understood then. But in the light of the

results of subsequent investigations, there is little doubt that it was

owing largely to the want of ho.st-plant.s to derive its nourishment

from, that the sandal failed in those plantings and sowings.

(n) The practical absence or, at any rate, the rarity and extreme

delicacy of the root-hairs even on very youny rootlets of sandal

seedlings.'^

Dr. Barber has found some root-hairs on rootlets and haustoria,

but they were comparatively small in number and minute in their

size. In my examination of the root-.system of numerous seedlings

with a strong lens or object glass of a microscope, I could discover

few or no root-hairs except on haustoria formed on the roots of

Fourcroya gigantea on which the root-hairs were numerous and

exactly like those formed on the roots of the host itself.

(gii) The very early attachments of their roots and rootlets to those

of other species even when the sandal seedlings are less than

two months old.

This fact has been observed by several writers
;
I found it in botli

natural-grown® and nursery-raised seedlings.^

Dr. Barber found it in his pot-grown plants.^

* My “ Notes on Sandal.”—Indian Forest Records, Volume II, Part III.
“ Dr. Barber’s “ Studies in Root-parasitism. The Haustorium of Santalum

album,” Volume I, No. 1, last sub-paragraph of paragraph 5.—Memoirs of the
Department of Agriculture in India.

^ Root-parasitism of the sandal tree.—Indian Forester, Volume XXIX
page 386.

’

* Dr. Barber’s “ The Study of Sandal Seedlings.”—Indian Forester,
Volume XXX, page 547.
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[iv) Retanfation and arrest of growth of sandal trees when their

associates of other species are cut out.

When Mr. Scott, the first discoverer of the root-parasitism of the

sandalwood, cut out trees of two species of Heptapleurum growing

in the vicinity of two sandal trees—apparently in two different spots

in the Calcutta garden—he found the sandal trees became nearly

destitute of leaves and were in altogether an unhealthy and wither-

ing state. Subsequent!}", when the felled Heptapleurum produced

stool shoots, the sandal trees began to revive and grow vigorously.^

In the Bylur Sandal Plantations of the Coimbatore District,

which were started in 1870, “ weeding and pruning continued up to

1889, in which year the thorny bushes were removed and burnt.”

In 1891, the late Mr. Ehodes Morgan recorded his opinion “ that the

sandalwood was a root-parasite and that the plantations were ex-

cellent up to 1880” when the plantations were “cleaned” and

“ pruned ” after which, owing to this injudicious operation, the

plantations began to go back.®

(r) A hsence of pure-grown sandal trees {isolated or in groups) in

nature.

In all the sandal tracts of the Salem and Kumool Districts, and

round about Bangalore, I have not come across a single sandal tree

growing by itself without other species whose roots were beyond the

reach of its own. Whenever such trees are met with, evidences of

other species having existed there but since removed are invariably

found, and besides, they are generally stunted and sickly, with

their leaves small and yellow and their crowns unhealthy. No
writer on the subject has ever brought to notice the existence of

sandal plants growing as a pure crop in nature, but on the other

hand, all writers are agreed that they always occur in the company
of other species.

To the above may, perhaps, be added the evidence afforded bv
an experiment made by me at Diguvametta in planting out pure-

grown sandal seedlings about six months old amidst bushes of other

species. A large number so planted died out gradually, even

^ Sir Dietrich Brandis on “ Treatment of the Sandal Tree ” in Indian
Forester, Volume XXIX, page 3.

’ Mr. P. M. Lushington’s “ Notes on the Sandal Tree in Southern India.”
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tliougli regularly watered, alter showing signs of recovery for

several months. Two of the seedlings lingered on for seven months

after transplantation and then died. Whereas among seedlings

raised with host-plants in tile-pots and transplanted with the latter,

a laige percentage established themselves and were growing

vigorously^ when last seen by me.

It may be here noted as an additional proof of this statement

that all attempts in Mysore and Coorg to raise sandal plantations

by planting out seedlings, especially in the open, failed,

-

4, These items of evidence are, I believe, sufficient to support the

statement that sandalicood cannot grow without the association of

other species. Perhaps this evidence may not be deemed conclusive

enough for a scientific affirmation of the fact, but for all practical

purposes it is, I think, sufficient to justify the acceptance of the

statement as a settled fact.

The complete dependence of the sandal tree on the roots of its

hosts for its nourishment having been established, the next questions

to be settled are (1) whether it preys upon all speeies alike and

derices its nutriment equally from all of them or whether it

exercises any selective power and chooses any particular species for

its hosts, and in the latter event (2) what arg. the species it likes

most.

5. As regards the first question, from iirvestigations in the field

by digging up roots of different species associated with the sandal in

its natural habitat as well as outside where it has been introduced,

it has been found to attack roots of almost all species it comes

into contact with, but in a very varying degree, traces of its attack

being very scarce in some species, such as the custard apple (Anona

squamosa), Carallia lueida, etc., while they are numerous in some

other.s such as Pongamia glabra, Alhizzia odoratissima, Lantana

Caw.oia, Vitex Negundo, etc. It has been also found that a species

is largely attacked in one locality where the choice of the sandal is

limited to a few species, while the same species is sparingly attacked

in another locality where there is an unlimited choice of other

plants. Thus, for instance, in a private compound at Cumbum in

the Kurnool District and in a forest tope near Hosur in the Salem

District, where the number of host-plants is limited, sandal grows

luxuriantly in the company of Cassia siamea, largely attacking the

’ My “ Notes on Sandal.”—Indian Forest Records, Volume II, Part III.
’ Mr. P. M. Lushington’s “ Notes on the Sandal Tree in Southern India.”
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roots of the latter, whereas Ib certain dry localities near Bangalore,

such as portions of the Peniyam Eeserve, the sandal is stunted and

sickly in the company of the same Cassia. A similar thing has been

observed in the case of some other species such as Acacia leuco^hloea

and Albizzia amara. The extent to which a species is attacked by
sandal seems to be influenced, apart from the suitability of that

species as a host, by a number of other factors such as the physical

condition of the soil and its drainage, on which the development

and ramiflcation of the root-systems of the host and the guest

depend to a considerable degree, on the toughness or softness and the

dryness or sappines of the living bark of the host, and so on. I

have generally found that roots with thick and sappy barks such as

those of the numerous genera of Leguminosse are more largely

attacked than those with dry and tough bai’ks like the roots of

Elaodcndron Roxhiirgliii
,
Anona squamosa, etc. Without a thor-

cugh and exhaustive examination of the roots of all species of

plants indigenous in the habitat of sandalwood and which are

attacked by it—a work too stupendous for any Forest Ofiicer to

undertake in addition to his multifarious other duties—it is impos-

sible to give an exact and precise account of the degree or extent

to which sandal preys upon other species of plants. But so far as

my investigations into the root-systems of some of its host-plants

and of its growth in their company have gone, they indicate a

strong tendency in the sandal to select certain species of plants in

preference to others. On examining the root-system of a sandal-

wood tree at Quilon growing on sandy soil in the company of

Camilla Iiicida, Cashew, Grewia Microcos, Lantana and Karalan-

kodi [Heterostemma), I found root-attachments of sandal with

Lantana, Karalanhodi and Cashew, but few or no attachments with

the Corallia and Grewia Microcos, although their roots and those

of the sandal crossed each other frequently. This fact has been

corroborated by the results of the nursery experiments made in

Diguvainetta and Kurnool, where sandal seedlings were raised with

different kinds of hosts, and it was found that with some hosts

like the Pongamia glabra and Gossypium arboreuvi the sandal

formed numerous attachments and grew vei’y vigorously, while with

other hosts like the plantain its root-attachments were fewer and its

growth was much slower and less vigorous.^ Dr. Barber’s studies

* My “ Notes on Sandal.”—Indian Forest Records, Volume II, Part III.
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of the haustoria of sandalwood on the roots of numerous species

of host-plants appear to have led him to a similar conclusion.^ We
may then take it, for the purposes of practical sylviculture, as a

settled fact that sandalwood shows a decided selective 'power in

choosing its hosts, and that it derives its nourishvient more abund-

antly from certain species than from others.

G. This leads us to the next question—what are the species that

form the best hosts of Sandalwood'? To answer this question fully

and satisfactorily,^an exhaustive study of the root-systems of all the

species of plants indigenous in all the sandal areas of India and of

their influence on the growth of this tree appears necessary. More-

over, a careful examination under the microscope of the sandal

haustoria on the roots of its numerous associates may also be found

necessary for ascertaining to what extent the haustoria successfully

penetrate the woody portions of the hosts, as, without such penetra-

tion, sandal appears to derive little or no nourishment from them,

even though it forms root-connections. The results of Ilr. Barber’s

investigation under the microscope haA"e been published in the

Memoirs of the Department of Agriculture in India in two parts

under the title “Studies in Root-parasitism. The Haustorium of

Santalum album.”

7. This most valuable and useful work does not deal with the

haustoria formed on all the species associated with the sandal as

Dr. Barber examined them only on 89 species, while the number
of associates exceeds 250—including exotics with which sandal wood

is found to grow in gardens. Microscopical examination of the

haustoria on some of the associates may be dispensed with, as the

best practical test of successful penetration is afforded by the scars

visible to the naked ej^e, of fallen-off haustoria on the woody portions

of the roots attacked. In some cases, such scars are covered over

by the formation of callus or new growth from the cambium, leav-

ing only a .superficial trace of sandal attack, for example, roots of

Albizzia odoratissima and Pongamia glabra, but in such cases a cut

with a knife may disclose the depth to which the haustorium had
penetrated. Again, in some ca.ses, such as the green aloe (Four-

croya gigantea), no penetration into the woody central cylinder may
be discovered under the microscope, the progre.ss of the haustoria

’ “ The haustoria of Sandal roots ” by Dr. Barber.—Indian Forester,
Volume XXXI, page 190.
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being arrested by the thick ring of sclerotic tissue, which protects

the internal woody cylinder. But, still, sandal may thrive well in

hedges or clumps of that S
2
)ecies, of which a number of instances

are found in. Bangalore and its suburbs. How in such cases the

sandal derives its nutriment is a puzzle unless it be that its require-

ments are supplied by the living bark and by the soft and unligni-

tied fibro-vascular bundles of tender rootlets, of which I could find

no proof in the haustoria examined by me under the microscope.

To add to all these complications, there is the most difficult task of

finding a sandal tree growing only with one of its numerous hosts

at a time, unaided by others in its growth. We invariably find in

nature a sandal tree s'rowiu<>- with a number of hosts all or most of

which may contribute their share towards its growth, thus render-

ing the determination of the exact amount of influence exerted by

each tree or species on tlie development of sandal a difficult, if not

an impossible, problem. Two ways suggest themselves to me as

likely to yield a practical solution of this difficult question and these

are (1) the aidificial cultivation of the sandal tree in the company

of each of its hosts separately, precluding all possibility of its

coming in contact with other species of plants throughout its growth,

and (2) isolation of existing young sandal ])lants in nature from all

other kinds of plants than tlie one whose influence is proposed to be

determined, by destroying those with root and all, and keeping

them (sandal plants) so isolated till they attain to their exploitable

age. In both cases a number of experiments must be made in

respect of each S
2
)ecies of host so as to arrive at final and reliable

conrdusions. Both the ways are tedious, laborious and expensive,

thougli the second is less so than the first, and require patient wait-

ing for a long number of years—at least 40 in my opinion. Such

experiments will not only help to determine the best hosts of the

sandal, but may also throw light on the question whether and to

what extent they exert any influence on the development of

scent. If the data aimed at are worth having, which very few

who know the great value of sandal would deny, all the time,

trouble and money required for the conduct of the experiments

would be as nothing to the results which could be achieved. When
experiments in connection with agricultural crops require several

decades and several thousands of pounds of money, such as those

conducted by Sir John Gilbert and Lawes at Eothamstead, what
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wonder that experiments on forest crops which take several genera-

tions to mature should demand great patience and ample funds

!

8 From the foregoing remarks it will be readily understood that

such information as a Forest Officer can collect on the subject from

his OAvn observations in the field, in addition to his other executive

duties, can neither be thorough and complete nor quite accurate

and conclusive. From the nature of the subject itself, the limited

area of the natural sandal tracts which came under my observation,

the restricted opportunities for study of the sandal and its hosts

owino" to the inaccessible situation of the localities Avhere it occurs
O

in the Salem and Kurnool Districts, far away from the main centres

of heavy forest works where most of my time was spent, the follow-

ing notes collected under the above disabilities cannot but be im-

])erfect, incouclusiA’e and perhaps inaccurate in some instances.

In venturing to publish them in this defective and imperfect state,

my sole object is to appeal by this means to Forest Officers and others

who have had and still have opportunities of stud3dng the subject,

to publish the results of their studies and observations so that in

the course of a few years sufficient materials may be collected for

compiling a correct life-history of the sandal tree and of the

relath’-e influence of its various hosts on its grow th and development.

The Mysore State being the home of the sandal tree, which yields

an average annual outturn of 2, ()()() tons of cleaned wood A’alued at

Rs. 1 2.00,000, 1 would specially ajipeal to the My^sore Forest Officers

to publish their observations already recorded if any, to carry'^ out

further observation and study, and to publish results periodically.

To those officers who cannot command the requisite time and
patience to examine the root-systems of the various hosts of sandal

in its neighbourhood, I would suggest the much easier and quicker

mode of collecting information by going along the beds of rivers,

streams and nallahs on whose banks sandal trees occur and noting

carefully the occurrence of sandal haustoria or their scars or both

on the roots of the host-plants, exposed to view on the slopes of the

banks. Where doubts arise as to whether an affected root is of a

given species existing there or whether the haustoria are those of

sandal or of any other root-parasite, such as those of the Olacacpce,

it would be an easy matter to trace either of them to its source by
a little digging. By this mode I have collected a good deal of

information in the course of a single morning’s ramble which would
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have taken several days or weeks to collect, had the other alternative

of digging up roots of host-plants on plains or hill slopes been

adopted.

9. In the description of the haustoria or their scars and the

extent of attack on each species of hosts examined or observed by

me, numerous repetitions occur
;
but I consider it better to retain

them rather than aim at brevity at the expense of details which may
eventually help us in arriving at generalisations regarding the in-

fluence exerted by a genus or a sub-family or a family as a whole

cn sandalwood. The accompanying plates of some of the roots

attacked showing the haustoria and their scars were prepared at the

commencement of my investigations, but no drawings of roots

subsequently examined were prepared as it was thought unnecessary

and expensive to do so.

10. The following is a brief account of the host-plants obserwed

and examined by myself and by others :
—

I. Dicotyledons.

Anonace.e.

(1) Gonioihalamvs wynaadensis—(Evergreen shrub) Javadi

Malayalees call it Palichan sedi .—The roots of this plant are pretty

largely attacked by sandal roots whose haustoria penetrate to the

woody cylinder. The haustoria are of medium size and pretty deep,

but not high above the host’s surface. This shrub is not common
in the sandal tracts, but is occasionally met with associated with

sandal in Kambugudi and elsewhere on the Javadi hills.

(2) Goniothalamvs sp.—(Evergreen shrub) Javadi Malayalees

call it Kakanan sedi .—This is also attacked by sandal roots more or

less like No. I.

(.3) Anona sqtwiiiosa—(Semi-evergreen small tree).—Only one

root examined
;
bore superficial scars of sandal haustoria which had

penetrated to the woody cylinder of the host
;
does not seem to be

affected to the same extent as No. 1 and probably less hospitable;

the scars seemed to have been healed by callus growth from the

cambium in the specimen examined.

[4] Polyalthia Ion gifalia—(Evergreen tree).— I Attacked

(J) Artahotrys odoratissimus—(Evergreen climber).— ) roots of
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these two species have not been examined by me, but Dr. Barber^

has examined the sandal haustoria formed on them
;
how far these

species are attacked by the sandal and whether they serve as good

associates require further investigation.

Mexisi'ermace.e.

{6) Tinospora cordifolia—(Deciduous climber).—The roots of a

small plant were found attacked and two living haustoria and four

scars of withered ones were found
;
the haustoria were of moderate

size and had penetrated the woody cyliiuler. This species appears

to be a moderately good nurse to sandalwood in its early stage of

growth.

CAPPAHinEj':.

{7) Capparis zeylanica—(Deciduous shrul)j.— I examined a few

roots and found living sandal haustoria and scars of withered ones

on them. The haustoria were of medium size, broad and flat-based

and pretty high above the surface of the host. Examination under

the microscope showed penetration with sucker lobes surrounding the

woody cylinder of the host over more than half the length of its

circumference
;
this species appears to be pretty largely affected and

may be a good nurse in dry localities where it is commonly found.

Malvace.33.

(5) Thespesia populnea—(Evergreen tree).—The roots and root-

lets of this plant are very largely attacked and the haustoria are

somewhat larger than those fpund on the species already described

above. The roots being full of warts, not infrequently the haustoria

are formed on them
;

microscopic examination shows complete

penetration, the sucker-lobe extending sometimes to the centre of

the woody cylinder
;
the scars are deep and expose the wood of the

host to view.

This species seems to form an excellent nurse for sandal, though

an exotic to the natural habitat of sandal
; it reproduces itself

readily from cuttings, thus rendering its propagation easy and

* Dr. Barber’s “ Studies in Root-paiasitism—The Haustorium of Santalum
album,” Volume I, No. 1, Part 2.—Memoirs of the Department of Agriculture in

India.
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produces a large net-work of side roots and rootlets all of wkidi are

attacked. It yields good timber. Plate I is a lialf-size drawing

of one of the roots examined by me.

(.9) Sida carpin ifalia—(Evergreen undersbrub).—I found roots

of this attacked but only occasionally, as only one baustorium and

a couple of scars ^^ere found on tbe whole root-system of a plant.

It may not be a good nurse.

{10) Sida rhomhifuJia—(Evergreen undersbrub).—Tbe sandal

baustoria on tbe roots of tbis plant were examined by Dr. Barber

wbo found tbem penetrating tbe woody cylinder.^

{11) Gos.'iypinm nrborcvm—(Deciduous small tree).—^Sumerous

root-attacbments between tbis species and sandalwood were found

and a sandal seedling in its company was growing remarkably well,

while other sandal seedlings, far away from it and without any

root-attacbments, were stunted and poorly in appearance.^ In the

early stages of growth of tbe sandalwood tbe cotton plant appears

to be a A'ery good nurse for it; as it also yields cotton, its introduc-

tion as a nurse may be doubly advantageous.

Steuculiace^e.

{12) Sterciilia alata—(Deciduous tree).

—

{13) Pterospertninn svherifoliinn—(Evergreen tree).

—

{14] FtcroKpeninnii Heyiuanuvi—(Evergreen tree).

—

{15) Guaznma tovientosa—(Deciduous tree).

—

not examined by me, but Dr. Barber has examined sandal baustoria

on tbem alP and found penetration into their woody cjdinders.

Their practical utility as nurses to sUndal plants has to be deter-

mined by further investigation in the field.

Attacked

f roots of

r these spe-

) cies were

Tiliace^.

{16) Berrya Ainmo)iiUu—(Evergreen tree).-—I have not seen

attacked roots of tbis plant. Dr. Barber refers to tbe sandal haus-

* Dr. Barber’s “ Studies in Root-parasitism—The Haiistorium of Santalum
album,” Volume I, No. 1, Part 2.—Memoirs of the Department of Agriculture
in India.

^ My “ Notes on Sandal.”—Indian Forest Records, Volume II, Part III.
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toria on them. Affected roots of this species have to be examined

to ascertain to what extent it may prove useful as a nurse.

(77) Greu'ia sp. (Tamil

—

Fannipuduhan)—Deciduous shrub.

—

Its roots are largely attacked, numerous scars and haustoria being

found on the main as well as the side roots and rootlets
;
the haus-

toria are medium sized and whitish-brown when dry, with a thin

and broad base closely adhering to the surface of the host and the

central y)ortion flattened on two sides along the axis of the host
;
the

scars are deep and expose the host’s wood to view
;
the haustoria

are not lignifled. This Grewia appears to love moist and deep

soils and to be a good nurse for the sandal in such localities ;
its

wood is pretty hard and useful for small timber.

{18) Grewia Inrsuta—(Deciduous shrub).—
-j Attacked roots of

{19) Gcni'ia fili{vfolia—(Deciduous tree).— /these plants were

not examined by me, but Dr. Barber examined sandal haustoria on

their roots and appears to have found them successfully penetrating

to the woodv cylinder of the hosts. Perhaps they are as good nurses

as Fannipudvhan and yield better timber; affected roots of both

species have to be examined in the field to ascertain their value as

nurse plants for sandalwood.

Gee.iniaceje.

{29) Arerrhoa Cararnhola—(Deciduous tree).—Roots of this tree

were found affected by sandal roots in a garden near the Lalbagh at

Bangalore and bore living haustoria of a whitish-brown colour and

of medium size; they penetrate the woody cylinder of the host as

seen in the scars on the ho.sts ; the .sandal seems to prey on this

species only to a moderate extent ;
being a fruit tree its association

with sandal might be found doubly profitable.

Rxjtace.e.

{21) Dimonia acidissivia—(Semi-evergreen tree).'—This is very

extensively attacked and the sandal haustoria on one of the roots

examined were pretty large, being more than | inch long and f inch

broad with a flat base closely adhering to the surface of the host

and the central portion rai.sed
;
the haustoria had penetrated to the

woody cylinder as seen by the exposed wood in the scars of withered

ones on the host. This appears to be a good nurse and yields fairly
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good small timber
;
it occurs in dry sandal tracts somewhat sparsely

and deserves to be encouraged as an associate of sandal. One of

tbe roots examined by me is illu.strated in plate YI, opposite page

389 of tbe Indian Forester, Volume XXIX.

{22) Citi*us Avrantimn—(Semi-evergreen).—I found roots of

this species pretty largely attacked in a garden at Salem
;
tbe roots

examined were small and contained numerous baustoria and scars;

tbe baustoria were of medium size and woody and bad penetrated tbe

xylem of tbe bo.st as tbe scars showed it clearly. Though not indi-

genous in tbe habitat of sandal, this seems to be a good host and

it would be doubly profitable to grow it with sandal on account

of its fruit and small timber also. In some cases tbe wounds made

by tbe baustoria bad been covered over by callus wood.

{23) Toddalia acxileata—(Evergreen climbing shrub).— I j

{24) Clausena indica—(Evergreen shrub).— j not seen

roots of these two species ;
Dr. Barber examined sandal baustoria on

them and found them penetrating tbe woody cylinder. As they are

commonly found in dry sandal tracts, they are probably good hosts.

How far they influence tbe growth of sandal must be ascertained by

examining their roots in tbe proximity of sandal plants.

SlMAIlTJBEiE.

{25) Ailanthus excelsa—(Deciduous tree).—Tbe soft wooded

roots of this species are pretty largely attacked
;
on young roots I

found the scars of baustoria to be oval and deep, while on older

roots they were circular and shallow, owing probably to tbe forma-

tion of callus wood; in tbe specimens preserved by me no baustoria

are found, though I remember to have collected some living haus-

toria and sent them to Dr. Barber. This is not a common associate

of sandal, being only occasionally met with in sandal areas.

Burseeace^.

{26) Protium caudatuvi—(Deciduous tree).—This plant is

affected to a moderate extent and sandal baustoria are of medium
size and whitish-brown in coloiir

;
they penetrate into tbe woody

cylinder of tbe host as shown by tbe scars of withered baustoria

;

though not a timber tree, it occurs commonly in tbe natural sandal

tracts in Mysore, Salem and Kurnool Districts. I have seen sandal
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trees in its neighbourhood fairly healthy and vigorous in growth

and it appears to he a tolerably good nurse.

Meliace*e.

(27) Melia Azadirachta—(Deciduous tree).—The affected roots

of this tree examined by me were rather sparsely attacked by

sandal roots and the haustoria were of moderate size; the haustoria

appear to penetrate to the woody tissues of this host as ascertained

by Dr. Barber’s investigations under the microscope. A sandal

tree growing within reach of a nt’m tree without any other host close

by in Mr. Foulkes’ compound at .Salem had yellow coloured wood

and was fairly vigorous in growth. I have elsewhere seen sandal

growing vigorously in the company of this species. As it also

yields moderately good timber, its cultivation with sandalwood is

desirable.

(28) Cipadessa fruiticosa—(Evergreen shrub).—The roots of this

plant are also attacked pretty largely
;
a number of medium-sized

haustoria and scars were found in the specimens examined and the

latter were deep and exposed to view the woody cylinder of the

host; in some of the sandal tracts in India it is commonly found

and appears to be a good nurse for young sandal.

Olacace.e (Olacin ece)

.

(29) Cansjera Rheedii—(Evergreen climber).—I have not

examined the roots of this climbing plant in the neighbourhocd of

sandalwood, but Dr. Barber examined sandal haustoria on its roots

under the microscope and found penetration of the haustoria into

the woody cylinder. The extent to which this plant and others of

the Olacaceos commonly found in sandal areas, such as Ximenia
americana, Olax scandens, Opilia nmentacea, all of which are them-

selves root-parasites, are affected by the sandal, requires further

investigation in the field.

Celastrace^.

(30)

Ehpodendron Roxhvrffhii—(Evergreen tree).—I examined

only one root of this species close to a sandal tree and found some

small haustoria on it; they were fiat, small and ineffective, as no

penetration even into the living bark was found in the scars of some
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liaustoria which appeared to have prematurely withered away.

Plate II is an illustration of the root examined. It is doubtful

whether this plant is a good nurse for sandal
;
f\;rther investigation

of its affected roots is necessary.

[31) Celastrns panicniata— (Semi-evergreen climber).— ) Although

[32) GyvDiosporia montano—(Deciduous shrub).— j I have not

examined affected roots of these plants, Dr. Barber seems to have

examined sandal haustoria on them under the microscope. These

species are not uncommon in sandal areas in the Salem and Kurnool

Districts. How far they are helpful to the growth of sandalwood

requires further investigation.

t

Ehamne.t:.

[33) ZizypJivs Ghxoplia—(Semi-evergreen climber).—I found the

roots of this very largely attacked and the scars of the haustoria

were of medium size and deep, showing the woody portion of the

host
;
the few haustoria seen on the roots were whitish-brown iji

colour and not well-lignified. This is a most common associate of

sandalwood in its natural habitat, especially in dry scrub jungles,

and appears to be a very good nurse, judging from the vigorous

growth of the sandal plants in its neighbourhood.

[34) Veutilago madraspatann—(Decidiious climber).—Two long

roots of this species were examined and only one haustorium on each

was found
;

it was small and ill-developed in both cases and pene-

tration into the woody cylinder had not been effected. It does not

appear to be of much use to the sandal as a nurse.

[35) Zizypltus rvgnsn—(Deciduous climber).—Dr. Barber has

examined sandal haustoria on this root. I have not seen affected

roots of this plant : its utility as a host plant requires farther

investigation.

SAPIND.iCE.E.

{.36) Schleichera fWyw 9a—(Semi-evergreen tree).—A root of this

plant was found to have been affected moderately, but the root

collected having been lost, it is not possible for me to describe the

extent of the attack and the usefulness of this species as a ho.st.
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Anacardiace^.

(•37) Manffifern indicn—(Evergreen tree).—I foiind the roots of

this species largely attacked by sandal roots and the scars of haus-

toria on them pretty large, being in some cases ^ inch long and

inch broad
;
in a few cases the wood of the host had been pene-

trated. In some places I found sandal growing vigorously near the

mango, while, in others, it was sickly and yellow-leaved. Its value

as a host has to be determined by further observations. From
observations in various places I am led to suspect that the sandal

would avoid this species if it has more congenial hosts to live upon,

possibly owing to the acrid juice of this plant.

(•38) Anacardivm occidentale—(Semi-evergreen tree).—Mr. A.

W. Lushington, Conservator of Forests, has found sandal seedlings

establishing root-attachments with this species in the forest garden

at Waltair. I have not met with its affected roots in the natural

sandal areas I have seen, but in a garden at Quilon I found its

roots attacked and a few haustoria formed on them.

Leguminos.®.

(39) Clitona sp .—(Deciduous twiner).—A young plant of this

species bore four small sandal haustoria on its roots; the haustoria

were woody and hard
;
seemed to have penetrated to the woody

cylinder of the host
;
in some sandal tracts this is often met with.

(dO) Dolichos Lallah (Sittavdrai in Tamil)— (Deciduous

twiner).—The succulent and tuberous tap-root and rootlets of this

species were attacked by sandal in two different plants. The living

hau.storia on one were much larger than in the other; this plant

seems to be a good host for young sandal.

(41) Dalhergia Sissoo—(Evergreen tree).—The roots of a sissoo

tree were very extensively attacked by the sandal roots in the

Denkanikotta Forest Office compound. The haustoria were com-

paratively large, hard and prominently high; the scars were deep,

exposing the wood of the host to view. Though an exotic to sandal

tracts, it woiild probably form a very good nurse wherever it could

be grown with sandal. Being a timber tree its introduction into

.sandal areas would be doubly profitable. Plate III illustrates a

root collected by me.
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{42) Dalhergia pan/cvlata—(Deciduous tree).—This species

appears to be pretty largely aitected
;
the root examined by me

contained a number of scars bi;t no living haustoria
;
the scars

vere deep and of medium size and the voody cylinder of the host

rt'as exposed to view in most of them. Though not otherwise of

nuch use, it appears to be a fairly good nurse.

(43) Dalhergia scandens—(Evergreen climl)erj.—Dr. Barber has

examined sandal haustoria on this species and found them penetrat-

ing to the woody cylinder. But I have not seen affected roots of

this climber; being pretty common in sandal areas, it may prove a

good nurse.

{44) Peltophorvm ferrvgineum.—(Evergreen tree).—Sandal

haustoria on the roots of this species were examined by Dr. Barber

who found them penetrating its woody tissues and breaking up and

devouring the smaller roots. Its value as a nurse has to be ascer-

tained after further investigation.

{4-5) Pongaviia glahra—(Evergreen tree).—I have examined

affected roots of this species in various places in the Salem, Kurnool

and Bangalore Districts, and have found them most extensively

attacked
;
most of the roots examined had been simply riddled with

scars of haustoria and in some cases living haustoria were also

found; they are very large, prominently deej) and enter into the

woody tissues of the host. Some of the scars were more than one

inch long and half inch broad. In the neighboiirhood of this

species, sandal trees were found growing very vigorously, and in

nursery experiments, this was found to be the best host among
those experimented with. Being a comparatively quick grower and

useful as a petty timber and good fuel and oil-seed yielding plant,

I consider this species as one of the best nurses for sandalwood.

Even on dry and high places round about Bangalore I have seen

sandal trees in the company of this species growing vigorously,

while trees in the company of other species were somewhat stunted

and sickly. It appears to be very common in the sandal tracts of

the Mysore Province.

(46) Pterolohium indicum.—(Semi-evergreen climber).—Dr.

Barber has examined sandal haustoria on its roots and found them
entering the woody cylinder

;
I have not seen its affected roots. It

is a very common thorn in the sandal areas of South India.

(47) Tamarindus indica—(Evergreen tree).—Though found in
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the natural habitat of sandal, it does not seem to be so largely

affected as other species of the same family
;
in the roots examined

by me there were a number of small-sized scars of withered haus-

toria exposing the wood of the host. I have found sandal trees

growing vigorously in its company in some places, while in others

they were stunted and yellow-leaved. Perhaps its dense shade and

acidity of its sap do not quite suit the taste of the sandal.

{48) Adenanthera lyavonina—(Deciduous tree).—Dr. Barber has

examined sandal haustoria on this species and found them penetrat-

ing the woody tissues of the host and breaking them up. I have

not seen its roots attacked. It is likely to be a good nurse.

{49) Parkia biglandvlosa—(Deciduous tree).—Dr. Barber has

examined sandal haustoria on its roots and found them penetrating

the woody cylinder of the host. I have not seen its attacked roots

;

whether this species is a good nurse or not requires to be investi-

gated in the field.

{oO) Leucccna glauca—(Evergreen shrub or small tree).—Dr.

Barber mentions this as one of the species the sandal haustoria on

whose roots were examined by him. Not having seen its affected

roots, I cannot say anything about its value as a host-plant. It

requires further investigation.

(51) Acacia pennata—(Evergreen climber).—This is very

largely attacked and young sandal trees thrive very vigorously in

its company. The haustoria and scars are pretty large and the

former lignified and hard
;
they penetrate to the woody cylinder.

I liave no doubt that this is an excellent nurse for sandal and is

commonly found in sandal tracts.

{52) Acacia Intsia (crcsia)—(Semi-evergreen climber).—This is

also very extensively affected, more so than .4. pennata. The haus-

toria and scars are about the same size as in the latter and equally

hard and penetrate to tlie woody cylinder of the host; a root, 22

feet long, bore haustoria and scars throughout its whole length
;
the

haustoria were prominently high. Plate IV is the drawing of a

root collected by me. This is an excellent nurse for sandal and is

very common in all sandal tracts.

{5.3) Acacia concinna—(Semi-evergreen climber).—I have not

examined its affected roots, but Dr. Barber has examined sandal

haustoria on them and found tliem penetrate to the woody tissues

of the host ; it appears to be a common associate of sandal round
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about Bangalore and in other parts of the Mysore Province. I

have seen sandal trees growing vigorously in its company in the

suburbs of Bangalore and at Butchipally near Cbikkaballapur. It

is also a very good host for sandal and yields the valuable Seekai

(soap-nut).

(54) Acacia Suma—(Deciduous tree).—Round about Bangalore

and in some of the Denkanikotta sandal areas I found this species

associated with sandal. It is very largely attacked; the scars of

haustoria in some cases were more than one inch long and | inch

wide and exposed the woody cylinder of the host to view
;
callus

wood had been formed in some of the wounds caxised by the haus-

toria
;
the haustoria were prominently high and woody in some

cases. Though as a timber tree it is not of much use, it seems to

be an excellent host for sandal. Even its thick roots are attacked

largely.

(55) Alhizzia Lehheh—(Deciduous tree).—This is affected to a

inoderate extent
;
the scars of haustoria are fairly large and deep,

showing up the woody tissues of the host to view. Even large roots

are attacked and it appears to be a tolerably good nurse. Being a

useful timber tree its association with sandal deserves to be encour-

aged ; it is common in all sandal tracts, though occurring sporadi-

cally.

(56) Alhizzia odoratissima—(Semi-evergreen tree).—Sandal

grows very luxuriantly when associated with this species on the

.Tavadi hills, especially at Eambugudi and elsewhere. The scars

of haustoria are very large, being sometimes an inch long and | inch

broad and very deep, though, in the many cases examined by me,

they were covered over by callus formation. This is one of the best

hosts of sandal and being also a very good timber tree, its growth

with sandal enhances the value of the yield. Two affected roots of

this are figured in plates IV and V published in the September

number of the Indian Forester, Volume XXIX.

(57) Alhizzia amara—(Deciduous tree).—I found a root 50 feet

long of this species covered with sandal haustoria all along its

length, but the haustoria were somewhat far apart, of medium size

and hard. Some of the scars were covered over by callus wood.

This tree yields good firewood and small timber and is a common
associate of sandal in dry scrub jungles. It may not be as good
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a nurse as the other two Albizzias described above, but it is a

useful associate.

(•5<S) Fithecolohiuia dulce—(Evergreen tree).—Sandalwood is

found to grow very well when associated with this species. I found

two trees supporting six sandal trees in the Denkanikotta Forest

Uftice compound without the aid of any other species and all the

six trees were vigorous and healthy. It is largely attacked, even

big roots not being spared
;

the haustoria in the specimens

examined were of medium size, hard and high, and the scars deep,

exposing the inner wood of the host to view. Being a quick grower

and useful as firewood, it is desirable to introduce it into sandal

tracts where good indigenous nurses are wanting.

{59) Pitliecolohium Saman—(Semi-evergreen tree).—I have not

seen ati'ected roots of this species, but Dr. Barber has examined

sandal haustoria on them and found them penetrating to the woody

cylinder of the host. It may be a good nurse for sandal, judging

from the extent of its attack on allied species. Its affected roots

require further examination in the field.

(60) Kattu-tainatai (Tamil)—(Deciduous climber).—This is a

comparatively stout leguminous climber with pink flowers and large

pods. I found its roots most largely attacked by sandal roots
;
the

haustorial scars were large and deep, in some cases burrowing into

the wood of the host
;
some of the scars were covered over by callus

wood and the roots examined were almost completely covered witli

scars. This is an excellent host for sandal and grows commonly at

elevations above 2,500 feet.

{61) A leguminous climber—(Deciduous).—With pink flowers

resembling Dolicbos Lablub but much stouter; was found very

largely attacked and bore haustorial scars and haustoria whicli were

quite conical, woody and high in some cases and flat and membran-
ous in others

;
penetration had been effected as the scars were deep

and exposed the inner wood to view. This was found at Salem

950 feet above sea-level associated with sandal in a garden hedge.

{62) Cassia aariculata—(Evergreen shrub).—This is said to be

very largely attacked and Dr. Barber has examined sandal haus-

toria on its roots. I have not seen its affected roots. For young

sandal it is considered an excellent nurse.

{63) Cassia siamea—(Semi-evergreen tree).—This is extensively

attacked in some localities and sandal grows very well in its com-
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pauy in deep I’ed soil, but in dry and bigb lands I have seen sandal

growing very poorly in its company.

{64) Castanospennuvi australe .—Dr. Barber has found sandal

haustoria on this species penetrating its roots and devouring small

ones. It may prove a good host. Further examination of affected

roots to .see the extent of attack seems necessary.

Com;bretace.e.

(6o) CombreturiL ovalifolium—(Deciduous climber).—The traces

of attack on this species were not numerous in the roots examined

;

only a few haustoria and scars were found on a root about 2 feet

long and they were of medium size and scars deep exposing the

wood of the host to view
;
this species is commonly found in sandal

areas.

{66) Gyrocarijus umericanus—(Deciduous tree).—The sandal

attack on this species is pretty extensive and the haustoria burrow

into its soft and spongy woody tissues destroying them
;
the haus-

toria on the specimen examined were of medium size and flat.

This species is occasionally met with in sandal tracts. Sir

D. Brandis has included this species under Kernandiece.

{67) Terminalia Arjuna—(Deciduous tree).—I examined only

one root of this and found it attacked moderately
;
the root collected

having been lost I am unable to describe the haustoria or their

scars on this species. Dr. Barber has examined the haustoria under

the microscope and found them penetrate into the woody tissues.

{68) Terminalia Chebula—(Deciduous tree).—I have not seen

attacked roots of this species. Dr. Barber examined sandal haus-

toria on them under the microscope. To what extent this is useful

as a nurse for sandal requires further investigation.

MYRTACERi

.

{69) Eugenia jambolana—(Evergreen tree).—A young affected

root of this tree contained a number of medium-sized haustoria and
scars which were covered with a layer of dark-coloured cork

;
the

haustoria had penetrated the woody clinder of the host
;
being a

good timber tree, its association with sandal would be doubly pro-

fitable. Mr. G. W. Thompson found young sandal seedlings

attacking rootlets of this species.^

* The “ Indian Forester,” page 123, Voluiae XXX.
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{70) Psidium Guayuva—(Evergreen tree).—1 found young root-

lets of this plant more largely attected than bigger ones
;

the

haustoria on the former were small while on the latter they were

much bigger
;
in both penetration had been effected, but in young

roots the woody tissues had been disorganized and the haustoria

burrowed into the wood right up to the pith destroying the host’s

tissues ; in the bigger roots the cells in contact with the sucker

lobes had been dissolved. This appears to be a good nurse and

l)eing a fruit tree would be profitable also on that score when asso-

ciated with sandal.

(//) Eucalyptus globulus—(Deciduous tree).—I found roots of

this pretty largely attacked and the sandal haustoria large on big

roots and medium-sized on smaller ones
;
the haustoria had pene-

trated the inner wood
;
the larger haustoria were of white brown

colour and flat, closely adhering to the host like limpets and were not

woody or lignified. As this is a fast growing timber-yielding tree,

its association with sandal would be very advantageous. Plate V
is an illustration of an attacked root.

SAMYnACE-ai.

{72) Casearia tomentosa—(Deciduous tree).—A small root of

this was covered with numerous sandal haustoria and scars of

medium size
;
the scars were deep and exposed the inner wood tc

view
;
this species appears to be an excellent host for sandal and is

a desirable associate on account of its timber also.

Cxjcurbitace^.

{73) Cucurhita dioica—(Evergreen climbing herb).—I found

roots of this species attacked by sandal
;
the haustoria were small

and the only scar seen exposed the inner wood to view. This

appears io be a good nurse in the younger stages of sandal plants.

Begoniace.r.

{74) Begonia (garden)—(Evergreen herb).—Dr. Barber ex-

amined sandal haustoria on the species
; not being a denizen of

sandal tracts and being only an ornamental herb, it is not of import-

ance as a host plant.
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Cacte^.

(73) Opuntia Dillenii—(Evergreen bushy shrub).—Sandal

aft'ects this plant also jjretty largely
;
the haustoria and scars were

of medium size in the roots examined and had penetrated the woody

cylinder. As more useful and less obnoxious nurse plants are

found in sandal areas, it is undesirable to encourage this species.

Araliace.!;.

(76) deptapleurum verticillatuvi—(Semi-evergreen shrub).

—

(77) Heptapleurum xenulosum—(Semi-evergreen shrub).

—

have not examined the roots of these species, but Mr. Scott dis-

covered in 1871 their root-attachment with those of the sandal
;
on

felling these trees close to sandal trees he found the latter wither-

ing and becoming sickly, thus proving that the sandal trees

depended upon them for nutriment. I have seen a sandal tree

growing vigorously in the midst oi H. venulosuin bush at Yercaud

on the Shevroy Hills.

(78) Panax (garden)—(Evergreen shrub).—This is on Dr.

Barber’s list of species on whose roots sandal haustoria were found

and examined by him. He found them penetrating woody tissues.

But no information as to the extent of its utility as a host of sandal

is forthcoming; it requires further investigation.

CORNACE^.

(79) Alangium Laviarckii—(Deciduous tree).—The haustoria

and scars are of medium size and the former deep showing up the

inner wood to view. This species is pretty largely affected and

being common in dry localities it appears to be a desirable host for

sandal. It yields also small timber.

Eubiace.®.

(80) Morinda citrifolia—(Deciduous tree).—The roots of this

species are largely affected by sandal roots
;
some of the scars of

haustoria on a root were pretty large and exposed the inner wood

to view while others were covered over by callus wood. It appears

to be a good nurse for sandal, judging from the large number of

attacks on a single root examined by me. It yields light and good
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wood useful for sandals, toys, etc. lu its ueigbbourLood I Lave

found sandal trees thriving well.

{81) Webera asiatica—(Evergreen shrul)).—1 have found young

sandal plants forming root-attachments with this species. It

occurs in all sandal tracts and appears to be a good nurse for young

sandal.

{82) Pavetta iiidica—(Semi-evergreen shrub).—Ur. Barber has

examined sandal haustoria on its roots. I have not seen its affected

roots. It is pretty common in sandal tracts in the Kurnool and

Salem Districts.

Myrsine.®.

{83} Ardisia lu/viilis—(Deciduous shrub).—.Javadi Malayalees

call it Maniputtan. This is moderately attacked by sandal roots.

The scars on the roots collected by me are a little above medium
size and deep enough to expose the woody cylinder to view. Some
of the scars were covered up by callus wood. This species is found

associated with sandal only on the hills above 2,500 feet in the

Salem District.

Sapotace.®.

(84) Miimisops Elengi—(Evergreen tree).—The roots of this tree

were found largely attacked in the neighbourhood of sandal trees

on the Javadies; the hamstorial scars were numerous, pretty large

and deep and the inner wood of the host was visible through them

;

in some the wound was covered over by callus formation. Wher-
ever it could be induced to grow in sandal areas, it is desirable to

encourage it as a nurse, as it also yields pretty good timber and

sweet-scented flowers.

Ebenace.®.

(8o) Diospyros Kanjilali—(Semi-evergreen tree).—This is also

largely attacked, the roots examined by me close to a sandal tree

being full of scars of the sandal haustoria with only a few living

haustoria on them. The haiistoria Dr. Barber examined under
“ Diospyros montana ” were really fonnd on the roots of D. Kanji-

iuli, l)ut when they were sent to him from Salem it had not been

treated as a separate and distinct species. The Malayalees ot
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Kambugudi ou the Juvadies call it Noclukonnai. 1 found sandal

trees growing well in its vicinity at that place and I consider it to

be a tolerably good nurse. It is found above 2,-500 feet on the hills

of the Salem District.

OLE.\CE.li.

(86) Jasminuni vuilahaiicum—(Deciduous shrub).— 4 Dr.

(87) Jasmimnn rit/idum—(Deciduous shrub).— C Barber

has examined sandal haustoria on the roots of both these species

and found those on the latter (./. rifjidum) s^jecies penetrating

to the Avoody cylinder
;
but in regard to the other he does not

mention whether he found penetration or not. I have not seen

a&'ected roots of either. Being small shrubs they may be of some

service to sandal plants in their early stages. Their atfected roots

require further examination to find out Iioav far they are useful as

uAirses.

(88) Linociera malaharica—(Evergreen tree).—I have found

roots of this affected but only to a small extent
;
though found at

elevations above 2,500 feet in sandal areas it is not very common.
The scars on the })iece of wood collected by me are pretty large and

show up the inner Avood to vieAv.

(89) Oleu dioica—(Semi-eA'ergreen tree).—This is called in

Tamil Kanai-Ponunhulu by the Malayalees on the -lavadies and in

Telugu Sela-Kungudu by Chenchus on the Nallamalais of the Kur-

nool District. The roots are affected by sandal, but the root collect-

ed having been lo.st, further investigation is necessitated.

S.\LVADOE.\CE.i:

.

(90) Aziina tetrucantha—(Almost evergreen shrub).—In the

roots examined the sandal haustoria and scars were comparatwel}'

small and rather far apart; the scars AA'ere deep and exposed the

inner wood to Anew. Being a coniparatiA’ely small and thorny

shrub, it may be of use to young sandal to a small extent.

Apocyx.-vcE.^:.

(91) Carissa Carandas—(Almost eAWgreen shrub).—A dead root

of this species found close to a sandal tree contained a number of
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haustorial scars and one living liaustorium which was a little larger

than of medium size. The scars showed penetration of the haus-

toria into the woody cylinder. This seems to be a good nurse for

sandal and is commonly associated with it, especially in dry scrub

jungles.

{92) M'rightia tinctoria—(Deciduous tree).—The tap-root and

side-roots of a small tree were covered with a large number of haus-

torial scars and only two living haustoria
;
a few of the scars were

large and showed up the inner wood of the host to view
;
this species

seems to be very extensively attacked and must therefore be a very

good host. Being common in dry scrub forests, it will he a useful

nurse for sandal.

AsCLEriAUACE-i;

.

{93) Drege.a colubilis—(Deciduous climber j.—The roots of this

plant are very extensively attacked. As the roots are thick-barked

and soft wooded, the sandal haustoria penetrate to the wood and

disorganise the tissues of the host
;
the haustoria are very large and

woody and the scars large and deep. Being a stout climber, it

appears to be a very good nurse for sandal although otherwise of

little economic value.

{94) Heterosiemmu sp. (Karalankodi, Tam.)—(Deciduous).—An
Asclepiadaceous plant resembling Heviidesmus. This is moderately

attacked and the haustoria and scars are of medium size
;
they pene-

trate to the wood. It occurs commonly in sandal areas.

{96) Sarcosternma brevistigina—(Evergreen climber).—I have

not seen attacked roots of this plant, but Dr. Barber has examined

sandal haustoria on its roots. Its attacked roots require further

examination to ascertain to what extent it serves as a nurse for

sandal.

Bor.agine.e.

(•96') Cordia Mgxa—(Deciduous tree).—Dr. Barber has examined

sandal haustoria on its roots and found them penetrating to the

woody cylinder. I have not seen its attacked roots. Its value as a

nurse has to be ascertained by further examination in the field.

(.97) Ehretia hevis—(Deciduous tree).—I have seen small roots

of this species attacked by sandal roots
;
the haustoria on them were
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small but hard aud uot uumerous. As it octuirs in .sandal areas and
yields small timber aud firewood, its association with sandal will

be advantageous.

Bigxoniace-e.

{98) Tecoma Stans—(Almost evergreen shrub).—Dr. Barber
examined sandal haustoria on its roots under the microscope and
appears to have found them penetrating into the woody cylinder.

1 have not seen its attacked roots. Being an exotic in sandal areas

and not of much economic value, it may not be worth introduction

to such areas.

(99)

Kiyelia pinnata—(Deciduous tree).—The same authority

has found the roots of this species attacked by sandal and the haus-

toria not only sucessfully penetrating the woody tissue of the host,

but completely devouring it in small roots. Being a quick growing

plant under varying conditions, its association with sandal may
prove very useful.

Acanthace*.

(100) Strobilan^hes cuspidatus—(Evergreen shrub).—This low

shrub is pretty largely attacked by sandal in its early stages of

growth
;
plates illustrating its root-attachment to sandal roots are

published in the September number of the Indian Forester, Volume
XXIX.

(101) Adhatoda Vasica—(Evergreen shrub).—I found this

species largely attacked
;
the haustoria were numerous, small and

woody
; from the haustorial scars it ap])eared that penetration had

been effected
;
the haustoria were prominently high

;
this species

occurs commonly in cool localities in the habitat of sandal. Plate

VI is a drawing of the roots examined by me.

(102) BlepJiaris boerhaavicrfolia—(Evergreen herb).— ")

j have
(103) Ruellia prostrata—(Evergreen herb).— j not seen

their affected roots, but Dr. Barber has examined sandal haustoria

on them and found them penetrate to the wood of the host.

Verbenace^.

(104) Lantana Camara'—(Deciduous shrub).—This species is

very extensively affected and numerous haustoria of medium size
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are found on its roots in the vicinity of sandal trees
;
penetration is

easily effected into the wood of the host. It is a very good host for

the sandal, but its exclusiveness and gregariousne.ss kill out all

other species of herbs and shrubs and prevent tree species thriving

in its mid.st
;
this appears to be a danger to the sandal tree in its

later stages of growth when the Lantana by itself cannot furnish all

the nutriment that its gniest requires while there are no other species

to help the latter. The “ spike ” disease .seems to have been first

ob.served in sandal trees growing amidst the Lantana and it is a

que.stion still to be answered whether this species is or is not re-

sponsible for the appearance of that fell disea.se.

(JOo) Tectona grandis—(Deciduous tree).—In nursery experi-

ments^ I have found sandal seedlings forming root-attachments

with teak seedlings and thriving fairly well in their company, but I

have not examined teak roots clo.se to sandal trees in nature. This

requires further investigation in the field.

{106) Fremna tomentosa—(Deciduous shrub or .small tree).—

I

have found only one haustorium at the point of attachment between

sandal and this species in the single specimen examined
;

biit the

sandal rootlet trailed along the ho.st’s root for a short length.

Further examination of attacked roots is nece.ssary to determine its

utility as a nurse.

(107) Vitex Negundo—(Deciduous .shrub).—Its roots were found

very extensively attacked, even a thick tap-root being almost com-

pletely covered with living haustoria and scars of withered ones

;

examination of some of them under the micro.scope showed penetra-

tion to the woody cylinder. This seems to be an excellent nurse

for sandalwood. In the roots examined the haii.storia were large

and flat and brownish in colour.

(lOS) Vitex altissima—(Deciduous tree).—I found small roots

of this species attacked moderately and the haustorial scars on the

roots examined exposed the woody tissiies of the ho.st to view
; the

haustorium was slightly above medium size. It is commonly met

with in the plains and hills in sandal areas and being also a good

timber tree its a.ssociation with .sandal is doubly advantageous.

(109) Stachytarpheta indica.—Tliis is one of the species the

roots of which were found by Dr. Bai’ber to have been attacked by

sandal roots. No further information is available.

* My “ Notes on Sandal.”—Indian Forest Records, Volume II, Part III.
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{110) Acliyrantlies ospera—(Deciduous shrub).—Uu the tap-root

of a small plant I found three living haustoria and three scars with

a sandal rootlet attached to one of the former. The haustoria were

small but hard and the scars showed penetration of the haustoria

to the woody cylinder. Being an undershrub it is not of much
importance except as a nurse for young sandal.

(111) Pupalia atiopurpurea.—Sandal haxistoria on its roots

were examined by Dr. Barber who found them penetrating its

woody tissue. It is a herb which may be useful as a nurse for

young sandal.

Laueixe-e.

(112) Alseodaphnc seinicarpifolia—(Evergreen tree).—On the

tap-root of a young plant numerous scars of sandal haustoria were

found
;
they were larger than of medium size and showed up the

inner wood to view. This species is only occasionally met with

above 3,000 feet on the .Javadies and Yelagiries of the Salem

District and yields small timber. It seems to be a fairly good

nurse for sandal.

(113) Litscea zeytanica—(EA^ergreen tree).—On a thick tap-root

and its branches a number of haustorial scars, some of them pretty

large and deep, were found
;
the root was dug iip close to a sandal

tree, but no living haustoria were seen on it; the scars exposed the

inner wood to view. This species is very commonlA’ found in sandal

tracts above 2,000 and up to 5,000 feet in the Salem District and is

evidently a good nurse for sandal.

On the Thirumalai Hill in Trevandrum I found a number of

liA’ing sandal haiistoria on the roots of this species at an elevation

of 400 feet above sea-leA'el.

Saxtalace.e.

(114) Santalum ulhum—(E^'ergreen tree).—Self-attachments

between sandal roots are frequently met with even when other

species exist plentifully. The haustoria and scars are pretty large

and the former woody; in some cases the attacked root is flattened

out at the points of attack. How such self-attack helps the trees

is not clear; but perhaps where a sandal tree is in the vicinity of

other species while another sandal is far away from them but
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within reach of its own kind, this peculiarity will lielp it to procure

its nourishment through its own kind.

ErPIIORBIACE.^i.

(llo) Cleistanthus collinils -

—

(Deciduous tree).—In nursery

experiments sandal seedlings were found to establish root-connections

with seedlings of this s])ecies and to thrive very well in their com-

pany.' I have not examined its attacked roots in nature. It

yields good small timber besides being a good nurse for sandal and

occurs in sandal tracts A^ery commonly, especially in plain forests.

(1J6) Jatropha gossypifolia—(Almost evergreen shrub).—Its

roots are attacked by sandal and the haustoria penetrate to the

wood. It is not commonly met with in sandal tracts in the Salem

and Kurnool Districts.

(117) Jatropha Curcas—-(Semi-evergreen .shrub). ^—The tap-root

and its branches of a plant were found largely attacked. The
sandal haustoria and the scars on them were somewhat small and

the scars were deep enough to expose the inner wood. This species

too is not commonly met with in sandal areas.

(118) Acalypha frvticosa—(Evergreen herb).—The tap-root of

a small plant and its rootlets were found covered with a number of

sandal haustoria
;
they were small but hard. Plate VII is a draw-

ing of the plant examined.

(119) Acalypha indica—(Almost evergreen shrub).—On the

roots of a plant examined there was only one sandal hau.storium

and an elongated scar resembling that of a fallen ott' haustorium ;

the haustorium was much larger than those found in the aboA^e

species and hard
;
Dr. Barber examined the sandal haustoria on its

roots Ainder the microscope and foAind them ])enetrating the AA’Ood.

(120) Acalypha sp.—(Garden).—Dr. Barber found sandal haus-

toria on its roots
;
I liaA’e not seen its affected roots.

(121) Mallotvs philippinensis—(EA'ergreen tree).—I foAind a

root of this exten.siA^ely covered with large and deep .scars of sandal

hau.storla exposing the inner wood
; a feA\' of the scars had been

covered over Avdth callus growth. It appears to be a good nurse

although its occurrence in sandal areas is somewhat restricted. It

yields small timber and the Kaniela dye and as such will be more
useful when encouraged as an as.soeiate of sandal.

* My “ Notes on Sandal.”—Indian Forest Records, Volume II, Part III.
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{122) Flueggia Leucopyrus—(Shortly deciduous shrub).—Dr.

Barber examined saudal haustoria on this species; I have not seen

its affected roots. As it is not uncommon in the natural habitat of

sandal, its utility as a host requires further investigation.

ITettcace^.

{123) Holoptelea integrifoUa—(Deciduous tree).—A long root

of this tree was covered with a number of scars of sandal haustoria ;

ihey were pretty large and deep, in some cases revealing the inner

wood of the host
;
a thin dark coloured cork-like layer covered ovei

the surface of the .•jcars; no living haustoria were found. It is

commonly found in sandal tracts and being a timber tree may be

encouraged as a nurse for sandal.

{124) Cudrania javanensis—(Shortly deciduous climbing

.shrub).—A root of this was foiind covered with a number of seal’s

of sandal haustoria, but no living haustoria were found. The root

collected having been lo.st I am unable to give further particulars.

{12o) Strehlus nsper—(Evergreen tree).—I found the tap-root

and rootlets of this species very largely attacked, and numerous

attachments formed. Plate YIII is a drawing of the root examined,

but it does not show a number of rootlets covered with haustoria as

they were clipped off for convenience of drawing. The haustoria

were of medium size but hard and woody. This seems to be a very

good host for sandal
;

it occurs in sandal tracts but confined more

to cool and moist localities.

{126) Fievs hengalensis—(Deciduous tree).—Small rootlets of

this tree were found covered with small whitish brown haustoria ;

I have not examined larger roots. It will probably be found to be

a tolerably good host, but I have not seen sandal trees in its proxi-

mity in the sandal areas, though I have seen a few saplings in its

neighbourhood in a compound at Tirupatur (Salem).

{127) Ficus (Deciduous tree).—Boots of this species

also are attacked, but the haustoria are small and rather far apart

;

haustoria examined under the microscope showed penetration into

the woody cylinder. I have seen sandal trees flourishing in its

vicinity and therefore think that it would be a good host for that

species.

{128) Ficus religiosa—(Deciduous tree).—Dr. Barber has ex-

amined under the microscope sandal haustoria on its roots and
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found them penetrate to the wood; *1 liave not seen its attacked

roots. It is not very commonly found in sandal tracts.

{120) Artnearpus integrifolia—(Evergreen tree).—A root of this

species was foiind close to a sandal tree on Thirumalai Hill in Tre-

vandrum and it l)ore traces of sandal attack ;
the haustoria were

flat, membranous and dead
;
this species does not seem to be a good

host—further observation is required.

Casuarine.t:.

{ISO) Casuarina equisetifolia—(Evergreen tree).—This is said

to be a very good nurse for sandal up to a certain age. Dr. Barber

has examined sandal haustoria on its roots. I have not seen its

affected roots. If associated with other longer-lived species, it

might prove a very good nurse for sandal.

Salicixeje.

{131) Salix tetrasperina—(Deciduous ti’ee).—I found dead

sandal haustoria on small roots of this tree
;
they were membranous

and small
;
I have seen sandal trees growing in its comjjany at

Bangalore, but how far it influences its growth could not be ascer-

tained, as there were other species growing with it and no living

haustoria were seen on its roots.

II.—MONOCOTYLEDONS.

H.EMODOR.ACE.E.

{132) Sansevieria zeylanica—(Evergreen shrub).—I found 2

sandal haustoria and a scar on a root of this
;
they were small

;

whether penetration had been effected could not be ascertained.

Dr. Barber examined sandal haustoria on its roots under the micro-

scope and found formation of protective corky layers on the cortex

before the haustorial sucker reached the vascular bundles, thus

effectively cutting it off from the latter.

Amautleide.®.

{133) Agave Vera-Cruz—(Evergreen shrub).—Dr. Barber ex-

amined sandal haustoria on the roots of this species and found the

sucker cut off from the vascular bundles of the host by the formatioi]
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of protective corky layers iti the host’s cortex. I believe very

young and tender roots are successfully penetrated though in well

developed roots the vascular bundles are not reached. Yet I have

found young sandal flourishing in aloe hedges without other hosts

near by.

{134) Fourcroya gigantea—(Evergreen shrub).—I found its

roots pretty largely attacked but the haustoria were small and

membranous. When numerous haustoria were examined under the

microscope, not a single case of successful penetration was noticed

owing to the existence of a thick ring of sclerotic cells in the inner

living cortex. Yet I have seen pretty vigorous growth of sandal

trees in pure hedges of this species. Unless it be that the sandal

obtains its nutriment from the dead and living barks (red-coloured)

it is difficult to explain the healthy and vigorous growth of the

sandal plants in the Fourcroya hedges.

Liliace^.

{135) Asparagus racemosus—(Deciduous shrub).—I have not

seen affected roots of this species. Dr. Barber has examined sandal

haustoria on its roots and found them penetrate the bark though

not the vascular bundles.

{136) Dracaena {garden)—(Evergreen shrub).—Sandal haustoria

on this species have been examined by Dr, Barber but the result is

not clearly stated. Its utility as a nurse requires further investi-

gation.

Palmed.

{137) Phoenix sylxestris—(Evergreen tree).—Its roots are

attacked pretty largely; the sandal haustoria and their scars are

medium-sized, but the former are membranous and soft; in the roots

examined although the scars were deep, it did not appear that the

vascular bundles had been penetrated. I have seen sandal trees

growing well in the vicinity of the date palm and presumably they

get some portion of their nourishment from it. Haustoria on tender

and unlignified roots should be examined under the microscope to

see whether penetration is effected.

{138) Cocos nucifera—(Evergreen tree).—I have seen sandal

haustoria formed on its roots at Salem, Pondicherry and Bangalore.
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Tlieir examination under the microscope showed no penetration into

the vascular system of the host although numerous haustoria on

well-developed roots were examined, I was not able to secure them

on tender and unlignified rootlets; further examination of such

roots and rootlets is necessary.

Cypeeace.®.

(139) Cyferus rotvndus—(Evergreen).—Dr. Barber found roots

of this species attacked and examined sandal haustoria on their

roots. I have not seen affected roots of it.

Geamine^.

(740) Cynodon dactylon—(Evergreen).—I found its root

attacked by a tiny thread like sandal rootlet and two minute haus-

toria formed. This grass may help in nourishing young sandal

seedlings.

(141) Elensine ccgyptiaca (indica)—Evergreen).—Young sandal

seedlings form root-attachments with this grass and their haustoria

are minute.

(142) Bamhusa arundinacea—(Deciduous).—Sandal forms

numerous root-attachments with this species and thrives very well

in its vicinity. I have found this at Bangalore and in the Salem

sandal areas. The haustoria are of medium size or smaller, hard

and woody unlike those on palm roots and in the majority of cases

compound. Haustoria on young roots were found to have pene-

trated the vascular system, while those on older and bigger roots

had not pierced through the sclerotic ring; in one case there were

12 attempts made by one haustorium to effect penetration as revealed

by the number of haustorial cortical folds. Although it is a very

good ho.st, there is danger of sandal plants caught up in a clump
being squeezed by the bamboo culms and suppressed by their heavy
cover overhead.

(143) Bambvsa auricvlata—(Deciduous).—Dr. Barber mentions

this among the sandal hosts in Appendix I but does not say whether
he found any root-attachments. I have not seen this species

attacked.

(144) OcTilandra Rheedii—(Evergreen).—The roots of this

species are attacked but not so extensively as those of the bamboo.
On a rhizome about a foot long with numerous roots there was onlv
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one fomponnrl haiTstoriiim on one of the roots. Dr. Barber fonncl

no successful penetration of the haustorium into the vascular system

of tlie root in his examination under the microscope. It is doubt-

fill whether this species is of any service to the sandal as a nurse.

11. The species of plants described above are not the only ones

which are associated with sandal. They merely represent those

whose roots have been examined hitherto and found to be attacked

by sandal roots. Numerous other species of plants are found

associated with it in its natural habitat and their roots still await

examination in order to ascertain whether and, if so, to what extent

sandal attacks and forms root-connections with them. A list of such

plants—taken from the appendices to Dr. Barber’s “Studies in

Boot-parasitism—The Haustorium of Santaliim album,” Volume I,

No. I, Part II, of the Memoirs of the Department of Agriculture

in India, and from my “ Tirupattur Sandalwood Working Plan”
published in the Proceedings of the Board of Eevenue, Madras,

Forest No. 172, dated 20th August 1904, and from other sources

—

is appended to this note. It is believed that this list is not ex-

haustive and that there are many other associates of sandal which

have to be ascertained by inspections of the sandal tracts in the

various parts of India where it occurs.

12. Ml. A. W. Lushington, Conservator of Forests in the Madras

Presidency, is of opinion that evergreen plants are probably better

hosts of sandal and that investigations in this direction will prove

very useful. Judging from the fact that 82 out of the 144 species

of host plants already examined and described above are evergreen

or nearly so, I am inclined to agree with him. This point deserves

to be studied further.

He also suggests for investigation the question whether essential

oil-bearing or balsam-producing species have any special effect

upon the sandal, and, if so, to what extent. He writes to me that,

in May 1908, he observed in Bamiindriig in the Bellary District

sandal plants growing on or near evergreen species remained ever-

green while tho,se growing on deciduous species became deciduous

and were just putting forward new young leaves after losing all

their old leaves. I have also observed a tendency in the sandal
to become deciduous in very dry localities in the Mysore Province,

Salem and Kurnool Districts, especially where other species of

plants associated with it are few and are deciduous.
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At the request of Mr. Lushington, the District Forest Officer of

Aorth Arcot had all trees and shrubs growing within a radius of

25 feet of 90 healthy sandal trees counted with the following result.

The average number of trees and shrubs within this space was
found to be 17 :

—
1. Canthium parviflomm and didymum ...... 3'4

2. Vitex altissima .......... 1‘6

3. Acacia pennata .......... 1'6

4. Phyllauthns . ........ 1'6

5. Zizyplms CEnoplia - .
1'4

fi. M allotns philippinensis ........ 1-0

7. Maba buxifolia 0 8
8. Diospyros chloi’oxylou ........ 0'7

9. Strychnoa Nnx-'^omica ........ 0'7

10. Schleichera trijuga .... .... 06
11. Other minor shrubs and creepers 3 6

17-0

From this enumeration, the District Forest Officer draws the

conclusion that Canthium farvijiorum and Canthium didymum are

convenient associates of sandal on the Javadies. On this Mr.

Lushington remarks that as suspected by him sandal strongly

favours evergreen scrub growth, the majority of the hosts in the

above case being of that nature.^

13. No conclusion can be drawn from the host plants described

in the foregoing pages as to the influence exerted on the growth of

sandal by the species which produce or contain fixed or essential

oils or balsam, for, there are only about 25 of such species among
the 144 described and nothing definite is known yet of the effect of

each of them on sandal. This question merits further investiga-

tion and research.

14. It has been suggested to me that a classification of the host

plants already examined and dealt with in the foregoing pages into

“ Good,” “ Medium ” and “ Indifferent ” hosts will be desirable

and useful. Altliough this suggestion is a good one, still, I refrain

from attempting a classification such as suggested, as it seems to

me premature to do so on the basis of what is recorded above as a

result of only a single observation in many cases, until it is verified

and confirmed. To those who wish to know which of the species

described by me are good hosts, it would not be tedious to refer to

the description and find out the information they require.

' Ref. on C. No. 116, datetl 17tli January 1910, jf the Conservator of
Forests, Northern Circle, Madras.
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APPENDIX.

List of Associates of the Sandal tree in its natural habitat and

elsewhere.

Names marked* indicate species with whose roots Sandal has been ascertained to

form root- attachments.

Serial

No.
Botanical name. Vernacular name.

ANONACEiE.

* Polyalthia longifolia Asoka. Tam.
* Goniothalamus wynaadensis . Pulichan sedi. Tam.
* „ sp. . Kakanan sedi. Tam.
* Aitabotrys odoratissimus . M onoranjini. Tam.

„ biglandulosa . • •• .•

* Anona squamosa .
1

Seethasedi.

MENISPERMACE^.

7 * Tinospora cordifolia . .
[

Amrithavalli. Tam.

8
;

Cocculus villosus . . .

CAPPARIDE^.

9

10
11

12
13

* Capparis zeylanica

„ sepiaria

„ divaricata

,, horrida

Cadaba indica .

. . Totli. Tam.
. . Kokkimullu. Tam.
. . Tom-atti. Tam.
. . Atanday. Tam.
. Vilithikeemy. Tam.

BIXINE^.

14
15
16

17

Cochlospermum Gossypium ,

Flacourtia sepiaria

„ llamontchi
Hydnocarpus Wightiana ,

Kattuparuthi. Tam.
Goddumnndi. Tam.
Mundi. Tam.
Maravetti. Mai.

GUTTIFERiE.

18
[

Calophyllum Inophyllum .
1
Punna. Mai.
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List of Associates of the Sandal tree, etc.

—

contd.

19 ?

Serial

No.
Botanical name. Vernacular name.

MALVACE.®.

19
I

* Thespesia populnea . . .1 Puvarasa. Mai. and Tam.
20

!

* Sida caipinifolia . .1

21
i

* ,, rhombifolia . . .1

22
I

* Gossypium arboreum . I Parutbi. Tam.

STERCULIACE^.

23
24
25

26

* Pterospermum Heyneanum
* „ suberifolium
* Sterculia alata .

* Guazuma tomentosa

.

I olavu. Tam.
Tbaday. Tam.
Tbondi. Mai.

Tbenpuchi. Tam.

TILIACE.E.

27
28
29
30
31

* Beirya Ammonilla
* Grewia birsuta

* „ tiliaefolia

* „ sp.

„ Microcos

Tbirukanamalay. Tam,
Tellajana. Tel.

Tbadacbi. Tam.
Pannipudukken. Tam.
Kottaisedi. Mai.

LINE.®.

32 I
Erytbrosylon monogynum . . 1

Semlicban. Tam.

MALPIGHIACE^.

33
1

Hiptage Madablota , . .
(

Kurukutbii Tam,

GERANIACE^.

34
{
*AveiTboa Carambola. . . |

Pulicbi. Mai,

RUTACE.®.

35
I

MuiTaya exotica . . .
i
Vangarai

; Konji. Tam.
36 1 „ Koenigii . . .

{

Karuveppelia. Tam.
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List of Associates of the Sandal tree, etc.

—

contd.

Serial

No.
Botanical name Yernacular name

.

RUTACE.®

—

contd.

37 * Clausena indica

38 * Limonia acidissima .

39 Feronia Elephantiim
40 * Toddalia aciileata

41 Atalantia monopbylla
42 * Citrus Aurantium

Nana
;

Karuveppalai. Tam.
Naivela. Tam.
Vela Tam.
Katmolagu Tam.
Kuvnthan, Katelimichan. Tam.
Kitclili. Tam.

SIMARUBEJl.

4-3
I

• Ailanthus excelsa . . .1 Peiumaram. 'I'am.

44 I Balanites Roxburghii. . .
|

Naujunda. Tam.

BURSERACE.E.

45
46
47

* Protium caiidatum

Garuga pinnata

Boswellia serrata

Kiliivai. Tam.
Arunelli. Tam.
Sambrani ;

Vellai-Kungiliyam. Tain.

MELIACE^.

48 * Alelia Azadirac-bta . Vepa. Tam. >

49 * Cipadessa fruticosa . . Sevattai. Tam.
50 Chickrassia tabularis . . Selunmacbi. Tam. Gantuinali.

Kan.
51 Cedrela Toona . Aladagarivembu. Tam.
52 Chloro.xylon Swictenia Borasu. Tam.

OLACACE.E.

S3
]

* Caiisjcra Rlicedii . . .
|

^

t i

CBLASTKACE/E.

54

56

* Cela-strus panieiilata .

Gymnosporia montaiia
* Elseodendron Roxbiirgbii .

Kattaugi. Tam.
Keeii

;
Irgiilli. Tam.
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Serial

No.
Botanical name. Vemacular name

BHAMNE^.

67 * Ventilago madraspatana
58 * Zizj'phus (Enoplia

59 ,, Jujuba
60

;

* „ rugosa

61 „ xylopyrus .

62 Scutia indica .

Vembadan. Tam.
Surimullii. Tam.
Elanthai. Tam.
Kat-elanthai. Tam.
Nai-elanthai. Kottai. Tam.
Konkimiillu. Tam.

SAPINDACE.E.

63

61
66

66

67

Cardios|'ei'mum Halicacabiim

Dodonsea viscosa
* Schleichera trijuga .

Sapindus Mukorossi .

Erioglossum nibiginosum .

. ! llodakatlian. Tam.
Velari. Tam.
Poovan. Mai.

. Manipungan
;
Pooclmkottai. Tam.

. Korali, Manipungan. Tam.

ANACAUDIACE.E.

68
69
7()

71

72

Odina Wodier .

Buchanania latii'olia .

* Mangifera indica

Semecarpus Anacardiiim
* Anacardium uccidentale

. Oodian. Tam.
' Sarai. Tam.

.

I

IMavu. Mai.

.
I

Oharu. Mai.

.
j

Munthiri. Tam.

MOPINGAC EAi.

73
I

Moringa pterygosperma . .
|

Muriuga. Mai.

CONNARACE^.

. . Kureel. Mai. (With sandal on
1 Thirumalai and Jasper Hill, Trevan-
' drum.)

74 Connarus monocarpus



erial

No.

75
76
77
78
79
80
81
82
83
84
85
86
87

88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
J07
108
109
110
111

112
113
114
115

41
.

#

#
#
*
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List of Associates of the Sandal tree, etc.

—

contd.

Botanical name.
j

Vernacular name.
'

I

1

LEGUMINOSiE.

Erythrina stricta

Butea frond osa
* DalbergLa scandens .

* „ Sissoo

* „ paniculata

.

* „ latifolii

„ lanceolaria

.

Pterocarpus Mamupium
* Pongamia glabra
* Castanospermum australe

* Clitoria Tematea
* Dolichos Lablab
* Canavalia ensiformis (?)

Virosa.
* Csesalpinia Bonducella

„ sepiaria

* Peltophorum ferrugineum
* Pterolobium indicum
Parkinsonia aculeata

* Tamarindus indica

Cassia Fistula .

* „ siamea .

* „ auriculata

Bauhinia racemosa
* Adenanthera pavonina

Prosopis spicigera

* Parkia biglandulosa
* Leucsena glauca

Acacia arabica .

„ leucophloea

„ Catechu

„ Sundra
* „ Suma .

„ csesia (Intsia)

,,
pennata

„ feiTuginea

„ concinna

Albizzia odoratissima

„ Lebbek
* „ amara
* Pithecolobium dulce

* „ Saman

Mullu-marukku. Tam.
Murukkan. Tam.
Konilkodi. Tam.
Gette.

Pacbalai. Tam.
Iruvadi. Tam.
Gattipachalai. Tam.
Vengai. Tam.
Pungom. Tam.

var
Sittavarai. Tam.
Kattuthamattai. Tam.

Getchakai. Tam.
Kuruttu-gajjigai. Kan.

Karindu. Tam.
Parengivelan. Tam.
Puli. Mai.

Konnai. Tam.
Roattu-konnai ; Manjakonnai. Tam.
Avarom.
Sittacha.

Anaikundumani. Tam.
Parambai. Tam. (Pumgamadavu

Reserve, Salem District.)

Mavu kaimarom.
Tagaraimarom.
Karuvelom.
Velvelam.

Karungali.

Karungali.

Mugali. Kan.
Seengai. Tam.

Seemai velvelom. Tam.
Seekai. Tam.
Selai ; Kal-turinji. Tam.
Kat-vahai. Tam.
Turinji ; Oongil. Tam.
Korukkapuli. Tam.
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List of Associates of the Sandal tree, etc. —contd.

Serial

No.
Botanical name. Vernacular name.

COMBRETACEJl.

116 Terminalia belerica . Thani. Tam.
117 * „ Chebula . . . Kadnkai. Tam.
118 * „ Arjuna Attumaddi. Tam.
119 „ paniculata Maruthi-Mal ; Puluve. Tam.
120 * Combretum ovalifolium Vennangukodi. Tam.
121 Anogeissus latifolia . Namai ; Vekkali. Tam.

MYRTACE^,

122 * Eugenia jambolana . . . Naga. Tam.
123 * Hsidium Guayava . . Goyya. Tam.
124 * Eucalyptus globulus . ,

125 Careya arborea Amai-marom, Tam. Pezhii. Mai

MELASTOMACE^.

126
1

Memecylon edule . . . 1
Kassan. Tam.

LYTHKACEiE.

127 Lagerstroemia lanceolata Ventekku. Tam.
128 Lawsonia alba .... Marutbani. Tam.

SAMYDACE.5:.

129
1

* Casearia tomentosa
1
Kottu kdvaij Gutti. Tam.

CTJCURBITACEiE.

130
1

* Cucurbita dioica , .
1

Kdvai. Tam.

BEGONIACEJI.

131
1

* Begonia (garden)
I
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Serial

No.

List of Associates of the Sandal tree, etc.

—

contd.

Botanical name. Vernacular name.

CACTEiE.

132
I

* Opuntia Dillenii . . . |
Sappatliekalli. Tam.

ARALIACE^.

133 * Heptapleurum verticillatiim

134 * „ venulosum .

135 * Panax (garden)

Velatta. Tam.

CORNACEiE.

136 I
* Alangium Lamarckii Alinji. Tam.

EUBIACEA^.

137
I

Stephegyne parvifolia

138
I

* Webera corymbosa

139
j

* Randia dumetorum
140

: „ uliginosa

141 Canthium idymum
1J2 I

„ pan-ifloriin

143 Ixora parvifiora

144 ,, coccinea

145 * Pavetta indica .

146 * Marinda citrifolia

I
Nirkadambi. Tam.
Therani. Tam.
Karay. Tam.
IMaiakaray. Tam. Godukarai.

Nekkani. Tam.
Nalla Karai. Tam.
Kora, Sbulanda. Tam.
Tbetti Mai. (Found with sandal on

Jasper Hill, Trevandrum.)
Pavattai. Tam.
Nona. Tam.

PLUMBAGINE.E.

147 1

* Plumbago zeylanica . . |
Chitramulam. Tam.

.MYRSINEAl.

148
I

* Ardisia bumilis . . . ]
Maniputtan, Tam.
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List of Associates of the Sandal tree, .etc,—

Serial

No.
llotanieal name. Veinaetilav name.

SAPOTACE.l':.

149 * Mimusops inclica Magadom. Tam.
I'alai. Tam.150 ,, hexandva .

151 Bassia loiigifolia . . . Iluppai. Tam.

EBENACE.E.

152 Diospyros Chloroxylon Karuvakkanai. Tam.
153 montana . Velvakkanai. Tam.
154 * „ Kanjilali . Notchikonnai. Tam. (Found on

Wumbugudi Plateau.

)

155 „ Tupru Tiibaray. Kan.

156 ,, melanoxylon Karunthumbi. 'lain.

157 Maba buxi folia Irumbuli. Tam.

OLEACE.E.

158 * Jasminum malabaricum Mullai. Tam.
]59 * „ rigidum .

160 * Olea dioica Fanaiporumbalu. Tam.
161 * Linociera malabarica . . Porumbalu. Tam.

SALVADORACE.E. ,

162
1

* Azima tetracantba Sangansedi. Tam.

APOCYNACE,E.

163 * Carissa Carandas Kla. Tam. ! -

161 spinarum
^ Wrightia tinctoria

Kila ; Kla. Tam.
165 Veppale. Tam.
16-5 „ tomentosa . . Sonaiveppale. Tam.

ASCLEPIADACE/E.

167 * Sarcostemma breyistigma . Eripulinji. Tel.

168 # Pregea volubilis

169 * Heterostemma sp. (?) Karalankodi. Tam.
J70 Boucerosia umbellata Enakundelekommu. Tel.
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List of Associates of the Sandal tree, etc.-~contd.

Seiial

No.
Botanical name. Vernacular name.

LOGANIACE^.

171
1

Stryclinos Nnx-vomica Ettimarom. Tam.
172

1 „ potatorum Thethankottai Tam.

BORAGINE.®.

173 * Cordia Myxa .... Jollai. Tam.
174 „ Macleodii Fallen-teku. Tam.
175 * Ehretia laevis .... Poliiniri. Tel.

BIGNONIACE.®.

176 * Tecoma Stans ....
177 * Kigelia pinnata

178 Millingtonia hoiiensis Maramalli, Tam.

ACANTHACE.E.

179 * Ruellia prostrata

180 * Strobilanthes cuspidatiis . Sirukurungati. Tam.
181 *Adliatoda Vasica Adatoda. Tam.
182 * Bkpharis boerhaavisefolia ,

183 JWeyenia (garden)

VERBENACE^.

184 * Lantana Camara Beligida. Kan.
185 * Stacbyta.rpbeta indica

186 ^ Vitex Negundo Vella notchi. Tam.
187

188 * „ altissima Myladi Tam.
189 „ pubescens Myladi Tam.
190 * Tectona grandis Theku. Tam.
191 Clerodendron infortunatum Peruvelom. Mai
192 Gmelina arborea Kumbilam. Tam.
193 „ asiatica Kumbilakodi. Tam.
194 * Premna tomentosa . Podanganari. Tam.
195 „ integiifolia . Minnay. Tam.
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Serial

No.
!

Botanical name. Vernacular name.

LABIATE.

196 I Coleus (garden) . . .
|

197 * Mentha piperita . . . Pudeena. Kan.

AMARANTACE.®.

198
I

* Achyranthes aspera . ... I Nayuri. Tam.
199 I

* Pupalia atropui'purea . . . |

LAURINE®.

200 * Alseodaphne semicarpi folia . . I Buddasedi. Tam.
201 ,, umbelliflora . .1

202 * Litsma zeylanica . . .
[

Sirupanjettai. Tam.
203 „ tomentosa . .

i Peruppanjettai. Tam.

HERNANDIE®.

204
I

* Gyrocarpus americanus (Jacq.) .
|
Vellai-thanakku. Tam.

EL®AGNACE®.

205

I
Elaeagnus umbellata .

‘

.
|

Kulari. Tam.

SANTALACE®.

206

I

* Santalum album . . [
Sandanom. Tam.

EUPHORBIACE®.

207
208
219
210
211
212
213

Euphorbia pilulifera .

* Cleistanthus collinus .

Plueggia microcarpa .

* „ Leucopj'rus

Pbyllanthus reticulatus

„ Emblica
* Jatrop^ Curcas

I " oddan. Tam.
I
Poola. Tam

I

Veppiila. Tam.

I

Pulichinta. (Tel.) Kurnool.

i
Nelli. Tam.
Kattu-amanakkn. Tam.
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List of Associates of the Sandal tree, etc.

—

contd.

Serial

No Botanical name.

!

Vernacular name.

EUPHOEBIACE.E— rowi'rf.

214 Jati'oplia glanclulifera . . Kattamanakku. Tam.
215 * „ gossypifolia

21 f) Givotia rottleriformis . . Polukki. Tam.
217 Codiaeum (garden)

218 * Acal.vpha fruticosa . . Kuppamani. Tam.
219 * „ indica . .Jidda. Tam.
220 „ (garden) .

221 * Mallotus philippinensis . . Tirusella. Tam.

URTICACE.E.

222 * Holoptelea integrifolia . . Avali. Tam.
223 Trema orientalis . . ‘ Bendai. Tam.
224 * Ficus bengalensis . .

1

Ala. Tam.
225 * ,, mysorensis . . Goni. Kan.
226 * „ religiosa . . . Arasu. Tam.
227 * Ai'tocarpus integrifolia .

.
1

Pila. Tam.
22s * ,, liirsuta . . 1 An)ili. Mai.

229 Cudrania javanensis . . .
1

A cbankaranai. Tam.
230 * Streblus asper . . . 1

Pirayen. Tam.

CASUARINEiE.

231
1

* Casuftvina equisetifolia . . 1
Chowku. Tam.

SALICINE^.

232
1

* Salix tetraspernia . . » I
Nir notchi. Tam.

H^MODORACEiE.

233
1

* Sansevicria ze.vlanica

.

. . 1
Marul. Tam.

AMARYLLIDEJI.

234
j

* Agave Vera-Cruz .
.

1

Kattali. Canarese.
235 ' * Fourcroya gigantea .
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List of Associates of the Sandal tree^ etc.—concld.

Sei'Lil

No.
Eotanical name. Tevnacular name.

LILIACE.E.

236 .
* Asparagu.s racemosus . Sadaveri. Mai.

237
1

* Dnicaenajgaiden)

PALM.E.

238 * Phoenix sylvestris . Icbamarom. Tam.

239 Arenga saccharifera .

240 * Cocos nucifera .... Tbennamarom. Tam.

241 Cavyota mens .... Kundapanai. Mai.

242 „ mitis (sobolifera) .

CYPERACEai.

243 * Cyperns rotundus . .
1

Korai pillu. Tam.

GRA.MINE.E.

244 Saccbarnm spontaneum Mudduliliulla Kaii.

245 Andi'opogon contortns Gaddipul. Tam.

246 „ Schoenanthus . Vennhapul. Tam.

247 * Cyncdon dactylon Arugampillu. lam.

248 * Elensine aegyptiaca . ...

249 * 1 ambusa arundinacea . Peruvarai. Tam.

250 * „ auriculata . .

251 Dendi'ocalamus strictus Siruvarai. Tam.

252 * Ochlandra Pbeedii Nanai. Tam.
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PLATE 1.

•root of Thespesia populnea, attacked by B.—a sandal root and Ej B,.

—

sandal rootlets ; a, a—cushions or tubercles of living haustoria ; b, b

—

scars of withered haustoria. Small dull red spots on A indicate natLiral

warty excrescences on the roots of the host plant.



RAMA RAO ; Host Plants of the Sandal.
Plate I.

»y Cfit Cahurfa ^hofotypa C.







PLATE II.

rout of Elceodendron Roxburghii showing marks of attack by sandal roots, a, a

—withered sandal haustoria adhering to the root ; b, b—scars of fallen-

off haustoria.



RAMA RAO: Host Plants of the Sandal. Plate



(



4

I



PLATE III.

lioot of Dalbergia Sissoo—bearing marks of attacks by sandal roots.

A—loot of Dalbergia Sissoo ; B — rootlet of oandal ;
a, a—scars of

withered haustoria ; b, b—cushions or tubercles of sandal haustoria ; b, b,

small cushions of sandal hauetoiia on the san lal rootlet itself at points of

contact with a Thespesia rootlet.



RAMA RAO: Host Plants of the Sandal.
Plate III.

and pr-nttd

Ay ZV>« Ca/cuffa ^fiotofypt







PLATE IV.

Root of Acasia Infsia—attacked by a sandal root
;

illustrates how a sandal root or

rootlet sometimes trails along a host-root sending down suckers into the

tissues of the host without forming any visible haustorial cushions.

A is the root of Acasia Intsia-.

B is the sandal root.

a, a—cushions or tubercles of sandal haustoria.

b, b—soars of withered haustoria.

c, c—points at which a sandal root trailing along the host -root has

sent suckers into the tissues of the host without forming visible

haustoria.



RAMA RAO: Host Plants of the Sandal.
Plate IV.

and j>r.nUd

*jr fA* Calcatta ^hatat^p, Co I







PLATE V.

Root of Eucalyptus globulus A.—attacked by sandal rootlets B B : a, a—living sandal

baustoria, b, b—scars of withered haustpria.

A



RAMA RAO: Host Plants of the Sandal Plate V,

A
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PLATE VI.

Illustrates root attachments of sandal with the roots of Adhatoda Vasica.

A A—Adhatoda Vasica plant.

B, B - sandal root and rootlets.

a, a, a—points at which sandal rootlets are attached to the roots of the

host plant.

b, b, b—cushions formed by sandal haustoria on the host.

C—cushion formed on a sandal lootlet at j
oint of contact with another

sapdal rcutkt.



RAMA RAO : Host Plants of the Sandal. Plate VI.
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PLATE VII.

Acalypha fruticosa plant showing tiny cushions formed by sandal haustona

a, a, a—cushions of living sandal haustoria.



'RAMA RAO: Host Plants of the Sandal.
Plate VII.

A

^ and

Zha Cmltuda ^hatatfpa C«.
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PLA.TE VTII.

Illustrates attachments of sandal roots and rootlets to roots and rootlets of Streblus
aspc)

.

(Tamil Kuttipilavu or Pirayen.)

A, A—root of Sireblu-'i asper ; B, B—sandal root
; Bj—sandal rootlets

still adhering to cushions formed by sandal haustoria.

a, a— living sandal haustoria on the lateral roots of Streblus asper.



Host

Plants

of

the

Sandal.

Plate

VIII.
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