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INDIAN FORESTER.

Vol. XVI.]  January—March, 1890. [ No. 1-3.

'NOTES ON THE UTILIZATION OF FORESTS.
(Continued from page 415, Vol. XV.)

SecrioN III.—~HARDNESS.

In respect of any wood we may say that its hardness is the re-
sistance it offers to penetration by another body.

It is evident that this resistance is an entirely relative term,
and will be different not only according to the shape and nature of
the penetrating body (whether it is a point or edge, or a blunt pro-
jection, and so on), and the manner in which it is forced against
the wood (whether by impact or by mere constant pressure, &c.),
but also according to the direction in which, with reference to the
grain of the wood, the penetrating body is moved. The direction
may be (i), parallel to the fibres, or (ii), at right angles to them, or
(iii), oblique to them. In the first case the penetrating body may
be applied along, or at right angles to, the medullary plates. In
all three cases the resistance will be different according as the body
is forced into the wood on a longitudinal or on a transverse section.

Whatever the direction in which penetration is attempted into
the wood, the resistance will depend on five several circumstances
as follows :—

(a). The structure of the wood.—In the first place, hardness will
depend on the coherence with each other of the component elements
of the wood ; and for the same degree of cohesion, the closer to-
gether the fibres are, that is to say, thedenser, or, in other words,
the heavier the wood is, the harder will it be. Lastly, anastomosis
and a wavy course of the fibres increase hardness, while shortness
of the fibres diminishes it.

(b). Toughness of the fibres~Tough fibres yield under pres-
sure without breaking ; they merely undergo a certain amount

B
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of displacement, which only brings the fibres closer together and
increases the hardness of the wood at that point. Porous woods
offer most room for this displacement of the fibres, and, other cir-
cumstances being the same, possess the greatest degree of resistunce.
The hardness due to toughness of the fibres manifests itself most
in a direction transverse to that in which they run.

(¢). The quantity of moisture present.—Dry wood is harder
than green wood, firstly, because moisture softens the tissues, and
next, because green wood, being swollen up with moisture, occu-
pies for the same amount of solid matter, more space than dry
wood. The superior hardness in the dry state is more conspicu-
ous, the heavier the wood is. Dry Hardwickia binata and ebony
are as hard as horn. In the case of very light tough  woods, such
as willows, poplar, semal, &c., since the degree of tonghness is in
proportion to the amount of contained moisture, the influence of
moisture on hardness becomes inconsiderable. The heartwood,
owing to the smaller quantity of water it contains, is always harder
than the sapwood, even when their respective weights are not very
different ; and for the same reason the older parts of a tree, pro-
vided of course they are still sound, are heavier than those which
are younger.

(d). The quantity of resin and oil present.—Oil makes the
fibres tougher and fills up the interstices. In resinous woods,
however, hardness is in inverse proportion to the quantity of es-
sential oil present, since the oil keeps the resin in a soft condition.
Wood in which the resin is quite dry, as in stumps of deodar and
pine trees felled sometime ago, is almost as hard as horn.

(e). The tool with which penetration is attempted.—The resist-
ance will be different according as we use a gimlet, or a file, or
a plane, or a saw, or a chisel, or sand paper, &. Thus old posts,
exposed during years to every weather influence, of Hardwickia
binata, khair and other woods that do not decay fiom exposure,
will defy all efforts to drive nails and bore holes thto them, but
will nevertheless be easily cut up with a saw. We as foresters
need consider only the resistance offered to the axe and saw.

In respect to the axe the greatest resistance to be overcome is
across the fibres, the least parallel to the fibres, especially in the
direction of the medullary plates and along the concentric rings of
growth, when these are well-marked. The resistance to be over-
come parallel to the fibres is connected with aptitude for fission,
and will, therefore, not be considered here. From what has gone
before, it will have been seen that the resistance offered to an axe
driven across the fibres, whether perpendicularly or obliquely,
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depends on the closeness of texture of the wood, the toughness,
length and tendency to twist or anastomose of the fibres, and the
quantity of moisture present. It will hence be understood why
light wood with tough fibres requires a heavier axe than heavy
wood with short fibres. The axe not only cuts but also presses,
and tough loose fibres give before the passage of the axe, being
merely pushed forward. In every case the resistance offered to the
axe is greatest at right angles to the fibres, and diminishes in
proportion to the obliqueness of the stroke.

The resistance offered to the saw does not resemble at all that
offered to the axe. Contrary to what happens in the case of the
axe, for most species, especially those which are light and tough,
the resistance is greatest in the direction of the fibres, since the
saw has no splitting action, but takes off a string of fibres, shred by
shred, whether cutting along the fibre or across it. The teeth of a8
saw work principally by tearing, very little, sometimes, as in wood of
loose texture, not at all, by a shaving or cuttihg action. Hence
the tougher and longer the fibres are, and the looser the structure
of the wood, the more difficult is the work of the saw, for the teeth
then no longer break up or divide the individual fibres, but tear -
them asunder from one another, owing to which circumstance the
sides of the cut become rough and uneven,a large quantity of
coarse sawdust is produced, and the saw has to overcome a very
great amount of friction. In the case of wood of compact texture
and possessing short and closely-cohering fibres, the fibres are
more easily broken or otherwise divided, the sides of the cut are
smoother and the sawdust finer and less abundant. It is thus a
general rule that amongst broad-leaved species the heavier and
denser kinds are the easiest to saw. Resin and other glutinous
secretions clog the teeth of the saw, and increase very considerably
the friction. Nevertheless, the conifers, although also loose tis-
sued, are easy to saw becanse of their extremely regular structure.
As a rule, green wood is easier to saw than dry wood, since, as we
have seen above, moisture renders wood softer, although the fibres
themselves become less brittle. The only exceptions to this rule
are woods with very loose texture and long tough fibres, which are
rendered all the tougher and stronger by tke moisture.

According to Gayer, if we denote the resistance offered by re-
cently-felled beech to cross-cutting with the saw by unity, the corre-
sponding resistances offered by other species are—spruce = 0-60,
Bcotch pine == 0-67, silver fir = 0'76, larch = 093, oak and
aspen = 1'09, alder = 110, birch = 1 35, willow = 1 37, lime
or linden = 1-77,
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SecrioNn IV.—FLEXIBILITY AND ELASTICITY.

We understand by flexibility the capability of being bent out
of shape without any kind of rupture of the component wood
elements. Elasticity in addition to flexibility implies a return,
more or less complete, to the original shape, that is to say, the
resumption of their original relative positions by the elements.
Thus mere fexibility and elasticity, althongh closely inter-connected
up to a certain point, are different properties. Both agree in re-
quiring the fibres to be more or less extensible and to play upon
one another ; and for this reason they both require the fibres to be
long and straight and parallel, and the wood to be homogeneous.
In the case of woods with distinct concentric rings, both properties
are heightened by narrowness of the rings, which form thin plates
capable of moving one upon another like the leaves of a book.

FrexisiLity.—Mere flexibility without elasticity is favoured by
a wet condition of the fibres, the walls of which are then soft enough
to stretch and change shape easily. Hence steaming under a high
pressure, or which nearly comes to the same thing, exposure in a
green state to a temperature sufficient to form steam, gives wood
its maximum of flexibility. As a rale, light woods are more
flexible than heavy woods, because their looser structure gives more
room for the play of the fibres upon one another, and enable them
to become soaked with moisture more easily and completely. Hence
the wood of the roots is more flexible than that of the stem, which
itself is, with few exceptions, more flexible than that of the branches.
For the same reason, and also because it contains more moisture,
sapwood is more flexible than heartwood, and the outer concentric
rings than those further in the interior. The wood of trees grown in
wet soils is often more pliable than the wood of trees grown on
dry soils. For one and the same species young stool-shoots are
more flexible than seedlings of the same size. The wood of clim-
bers is the most flexible of all, being very straight and long-fibred
and of loose texture.

Flexible wood is used for band boxes, drums, frames for sieves,
hoops, wicker work, matting (bamboos and canes), wattling, withies,
bentwood furniture, &c. Wood that has been made flexible arti-
ficially, loses all its flexibility and becomes very brittle, once it is
dry.

Evasriorry.—Moistare diminishes elasticity, only dry (but not
too dry) or moderately green wood being elastic. For one and
the same species weight always increases elasticity. Hence well-
" nourished wood is more elastie than wood of loose texture, the
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wood of the stem than the more porous wood of the roots, slow-
grown conifer wood than faster-grown specimens, and so on.
Elasticity is increased by slow seasoning ; hence killing a tree by
girdling is injurious to elasticity.

The following scale of elasticity may be adopted :—
Extremely elastic—bamboos, canes.
Very elastic—Grewias, sundri, Anogeissus latifolia.
Elastic— Diospyros spp., sissu.
Pretty elastic—teak, mango, tun.
Slightly elastic—deodar, Hardwickia binata, semal.
Very slightly elastic—Boswellia serrata, silver fir.

ST

SEcTION V.—APTITUDE FOR FISSION.

All woods are more or less fissile, i.c., capable of being split
down their whole length when a wedge is forcibly driven along
between the fibres. The ease or difficulty with which a piece of
wood can thus be split depends on five several circumstances as
follows :— ‘

1. The structure of the wood.—The straighter and longer and
more parallel the fibres are, the more easily will the wood split, e.g.,
bamboos, canes, conifers, teak, &c. Hence for one and the same
epecies the faster-grown the specimen, the more easily will it split.
All breaks of continuity of the fibres, such as knots, branches,
and wound scars, increase the difficulty of splitting ; in other
words, canopy-grown trees with long, clean boles and a high re-
stricted crown furnish the best wood for fission, and trees with
low spreading crowns the worst. Wood from the branches and
roots, being more knotty and crooked and twisted, is more difficult
to split than the wood of the stem ; and the most difficult of all to
split is the wood in the region of the root-collum, from which all
the main lateral roots of the tree take their rise. The medullary
rays, by their thickness, length and depth, influence very con-
spicuously the aptitude of wood for fission, as all woods split most
easily in the direction of the rays. Owing to the presence of large
rays, woods, which like the oaks, would otherwise be extremely
difficult to split, are among those most easily fissile. Great number,
by forcing the fibres to extend evenly and straight, makes up for
smallness and even minuteness of the rays, as in the case of the
conifers. The degree of coherence between the fibres and the
medullary plates also influences the fissility of a wood. The coher-
ence between the concentric rings of wood is very much greater
than that between the fibres and medullary plates. In old in-



6 NOTES ON THE UTILIZATION OF FORESTS.

dividuals of spruce and of some others of our species the concentrio
rings, however, separate easily.

1I. Flexibility and elasticity.—It is obvious that elasticity in-
oreases aptitude for fission, since as the wedge is driven forward,
the split extends by the force of the mere leverage exercised on the
sides by the wedge, the cutting edge of which does no work at all
once it has helped to introduce the tool into the wood. On the
other hand, when mere flexibility exists, there can be no such lever-
age, and the entire work of parting the fibres has to be dome
throughout by the edge of the wedge. Mere flexibility helps
fission only in so far that without it the wood on each side of the
wedge would break off short.

1II. Contained moisture—As a rule, green wood can be split
more easily than dry wood. Hence sapwood is easier to split than
heartwood, and wood felled during great activity of the sap at the
beginning of the season of vegetation than wood felled at any other
season. This greater facility is due to the slighter degree of
coherence between the fibres in a green state and to the greater
flexibility, up to a certain limit, of the wood.” We say up to a cer-
tain limit advisedly, for if this limit is exceeded, as in the case of
extremely flexible woods, the difficulty of fission is increased (this
_clearly proves what has been said in the immediately preceding

paragraph).

IV. Frost.—It is obvious that frost makes the fibres brittle.

V. Resin and oils.—Resin, by diminishing elasticity, renders
fission difficult, while fixed oils generally facilitate it.

VI.—The circumstances under which the tree has grown up.—
Growth in the midst of a proper leaf-canopy and with a sufficient
supply of moisture increases aptitude for fission by producing a
uniform tissue composed of straight, long and parallel fibres not too
closely connected together owing to a high degree of lignification.
Since the same conditions favour diametral increment, wood with
wide concentric rings is usually more easily fissile than wood
with narrow rings. And generally speaking we may say that the
wood of all vigorous individuals is easier to split than that of weak
ones. Hence the well-known fact that young stool-shoots are
much more easily split than seedlings of the same size. The wood
of trees grown in hot, dry climates, as it is always so highly lig-
nified, is more difficult to split than that of trees from temperate
localities.

The ease or difficulty with which a wood can be split is a cir-
cumstance possessing cousiderable importance, since a great many
industries depend on this quality of wood, especially the trade in
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firewood. In what degree the wood of any individual of a given
species is fissile can be easily recognised on the standing tree itself,
which, to split well, ought to have a long, clean, straight, full and
symmetrical bole, and a not too thick bark containing wide, long
and straight cracks that have a tendency to extend upwards. The
soil and locality also furnish indications, In the case of a felled
tree, besides having the points already enumerated, we can also
examine a small ribbon of the wood taken off with a plane. A
crack, however small, through the centre on the transverse section
i3 a certain proof of easy fissility. Woodmen have often to put up
with the disagreeable experience of seeing a tree split up and
fall before it is sufficiently cut through. Species whose indivi-
duals play this unpleasant trick are always easy to split.

As a beginning, and subject to numerous additions and correc-
tions, we may establish the following classes for India according to
aptitude for fission :—

1. Extremely fissile—bamboos, canes.

2. Easily fissile—teak, Anogeissus latifolia, deodar, tun, the firs,

3. Pretty fissile—mango, Pterocarpus Marsupium.

4. Difficult to split—sal, babul, Terminalia tomentosa.

5. Very difficult to split— Terminalia belerica, Boswellia serrata.

SecrtoN VI.—STRENGTH.

By the term strength is understood the degree of resistance
which a given kind of wood offers—(i), to being broken across the
grain (transverse strength), or (ii), to crushing, or (iii), to being
torn asunder by a shearing force, or (iv), to being twisted. In
discussing the strength of woods the mathematical side of the
question will not be touched upon, belonging, as it does, to the
subject of practical mechanics.

I. Transverse strength.—For our purpose the resistance which
wood offers against a transverse strain stands in the first place,
for it is principally this resistance which has to be considered in
all timber for roofing, scaffolding, floors, carriage building, ladders,
&c. Ina general way it may be said that the heavier the wood,
the greater the trancverse strength. DBut this general rule, al-
though nearly always true for specimens of one and the same spe-
cies, is subject to modification according to the structure of the
wood and the cohesiveness of the fibres. Length and straightness of
fibre and uniformity of texture contribute to transverse strength.
Moreover, whatever increases elasticity and flexibility, increases also
transverse strength. Great abundance of resin, especially in a dry
condition, is a cause of weakness. In one and the same tree, pro-
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vided of course that every part is sound, the transverse strength
of the wood increases from inside outwards, and from below up-
wards, this increased strength being due mainly to greater uniform-
ity of structure and length of fibre. The results of recent re-
searches would show that wood felled during vegetative repose is,
owing doubtless to the presence of reserve matter which increases
the cohesiveness of the elements, stronger than wood felled during
vegetative activity, especially at the first burst of such activity.
Wood seasoned gradually is stronger than wood seasoned too
quickly; hence killing a tree by girdling diminishes the strength
of the wood. Combining the facts given in the two immediately
preceding sentences, we have the inference that for India the
rainy season, and then the cold weather, are the best time, irrespec-
tive of all other considerations, for the felling of timber trees.

1I. Resistance to crushing.—This resistance is required in a
high degree in wood for piles, posts and other uprights, wheel-
spokes, &c. It is always in direct proportion to transverse strength
and elasticity, since in nearly every case uprights that are over-
loaded finish up by bending and then breaking across the fibre.
A consideration of resistance to crushing strains is of little prac-
tical utility, for on account of other reasons the dimensions of pieces
of timber used as uprights are far in excess of the limits necessary
for resistance to mere crushing.

III. Resistance to shearing.—This resistance is of importance
only for woods used for a few special purposes, such as sunken
piles, tent-pegs, chisel handles, &c. It is always greatest in the
direction of the fibres. For one and the same species, it will be
in- direct proportion to the weight of the wood. For different
species it will depend on the cohesion of the fibres and on the ex-
tent to which they are anastomosed. The ZTerminalias, and babhul,
khair and similar woods offer powerful resistance to shearing
strains.

IV. Resistance to torsion.—This kind of strength is of even
still less importance than the two preceding, as it is required for
very few purposes (axles and axle-trees), aud even then the dimen-
sions of the pieces of timber used are, owing to other and entirely
independent considerations, much in excess of what are absolutely
necessary for overcoming torsion alone.

SecTION VII.—LO0SS AND GAIN OF MOISTURE AND CONSEQUENT
CONTBACTION ANJ EXPANSION. SEASONING, WARPING, AND
TENDENCY TO CRACK AND SPLIT.

Seasoning.—Before a piece of wood can be used it must be air-

’
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dried or seasoned, that is to say, it mnst have lost all the moisture
it can part with under free exposure to air in the ordinary state.
The quantity of moisture in fresh-cut wood depends on the season
of felling, the portion of the tree from which it is derived, and the
species to which it belongs.

The rapidity and completeness with which any piece of wood
becomes seasoned depends on its structure, on the extent of sur-
face it exposes to the air in proportion to its volume, on whether
it is heart or sap wood, on whether it is barked or not, on the
quantity of moisture it originally contains, and very largely on
the condition of the air, especially as regards its humidity and
movement. Porous woods season more quickly and more com-
pletely than woods with a close grain. The wood of all species
parts with its moisture most quickly from a transverse section, and
least so from a longitudinal section made at right angles to the
medullary rays. Sapwood dries quicker than heartwood, and
fresh cut wood sooner than wood that has been kept sometime
and prevented from seasoning, moreover, wood loses its moisture
most rapidly just after it has been cut, the rapidity diminishing in
geometrical proportion with lapse of time. Wood that has been
previously dried and then soaked in water dries more quickly
and completely than wood that has been put into water green,
and generally the original moisture of the wood is evaporated from
it less slowly than the water it may take up after the tree has been
felled ; hence wood that has been floated or kept in water some
time, or, which comes to the same thing, that has been constantly
washed by heavy showers of rain, seasons more quickly and com-
pletely than wood allowed to season only under exposure to air.
In a damp or cold atmosphere, seasoning is slower than in a dry
or warm one, and very much slower in a close confined place than
in one in which there is a free and active circulation of air.
Steaming hastens seasoning, whereas impregnation with different
solid substances retards it. The most completely seasoned wood
always contains from 15 to 20 per cent. of moisture, while wood
seasoned only in the forest contains up to 25 and even more per
cent. Some woods may become completely seasoned in a single
year, while others, such as sal, may take more than 10 years. For
trades such as that of the joiner and cabinet-maker, turner and
cooper, wood has to be kept for two, three and even more years
before it can be used.

Absorption of moisture.—The very same circumstances which
favour rapidity and completeness of seasoning, also favour the
rapidity with which a wood absorbs moisture, whether from the

c
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air or from any liquid in contact with it. Hence the extremely
important fact that the longer and more slowly a -wood has been
seasoned, the more slowly does it absorb moisture. Hence also
the fact that oak cask staves cut in December, when seasoning is
slowest, allow only half a litre of wine to pass through in one year
and become evaporated, whereas similar staves cut from trees felled
in January allow a loss of eight litres in the same time.

Change of volume of wood through loss or gain of moisture.—As
wood seasons it shrinks. Once seasoned, it swells or shrinks with
- the varying quantity of moisture in its environment. The extent
to which this constant change of volume takes place depends on
the kind of wood and the accompanying circumstances. Thus—

(a). It is greater, the larger the quantity of moisture con- -
tained in the wood is : the wood of young parts, the sapwood, the
wood of the roots and of the crown shrink more than heartwood
and the older wood of the trunk.

(b). 1t is slightest in the direction of the fibres, so slight
indeed, that for all practical purposes it may be entirely left out of
account. It is much greater in the direction of the medullary
rays, in which it may reach 5 per cent. of the original dimension
of the wood. But it is greatest parallel to the concentric rings,
or which comes to the same thing, in a direction tangential to the
oircumference, in which direction it may reach the high figure of
10 per cent. (Pinus longifolia). Hence the best planks to use are
those sawn as nearly as possible parallel to a radius.

(c). Itisin direct proportion to the warmth and dryness of
the environment. Hence the necessity of using only thoroughly
seasoned wood for the furniture of dwelling rooms.

(d). For one and the same species it is greatest in close-grain-
ed heavy wood. Oa the other hand, when the species are different,
this rule does not always hold good, for there are numerous excep-
tions. It would be very important to ascertain by careful experi-
ments the amount of shrinkage and expansion of all our principal
woods under different conditions of the atmosphere.

(¢). Seasoned wood immersed in water swells up at once rapidly,
and in from 1 to 14 months acquires the same or nearly the same
volume as it occupied before it was cut. After this there is no, or
hardly any, further increase of volume, but the wood continues to
absorb more water for the next one to three years, when every pore,
even those which contained a large proportion of air in the green
wood, will be found gorged with water and unable to take in more.

Warping.—If as the volume of a piece of wood changes with
loss or absorption of moisture, the shrinkage or expansion is
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uniform throughout its mass, the change of volume is not accom-
panied by any change of form. But if some parts shrink or expand
more or less than others, a change of form necessarily occurs, or, in
technical language, the wood warps. It hence follows that the
extent to which a wood is liable to warp is in direct relationship
with the extent to which it shrinks or expands with loss or gain
of moisture, and we thus find that the softer and lighter woods
warp less than those which are harder and heavier. Boards sawn
parallel to a radius, since the tissues are thus uniformly distributed,
are less disposed to warp than boards sawn parallel to a tangent,
which no amount of care will prevent from warping; and similarly,
among the latter class of boards, those taken off furthest away from
the centre of the log warp most. Boards and scantlings cut out
of trees with twisted fibre always warp very badly. Even-grained
wood will warp less than wood wanting in uniformity of structure ;
bamboos and canes are examples of wood possessing conspicuously
uniform structure. Warping may be prevented or minimised by
steaming the wood (this, however, reduces its strength), or by
impregnating it with oil, or, instead of making an article of a single
piece of wood, by composing it of several pieces so as to secure
every possible direction for the run of the fibres, and thus coun-'
teract any tendency to warp in any one direction.
Cracking and splitting.—If in unequal contraction the different
- parts of a piece of a wood cannot move and keep together, and the
force with which they are drawn apart from one another is great
enough to overcome the cohesion between them, one or more
cracks result. Such cracks are most numerous along radii or lines
of easiest fission, and least so parallel to the concentric rings of
growth or lines of most difficult fission. The size of the cracks
increases (a), with the rapidity with which the wood dries and
shrinks (timber felled during the rains or winter has fewer cracks
than timber felled at any other season); (b), with the extent of the
shrinkage () ; with the removal of the bark before seasoning has
made any progress ; (d), with the diameter of the log or breadth
and thickness of the scantling ; and (¢), with the want of uniformity
in the structure of the wood (the uniform-textured sounding board
of musical instruments, looked after properly, scarcely ever cracks).
‘Wood in the round is most of all subject to cracks. This tendency
in logs may be diminished by rough squaring, so as to leave conti-
nuous strips of bark at the corners ; such treatment, although not
preventing the formation of numerous little cracks, checks that of
large ones, which often render the wood useless for many purposes.
If rough-squaring cannot be resorted to, then in dry climates it
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is advisable to leave the bark on for a few months until the wood
has undergone a certain degree of seasoning; or the bark should
be preserved for a few feet at the ends in order to secure a more
uniform drying throughout the length of the log ; or the bark
should be removed only in spiral strips running round the whole log.
Short round pieces, that are ultimately to be cut up, are effectually
preserved from cracks by sawing them through lengthwise along
a single line as far as the pith; this is the way in which pieces
of box for engraving purposes are treated. A hole of sufficient
diameter bored through the centre of the log also prevents the
formation of cracks. Sawn pieces are protected either by clamping
the ends, or by driving iron S§ into the ends, or by tarring the
ends and pressing on tough brown paper before the tar is dry.
Steaming, followed by slow drying, also prevents cracks, or, at the
most, allows only a few small ones to form.

SectioN VIII.—DURABILITY.

By the durability of a wood we understand the resistance it
offers, when brought into use, to the various causes of decay and
to the attacks of insects and other animals.

Decay.—Decay is the result of the ravages of various fungi,
which invade, by means of their fine thread-like myecelia, the
entire tissue of the wood, obtaining starch, saccharine matters,
nitrogenous substances, and inorganic elements, such as potassi-
um, phosphorus, calcium, &c., from the medullary rays, and other
food materials, such as water, air, mineral salts, tannin, coniferin,
lignin from the lignified walls of the cells, tracheides and vessels
everywhere. The structure of the wall is thus completely des-
troyed, and the entire mass of the wood becomes brittle and falls
easily into powder. As fungi cannot live without nitrogen,
wood could be made imperishable were it possible to rid it of all
the proteid substances present in the medullary rays. Since fungi
require a considerable quantity of moisture, the use of thorough-
ly seasoned wood in a sufficiently dry environment would effectu-
ally prevent decay. So would complete and uninterrupted sub-
mergence in water deep enough not to be overcharged with
air proserve wood against decay. Indeed submergence for a
sufficiently prolonged period renders wood imperishable : during
the submergence slow chemical and physical changes go on, by
which the starch, sugars, nitrogenous matters, &c., are dissolved
out, and replaced by mineral deposits from the water, both the
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density and hardness of the wqod being thereby increased to a
greater extent than in the formation of ebony. On the other
hand, situation in a moist, still, warm atmosphere, contact with
soil or moist masonry, and alternate submergence and exposure or
submergence close to the surface of the water, hasten decay. At
most seasons of the year the soil is moist enough for the germina-
tion of fungus spores, and, except at a great depth, it contains
sufficient air and heat for the purpose. In old posts fixed in the
ground, the greatest amount of decay will be found at the level
of the ground, and the extent to which decay has progressed in the
buried portion will be found to grow less as we examine the wood
further down. The more porous a soil is, the more rapidly does
the wood decay (witness the fate of railway sleepers laid deep in
loose ballast). Wood lasts longest in stiff clay soils, much less in
limestone soils (which are not only porous but also act chemically
on the wood), and least of all in soils containing much organic
matter, especially such as are themselves undergoing decay and
decomposition. In experimenting on the relative durability of
different woods, the most rigid test to apply is to bury the lower
ends of posts or scantlings of one and the same size in holes filled
with fresh cow-dung.

Impregnation at any time with antiseptics, such as creosote,
sulphate of copper, &c., precludes the vegetation of fungi, provided
fungus spores have not already entered the substance of the wood.
Fuangi may also be kept out indefinitely by covering the wood,
where it is to be in contact with a damp surface, with a coat of
paint impervious to moisture and therefore also to spores, or by
painting the surface over with creosote, tar or any other antiseptic
substance. Charring the surface is not always a successful method,
for charcoal being a highly permeable substance, may let spores
pass in with the water, and in the process of charring deep cracks
may form giving ingress to the spores. In any case the charring,
to be effective, must be deep, and thus detracts very considerably
from the strength of the wood. Woods thoroughly impregnated
with resin are practically imperishable.

It is evident that the first step to rendering wood durable is to
season it thoroughly ; no other precautions, if this one has been
omitted, can save the wood from early decay.

All woods are not equally durable, and even in the case of one
and the same species some specimens decay more quickly than
others. Greater weight is no proof of greater durability in the
case of woods of different species, for the lighter wood may con-
tain substances, such as oils, alkaloids, &c., that are poisonous to
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fungi ; moreover, the heavier wood may be more subject to cracks
through which fungus spores may at once get admittance into
their interior. Nevertheless the heavier woods are generally also
the more durable. In the case of specimens of one and the same
species, this rule is universally true, since the closer the tissues are,
the less room is there for the entry of spores. Hence the timber
of trees grown in favourable soils and localities, and in the full
enjoyment of light and warmth, is more durable than that of trees
grown under less favourable conditions. This proves the necessity
of thinning timber forests properly, and the superiority of methods
of culture which give the future timber trees room for unrestricted
development.

" The sapwood, being full of moisture and of starch and other
reserve materials, decays very quickly, although there are some
extremely durable woods, such as teak, thin rafters of which, if
properly seasoned, last for over 20 years. In old large trees the
wood near the centre has generally already undergone a certain
amount of decomposition, and hence is subject to early decay.
There are two exceptions to this rule—(1), species in which ebony
is formed, and (2), conifers rich in resin, the central zones of
which are generally impregnated with this substance.

The season in which a tree is felled has a powerful influence on
the durability of its timber. The most durable wood is obtained
if the tree is felled when the sapwood and medullary rays contain
a minimum amount of starch and nitrogenous substances. The
least amount of such substances is found immediately after a gre-
garious fructification ; in ordinary years, however, soon after the
new flush of leaves has come out at the beginning of the season
of vegetation.

The following is merely given as an indication of what might
be done in classifying our numerous species according to their
power of resisting decay. It must not, however, be forgotten that
the conditions in which a piece of wood is placed when used affect
to a very considerable extent the question of its durability. For
instance, the wood of Ficus religiosa decays quickly in the open
air, but is extremely durable under water.

(i). Extremely durable.—Teak, Hardwickia binata, ebony, Aca~
cia Catechu, iron wood, Mesua ferrea, sal.

(ii). Very durable.—Deodar, Michelia Champaca, M. excelsa,

Dipterocarpus tuberculatus, sundri, blackwood, sissu.

(iii). Durable.—Albizziu Lebbek and procera, Schima Wallichii,

Pterocarpus spp., oak, Eugenia Jambolana, Terminalia
Chebula.
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(iv). Fairly durable.— Anogeissus spp., tun, mango, Terminalia
belerica.

(v). Quick to decay.— Odina Wodier, Adina cordifolia, semal,
Butea frondosa, Boswellia serrata.

(vi). Very quick to decay.—Cochlospermum Gossypium, Mo-

ringa spp., Dalbergia paniculata, Sterculia spp.

Insects and other animals.—Except in the special case of wood
used in contact with sea-water, the animals we have to fear are
insects. For our purpose we may divide timber-destroying insects
into three classes, viz., (1), those which can enter only fresh-felled
wood as larvee, (2), those which attack wood already in use, but
only as larva, and (3), those whose full grown individuals attack
the wood and commit all the ravages.

In the first class of insects the mother deposits her eggs on, or
in, the bark of fresh-felled wood, and the larve, after being hatch-
ed, eat their way into and mslde the wood. According to the
size and number of the larvee, broad ‘ galleries” are formed, or
the wood becomes literally riddled with small holes (worm-esten).
To prevent the ravages of such insects, it is sufficient to bark the
trees in time, thus getting rid of eggs already laid, and either
preventing new ones from being laid, or, owing to the drying up
and consequent hardening of the surface of the exposed wood,
preventing the weak, freshly hatched larvee from gnawing their
way to the moist and therefore softer tissues inside. The case of
the various species of bamboos presents an anomaly in that they
have no bark which can be removed ; but submergence in water
for a few days or, better still, floating washes off the eggs. Fell-
ing bamboos during the dark half of the lunar month also preserves
them from the attacks ot insects. Prolonged floating or submer-
gence in water also preserves all other kinds of wood by drown-
ing the larvee. Where the use of such substances is cheap enough
and not objectionable, the wood may be impregnated with insect
poisons, such as metallic salts, creosote, kerosine oil, &c. Steaming
will also of course kill all the eggs and larvee. The wood of
broad-leaved species is more liable to the attacks of insects than
conifers, which are partly protected by the aroma of tke turpen-
tine. The sapwood, on account of its softer texture and the
reserve starch and other food it contains, is very much more visited
by insects than the heartwood.

The second class of insects include the genera Ptinus and Anobi-
um (death watch), which attack wood used in dwellings, especially
in dark places in the roof. The larvse eat their way through the
wood in every direction, reducing it to a spongy brittle mass that
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crumbles to pieces under the slightest pressure ; while the beetles,
when they are not out feeding or mating, live in the galleries
where they lay their eggs.

The third and last class of insects comprises almost exclusively
the various species of white ants. A striking instance of the few
other families falling under this class is that of a species of Bostry-
chid beetle which, until the tree is felled or has begun to die,
lives in the thick bark of the Pinus longifolia, but works its way
into the wood within a few minutes of the fall of the tree. The
only remedy against this beetle is to bark the trees without delay.
As regards white ants, there are certain woods which are self-
protected, either because, like teak and deodar, they contain an oil
not relished by the insects, or, like Salvadora and nim, they are
impregnated with an acrid alkaloid, or because, like Hardwickia
binata and kbair, they are too hard for them. In the case of other
woods nothing short of impregnating them, or painting them over
with poisonous substances, will protect them against these all-
devouring pests.

Wood used for marine purposes is subject to the attacks of
certain crustaceans and mollusca, the most terrible of the latter
being the barnacle (Teredo navalis). Against this last the only
sure preservative is Lo plate the wood with iron or copper. In
the case of wood kept in dockyards before use, the best plan is to
bury it in mud at the bottom of the tanks, or to reduce the saltness
of the sea-water by mixing enough fresh water, as a certain de-
gree of brackishness is essential for the barnacle.

SecrioN IX.—CoMBUSTIBILITY AND HEATING POWER.

By the term “combustibility ” we mean the ease or difficulty
with which a substance takes fire, and, being once ignited, continues
to burn until it is consumed ; and by the heating power of a wood
is understood the quantity of heat radiated by a unit of volume or
weight of the wood when burning in the ordinary way. The only
two elements of wood which burn are its carbon and hydrogen,
the former combining with oxygen to form carbonic acid, the latter
to form water ; while the incombustible portions remain behind as
ash. 1t is very probable that the combustibility and heating
power of the pure wood fibre is the same for all woods, and that
the actual differences existing between the various woods are due
entirely to differences of structure and the presence of accidental
substances, such as oils, resins, &e.

Combustibility is in direct proportion to looseness of texture
(guaranteeing free access of oxygen into the interior), to absence
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of moisture, and to presence of resins and oils, which enable some
woods to burn well even in a very green condition. Decayed
wood, owing to its spongy texture, takes fire easily and burns until
it is consumed, but, as it has lost a very large proportion of its
carbon, its combustion is very slow and unaccompanied with flame.

The conditions which affect the heating power of a given wood
are—

(1). Quantity of contained moisture.—The most highly air-dried
wood contains a large proportion of moisture. ~When the wood is
burnt, a certain portion of the heat produced by the combustion is
absorbed in converting the moisture into steam, and not only this,
but as the steam rushes out from the inner layers of the wood, it
takes up more heat from the burning outside layers. Nordlinger
estimates that with 45 per cent. of water present, half the heat of
combustion is lost, and with 60 per cent. as much as four-fifths.
These figures prove the great importance of drying firewood as
thoroughly as possible ; all large pieces should be cut into short
lengths and split, and the wood should be loosely arranged in long
narrow stacks composed of only a single row. of pieces, so that
both ends may be exposed and uir circulate freely between the
several pieces. '

(2). Specific weight.—This is not a safe criterion for woods of
different kinds, since other circumstances, such as a greener condi-
tion of the heavier wood, resin and oil in the lighter wood, &c.,
may more than counterbalance the superiority possessed by the
heavier wood in respect of its weight alone. Thus the light, but
porous and quickly-dried, wood of Butea frondosa gives out more
heat than several much heavier woods. Nevertheless, for one and
the same species superior weight also means superior heating
power. Hence the heartwood is better than the sapwood, the
wood of the stem than the wood of the branches and roots (resinous
conifers of course excepted), the highly lignified wood of trees
grown in warm sunny localities and in the open than the wood of
trees of cooler climates and aspects and of canopied crops.

(3). Anatomical structure.~In the case of the more porous
wood the moisture is expelled more quickly, during combustion,
from the inner mass of the wood, and hence there is less loss of
heat. We have already seen that the more porous wood also burns
more quickly. Hence in a confined place, as in a baker’s oven,
the more porous wood will not only give out its heat more quickly,
but also an absolutely larger quantity of heat. For warming rooms
a wood of a certain minimum density is required, for if it burnt too
quickly most of the heat would disappear through the chimney.

: D
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(4). Smallness of the pieces of wood used.—The smaller the
pieces are, the larger is the surface exposed to a free draught of
air, and the greater the quantity of heat evolved. But there must
be a limit to the smallness of the pieces, for sawdust burns with
little heat, as it does without flame.

(8). Presence of oils and resin.—This circumstance requires no
explanation.

(6). Soundness.—Unsoundness necessarily implies some loss
of the original quantity of carbon and hydrogen, the only two
combustible elements in the composition of wood. As all trees
begin to get more or less unsound at the centre after a certain
age, trees intended for the supply of firewood ought not to be kept
beyond middle age.

The popular belief that floating diminishes the heating power
of wood is totally unfounded. What actually happens is that
when floated wood is taken out of the water, the pieces are piled
up pell-mell into large heaps, inside which they undergo a certain
amount of decomposition. If the wood is dried at once, no loss of
heating power will result from the floating.

Numerous attempts have been made to ascertain the relative
heating capabilities of the various woods. In some physical methods
have been employed, in others chemical methods.

The most common physical method is to ascertain what quantity
of water at 0° C. is evaporated by one pound of the given wood
at a given temperature of the air and under a given pressure.
A simpler method is to find out what quantity of ice at 0° C. is
converted into water of a temperature of 0° C. by one pound of the
wood. A third method, having another purpose, is to burn sepa-
rately the same quantity of the several woods in one and the same
fireplace, and note the difference between the temperatures of the
air of the room at the beginning and end of each burning. The
doors and windows of the room should of course remain closed
during the experiment.

Chermical methods consist in ascertaining the quantity of carbon
and hydrogen present in a given weight of the wood. This is
done by burning the wood in a closed retort, either with a direct
supply of oxygen gas or with a known weight of some metallic
oxide.. In the former case we know at once the quantity of
oxygen used up, in the other we weigh the balance of the oxide
and thus ascertain the quantity of oxide reduced, and therefore of
oxygen given up to the burning wood. In either case we are en-
abled to calculate the quantity of carbon and hydrogen burnt.

The physical methods give results of very little practical value,
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while the chemical tests are entirely misleading (the more so, the
larger the quantity of hydrogen contained in the wood is). Inac-
tual practice the relative value of the different woods depends to a
very great extent on the purpose for which the firewood is required,
and on how it is be used. Thus for warming purposes generally
we want a wood that does not burn too fast, but gives a steady
prolonged heat: but so much here depends on the draught that the
value of a given wood will be different according as it is to be
burnt in the open (as in a camp fire) or in a fireplace, or in a-
stove. The difference is still greater for cooking purposes ; we
have every variety of chula, with chimneys and without chim-
neys, and dishes, some of which require a slow fire, others a quick
fire, and so on. The baker and brickmaker require wood that
gives out alldts heat in as short a time as possible, so that for the
short time it lasts, the heat may be intense. For well-made lime-
kilns also quick-burning- wood is necessary; for the very primitive
ones used by most of our Indian lime-burners the wood must
not reach full combustion too soon, nor must it burn too quickly,
although it must give out an intense heat.

SectioN X.—DEFECTS AND UNSOUNDNESS.

The difference between a defect and unsoundness is that the form-
er is purely a discontinuity of tissue, or abnormal development of
the fibres, which may interfere with the cutting up of the wood, or
at least unfit it for certain purposes, whereas the latter is always
some form or stage of decay. Nevertheless, as some defects are
often accompanied by decay, it is best to treat both under one and
the same head. It is not intended here to treat of the diseases of
trees, the discussion of which belongs to the province of botany, but
only to refer to them so far as they affect the technical value of wood.

ArricLe 1. DEFECTS.

The principal defects are—(1) shakes, (2) knottiness and exag-~
gerated waviness of the fibre, (3) twisted fibre, (4) rindgalls, (5)
covered sections of pruned branches, (6) enclosed dead branches,

and (7) interior bark.
1. Shakes.

Shakes are separations of the wood fibres extending along the
entire or partial length of the trunk of a tree. According to their
position and the direction in which they run on a transverse section
they are either (A) Heart-shakes, or (B) Radial shakes, or (C)
Cup-shakes.

A. Heart-shakes.—A heart-shake is a crack, which, beginning at
the centre of the trunk, extends itself outwards both ways towards
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the circumference. Sometimes two or more such cracks occur, to

Fig. 1.

Heart-Shaks.

which the special name of compound heart-shake or star-shake may
be given as distinguished from the simple heart-shake. The origin
of the heart-shake is always the drying up and consequent shrink-
ing of the tissue at the centre at the stem. As the surrounding
tissues do not contract at the same time, the central mass splits
along one or more lines of least resistance, that is to say, along
medullary rays or radially. As with advancing age the shrinking
continues, the cracks extend outwards as well as grow wider. The
drying up and shrinking of the inner tissues may be due to old
age, or to weak growth induced by an unfavourable soil or situation,
or by forest fires. Hence heart-shakes always begin and are
worst at the foot of the affected trees. Sometimes, if owing to
one or more of these causes there is a predisposition to this de-
fect, a heart-shake may be produced in a previously apparently
eound tree by the shock of the fall when the tree is felled, or even
by the mere lurch given by the tree as it begins to fall. Strong
winds must obviously aggravate heart-shakes. As heart-shaken
logs dry, the cracks continue to extend themselves. To minimise
this danger, the logs must not be barked, and must be allowed to
season as slowly as possible. A simple device that is nearly always
successful in arresting the extension of narrow cracks is to drive a
thin wooden wedge into the end of the log just in front of, and
across the path of, each such crack. Owing to the position and
origin of a heart-shake the wood on the sides of the cracks will
generally be found to be more or less decayed, unless the shake
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be a very recent one. Logs affected with only a simple shake
usually lose nothing of their valne as sawyer’s timber, but a bad
star-shake renders the wood fit only for fuel. Nevertheless very
fine compound shakes are no great disadvantage in the case of
large beams.

B. Radial shakes.—Radial shakes, contrary to heart-shakes, al-
ways hegin at the circumference of the standing tree and extend
inwards. They are due to the outer concentric zones of growth

Fig. 2.

Radial Shake.
a. An old ome closed. b, A new one still open.
¢. A still more recent one,

contracting so as to be no longer able to completely encircle the
inside solid cylinder of wood. Thus a crack or cracks occur.
The contraction may be due to sudden excessive cold, or to a very
. hot sun after a chilly night, or to hot blasts of wind, or to forest fires;
the more sudden the change of temperature the more effective it is,
as the difference of temperature hetween the outer and inner zones
is then greater. A radial-shake will always occur on the most ex-
posed side of the trunk. When the difference of temperature
which caused the shake has disappeared, the crack closes up, and, in
the absence of further accidents for a year or two, may be grown
over and completely concealed by the new concentric zones of
wood. Bat, on the other hand, the crack may re-open year after
year, in which case a continuous ridge formed by the thicker
growth of wood along the lips of the long wound (where of
course there is less pressure than elsewhere) will indicate the;
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course of the shake. In extreme cases the rupture in the formation
of the shake may be so violent as to extend to the centre of the
trunk. Strong winds may also cause the shake to extend thus.
From what precedes we are able to understand why radial shakes
affect trees of large rather than small girth, solitary trees rather
than those standing in the midst of-a leaf-canopy, portions of a tree
where the wood is not of uniform structure (the foot, vicinity of a
large knot, &c.), rather than other parts ; also why a wet soil and
. the possession of easily fissile wood and thick medullary plates
favour the occurrence of such shakes. The utility of a log affected
with radial-shakes will depend on the number and continuity of
the shakes, on whether most of them have healed over, and on
whether decay has made any progress along the sides of the cracks.
In some cases the log may be completely ruined for timber pur-
poses, in others beams and even smaller scantlings may be sawn
out of them. s

C. Cup-shakes.—In a cup-shake the crack follows the line be-
tween two adjacent concentric zones of growth, and it may do so

Fig. 3.

Cup-Shake.
a. Complete. ). Partial. c. Partial, accompanied
with rot. d. Combined with a radial shake

for any distance, from a few inches to the entire length of the
circumference. The cause of separation may be (a) excessive
expansion by frost of one or more of the outer zones, so that they
can no longer fit tight over the enclosed solid cylinder of wood, or
(6) violent swaying or bending of the tree, so that the limit up to
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which the zones can play upon one another is passed, ur (¢) heavy
concussion when the tree itself is felled or another large tree falls
up against it, or (d) shrinking from loss of moisture of the en-
closed cylinder of wood. Such being the case, it is evident that
trees in which the vessels are mostly grouped together along the
inside edge of each concentric ring, are most liable to cup-shakes.
Since a great many of our species have not even any distinct
rings of growth, cup-shakes are not much to be feared in India.
As we might expect, cup-shakes affect more frequently large than
small trees (since the former can bend less), and the lower than
the upper part of the stem (since it is at the lower part that most
bending takes place and the wood is least uniform in structure).
The wood in the cracks of cup-shakes is not always decayed, since
it is never exposed to the air. The extent to which cup-shakes
render timber unfit for use depends on the number and length
of the shakes. Badly shaken wood falls to pieces when sawn
up. Even a single shake, if it extends all round the circumference
reduces the thickness of the useful timber by the thickness of the
trunk outside the shake.

Not unfrequently, in very severe climates, the trunk of a tree is
abundantly affected both by radial and cup-shakes, in which case
the wood is fit only for burning (see Fig. 4).

Ezaggerated case of combined radial and cup skakes,
with incipient decomposition. (After Gayer).
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2. Khnottiness and exaggerated waviness of fibre.

A knot is produced by an irregular course of the fibres round
an independent centre of growth, such as branches or a dormant
bud. Owing to the greater pressure occurring at these places,
the fibres are also packed more closely together, and compose a
denser and harder tissue than that surrounding the knot. The
simplest knot is that formed by a single branch that has attained
normal development. In a broad-leaved tree such a knot, as long
as thers is no decay present, detracts from the value of the wood
only when thin planks of good quality are required. It is, how-
ever, different with conifers, since the wood of the branches is so
entirely dissimilar from that of the stem, that if a branch has not
fallen off while it was still only a twig, it runs radially through
the tissues of the stem merely like a plug, which ultimately shrinks
from loss of moisture until it is easily detachable, even falling of
itself out of boards and planks. Such knots are known as loose
knots. A burr, so much sought after by the turner and cabinet
maker, is a complex knot formed at points where dormant buds
show abnormal vigour without being able to develop into branches.
In species extremely rich in such buds, as in Celtis spp. and ma-
ples, the burrs may attain the size of a man’s head. Epicorms pro-
duce knotty tissue along the entire length of the stem. If they
are numerous without ever getting beyond the size of small twigs,
an extremely handsome mottling may be thereby produced. The
presence of numerous but weakly-formed latent buds gives rise to
a wavy course of the fibres, making the wood well adapted for
ornamental purposes. This defect, when exaggerated, always
diminishes transverse strength very considerably, and usually
renders the wood unsuitable for purposes in which heavy strains
have to be withstood.

8. Twisted fibre.

In this defect the course of the grain of the wood follows a
spiral round the stem, making with the vertical an angle which
may sometimes exceed 40°. In most cases this angle increases
with the diameter of the stem, the spiral growth being not at all
apparent in young saplings. This defect is due to the fibres in
each new layer of wood being longer than those in the preceding
layer. The cause of this abnormal growth is not yet exactly
known. What we kncw regarding it is that it is hereditary, that
certain species ( Boswellia serrata, Ilardwickia binata, &c.), are more
liable to it than others, that it may be produced by the wind acting
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constantly on an unsymmetrical crown, that it is often peculiar to
certain localities, every tree therein being affected (e.g., the Pinus
longifolia forest at Ranikhet just below the road to Almora), and
that stunted trees and those growing out in the open are much
oftener twisted than tall trees or those standing in the midst of a
leaf-canopy. Teak seldom if ever suffers from this defect. Twist-
ed fibre renders wood useless for a great many purposes : it reduces
the strength of sawn timber in proportion to the smallness of the
scantling, it renders the wood liable to warp and split very badly,
and it prevents any kind of effective planing. Wood with twisted
fibre has, however, greater transverse strength than straight-
grained wood if used as large beams,

4. Rindgalls.

These are local wounds that have healed up and been covered
over with new layers of wood. The wounds are such as may be

Fig. 5.

Rindgall.

caused by a falling tree, a passing cart, an animal rubbing its
horns, &c., or by the bark being killed by fire or hot blasts of wind.
There is always a break of continuity in the first few rings formed
after the accident, and, however quickly the wound may heal over,
there is never any uunion between the new covering rings of wood
and the surface exposed by the wound, and some amount of decay
is always present. The portion affected by a rindgall must be cut
ouat of all planks and small sawn stuff, also from cask staves; and
if decay has made any appreciable progress, which is nearly always.
the case, the entire affected portion must be removed, whatever

use the log may be put to. )
B
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5. Covered sections of pruned branches.

However carefully a branch may be pruned off, and even if the
surface of section is painted over with some antiseptic substance,
there is never any real union between that surface and the new
wood that forms over it. If the branch is at all large, saprophytic
fungi never fail to enter the section and engender rot (sce Fig. 6.)

Seotion showing result of the most oar¢ful
pruming. (After Boppe).

In any case no portion of the section can be left in any kind of
small stuff into which the wood may be converted.

6. Occluded broken branch.

Such branches can of course never form any union with the en-
closing rings of wood. The end of such a branch, having for a
longer or shorter time after death been exposed to the air and
atmospheric moisture, is invariably more or less decayed before
occlusion takes place. Hence the tissues of the branch itself and
those surrounding it are always in a more or less advanced stage
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of decomposition, complete hollows, that are bound to grow larger
year after year, often being the result (see Fig. 7).

Fig. 7.

Ocoluded dead branch. Notice hollow
pocket formed. (After Hartig).

Whatever use is made of a log containing this defect, the enclos-
ed dead branch and all the surrounding decayed tissues must be
cut out.

1. Interior bark.

In a few exceptional species having an abnormal mode of growth,
such as Dalbergia paniculata, Bauhinia Vahlii and Millettia auri-
culata, either layers of bark are found throughout the thickness of
the stem alternating with layers of wood, or the stem is composed
of a mass of bark-tissue traversed by strands of wood. This defect
is obvionsly incurable, and the stem is totally unsuitable for use as
timber, and even yields a very inferior fuel. In the case of species
possessing normal growth, two distinct stems produced on one
and the same stool, or the two branches of a fork, may amalgamate
and become grafted together laterally for a certain distance. When
this happens, the old bark existing previcus to the amalgamation
remains enclosed in the middle by the newly forming woody layers
common to the now amalgamated stems. There is also another
instance of interior bark. In trees that form exaggerated flutes,
two such flutes may unite laterally and thus shut in the bark
between them. Interior bark in these two last cases has no fur~
ther drawback than to give the unfelled tree a fictitious value in
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respect of great thickness, as it never leads to rottenness. There
is no way of recognising it until the tree has been felled and cut
up, and it must, of course, be removed before the wood can be
employed.

ArtioLE II. UNSOUNDNESS.

In a previous Section, under the head of durability, the decay
which overtakes felled and, therefore, dead wood through the at-
tacks of saprophytic fungi was considered. In the present case
the unsoundness occurs in the living tree itself, and, besides being
due to the decomposition consequent on the oxidation common to
all dead organic matter, is occasioned by parasitic as well as by
saprophytic fungi. The ravages of the latter are only local, being
confined to the dead tissues, while those of the former may extend
through the entire tree. The mycelium of such fungi sends out
fine filaments in all directions, which dissolve and absorb every-
thing in the shape of food that comes in their way, so that the walls
of the tracheides, vessels and cells become attenuated, and from
having been closely cemented together and firm and tough and
elastic, lose all cohesion and become soft, moist and brittle—in

A Fig. 8.

Broken dead branch.
(After Hartig).
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other words, the wood becomes * rotten.”” The rotten elements
.may fall away in dust and produce a hollow. For our purpose we
may consider separately concealed rot and external rot.

- The internal rot caused by parasitic fungi, popularly termed
“ wet rot,” ‘““red rot,” “ white rot,” &c., may find entrance inta
the tree either by the roots or through a dead branch, or through a
wound in the stem. Rot that enters through a dead or broken
branch of some size (see Fig. 8) is the most fatal of all to the
value of the tree, as it always extends down the entire stem.
Both parasitic and saprophytic fungi attack the broken jagged
end, which moreover absorbs large quantities of atmospheric mois-
tare. The fermenting action of the fungi converts the wood into
a mixture of acid substances, which are carried down into the
portians below by the rain soaking into the branch, and which
are poisonous to the living parts of the tree. Thus the rot spreads
rapidly downwards to the base of the tree. Often a callus grows
over the edge of the broken branch, and forms a constantly
deepening cup to catch and retain the rain water (see Fig.
9). Rot that enters by way of the roots is the most dangerous

Fig. 9.

Hollow formed by oallus-formation over adge of a dead
branch, and progressive rot. (After Boppe).
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of all so far as the number of affected trees is concerned, since
from a single attacked tree as focus it spreads rapidly through the
soil from tree to tree in an ever-widening circle, and burrowing
animals of all kinds carry away the infection (spores) to long dis-
tances in their fur. Sometimes, especially when the rot has spread
from a dead or broken bough above, it extends outwards at the base
of the tree as far as the bark itself, where it breaks out in the form
of a sore (gangrene), from which a dark foul liquid, containing the
acids above alluded to, oozes out. Internal rot due to saprophytes
alone is always local. Its origin is always an occluded wound that
has remained open long enough for the fungus to attack the dry,
and therefore dead, wood at the surface. After occlusion, owing to
the air being shut out, the rot spreads only slowly. Rot of this
kind nearly always results in the formation of a concealed hollow
or pocket (see Fig. 7 above).

External rot usually takes the form of canker. Caunker is the
Fig. 10.

Canker, (After Hartig).

oonsequence of imperfect healing of small wounds, the exposed
oortex and cambium being attacked by some parasitic or semi-
parasitic fungus, as they try to form over the wound. The local
disturbances in growth kept up by the mycelium nearly always
give rise to malformations and excrescences, from which resinous
and other fluids often flow. Hence, by analogy, the name by
which these sores are known. There is of course no limit to
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the possible spread of the rot, which,may, in extreme cases, destroy
the entire bole, as shown in Fig. 11.

Fig. 1.

Result of mjury along the whole of vme side of the
trunk and consequent rot (After Boppe).

Having explained in what forms unsoundness may occur, it is
now the place here to explain how to detect internal rot, firstly, in
the standing and, secondly, in the fallen tree.

In the case of a standing tree the crown and upper part of the
bole should be searched for decayed stumps of broken-off branches
or holes produced by their complete decay. If such be found
there is a certainty that the stem of the tree is unsound for at least
a portion of its length, To assure one’s self further, the trunk
should be examined at the base for gangrene, and be sounded with
the back of an axe. A hollow sound will be a certain indication
of hollowness, a dead sound of a very advanced stage of rot. A
clear ringing sound does not necessarily mean that the trunk is
quite sound, for if there is a sufficiently thick shell of sound wood
outside, the blow of the axe will return a clear ring. If, in addi-
tion to giving out a clear ringing sound, the bole is straight,
symmetrical and without ‘any prominences or excrescences, the
presumption is that the tree is sound. In unfavourable soils and
localities the trees have a tendency to become hollow and unsound
early, and some species exhibit this tendency more than others.
Hence in addition to the indications furnished by the examination
of each individual tree, the experience derived from previous fell-
ings should be utilised. If a tree is soon to be felled, it may be
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safely put to the really only certain test of cutting into it at the
base or boring into it with a large auger. The aspect, colour and
odour of the chips removed by the auger will show whether un-
soundness is present, and if so, at what distance from the circum-
ference. The auger holes should of course be made along more
than a single radius.

The examination of a felled tree is much easier and surer. The
log or logs taken out should be examined at both ends. Any
portion of the section which is softer and more yielding than the
rest should then be carefully looked at to test its colour, structure,
hardness, moisture and odour. If this examination of the two ends
is satisfactory, and still further proof of soundness is required, a
gouge or auger should be used to sound all abnormal prominences
or other suspicious-looking spots. Often the odour of the sawdust
obtained in logging serves as an excellent indication of soundness
or unsoundness,

Logs that have a rotten core along their whole length are quite
unsuited for use under trying conditions ; but the sound-looking
portions may be used for furniture and other articles kept in dry
rooms. Where the rot is only local, if the affected portions are
completely cut out, the rest of the log may be used for most

purposes.

CHAPTER IL.—THE PRINCIPAL USES OF WOOD.

With the exception of iron, there is scarcely any raw product
that serves so many purposes, some of them the most common
ones of daily life, as wood. All these various purposes may, how-

_ever, be grouped together into only two comprehensive categories
according as the wood is required for its own sake or only for
certain products obtained from its decomposition. We have thus
the two great classes of (1) TIMBER and (2) FIREWOOD.

SectioN I.—TIMBER.

Since, by the preceding definition, timber includes every piece
of wood that is manufactured into some article or other without
its specific nature being changed, timber may be of any size, and
the popular notion that the idea of timber necessarily implies
certain considerable dimensions is therefore wrong.

The timber obtained directly from the tree by merely topping
it and lopping off the branches is termed round timber, or is said
to be in the round or in the log. If the trunk is roughly squared,
either with the axe (the most frequent) or with the saw, it is called
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balk or square timber or simply a balk. A balk that is not quite
square is said to be waney, the wanes being the patural round sur-
faces of the original trunk, and the panes the flat hewn or sawn
surfaces. Rough timber consists of the trunk or main branches
hewn to octagonal section. Sided timber is the trunk split down
and roughly formed to a polygonal section. In India, where
round posts consisting entirely of heartwood is so often used
(eg., sal tors), logs of small girth are dressed round. CoMPAss
TIMBER is squared timber that is curved in one plane.

For such a country as India, with its diverse climates, species,
peoples, and modes of life, it is impossible to devise as yet, in
English, a classification of the market forms of timber that can
be universally adopted. The following is, however, given to show
on what lines such a classification ought to be based, and to make
ideas more precise in the mind of the student :—

Round Timber.

Loas, pieces at least 6 feet long and bhaving a minimum girth
of 3 feet at butt.

Exps, pieces of the same girth as logs, but shorter than 6 feet.

SpARs, pieces at least 12 feet long and between 24 and 36 inches
in girth at butt. »

PoLEs, pieces at least 12 feet long, and not more than 24 inches
girth at butt.

Posts, pieces of the same girth as poles, but-only from 8 to 12

feet long. )
BiLLETS, pieces of the same girth as posts, but shorter than 8
" feet.

Sawn timber with at least two parallel faces.

§ WHOLE TIMBER, e 97x9” t018"x18”
Braxs, U HALF TIMBER, e 97x43" ,18'x 97
SCANTLINGS, e 57x4” 0 9"x 9°
PLaNks, ... we 11”7t018” x 3" to 6”7
DeaLs, (conifers) or BoARDS (broad-

leaved species), w 8, 9 x1", 4"
BatTENS, ... e 4, 7" x ¥, 8
LaTas, we 27, 4" x4, 17

ArTicLE 1. TIMBER USED IN SUPERSTRUCTURES.

The superstructures referred to here are those of buildings, of

bridges and piers (piles excluded), and other similar constructions.
F
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1. Superstructures of buildings.

Speaking in a general manner we have six classes of build-
ings according as the walls are made (a), entirely of logs (block-
houses or log-huts), or (b), of planks or boards fixed on a frame-
work of scantlings, or (c), of laths or saplings plastered over
with mud (wattle and daub huts), or (d), of mud or sun-dried
bricks (kucha walls) or (¢), of stone or burnt brick joined with mud
mortar (#ucha masonry), or (f), stone or sun-dried bricks joined
with lime mortar.

Daub and wattle constructions are from their nature not intend-
ed to last for more than a few years. White-ants rapidly destroy
all but a few woods, and fungi find every condition favourable for
their ravages. In such structures the whole weight of the roof is
carried on posts let into the ground or at least into mortar.
Hence the posts should be of durable wood and the roof as light-
timbered as possible consistent with strength and stability. Hence
the roof will consist principally of split or unsplit bamboos, whero
bamboos are available.

For all other descnptlons of bulldmgs, the timber should be
durable, especiaily pieces placed in contact with earth or mortar
or used in the roof, which last should at the same time be light
and possess great transverse strength. Durability is particularly
required in timber used for wall-plates and in terrace roofs, as
fungi everywhere, and white-ants in most places in the plains,
attack it on the concealed side which is in contact with the masonry.
Except in roofs covered with cylindrical tiles or thatch, the timber
must be all sawn and squared pieces without any sapwood. Well-
seasoned teak poles, floated or washed by the rain during a whole
monsoon, last for at least 30 years under well-laid tiles or thatch.
The wood used in boarded ceilings and floors and in every portion
of a door or window should not be liable to warp, and should expand
and contract as little as possible with the varying humidity of the
air. The wood of the threshold should be hard and tough, as also
that of floors that are not to be matted or carpetted. 1f beauty
and ornament are desiderata, the grain and colour of all the visible
pieces of timber should be handsome, especially in doors and
windows, and wherever there is any moulding. Wainscoting, by
reason of the great abundance of insect life, is out of place in India.

2. Superstructure of bridges and piers and of other similar
erections.

. Here, more so than in house building, strength and durability
of the highest order are essential, since the structure is not only



NOTES ON THE UTILIZATION OF FORESTS. . 85

exposed to the full and continuous influence of the weather, but is
also subject to the heavy shocks and vibrations caused by traffic,
&c. And in addition the wood must be elastic. Hardness and
toughness are also requisite in pieces subject to the direct wear
and tear of traffic. .

AgrTicLE 2. TIMBER GSED ON OB IN THE GROUND.

The principal uses for such timber are for piles, for strengthening
road ways and stream banks, for railway sleepers, for timber slides
and sledge roads, for palisading and fencing, and for mine props.

1. Piles.

For the foundations of bridges and other heavy structures, when
a firm bottom cannot be easily reached, long logs are driven into
the soft earth in order to support the masonry. As in most cases
the logs are placed in the most favourable conditions for the growth
of fungi (sufficient warmth, moisture and access of air), only ex-
tremely durable wood should generally be used; and as the piles are
driven in with heavy blows, the wood should also be as tough and
difficult to split as possible. For this reason, in order to preserve
to the full the strength of the log, it should be used quite round.
A round section also makes the work of driving the piles easier.
If deep water constantly stands over the piles, less durable woods
especially such as last well under water, and at the same possess
the other requisite qualities, may be used. Trees which grow up
with a long straight, clean bole furnish the best piles. Where sal
grows it is the best wood for the purpose. Zerminalia belerica
has been used under the Mortakka bridge where the Rajputana-
Malwa Railway crosses the Narbada. '

2. For strengthening roadways and stream banks.

In numerous towns in England and America and also in Paris,
gome of the streets have been paved with short blocks of wood
laid, with the fibres standing vertically, on concrete, such road ways
deadening the noise of traffic and being less trying for horses than
those formed of asphalte or stone pavement, and more durable,
less dusty and more easily repaired than a macadamised surface.
Woods used for this purpose must be hard and tough, besides
being as durable as possible.

On unmetalled roads many portions, from excess of moisture, re-
main soft during the whole year, or at least for many months after
the rains. Such portions are made easy for traffic by laying wood
across the roadway. Wood so used is subject to the unchecked
action of every influence of decay, and hence unless they can be
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renewed every year, only durable pieces should be used to form the
foundation of the way, only the small branch wood laid on the
surface requiring to be put on afresh every year or even oftener
according to the volume and constancy of the traffic.

Lastly, stream banks have often to be protected against erosion
by forcing the current away by means of spurs formed of wooden
crates filled with stones. The crates being always roughly made,
are constructed of only round wood, which should, however, be
very durable and, if possible, consist exclusively of heartwood. Sal,
khair, Hardwickia binata, and other similarly hard and durable
woods are the best for the purpose.

3. Railway sleepers.

The total mileage of railways in India in February 1890 was,
in rounds numbers, 14,200 miles, requiring, with double lines,
sidings, &c., about 32,000,000 sleepers for original construction, and
ahout 3,000,000 annually for maintenance, supposing the way to
have been laid only with wood. To meet so enormous a demand has
always, from the first, been a matter of great, and, it may also be
said, insuperable difficulty. The wood required for sleepers must be
perfectly free from all defects and unsoundness, as durable as pos-
sible, and possess great transverse strength. Besides this, it must
be hard enough to hold bolts well, and to resist crushing of the
fibres, especially when flat-footed rails are used. Such rails are
fixed and held in place by dog spikes, which, if the wood is at
all soft, are liable to crush the fibres laterally, and thus get loose in
their holes through the constant jarring and jolting to which
the track is subjected by the moving trains. This danger is
most to be feared on curves, on which only very hard woods
should be used.  Die-square sleepers containing no sapwood at
all are of course the best, but about an inch of sapwood on the
two edges of the upper face are often not objected to, and half-
round sleepers, obtained by sawing a log in two, are often used
without any of the sapwood being removed. But in this last case
both the diameter and thickness of the sleepers are fixed in ex-
cess of the scantlings of a die-square sleeper, and the seats for the
railsareadzed flat. If the log to be sawn in two is not straight,
or one end is much thicker than the other, this defect must be
remedied by adzing or flitching off with a saw the irregular sides
or excess width, as the case may be.

The principal woods used for sleepers in India are teak, sal
and deodar. Hardwickia binata is easily the most durable of all,
but it is so extremely hard that special machines are required to
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bore the holes for the spikes, and even then the holes are bored
with much labour.

It was the great demand for sleepers (when the construction
of railways was first taken up with vigour soon after the mutiny)
and the consequent havoc carried into our forests by the contrac-
tors that first directed the attention of Government to the conserva-
tion of our forests. The supply was found to be totally insufficient,
and the question of substituting metal for wood was at once taken.
The Oudh and Rohilkhand Railway laid its rails on cast-iron pots
connected with an iron tie-rod. The pot sleepers were soon found
to be inferior to wooden ones as they produced a rough way, and
the constant jarring of the passing trains rendered the metal very
crystalline and brittle. Moreover, owing to the way in which the
pots were connected, if a single one broke, under a moving train,
the ‘resnlt was usually the dislocation of a long length of line.
Hitherto the most successful metal sleeper used in India is per-
haps the trough-shaped one, with which all the new sections of the
North-Western Railway have been laid. It is made of arolled iron
(better mild steel) plate, which is forced under pressure into the
form of a shallow trough of the same length and width as a half-
round wooden sleeper. At the seat of each rail the metal is cut
obliquely away from the rail for a distance of a few inches, and
the cut ends are raised so as to form between them a chair between
which the foot of the rail fits.

As far as present information goes, the following brief compar-
ison, point by point, between wooden sleepers and metal ones of
the trough pattern seems to be justified :—

1. Appropriate form.—No practical difference.

2. Liability to jracture—Wood superior to metal.

3. Resistanceto lateral, longitudinal and vertical displacement.—
Trough sleepers superior, as they can be fixed deep in the ballast,
whereas to preserve wooden sleepers, these have to be kept ex-
posed to the air as much as possible.

4. Durability.—Life of trough sleeper estimated variously at
from 30 to 50 years. Steel rusts more rapidly than iron, which is
however liable to be forced out of shape. Sleepers of sound, well-
seasoned teak probably last for over 20 years. Merely adzed
sleepers cut from undersized logs, so that they contained the pith,
bave been known to last 14 years, or about the same as the best sal.
Deodar requires renewing after about 7 years. FHardwickia binata
will probably last as long as metal. Creosoted fir and pine from
the Baltic rots in 2 or 3 years, sometimes even in the stacks be-
fore the sleepers can be placed in the line. Another source of loss
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before use isdue to the formation of large cracks in wood that was
. previously quite sound. All wooden sleepers begin by being at-
tacked by dry rot on the lower concealed surface, and the progress
of the rot may be very advanced even when the visible surfaces
are quite sound. White ants sometimes attack wooden s)eepers in
spite of the constant passing of traians.

5. Cost of construction of permanent way.—Cheapness of the
one or the other kind of track depends on the local conditions and
the state of the iron market.

6.  Maintenance of gauge.—Metal superior.

7. Cost of maintenance and renewal of sleepers.—The advocates
of the metal track contend that once it has set, it requires much
less labour to maintain than a track with wood ; and they also
adduce the fact, which is undeniable, that old discarded metal
sleepers fetch a much higher price than similar wooden sleepers.
But at the International Railway Congress held at Brussels in
September 1887, it was decided that sufficient data to come to any
conclusion do not yet exist with regard to lines with large and
rapid traffic ; but the greater cheapness of metal tracks carrying
medium traffic and slow trains has been proved.

8. Durability of the rails—Wooden track superior. Experi-
- ence in France tends to show that rails laid on wood last threo
times as long as those laid on metal.

9. Effect on the road-bed.—Wooden sleepers injure it less.

10. Effect on rolling. stock.—Metal road perhaps less injurious.
On the German railways in 1883 the number of tire breakages
per 100 miles was 7-25 for a wood-laid way, and 596 for a metal-
laid one.

4. Palisading and fencing.

In this place we may leave out of account.all fences of a merely
temporary character, such as those yearly put round fields and
enclosures in villages. The use of wood for palisades and fences
is necessarily limited in India by the nature of the climate and the
abundance of destructive insects, especially white ants ; moreover,
iron wire fencing is very much cheaper and practically imperish-
able. For standards for wire fences both round and squared
pieces are used ; for palisades, battens and planks are required of
woods that stand exposure well.

5. Pit-wood.

This is required to support the roofs and often the sides of
the galleries and shafts. Wood s0 used remains in contact with
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constantly moist soil in a constantly moist, warm and still atmos-
phere, and must, therefore, besides being strong enough to resist
all strains, be as durable as possible. The greater portion of the
wood used in mines consists of short pieces either round or squared.
At Warora iron wood has been found to answer best from amongst
the woods growing in the district, but as it is scarce, Pterocarpus
Marsupium is now exclusively used.

ABTICLE 8. TIMBER USED IN CONTAOT WITH WATER.

Cnrder this head are comprised piles used in rivers and in the
sea, sluice gates and other permanent canal works, water-wheels,
wet slides, fascines for protecting river banks, &c. Wood in con-
stant contact with water, especially if it is alternately exposed and
covered, or is in shallow water full of air, is placed in the worst
possible conditions for its preservation. On this account none
but the most durable kinds should be so employed. For fascines
for protective works rapid grown coppice shoots ure the best.

ARTICLE 4. Wo0D USED IN OR WITH MACHINERY.

The most common Indian instances of wood used in machinery
are the entire apparatus of a Persian wheel, sugarcane and oil mills,
pulleys, windlasses, tilt hammers and water-wheels. In cog-wheels
used in machinery set up at a distance from a workshop where
repairs can be effected, the cogs are best made of some hard,
tough wood, since the only part of such wheels that is constantly
breaking consists of the teeth, and broken wooden cogs can be
at once replaced from a lot kept in stock for the purpose. All
parts subject to friction should be made of the hardest and toughest
woods obtainable. For the crushers of sugar and oil mills the
wood should also be as heavy as possible, like Hardwickia binata,
khair, iron wood, babul, Schleichera trijuga, Mesua ferrea. The best
woods for axle trees are such as are hard and tough, and have
anastomosed fibres, but without knots; such as babul, sissu, &c.

In many cases wood is used in fixing machinery. In order
to stand the constant jar and heavy strains while the machinery is
working, the wood should be very hard and strong.

ARTICLE §. WOOD USED IN BOAT AND BHIP BUILDING.

More care has to be exercised in selecting wood for ship and
boat building than for almost any other purpose, firstly, on
account of the extremely unfavourable conditions in which the
wood is used for its durability ; secondly, on account of the general-

.
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ly peculiar shape of the different structures; thirdly, on account of
the enormous strains sea-going boats have to withstand ; and
lastly, on account of the serious risks attending a breakdown of
any portion of a ship or boat.

The main differences in shape between sea-going boats and
those intended for traffic on rivers are—(1), that the former are
shorter and narrower in proportion to their depth, (2), that they
have a keel, whereas river boats are flat-bottomed, and (3), that the
former have curved sides exhibiting every degree ot curvature,
whereas the lines of the others are comparatively straight.

Timber for boat and ship building, besides being as sound and
durable as possible, must be quite free from faults, must be strong
and elastic, and must be of the right weight, shape and dimen-
sions.

To give a ship stability the centre of gravity must be precisely
at a certain height, and hence the importance of using heavier
wood in building the sides than the deck, and the necessity of
having the masts light, but at the same as strong and elastic as
possible.

As regards shape the ribs or framework of a ship or sea-going
boat must consist of naturally curved pieces (compass timber,
crooks, bends), the curvature being measured by the proportion
between the length of the chord and the height of the arc. The
curvature may be uniform throughout, or most accentuated at
about one-third the distance from the thicker end. The neces-
sary curvature is sometimes given by steaming or boiling and
then bending, or by hewing the piece to the proper shape; both
these procedures, however, weaken the timber very considerably.
The framework of well-made river and canal boats is formed of
#nees, which are pieces consisting of the stem and a strong branch
making an angle of from 90° to 100° with the former. The
branch portion, which is about half the length of the lower por-
tion, supports the deck. Knees are often used in sea-going boats
also for the same purpose. Indian river and canal boats, not
being decked, require no knees. The framework of a ship has to
bear all the enormous strains caused by the pitching and rolling of
the vessel, and must hence consist only of the soundest, strongest,
most elastic and most durable wood, weight being of course no
disqualification. The sides of the boat and ship are formed of
planks fixed transversely across the ribs by means of trenails,
which are large rivets of some straight-grained, strong, durable
wood. For curved surfaces the planks are steamed or boiled before
they are used, in order to render them pliant. The deck requires
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a light wood with even grain, and one that does not shrink and
contract too much with varying quantities of imbibed moisture.
Teak is perhaps the best wood existing for decks.

Mast pieces should be of some light but very strong and flexible
wood, and should be perfectly straight. Slow-grown pine contain-
ing only a small proportion of the soft autumn wood, and having
the resin distributed in a uniform manner, is the best. Such
pines come from high latitudes, and, the supply being limited, are
extremely costly. The usual dimensions of mast pieces are—
length from 60 to 80 feet, diameter at thin end from 17 to 22
inches. The main-mast requires pieces nearly 100 feet long and
18-19 inches thick at the top.

In iron-cased ships the plates have to be backed with teak,
which is the only wood that does not corrode the metal.

ARTIOLE 6. Wo00D USED FOR JOINERY AND CABINET-MAKING.

For furniture and house-decoration in any shape wood that
works easily, does not warp or split, and holds well at the joints, is
required. Where beauty is demanded, the colour and grain of the
wood should be suitable, and the wood should be capable of taking
a high polish. The mottled wood obtained from burrs and tree
trunks, rendered knotty by numerous dormant buds and small epi-
corms, is always in great demand ; pieces exhibiting such marking
are called curls. Dark veins (as in walnut, zebra wood, sissu, some
specimens of teak, &c.), a regular wavy fibre (as in many specimens
of tan and sissu), or a satiny appearance due to conspicuously
bright shining medullary plates (as in satin wood, tun, mahogany,
padouk, maple, oak, &c.), also increase enormously the value of wood
for the purpose of the cabinet maker. To diminish cost many articles
are only veneered with the handsome kinds of wood. Veneers are
thin sheets of wood taken off with special saws, and by a special
process. For curved articles the grain of the wood must be ex-
tremely even and coherent, the best kinds being teak, ebony, black-
wood, sissu, walnut and deodar.

Other qualities required in cabinet-makers’ and joiners’ wood
depend on the conditions in which any given piece is used. Thus
the various parts of a chair and table should be very strong. The
wood for portable furniture, such as chairs, should be light, while
tall articles, especially those which have a narrow base, require
beavy wood below. The sides of drawers should be able to resist
friction. For the manufacture of bentwood furniture flexible

e
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young wood is necessary.®* And so on. For all articles which
stand away from walls and round which the air circulates freely,
the question of durability is of entirely secondary importance.

(To be continued).

PALMAM QUI MERUIT FERAT.

I HAVE just received Schlich’s Manual of Forestry, Vol. I. At
page 96, after pointing out that the average annual net revenue
has quadrupled, he claims—¢ this is the legacy left to the Treasury
of the Indian empire by the men who directed its forest policy
during the last 25 years.” I cannot claim during the 20 years of
my forest service to have done much ¢ directing ” of forest policy,
but I do most confidently claim to myself, along with other ad-
ministrative and executive forest officers, the very large part, if not
the whole, of the credit of this quadrupled revenue, and I claim
moreover that very much of it has been -obtained in the teeth of
those who have “directed ”’ the forest policy of the last 25 years. 1
may be a bigot, but it seems to me that there has been, as a rule,
among our “ directors ”’ too much ¢ policy ” in the bad sense of the
word, in other words, too little backbone. They have not boldly and
fearlessly set forth and advocated even the minimum of what they
must have known to be necessary, in fact they have been governed
by that pernicious thing ‘expediency.” This has been so in every
~ branch but one, viz., the area under protection. I would only ask
any forest officer to turn to page 86 and study the table given there.
It would seem, moreover, that even now Dr. Schlich cannot shake
off his shackles. On page 94 I find that he fixes the minimum
area of forest necessary per head of population in this country at
*5 acres. On what is this founded ? On page 93 I find—

(1). Import of forest produce practically nil.

(2). Iron available practically n:l.

(3). Coal available ” v

I turnto page 55, where it issaid “ even France and Italy have a

smaller forest area than is necessary to supply them with a suffici-

® The process of manufacture is as follows :—The timber is sawn up into strips
from 14 to 2 inches square, according to the work for which it is intended, and
then turned in a lathe into smooth ronnd rods. These rods are exposed
in an air-tight case for fitteen minutes to the action of superheated steam. They
are then 80 soft and pliable as to be easily bent by hand, and are in this condition
fitted to iron patterns well secured. When the pieces are dry, they are detached
from the pattern and retain permanently the shape given them.
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ent quantity of forest produce,” and a glance backwards shows me
that these countries have 6 and *5 acres of forest per head of pop-
ulation. How then is that proportion sufficient for India? I have
read with much interest the papers on Hungarian Forestry lately
given in the Forester, and have been especially struck by the sim-
ilarity of the conditions to those with which we have to deal, and
the proportion of forest to head of population in Hungary is 1'4.
Surely much nearer the mark for India.

I hope some day, if I live long enough, to have something to
say in “directing the forest policy,” and I therefore ask to be allow-
ed to enter my protest now—at the time—against a statement which,
if left. uncontradicted, will certainly become an axiom—a state-
ment that, owing to its author and the mode of publication, will,
if left unnoticed, certainly crop up again and be used as a weighty
argument against any extension of the reserved forest to beyond
the utterly inadequate proportion of 17 or even 20 per cent.

In conclusion I would ask other expectant *directors of for-
est policy,” and even those present directors who—and I know there
are some such—disagree with Dr. Schlich’s statement, to endorse
my protest Now.

GHATI.

THE INFLUENCE OF FORESTS AND THE DENSITY
OF THE STANDING CROP ON THE MOISTURE IN
THE EARTH AND ON THE QUANTITY OF WATER
WHICH PERCOLATES THROUGH THE SOIL.

(Translated for the “ Indian Forester” by S. EARDLEY-WILMOT).

It is now twenty years ago that I endeavoured in various forests in
South Germany to obtain reliable data by means of the lysimeter
as to the relative quantity of water absorbed by the soil at depths
of 1, 2 and 4 feet, the soil being in the one instance covered with
forest growth, and in the other exposed and bare, the surface being
in both cases level. My experiments led to the results noted below.

1st. So long as it remains nnfrozen, a soil bare of vegetation
holds most water in winter, less in spring, still less in autumn, and
the percentage of moisture reaches its minimum in summer, in
spite of the fact that in our latitudes the greatest precipitation of
water takes place in that season. The soil gives off, however, so
much moisture by evaporation during summer that, taking a mean
of all observations made, the quantity of water which perneates
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the soil is, at depths of 1,2 and 4 feet, respectively 3}, 4} and
74 times less than at corresponding depths in winter.
2nd. On the other hand observations made in soil covered with
forest growth, show that such soil retains a greater quantity of
water, and at greater depth in spring than in winter, a fact easily
explained, especially in evergreen forests, by the slow melting of
the snow. Another characteristic of forest-clad soil is, that a
surface layer of dead vegetation such as leaves, humus, &c., has no
marked influence on the quantity of water absorbed in winter,
whilst in summer, on the contrary, given two localities both forest-
- clad, the one protected with a surface-layer as above noted, and
the other without such protection, we will find that in the first
instance thrice, and in the second instance twice, as much water
will pass through the soil as would be the case in bare soil in the
open. In short, the observations made do not leave it open to
doubt that, during the warmer seasons of the year more water is
retained in a soil shaded by forest growth than by a soil unpro-
tected by vegetation. But, as forest-clad soil provided with a
protective layer of humus is (taking the average of the year)
superior in absorbing power to bare uncovered soil only down toa
depth of 2 feet, it follows that the effects of afforestation and of
the protective surface-covering act only superficially, that is, only
down to that point where the rootlets commence to absorb mois-
ture. The increased moisture in the surface soil caused by the
shade of the forest, and the protective covering of vegetable matter
is the reason that such plants as orchids, fungi, ferns, &c., which
cannot exist without shelter and water, are found in moist forests
where their necessary nourishment is provided by the rich humus.
It must not, however, be concluded from the above remarks that
forest-clad soil at a greater depth than 2 feet is cooler and moister
than soil not similarly covered, and that therefore the former
exercises a greater influence on the spring level than the latter.
I myself was misdirected to this result by lysimeter observations
when editing my work ¢ On the Physical Effects of Forests on.the
Air and Soil,” but it is now evident by later experiments that the
results I arrived at formerly were valid only for a wel-shaded soil,
sheltered against the wind, covered with dry matter such as leaves
and moss, but without forest growth ; and not for a forest-clad soil,
in which the countless intricate rootlets take up daily so much
water that the subsoil within the reach of these roots is much drier
than a bare plot devoid of vegetation.
The good effects of shade and of a protective surface-covering
consist solely in providing during the period of active vegetation
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better nourishment, that is more water, and consequently a greater
quantity of soluble salts, than would be forthcoming in patchy,
irregularly-grown forest where the soil is exposed to sun and wind.
The following details give a clearer insight into the above
remarks :—From July 1884 to July 1885, my Assistant, Dr. Bau-
mann, made observations four or five times monthly in a stiff clay
soil at depths of 40 o.m. and 80 c.m. to ascertain the percentage
of meisture present.
The localities selected were as follows :—
(a). A forest of spruce saplings 25 years old.
@) 5 ” » poles 60 ,
(0)- ” y trees 120 ,,
(a). Unplanted bare ground of the same quality.
The results are noted below for easy reference.

TaBLE I.—EXPERIMENTS AT FoRsTaMT BRUCK.

Percentage by weight of water in a heavy clay soil. Mean of four
or five observations made each month.
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* —— — P —— e — ——— —
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Summer. )| 1510 1682 14-42] 17.08| 17.78] 20-90| 19.97] 19.98
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Autumn, % 16-67] 17.57| 13.49] 16:52] 14.88] ,1_9;4(_; goml 20:20
September to November, 17.07 15:00 17.17 20-12

There is no doubt that forest-clad soil in the root-zone (40 c.m.
to 80 c.m. from the surface) was throughout the year many per
cent. drier than bare exposed soil. The forest of saplings and
poles stood in soil poorer in moisture than that of the mature
spruce forest in which the percentage of moisture approached that
of the bare and exposed plot. Most water was therefore drawn
from the soil by the spruce poles, less by the closely standing ill-
grown saplings. Least moisture was drained from the soil by the
forest of mature trees, whilst the experimental area uncovered by
vegetation remained richest in water.

Also it is apparent that the forest-clad plots, as well as the bare
expgsed plot, contained more water in winter than in summer and
autumn, and that even in winter in the root-zone of the forest-clad
plots there was less moisture than in the exposed area, explainable
by the fact that a considerable proportion of falling snow is
caught by the branches of trees, especially of conifers. Even
when after a thaw the melted snow runs down branch and trunk,
and drips on the ground, still a considerable loss by evaporation
takes place before it reaches the earth. Moreover the deep-strik-
ing tree-roots are not totally inactive in the winter.

A second series of experiments was carried out from July 1885
to July 1886 in the same plots, but”at various depths, viz., from
the surface to 5 c.m. deep ; from 15 c.m. to 20 c.m.; from 30 c.m.
to 35 c.m. ; from 45 c.m. to 50 c.m. ; from 75 c.m. to 80 ¢.m. ; in
order to learn the effects of forest growth at these various depths.
The results are given in the following Table :—
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It is exceedingly interesting to find the results of lysimeter
readings in previous years confirmed in these observations, which
show that the uppermost layer of earth in forest-clad soil, in which
it must be noted that the rootlets do not spread, is certainly
moister than soil taken at the same depth in localities unprotected
by vegetation. The denser the shade, the more complete the
shelter from wind, and the more we favour the formation of a not
too thick protective covering of vegetable matter, the less mois-
ture is lost from the upper layers of soil through evaporation. Thus
in soil taken at a depth of within 5 e.m. from the surface, there was
in a sapling forest 3093 per cent., in a pole forest 29:48 per cent.,
and in a mature forest 40'32 per cent. of water, whilst in soil
taken from the same depth in exposed and bare localities only
22:32 per cent. of water was found. It must, however, be added
that the great excess of moisture found in the soil under mature
forest is due to the observations having been sometimes taken after
rainfall, which moistens the surface soil much more thoroughly in
comparatively open forest than in a forest composed of close
growing stems. The small amount of evaporation which takes
place in forests is extremely apparent, and a similar condition
obtains in fields with growing crops. There too, the uppermost
layers of soil remain much moister than in fields lying fallow, and
this is in consequence of the shade and protection afforded by the
growing crop against sun and wind. The soil, however, both when
covered with forest or with field crops, is drier in what we have
called the root-zone, than above that zone, whilst in soil free of
vegetation the moisture increases regularly with the depth. This
extremely important phenomenon is referable to the fact as above
stated, that forest, more than field-vegetation, consumes a large
amount of water, and by means of numberless rootlets so dry up
the earth, that the percentage of moisture becomes less than in
uncultivated soil. In summer, when the roots are in their fullest
vigour, there was 3 per cent. less moisture in the root-zone in the
soil under sapling and pole forest than under mature forest and
in uncultivated fields. The difference was less in autumn and still
less in winter and spring, when the vigour of the roots is at its
lowest.

In 1885-86 as in 1884-85, the soil in spruce pole forest was
throughout drier than in a forest of saplings, whilst the amount
of water in the mature forest approached that in uncultivated
ground. During middle age a tree grows fastest, and it is then,
when the need of water and nourishment is most felt, that moisture
is most quickly removed from the soil. More moisture is retained

H



50 INFLUENCE OF FORESTS AND THE DENSITY OF THE

in soil covered by young forest, because the growth of individual
trees is slower owing to their crowded state, and because the trees
having imperfect crowns the diffusion of moisture by transpiration
is reduced to a minimum. In a mature forest, the sparer the trees
are and the smaller the annual increment, so much the less is the
amount of water extracted from the soil. ~Yet another reason for
the greater percentage of moisture in a mature forest than in a forest
of saplings and poles is, that rain and dew have freer access to the
earth in the former, and as, besides this, the extraction of water
from the root-zone is much less than in younger forests, it follows
that the percentage of water in this zone, both in mature forest
and in uncultivated open plots, is nearly equal.

In order to obtain further details in reference to tree growth in
draining the soil, a third series of experiments was instituted in
the years 1886 and 1887, and this was so arranged as to show the
draining powers of various species. The experiments were carried
out at Munich as follows :—First the earth to a depth of 120 c. m.
was removed from a considerable area, and five squares of 4 square
metres each were marked out in this area. These squares were
surrounded, and divided from each other, by watertight walls
45 c.m. in thickness, which, composed of concrete and cement,
became as hard as rock. The floor of each pit was also made
watertight in a similar manner, and sloped towards the centre, so
that all the water which, after permeating the soil, reached the
flooring could escape by a pipe placed there. The ends of all these
drainage pipes led into an underground masonry cistern measuring
1-2 metres by 5 metres, large enough both to collect and to measure
the water. A flight of stone steps led to the door of this reser-
voir, and to prevent the ingress of snow and rain by these steps,
they were covered with a movable iron trap-door on rollers, which
could be closed after entering and on leaving the cistern.

This arrangement was first constructed with the object of learn-
ing by actual experiment the influence of various soils on the
amount of water which filtered through, or was given off by eva-
poration. The observaticns on this point lasted for four years, and
the result, of the highest importance in determining a theory of
spring levels, will shortly be published. In the years 1886 and
1887, however, the arrangement was utilised to ascertain, in the
most natural manner possible, the effects of various coverings, both
animate and inanimate, on the moisture of the soil and the quanti-
ty of water which would percolate through it.

To this end each of the five pits was filled up and rammed
down with sifted garden soil rich in vegetable mould. The first
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experimental pit was planted with 6-year old spruce, the second with
6-year old beech, the third was covered with dry moss, the fourth
was sown with grass seed, and the fifth was left unplanted and bare.

The pits were filled in and planted in the spring of 1885, but
the observations did not commence till January 1886, after the soil
bad settled and the plants had taken root. The influence of the
above-noted protective coverings on the soil will easily be seen from
the annexed statemeénts (pages 52 to 54).

It will be seen from Table IIIa. that the closely-grown, shadow-
giving spruce plants kept the soil to a depth of 10 c.m. moister
than beech trees of the same age. The covering of moss had the
greatest effect on retention of moisture in the soil, an effect, however,
diminishing with the depth of the soil. (It should be here noted
that a layer of dead vegetable matier requiresa considerable amount
of water to saturate it, and that this quantity of water is lost to
the soil beneath. In spite of this, such a covering enhances the
moisture of the soil and increases the quantity of water it takes up,
because it gives protection against the chief causes of evaporation—
heat and wind—a protection the more perfect up to a certain point
depending on the thickness of the covering, say up to 15 c¢.m. or 20
c.m. Beyond this, however, no greater protective effect is produced;
on the contrary, the water soaked up and retained by this excessively
dense layer of humus seriously decreases the moisture in the soil
and the quantity of water which passes through it).

The grass-covered plot showed results opposite to those ohserved
in the moss-protected plot. The shallow-reaching roots of the grass
dried at the upper layer of soil much more than the roots of the
spruce or beech. Thus meadow grasses and other perennial her-
baceous crops require more water than forest trees, and amongst
these the superficially-rooted spruce and beech succumb much easier
to drought than the deeply-rooted fir and oak. Long periods of
drought are thus more fatal to meadow grass than to young forest
plants. '

These results entirely confirm those of the previously noted ex-
periments, and also of the still earlier lysimeter observations. Put
briefly, the plot covered with dead moss was the moistest, then that
bare of vegetation, the plots covered with beech and spruce were
poor in water, and the grass covered plot was the driest, especially
near the surface, a proof that meadow grasses extract more water"
from the soil of the root-zone than either spruce or beech plantations.

In the warmer seasons of summer and autumn the effect of a
protective covering on the soil is much more marked than in
spring and winter.



TasLe IIIa.—EXPERIMENTS AT MUNICH.
Influence of various coverings on the amount of water contained in a s0il rich in vegetable mould. ~Percentage by weight,
mean of jfour or five observations monthly.
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TABLE II1B.—EXPERIMENTS AT MUNICH.

Influence of various coverings on the quantity of water which fil-

ters through a soil rich in vegetable mould.

634'15I

Water which drained -
.. through in m.m.
Preclgl-
tate
Month. moisture| Beech Spruce| Moss | o Remarks.
inmm. 6 6 | cover-| oy
years. | years. | ing. .
1886.
January, e | 38-80; 425/ 3-39| 5'04| 4'44|From 26th Jannary to
February, .. | 1060 110 1-10| 2'51| 0-03 gg;l;né“;l;:hﬁthe
March, oo | 4730, 462 252 292 0-33 ozen
April, .. | 65:50, 602 6:6412:24| 9-go| 203 covered with
May, oo | 46°18/ 201 1'86| 1'80| 070
June, . | 289°12] 8'42| 6-30| 16'92| 12-24
July, oo |117°40| 3'40| 3°12| 7:43| 6°27[In September, October
August -+ |203-70| 4'07| 2:67| 7'25| 762 and November the
Beptember, .. | 45:05| 0'88 0-76| 2:78| 1.2 pter which draioed
October, -- | 2580 es | 0°99] 003| spruce plots was
November, .. | 43-60| 0-24| .. 3:40 196, practically nil.
. December, es | 79°60| 4-38| 1-48| 3-85| 461
Total, .. |957-95|89-39|29-85| 67°13| 4941
1887.
January, .o 6:15] 2:95| 0°70| 1°81| 122 The plots were frozen
February, . 510, 081| .. | 053 0°06| from Janmary 19th
March, v | 84200 228 177| 391 171| foMorch 2th The
April, e 19:20| 3-87| 1-13| 3-99 430 age water from Feb-
May, «s [114°80| 4-46| 215 6'50| 3-96| ruary 2lst to March
June, oo | 5500/ 2:50| 1-49| 462 294 ,l,ﬁf,ll' "f'iﬂ.., th3 spruce
July, e | 7820 .. .. | 868 .. fAoua
. 24th to March 23r
Aungust, oo | T7°40| .. o | 4°70| 097(Beech and spruce from
Beptember, .. | 59-00 019] 0-74| 8-11| 241 June 23rd to Septem-
October, e» | 5380/ 0°10| 0°22| 2-54| 1:16| ber l1th no drainage
November, .. | 8130 11| 230 4'43| 382 Vaier and woculti
from June 80th to
—_— August 21st.
Total, .. 18:77| 9:90( 39-87|22:55
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Arrangement according to Seasons.

Amount of water which drained
through in m.m.

Precipi-
Seasons. tgt:d Moss
] molsture | Beech, | Spruce, | | Bare
immm | gy [Gyears | 00 | sail
1886.
March to May (Spring), -. 156-98| 12:65 10°52| 1696, 10'93
June to August (Sumuer), .. 560-22) 1589 12:09| 31:60, 2613
September to November (Au-
tumn), .o . 114:45 1-12] 076/ 717 327
December to February (winter),! 126:30{ 973, 5'98| 11:40, 9°08
1887. -
March to May (Spring), . 219:20| 10'61| 505 1440, 997
June to August (Summer), 210'60) 2:50, 1'49; 1300, 391
September to November (Au-
tamn), . .o 194:10 l'90l 2:66| 1013 7'39

TasLk 11Ic.—EXPERIMENTS AT MUNICH.

Proportion of precipitated moisture to water which filtered through

(In percentages of precipitated moisture).

1886—
Spring,
Summer, ... eee
Autumn, ..
Winter,

1887— '
Spring,
Summer, ... os
Autumn, ...

the soil.

Beech,
m.m.

80
28
09
77

48
011
09

8pruce, Moss, Bare soil,
m.m. mm. mm.
67 108 69
21 56 46
06 62 28
47 114 71
28 65 45
007 61 18
14 52 37

We shall find that the above details agree perfectly with Table
I1IB., the moss covered plot both in 1886 and in 1887, showed the
highest percentage of water passing through the soil : next in order
came the uncultivated plot, followed by those covered with beech
and spruce. Unfortunately some injuries to the grass-covered plot
compel me to abstain from publishing at present the result of the
observations made in this instance, still this blank in the register
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is of no great importance, because the effects of atmospheric preci-
pitations of moisture on grass-covered soils have been fully worked
out in 1869-70. Professor J. Wolldrich has fixed the quantity
of water which down to a depth of 2 feet soaked into a grass-cover-
ed field as compared with the quantity which was taken up by a
bare uncultivated area ; and he shows that at all seasons of the
year less water runs off grass lands than off bare exposed soil.
The difference was least in winter, especially in January and Feb-
ruary, but in March it became considerable on account of the
amount of snow water which had soaked into the bare ground.
With the revival .of vegetation the difference became greater and
greater ; reached its height in June, July and August, and then be-
came gradually less. Light rain had no effect on the grass-covered
soil, as the drops remained on the blades of grass and evuporated.
The extraordinary difference between the quantity of water
which soaks through fallow land as compared with grass land, can
be learnt from the researches of E. Wollay. From May to Octo-
ber 1874, there fell on a sandy soil 49,409 cub. c.m. of water on
every 1 000 8q. c.m. of area, and of this quantxty, taking equal
quantities of fallow and grass land, 19,351 cub. c.m. soaked through
the former against 9,502 cub. c.m. in the latter. In the following
year in the same month 56,712 cub. c.m. of rain fell per 1,000
8q. c.m., and of this amount—
per 1,0008q. c.m. of sandy soil in fallow land 86,780 c. c.m. soaked through.

» oo» w o e y» grass land 8,035 ,, m ”

w »w 1 claysoil , fallowland 18,579 ,,. ” "
ITRETS w m w» 9 s grassland 718 ,, ” »»
o » -y moor soil ,, fallowland 24,876 ,, " "
» o w 1 w9 9 grass land 4,921 ” ”

The subsurface drainage of the soil was thus considerably impeded
by the presence of grass on the surface. We learn further (from
Table IIIB.) that, first in spring and then in winter, more water
permeated the soil than in summer and autumn, although most rain
fell in summer. The colder seasons of the year have, therefore,
much more influence on spring levels than the warmer seasons.
In summer and autumn less water soaks through the soil of
planted areas, more soaks through unplanted bare localities, and
most through unplanted areas covered with moss. This is easily
explained by the circumstance that a soil, to make good the loss by
evaporation and to reach the saturation point, requires the more
rainfall the more thoroughly it was previously dried up. As the
moss-covered soil always retains more moisture than a bare unculti-
vated plot, a less addition of water is required by it to make good
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the loss by evaporation and to keep it at saturation point, hence
with the same rainfall there is always more surface-drainage water
from such a plot than from one bare and uncultivated.

It is noteworthy that in winter and spring the plot planted
with beech gave a greater percentage of moisture at lower depths
than the spruce covered soil, a fact which is apparently due to the
fact that the evergreen young spruce saplings allow at these sea-
sons less water to reach the soil than the leafless beech trees.

But in summer and autumn the beech-covered plot allowed more
moisture to soak through than did the soil covered with spruce.
This proves that spruce keeps the soil drier than beech, in spite of
the fact that the observations of Hdhnel in Vienna show that eon-
ifers give off in vapour four to five times less water, and require also
less moisture during the period of growth than deciduous trees.

Observations made with the ombrometer, have always proved
that in dense spruce forests, not only in winter but also in summer
and autumn, much less atmospheric precipitations of all kinds
reached the soil than in a beech forest, where the light-crowned
trees are in winter always bare of leaves. It appears also that the
beech keeps the soil looser and more porous than the spruce, a cir-
cumstance I became aware of after many and careful experiments
made on the air contained in the soil ; these proved that there is
more carbonic acid contained in the air of the soil under beech
forest, other circumstances being similar, than in that of spruce
forest ; and this can only be referable to the more rapid circulation
of air, which means greater porosity in the soil of beech forests.

1f the amount of the aqueous precipitations of the air be com-
pared with the amount of the water of percolation, one will be
astonished at the small percentage of the latter. In 1886, during
sammer, 957°95 mm., and in 1887 up to December, 634'15 mm.
of water were precipitated from the atmosphere. The Table below
shows the amount which soaked through the various plots—

1886. 1887.
Moss covered soil, 6718 mm. =7 °, 89:82mm. = 62°,

Uncultivated bare soil, 4941 ,, 5:19], 2255 ,, = 89,
Beech covered soil, 89:839 ,, =410, 1877 ,, = 299,
Bpruce covered soil, 2935 ,, =800, 990 ,, = 159

From Table IIIB. may be Jearnt the relation of the seasons to the
amount of water that percolated through the soil, and the effects
of the dronght of 1887 upon the moisture in the soil, and upon
the water which soaked through it, cannot be better exemplified
than by the figures given in Tables IIIB.and IlIc. The dry weather
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affected least of all the moss-covered soil. The power of prevent-
ing evaporation and of retaining moisture evinced by this covering
was very marked in summer and autumn ; for every 100 m.m.
of water which fell during the dry summer and autumn of 1887,
gave on an average as large a percentage of water drained through
the soil as itdid in the moister season of 1886. To what extent
increase of evaporation and drying up of the soil follows removal
of the moss covering, can be seen from the figures which refer to
the uncultivated bare plot in which the loss of moisture by evapora-
tion was greater and the amount of water which soaked through
much less. If to these influences be added the draining effects of
plants (beech and spruce), so much moisture is withdrawn from the
earth, that in summer and autumn the quantity of water which
soaked through the soil was often for weeks together inappreci-
able.

It has been remarked above (Table IIIB.) how ill-proportioned
the amount of water which soaks through a soil is to that which
falls on it. This fact could be quoted as a proof of the correctness
of Volger’s Theory of Springs, if our earth were coated with a layer
of one-metre-deep garden soil, rich in vegetable mould. I will,
however, shortly again show by statistics that, in the case of the
more porous soils, the proportion of the aqueous precipitations to
the amount of water which soaks through is quite different to what
it is in a garden soil rich in humus. By the above observations
only the well-known property of humus is proved, viz., that it
possesses, more than any other constituent of soil, a capacity for
taklng up water, and of increasing and preserving the moisture
in the soil. During the year 1886, not less than 80 per cent., and
in 1887, even as much as 86 per cent., of the moisture whlch fell
on the plot of unplanted garden earth (of a depth of 120 c.m.)
was either absorbed or returned to the atmosphere by evaporation.
The colder the season, the greater was the proportionate amount
of water which sonked through the soil. It is fully proved by the
exactness of the observations made, that in normal well-canopied
forests the upper layers ef the soil are, on an average, moister
than the surface of baro localities ; that, on the other hand, those
layers of soil from which the trees derive their moisture (the root-
zone) are drier than similar layers of soil in an unplanted field.
This dryness increases with the-amount of water used or given off
in vapour by the trees, by the length of the period of sap activity,
by the formation of a perfect canopy with denseness of crop, and
by the amount of water which the trees retain in their foliage.
In the mountains, where the period of active vegetation is short,

, t
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the draining effect of a forest cannot be the same as in the
lowlands and plains, and it is self-evident that this forest drainage
must be much mnore intense during the period of sap activity
than in winter and spring. Any breach in the over-head canopy,
a too open condition of the forest, exposure of the soil by removal
of the entire crop, in other words, imperfect shade and exposure
to the influence of the air, dry up the soil to @ marked degree,
even if such conditions are followed by a heavy growth of grass.
At the same time such treatment causes acceleration of decay and
a rapid disappearance of the humus, whereby the supply of water
to the roots and the fertility of the soil is much diminished.

The draining of the water from the soil and the drying action
of tree-growth on it is, as above remarked, dependent on the powers
of transpiration of the various species. The leaves of the ash, elm,
maple and poplar being rich in water and ash, and giving off large
quantities of vapour, require more moisture than the leaves of the
oak and beech, which do not possess these qualities ; and the beech
and oak again less than the needles of conifers, which are feeble
in transpiratory power. The blue gum (FEucalyptus globulus) is
especia]ly remarkable for the amount of moisture it absorbs and
gives off.

Again, the anatomic structure of the leaves has much to do
with the transpiration, especially the number, size and shapo of the
pores and the structure of the epidermis. Broad, thin leaves, de-
void of bair, with numerous pores, smooth to the touch, and with
thin cuticle, give off more vapour than small, thick, bairy leaves.
Trees with emooth, leathery leaves, which have a strong epidermis,
coated with a waxy deposit, like Ficus elastica, laurel, the camphor
tree, &c., transpire little, and are able to exist in dry countries.

The hairy growth on leaves serves as a protection against ex-
cessive light, evaporation and loss of heat at night. Most of the
plants on steppes and deserts, on high mountains, in sunny and
dry places have on this account a silky or woolly growth on their
leaves, or thefr spidermjs is tufted. The thin, shiny, waxy covering
on the skin of the apple, plum and other fruits, on the needles of
some conifers, also the thicker, waxy coating on the cactus,
lignum vite, &c., much diminishes the evaporation; in the same
way as a growth of cork or the rind of a potato do. Remov.e
these protectlons and rapld desiccation follows.

Leaves rich in water give off more vapopr in the same time
than leaves poorer in moisture. If freshly plncked leaves are
exposed to the air, it will be observed that those richest in moisture,
such as ash, elm, mapls, willow, &ec., wither more quickly than
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leaves containing less water such as oak, beech and birch, If
leaves are placed under water for a time and then exposed to the
air, they fade much sooner than if they had not been soaked,
because they imbibe moisture and subsequently give it off more
freely than they did before. For a similar reason grass mown
shortly after rain, dries more rapidly than it would otherwise.
This is explained thus; the valves of the pores in the leaves which
are rich in water open in the presence of excessive moisture by
hydrostatic pressure, and thus transpire freely, whereas in the
absence of moisture they close and prevent the dispersion of
vapour. Lifeless vegetable matter (leaves, potatoes, turnips, &e.,)
give off vapour and dry up more quickly than living plants.

The transpiratory power. is, however, not only dependent on
species, but also in the same species on the age of the foliage, on
the nature of the root-system, on climatic and meteorological
influences, on the amount of light, and on the chemical and phy-
sical attributes of the soil. By increased temperature, by dry
winds, by solar intensity, by moisture of the soil, the transpiration
of trees is increased, and it is diminished by the reverse conditions,

In a goil strong in minerals, and in clay, the formation of the
moisture-imbibing rootlets is much more vigorous than in a sandy
soil poor in nourishment, Thus, when plants are well nourished,
the transpiration becomes more vigorous, and the activity and pro-
ductive energy of the plant become greater. But not only is
the amount of vapour given off dependent on the amount of water
and nourishment in the soil, but it increases with the temperature
of the earth, because with increased warmth the activity of the roots
increases. The root activity ceases at a temperature of 32° F., and
even at a few degrees higher the work done is inappreciable, and
such a temperature is frequent in early spring and late autumn.
The transpiration from the leaves is stopped or reduced to a
minimum when the air is saturated with moisture or fog, whilst
dew and rain only hinder evaporation sa long as their moisture is
in contact with the leaves; after the external moisture has dis-
appeared the leaves give off mare vapour than before, owing to
the excess of moisture they have imbibed.

From the circumstance that a forest drains the soil at a cer-
tain depth, we must not conclude that every forest-covered soil must
be drier than an unplanted space, or than land growing crops or
grass. The soil-draining qualities of forest can only readily be
proved when the soil of both the localities under comparison, at
least to a depth of 1 or 2 metres, 1s of the same composition, and
when neither can receive moisture from below, or elsewhere, and
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this is specially the case in summer and autumn. But when, as is
frequently the case in nature, the two soils have different chemical
and physical qualities, or when the subsoil varies considerably, it
may happen that forest soil is at one time drier, at another moister
than the neighbouring fields, meadows or fallow. For instance,
supposing that the forest soil is composed principally of porous
material (sand, gravel, boulders, shale), and the field, meadow or
fallow of non-porous earth (clay or loam), it stands to reason that the
forest soil must be drier than the other. Or supposing that one soil
consists of alternate strata of coarse and fine earths, the former na-
turally permitting the passage of water more readily than the latter,
and that the other soil is of one density throughout, it follows that
great differences in amount of moisture will be remarked. The
soil at high elevations is particularly unsuitable to these experiments
on account of the varying formation and depth of soil, whilst di-
luvial and alluvial soils in valleys, plains and lowlands best adapt
themselves to correct observation. But even in such soils, before
commencing operations, if the work is to be of any value, careful
trials should first be made by boring or taking sample sections.
I was myself only with great difficulty able to find suitable plots
for experimenting, but I had frequent opportunity to prove the
extraordinary difference in the amount of water held in various
soils. I noticed differences of between 3 per cent. and 88 per cent.,
and it is noteworthy that even in the wet moorland (where the
latter reading was taken), on which stood a forest of mixed spruce
and Scotch fir, a slight decrease in moisture was apparent in the
root-zone, in spite of the fact that moisture from below must have
been drawn up by capillarity.

The following examples will show how rich in water the covering
of the soil can be in favourable circumstances : —

On the 17th August, 1885, after rain, moss taken from a 60-year
old spruce forest contained on the upper side 72-:33 per cent., and
on the lower 76:64 per cent. of water, whilst the layer of humus
beneath it held 71:57 per cent.

On the 22nd August, 1885, in another spruce forest the covering
of moss contained 75:22 per cent. in its upper portion, and 70-69
per cent. in the lower, whilst the humus below held 69:02 per cent.
of water.

On the 9th September, 1885, after a day-and-a-half of rain, the
upper portion of a mound of moss held 80°45 per cent., the lower
portion 74'61 per cent., and the humus below 74-42 per cent. of
water.

The great absorbent power of moss is here clearly demonstrated.
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Moss, when not overlying vegetable mould, does not part with its
moisture until, saturation point being reached, it continues to
receive a further rupply of water ; so it may be often observed that
when a dry sandy soil has a covering of moss, the roots of the trees
do not penetrate deeply into the soil, but spread out in the upper
layers which are rich in moisture and humus. If moss grows
higher than 8 c.m. or 10 c.m., it keeps back too much water, and
decreases the percentage of moisture in the soil.

Ejffect of field crops on the moisture of the soil.

The drying of the soil is aided by all other growing plants as
well as by forest trees. To prove this, let two glazed non-porous
flower pots be taken, and the one planted whilst the other is left
unplanted. If now equal quantities of water be supplied to each,
it will readily be seen that the soil of the pot containing plants is
drier than the other. '

The nuinerous experiments of Risler, Wilhelm, Breitenlohner,
Schuhmacher, Eser and Wolluy -have shown that a soil bearing
field crops gives off a fur larger quantity of vapour, and is much
drier in the root-zone than an uncultivated field otherwise similar.
Risler and Wolluy have further proved that crops like clover,
lucerne, peas, and meadow grasses remove from the soil the more
water, the thicker and higher they grow. As the value of the crop
of fodder plants depends on their closeness and height, it is evident
that these crops require more water and dry up the soil quicker
than other field crops.

The question as to whether forest trees or field crops withdraw
most water from the soil has hygienic importance, and especially in
relation to the supply of spring water. I have shown above that
meadow grasses use more water and dry up the soil in the region
of the roots more quickly than forest growth, and various other
circumstances point to the fact that field crops also affect the upper
layers of soil more than forests do. The fact that forest trees
possess leaves with a tough and leathery cuticle which field crops do
not, points to the probability that the former give off less vapour
than the latter. And as it has been proved that the transpira-
tion of plants stands in a fixed relation to the absorption of water
with the minerals therein dissolved, there can be no doubt that
the richer the leaves are in salts, the more vigorous has been the
transpiration of the plant. If the transpiration of the leaves is
suppressed or deficient, the supply of mineral salts from the soil is
also deficient, and the normal nourishment and growth of the plant
is impossible.. The more water plants lose by evaporation fromn the
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leaves, the more moisture the plant must have drawn from the soil,
and the more mineral salts must bave reached the leaves. Thus
the quantity of ash in the leaves gives a fairly accurate estimate of
the transpiratory power of the plant. The average amount of ash
contained in vegetables is about 16-18 per cent., tobacco and hops
17 per cent., turnip leaves 13-16 per cent., potato leaves 8-9 per
cent., lacerne 738 per cent., red clover in flower 6:86 per cent.,
meadow hay 698 per cent., oak leaves 4:83 per cent., beech leaves
364 per cent., silver fir leaves 2:97 per cent., larch leaves 2:49 per
cent., Scotch fir 2:20 per cent., spruce 238 per cent., Austrian pine
1-91 per cent., mountain pine 1'96 per cent. The small transpi-
ratory power of conifers compared with deciduous trees is here
evident, as well as the fact that oak and beech give off much less
moistare in vapour than clover, meadow grusses and other field
crops. At the same time the transpiratory power of the leaves
does not giveé direct proof of the requirements of the tree in water
and its ability to dry up the soil. For instance, of two trees whose
leaves possess equal power, that one which has the heavier foliage
will use up most water. Birch leaves are on an average richer in
ash than beech leaves, but owing to the scanty foliage of the former
its total requirements in moisture are much less than those of the
latter. The wild acacia has leaves richer in ash than the copper
beech, but it thrives in drier soil on account of its lighter
foliage.

In the same way the amount of water used by field crops does not
depend entirely cn their transpiratory power, but also on the area
of their leaf-surface, on the density of growth, and on the period
of vegetation. The period of the most rapid formation of organic
matter is also the period of the greatest consumption of water, and
more water is therefore required by a plant at middle age than
when approaching maturity.

The experiments of Risler in 1870-71, show that the amount of
water given off in vapour by forest trees is less than that evapo-
rated by field crops. He gives the following amounts in grammes
per hour per square decimetre of leaf surface :—Lucerne 046, cab-
bage 0°25, grass 0°21, oats 0'14, wheat 0'17, and oak and silver fir
only 006 and 0'05. The daily mean evaporation expressed in m.m.
of height was for lucerne 3:4—7-0, meadows 31—T7-3, wheat
2:7—2'8, rye 2:26, potatoes 0-74—1-4, oak 0-5—1°1, silver fir
0'5—1-0. Risler also proved that an acre of forest gave off in
water of evaporation about three times more moisture than a similar
area of uncultivated land, but less than a similar area covered with
fodder crops such as lucerne, clover or meadow grasses.
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Th. Hartig’s experiments show that, other circumstances being
identical,—
A square wetre of water gives off

in evaporation, «e 2,000 grammes in 24 honrs.
A squars metre of unplanted bare

soil, e 2,600 " w
A square metre of closely grown

oats, e e 9,000 » " o
Whilst a square metre of leaf surface in— )

Beech forest, w210 w . oom v

Osk, o 280 ” " "

Spmce, 200 " "

Hartig also reckons that in a forest of 1,600 stems to the acre,
during 180 days of active vegetation there are given off by evapo-

_ ration from every 3, 000 square yards the amount of water noted
below—

Mean for varieties of forest growth, up to v 1028 m.m.
Deciduous forests, up to ... . 1354
Coniferous forests, up to ... - e 814

that is sufficient water to cover that surface to those depths.

All the evidence collected tends to show that field crops, espe-
cially grass, clover and other perennial plants, give off by evapora-
tion more moisture than forest plants, but the latter withdraw water
from a greater depth on account of their long roots. Although
forest trees need less water than field crops, still their requirements
are so considerable, that in many parts of the world the want of
moisture is prohibitive-to the existence of forests. This is essily
understood when we remember that trees not only store up a large
quantity of water within themselves, but also give off through
their leaves during one day of active vegetation two to four times as
much water as their dried foliage would weigh, and that even the
needles of the evergreen conifers give off every day an amount
of water equal to one-half their weight. For instance, a vigorous
spruce tree 85 years old contained, according to my experiments,
in its wood and leaves about 2,200 lbs. of water, and a silver fir
of the same age, from the same locality, about 264 gallons of water.
According to Hohnel’s experiments, an ash tree standing in the
open used up daily from April to the end of October on an average
an amount of water equal to four times the weight of its entire
foliage, the weight of the foliage being reckoned after it had been
dried by exposure to air. 100 grammes of this dried foliage would
in its green condition give off in vapour during this period more
than 855 litres of water, that is daily ahout 400 grammes. A
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birch tree with heavy foliage standing in the open gave off in
vapour during 6 months 7,086 kilogrammes of water,.or daily 38
litres ; a beech tree 115 years old lost by evaporation from June
to November 8,968 kilogrammes of water, that is daily about 50
litres ; in the case of a beech tree 50 to 60 years old, there was
during the period of active vegetation a loss of 1,793 kilogrammes,
or say, a daily evaporation of 10 litres. The total quantity of
water which a beech forest 115 years old gave out in vapour 4ur-
ing the vegetation period for every hectare, amounted to 4 million
kilogrammes (or about $80,000 gallons), and if this water were
spread over the area it would cover it to a depth of 400 m.m. In
Germany the rainfall averages 750 m.m. yearly, thus the atmos-
pheric precipitations of moisture are with us about twice as much
as is required for the welfare of a beech forest.

If the above details serve merely to give a general idea of the
effects of tree growth on the moisture in the soil and its drainage,
still we bave learnt that our deciduous trees cannot enjoy the ne-
cessaries of existence in those localities where the yearly amount of
rain, snow and dew is under 400 m.m., and the soil remains too
dry during the period of active vegetation.

With regard to the amount of spring water in any place, it
results from the above-detailed observations that in comparison
with an unplanted bare area, forest land will diminish the supply
of spring water ; but that it has a better effect on the supply than
meadows, pastures and clover fields have. The forest per se cannot
create springs, but it is much more effective in preserving existing
springs than field crops. Extensive deforestations are followed by
rapid drying up of springs, because the soil is promptly covered
with grass and weeds which ase up more water and permit less to
drain through than forest land would, and this is proved by num-
berless experiments in the most varied localities.

PRroFEssbr EBERMAYER,
In the Allgemeine Forst-und Jagd-Zeitung.

IMPROVED SYSTEM OF REVENUE TICKETS.

AT certain chauokis or stations in the Dehra Diin Division,
revenue is collected on fuel, bamboos, grass, and inor forest pro-
duce by means of tickets. Formerly these tickets consisted of
thin paper of various colours, and on the back of each ticket was
stamped ¢ Dehra Din Forest Division.” On the face of each
ticket, the moharir at the chauki recorded, in Urdy, the exporter’s
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name, the class of produce taken out, and the date and serial-
number of the ticket. Each ticket held good for one day only
—the day of issue—and inthe evening the exporter on his re-
turn gave up one-half to the moharir, retaining the other half
himself. .

The colours represented various values, thus—a green ticket had
a value of 6 pies ; a white ticket, 9 pies ; and so on. Under the
cover of one green ticket, a purchaser might export any article, the
duty on which was 6 pies, such as a head-load of fuel, or of fodder
grass, or of thatching grass. Similarly for one white ticket, any
article, the duty on which was 9 pies, could be exported, such as a
head-load of maljhan leaves (Bauhinia Vahlii), or of bhébhar
grass ; and so on, for the other tickets and values.

Such in brief was the old system, and it.is in order to draw the
attention of readers of the Forester to an improved system, intro-
duced by the writer, that these notes are put together.
~ The principal revenue chauki of the Debra Din Division is

situated at Hardwar, and the total number of loads of various
sorts that pass through this chauki during the year is on an aver-
age 36,000. The daily average varies greatly ; during the rains.
not much business is done, and at other times, especially for some
months before the Hardwar Fair, which is held in April, as inany
as 200—250 tickets are given out every day.

For a long time back it was known that the mobarir could not
cope with this large demand in the way in which it was originally
intended, viz., that each exporter should be provided with a ticket.
He found that he had not time during the early morning hours to -
write out each ticket, and enter the details in his register ; hence
be invented the system of collective tickets.

A gang of eight men, say, required head-loads of dry bamboos
and altogether could export 10 scores and 10 bamboos. The royal-
ty on these at 1 anna 6 pies per score amounts to 15 annas 9 pie.
Hence the moharir would issue a collective ticket, composed as fol-
lows :—seven blue tickets at 2 annas each, one red ticket at 1 anna,
and one wkhite one at 9 pies. Pasting these colours together he
would issue it as one ticket, and give it a serial number, entering
the details on the face of this compound ticket and in his register
as well. Another example may be given ; four men required 2}
scores of green bamboos, the royalty on which is 2 annas 6 pies per
score. They received a collective ticket composed of two blue tickets
at 2 annas each, one yellow one at 1 anna 6 pies, and one white one
at 9 pie, total 6 annas 3 pies.

By this means a good deal of labour was saved, and the isgue of

x
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tickets rendered possible within a reasonable time ; but the system
was still open to many objections, the chief of which were—

(1). The impossibility of checking inside the forest the export of
material, one individual of a gang holding the collective
ticket, and all the rest of the party being without tickets;
and they might be, and generally were, a mile or so away
from the ticket-holder.

(2). The difficulty in checking the tickets issued by the mohar-
ir, and comparing them with the revenue collected.
Whether this check was made by the Range officer or by
the Divisional office, it was found exceedingly trouble-
some, owing to the material used (thin paper), the collec-
tive ticket, and the hurried, and frequently illegible, Urdd
writing.

(3). The delay in the issue of the tickets at the chauki, affecting
the exporters ; the liability to error in entering in the re-
gister the serial number, the amount of revenue, and the
kind and quantity of produce removed.

The new system, which was introduced last November, and is
after five months’ trial found to be working excellently, consists
in the issue of printed cardboard tickets of the same shape and size
as railway tickets, but of various colours, each colour representing
a price as before. Thus, there is one set of green tickets with the
printed serial numbers running from 1 to 30,000, also haviny the
words * Fuel head-load 6 pies” printed in English on the face.
The moharir is provided with a railway date-stamping machine,
and all he has to do in the issue of these tickets is to stamp the date
and receive the money, which occupies a few seconds. The Forest
guards have all been taught the English figures, and the colour of
the ticket tells them the price ; what they are mainly concerned
with is the date, and it is stamped on the ticket thus 27-10-89.
There is no entry in the register, no writing of the exporter’s
name ; at the end of the day, the moharir, knowing what number
he opened with, can easily tell how many tickets he has issued,
and what his revenue ought to be.

There is another set of green tickets bearing a serial number from
1 to 5,000, and having “ 6 pies” printed on each, but otherwise
blank ; these are issued for the export of head-loads of fodder and
thatching grass, and one or two other articles of minor forest pro-
duce, the total annual export of which is not sufficient to warrant
their being printed, as to the article exported, though this could
be done if necessary. On these tickets, the mobarir enters the
produce in Urdd. :
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Similarly for the other colours, six in all : whenever the annual
export of any one article is considered important enough, the name
of the produce exported has been printed on the ticket.

Under this improved system, the principle is that every load
has its ticket ; if two men driving five ponies require pony-loads
of fuel, they are supplied with 5 yellow tickets at 1 anna 6 pies
each. There is no delay at the chauki, and this tends to increase
the number of exporters. The checking of the issue and compar-
ing it with the revenue is rendered comparatively easy, and can be
carried out either by the Range officer, or in the Divisional office,
without loss of time.

There is a slight difficulty in the case of green bamboos, which
can easily be remedied when the next supply of tickets is ordered.
A score of green bamboos, 10 feet long, is sold for 2 annas 6 pies.
If a man can carry a score, he is supplied with a printed buff
coloured ticket, with its own serial number, for a payment of 2
annas 6 pies. But as all sorts and conditions of men export these
bamboos, which are almost entirely used upin the basket trade in
Hardwar, it frequently bappens that he can only carry some num-
ber less than 20. Now at the rate given above four green bam-
boos are worth 6 pies. Hence, if the exporter can only remove
16 bamboos, he is supplied with a blue ticket, valuc 2 annas;
if 12 bamboos, with a yellow ticket, value 1 anna 6 pies, and so on.
At present the mobarir has to enter the number of bamboos on
the tickets representing fractions of a score ; eventually they can
be printed. But the exporter must remove 20, 16, 12, 8 and 4 ;
he cannot remove intermediate numbers. This is a slight disad-
vantage no doubt, but time will furnish a remedy for this.

It now remains to examine the cost of this system as compared
with the old one. All the material was ordered from Messrs.
Waterlow and Sons, of London Wall, through Messrs. Gillanders,
Arbuthnot and Co. of Calcutta, an | was delivered free on rails at
that city for the sum of Rs. 314-2-0, distributed as follows :—

RS, A. P,

(1). A ticket-issue case of polished teak to
hold 5000 tickets, ... 8600
(2). A ticket-dating press to stamp in ink, 50 0 0

(8). 114,000 coloured tickets, printed at Re.
1-9-0 per 1000, .. 178 00

Total, ... 814 2 0

The carriage to Dehra cost about Rs. 23.
Thus omitting the initial cost of the ticket-issue case, and the
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stamping machine, which will last for a long while to come, the cost
of an estimated annual outlay of 36,000 tickets comes to about
Rs. 60 compared with the original cost of the coloured paper
tickets which was nearly Rs. 50a year. The increased expenditure
is as nothing by the side of the great advantages gained, and the
large revenue of the Hardwar chauki, which amounts to Rs. 6,000
a year.

One or two points may still be noticed. There is no objection
whatever to having the tickets printed in English ; none of the
exporters can read, and as a rule the Forest Guards who patrol
the forests cannot read Urdu—anyhow they cannot read printed
Urdu, which is even read with difficulty by the ordinary verna-
cular clerk. Thus, the only people who are interested in what is
printed on the tickets, are the Divisional officer, the Range officer,
the Clerks in the head office, and the Moharir. The latter could
easily be taught the few simple words necessary, and all the others
know English.

When the exporter returns to the chauki with his load, the
ticket is cut into two pieces, the dated half being given to the
purchaser, the numbered half being eventually sent to the Divisional
office. Thus, no ticket can be used twice over. It is, moreover,
quite clear that this system renders dishonesty on the part of the
moharir almost impossible, and it is unnecessary to dwell on this
point further.

If the export were very much larger than it actually is, it would
be worth while probably to manufacture the tickets at the head
office, purchasing the blank cardboard of different colours, and
doing all the printing oneself. Messrs. Waterlow and Sons sell
a1 the requisite machinery.

A. SuvTHIES.



” )Smmw\ AND TRAVEL.

TIGER-SHOOTING EXTRAORDINARY.

It was about half-past six on a cold raw morning in January,
when, on turning out of bed, I heard a noise in the jungle not far
from the Forest rest-house, reminding one strongly of the episode
in a pig’s life just before it enters the Pork-butcher’s shop as
“pork.” Feeling curious as to the cause of piggie’s evident dis~
composare, I quickly had the elephant got ready. In about 20
minutes we started off for the spot, guided simply by the unabat-
ed squealing. We soon found ourselves nearing the place, which
was in a very thick piece of jungle (chiefly planted shisham and long
grass above the elephant). We now caught sight of several pigs, one
large sow in particular, gazing intently in a certain direction,
from whence the cries appeared to proceed. 'We made for this spot
and the pigs reluctantly dispersed. As they did so, I just caught
a glimpse of an animal bounding away in the grass, but not a
sufficiently long one to be able to recognize its nature. In the
grass, on the spot which it had just left, we now perceived the un-
happy songster, a huge boar with large tushes, lying on his side
in a slight depression, into which his life blood was rapidly flow-
ing. He could do no more than moan his thanks to us, so we
left him to look after his antagonist. After a fruitless search
of about a quarter of an hour we returned to the boar, just in time
to see him trying to hobble away. Thinking that if I allowed
him to escape I should lose my last chance of getting a sight of his
enemy, 1 gave him a pill, and he, after running about 50 yards,
fell down dead. I then climbed up into a tree some way off, hav-
ing previously sent away my elephant, and watched. In about
two hours’ time 1 heard a quiet heavy tread, and thought I caught
sight of some beast near the boar. I waited another hour, and
then being hungry, and having had no breakfast, got down from
the tree and had another look at the boar. There I found the
unmistakable pugs of master Stripes. I went off to the bungalow, a
distance of only about a quarter inile, had breakfast, and then had a
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machan built in a thick tree, and pulled the pig into a favourable
place for a shot. I got up on to the machan at 3 p.u., and had been
sitting there only about an hour, when I had the pleasure of seeing
the head and shoulders of a huge tiger in the grass close to the
boar. I did not wait to see which bit of the pig he fancied most,
but fired, hitting him just below the shoulder, and breaking his
fore arm. He writhed about and groaned a good deal, but did
not show himself again. In a short time my elephant arrived,
according to arrangement, and we approached him warily. After
a good deal of listening and straining of eyes I managed to get a
right and left at what I took to be the tiger in the grass, and had
the satisfaction of seeing him roll over apparently dead. We
were about to go for men to pad him, but thought it advisable
first to make sure that he was dead. I shouted at him, which
had the instantaneous effect of giving him renewed life.

He tried to charge, and I tried to stop him. Unfortunately
my first shot, fired as the elephant was describing a semicircle,
had the effect of not only making me miss, but also of nearly
upsetting me off the pad. I however got a more steady second
shot, and the bullet entered his skull under the eye.

It then only remained to pad him. He was not particularly big,
being 9 feot 5 inches as he lay ; but was evidently in his prime,
as his teeth testified. He had not suffered the slightest injury
from the boar, though the latter was armed with formidable tushes,
and the struggle must have continued for nearly half an hour.

The boar had terrible wounds under the neck and about the left
shoulder, which was half severed from the trunk.

25th January, 1890. , Hoprixx.



]” PFFICIAL )DAPE‘.RS.

JTHE INJURY DONE TO FORESTS BY SHEEP AND
GOATS.

(It is with real pleasure that we reprint the following papers on
the injury done to forests by sheep and goats. The great im-
portance and urgency of the question of introducing some more
rational method of grazing goats and sheep than that at present
followed is unquestionable, and it was time that the irresponsible
and ill-considered remarks of the Agriculture Department of the
Bombay Government were refuted).

In the Resoluticn cited in the preamble, the Government of India
drew attention to the injury caused to the vegetation of unprotected
tracts of country by sheep and goats. ¢ Extensive areas now bare
are known,” it was said, “ to have been once covered with a rich
growth—if not of forest, still of scrub and grass—that would, if
not destroyed, have formed a rich pasturage.” 1t was pointed out
that there were many fodder trees and bushes which, if not des-
troyed by sheep and goats, would, by drawing upon a supply of
moisture below the surface of the ground, maintain their life and
vigour when shallow-rooted crops and grasses are parched and
withered. Further, in allusion to a Report by M. Boppe, Inspector
of French Forests, on the forests of Scotland, in which he attri-
buted the barren condition of waste lands in that country to the
sheep, it was noted that ‘ there is very strong ground for believing
that the goat has been the one chief cause of the present bareness
of large tracts of country in Northern India.”

2. In a series of Appendices to the Resolution to which refer-
ence has been made above, extracts from various Reports were
quoted in illustration of the irretrievable damage caused by sheep
and goats to grazing Jands. In the Note® which accompanies the
present Resolution, the Inspector-General of Forests has accumu-
lated further evidence on the same subject, which demands serious

~ ® Dated 11th June, 1889,
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attention. His Excellency the Governor General in Council now
desires that the question of dealing with goat and sheep grazing,
at any rate on State lands, and of confining it to areas where the
least harm would result, should receive the practical consideration
of Local Governments and Administrations. The Government of
India is convinced that the grazing of these animals, especially of
goats, is incompatible with rational forestry, or even with the
preservation of the ordinary bushes and trees of the country ; and
considers that the areas to be devoted to the growth of forests
must be separated from those to be sacrificed to the pasture of
browsing animals. The circumstances affecting the separation in
question, however, vary so much in accordance with climatic con-
ditions, that the question should be considered in each locality on
its own merits, due weight being given, in each case, to the capa-
bilities of the land, and to the advantages of sylvicultural treat-
ment on the one hand and of pasture on the other.

3. The measures which must be taken to deal with the matter
must, therefore, be left entirely in the hands of the Provincial
authorities ; but His Excellency the Governor General in Council
desires that any rules or instructions which may be drawn up in
pursuance of this Resolution may be submitted for the information
of the Government of India.

Nore BY THE INSPECTOR-GENERAL OF FoREsTs ON THE INJURY
DONE TO FORESTS BY SHEEP AND (GOATS.

Dated 11th June, 1889.

Of the causes which have led to the disappearance of forests in
inhabited countries, none have been more powerful or universal, if
we except fires and the clearing of wooded lands for cultivation,
than the grazing and browsing of animals, most of all of the goat.
This fact is so fully recognized in most European countries that
the grazing of sheep and goats in the State forests has long been
absolutely prohibited (* non-obstant tous titres ou possessions con-
traires ’) as incompatible with the maintenance of a crop of trees
on the ground. Recent instances of the destruction of forests
brought about by unrestricted grazing are, therefore, rare in those
countries, for the same reason that modern instances of the des-
truction of populations by pestilence are rare, namely, that the
causes of these disasters have long been recognized and measures
taken to prevent their having effect.

2. A proposal to admit sheep and goats to graze in the State
forests would be regarded, not alone by Forest Officials, but by the
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general public in Europe much as a proposal to return to the sani-
tary arrangements of the Middle Ages would be regarded by the
inhabitants of London or Paris. But in India phenomena due to
causes which are relatively slow in their action are less understood.
Consequently many matters connected with forest management,
which in Europe have long been decided and have passed beyond
discussion, are still considered moot questions. Until recently the
exclusion of fire from the State forests was stated by many to be
injudicious and oppressive, or at least unnecessary and impractic-
able. The hard struggle which the Forest Department had to main-
tain for many years, before its views on this subject were generally
accepted and understood, is now over.® But forest grazing, which
ig many cases is hardly less disastrous than forest fires, has still
advocates outside the ranks of the Forest Department.

3. It will be seen from the following extracts (Appendix) that
there is a genéral consensus of opinion amongst Forest Officials,
both in India and in Europe, that areas in which sheep and goats,
especially goats, are allowed to feed cannot be utilized for the pro-
duction of trees or wood. Although horned cattle may, in certain
cases, be allowed to graze in areas under regular forest treatment,
provided that the entire management of the grazing as regards the
number of animals, the portions of the forest to which they are to
be admitted, and the periods and seasons during which they are to
be grazed, is placed in the hands of the forest guardians, sheep and
goats must be absolutely excluded from such areas.

4. It is not meant by this that sheep and goats must be exclud-
ed from all wooded areas, but that the areas to which it is found
necessary or advisable to admit them, cannot be permanently main-
tained as forests, or regularly and economically treated with a view
to the production of trees. The Forest Department holds the lands
in its charge for the purpose of managing them in the interests of
the people of the country and the community at large, and it is,
therefore, necessary to determine in each case what those interests
demand, which of the products the lands are capable of yielding

® 3 it was thought, but Professor Wallace, from Edinburgh, has lately dis-
covered that the best way to grow trees in India is to burn them down; that
forest fires, which are considered public calamities in Europe and Americs, are,
in India, “ a natural process of healthy retardation under which all the magni-
Sicent forests of India have been nursed and reared.” (‘“‘Indiain 1887,” by
Robert Wallace, Professor of Agriculture, &c., University of Edinburgh). Profes-
sor Wallace was not aware that almost the only “ magnificent forests™ left in

India are to be found in places where forest fires cannot, or do not, occur as a rule.
L
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are most required and most useful, and what are the metbhods of
treatment by which these products can be obtained. If it is deci-
ded that the interests of the community require that the lands
should be permanently maintained under forest, either for protec-
tive or climatic reasons, or in order that they may yield a sapply
of wood or wood products, the history of centuries in almost every
country and climate in the world shows that they cannot also be
utilized for the purpose of maintaining sheep and goats. If, on
the contrary, it is decided that the lands can, with greater benefit
to the community, be devoted to the production of fodder, it is
useless to attempt to manage them as forests by regular methods

of forest treatment or to spend money on works of forest improve-
ment.

5. The proper management, in the interests of the people, of
the public grazing lands which exist in India is eminently worthy
of the attention of a Government, which is also the*great landlord
of the country. I agree entirely in the wisdom of the policy, pro-
posed in the Revenue and Agricultural Department’s Resolution
No. 16A. of 1st March, 1883, in so far as it recommends the plac-
ing of State fodder reserves under special treatment. Wherever
this has been tried, the experiment has met with success ; and the
production of fodder has been largely increased. No doubt the
rational management of fodder lands involves a certain amount of
additional labour, in so far that it is easier to take the animal to
the fodder than the fodder to the animal ; but there can be no
doubt of the fact that no method of reaping is so wasteful as that
by the mouth of cattle, which is, therefore, excusable only when
the supply of fodder is practically inexhaustible, or where the cha-
racter of the country so nearly approaches that of a desert as to
render a more advanced system not feasible, or on the alpine pas-
ture lands above forest-group which are uninhabitable daring the
winter months. Ib order to gain a certain basis for the proposals
made in the above-quoted Resolution, it seems to me advisable that
those pasture lands, belonging to the State, which are not destined
for permanent cultivation, should be created State Reserves under
the Forest Laws of the Empire. There is nothing in these laws
prescribing any special treatment or management, and though all
reserves thus created would have the same legal status, they might
be classed as either forests, fodder reserves, or grazing grounds,
and, within the latter, areas might be set apart in which even the
goat or the camel may be admitted.

SiMLA, B. RiBBENTROP,
11¢h June, 1889. Inspector- General of Forests.
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APPENDIX.

In 1886 the Director of Agriculture in the Bombay Presidency
remarked as follows in his Annnal Report :—

% Paragrapk 111.—Last year I qnoted at length the recommendations
of the Commissary General on the subject of improving the mutton and
beef sapply in quality as well as in quantity. I have placéd myself in
communication with that officer, and have by his conrtesy obtained
promises of facilities for conducting experiments at the Commissariat
Farm of Alegaon near Poona. As no final scheme has yet been sub-
mitted to Government, I merely note the fact here that the subject has
not been neglected, but is in a fair way of receiving special attention.
Special attention is not only called for by the representations of the
Commiesariat Department, that the danger of a meat famine is not to be
overlooked, but also by the increased efforts of the Forest Department to
improve conservancy. The rigorous exclusion of sheep and goats from
lands set apart for forest is insisted upon. Such exclusion, however
necessary in the interests of forest conservancy, must naturally act in
the direction of still further diminution of the meat supply. Sheep are
most valuable auxiliaries to arable farming, but cannot be kept to arable
lands as in England; for here we have no substitute for roots, which
form the food there of sheep penned on arable land. Sheep are pasture-
fed. The exclusion from forest lands may be, I think, carried too far.
Bheep and goats must be excluded from conserved areas planted with
‘young seedlings, to secure any result at all in reboisement. Goats are
more harmfual than sheep, but the latter cannot be kept without & certain,
‘though small, admixtare of goats to lead the way., But neither sheep
‘mor goats can reasonably be excluded from pastura lands, or from well-
established forests. Sheep form the safest stock for a raiyat to keep,
showing a power of eking out a subsistence when other stock die of
etarvation. Mr. James Strip, of Ahmedabad (Government Resolution
No. 9481, dated 23rd November, 1885), has given an account of some
interesting experiments carried out by him. These practically were
keeping sheep on arable land, feeding them chiefly on babul pods, in the
same way as sheep are fed on roots in England. He reports that he
succeeded in bringing sheep up to 70 Is.dead weight, and found the
business a profitable one. He does not anticipate a mutton famine,
pointing out that the extensive jungle and grazing lands of Marwar can’
breed sheep for the whole Presidency. He advocates the cross between
the Gujarat and the Deccan sheep. I have no doubt that the extension
of babul cultivation in set areas, which I have strongly advocated, will
go a large way to increasing the food supply requisite to keep up the
.Blocks of the cooutiy and to increase their numbers,”
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And in a demi-official letter from the Acting Director of
Agriculture, Bombay, to the Secretary to the Government of
India, Revenue and Agricultural Department, dated Poona, 17th
February, 1888, Mr. Muir-Mackenzie says— '

¢ Mr, Ozanne left last night, and your note reached me too late to
catch the only train which would have taken it to Bombay before the
mail left to-day. In his letter to (overnment, No. 2120 of 30th Novem-
ber last, on the subject of an alleged decrease of stock in certain agricul-
tural districts, he writes : —

% The extension of the area included in forests has no doubt tended to dim-
inish the facilities for sheep, rearing, especially as this extension has been
accompanied by a rigorous exclusion of skeep and goats from forest lands. Iam
not an advecate for the rigorous exclusion of sheep and goats from forest areas.
I think the Forest Department goes too far, and that even in its own interests
the policy may be relaxed.  Goats do harm, and there is no objection o their
general exclusion, provided one goat be allowed to some 20 or 80 sheep.
Sheep will not graze unless led by goats. Aress planted by the Forest Depart-
ment and areas specially closed for planting must of course be excepted. Asa
proof that it is not impracticable to conserve forests and at the same time to
permit light grazing, with considerable addition to Forest Revenue, I may cite
the remarks made by the Conservator of Forests, Hyderabad Assigned Districts.
Further, on the Government Farm in Khandesh, where the pasture lands are
vegularly grazed, the progress in tree-growing compares very favourably with
that made in the forest lands adjoining where grazing is prohibited.’

“ I will only add a word or two about the Khandesh Farm experience.
Ozanne told me yesterday that the farm originally had two grazing runs,
and that the Forest Department had managed to appropriate one of
them, in spite of the opposition of Stormont, the Superintendent of the
Farm. The Forest Department chose the one they thought the best,
and left the Farm the worst. Nevertheless, the trees in the Farm run
where sheep-grazing is not merely permitted, but regularly enforced, beat
the trees of the Forest land.”

On this Mr. Ribbentrop, Inspector-General of Forests, on the
14th January, 1888, wrote as follows :—

“The Forest Department fully recognize the position that forests
must be maintained and treated mainly in the interests of agriculture,
and the only question at issue is by what measures such interests are
best served. We have no desire whatever to keep grazing or even
browsing animals out of the forests, when they can be admitted without
risk to the improvement of the forests, the maintenance of which has
mostly more important purposes to serve in the interests of agriculture
than merely to provide forcst-pasture. In paragraph 111 of the Agri-
cultural Report of the Bombay Presidency for 1885-86, it is admitted
that sheep and goats must be excluded from *conserved areas' planted
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with young seedlings, if any result is to be secured from reboisement
operations-; but it is at the same time maintained that neither goats nor
sheep can reasonably be excluded from pasture lands or from well-
established forests. As regards purely pasture lands, the principle con-
tained in this last statement cannot be questioned; but in respect of
forests it must, in the peculiar circumstances obtaining in India, be
accepted with very large reservations. If the forests were so constituted
that each of the different age-classes occupied a separate area by itself,
then the principle could, with regard to cattle and sheep, be carried out
in those compartments the crops in which were old and high enough to
be out of the reach of the animals; but goats do harm, even in such
forests, by nibbling off the bark of saplings and small poles, long after
other animals might be safely admitted.

“The system of forest management above described, by which age-
classes are located in defined areas, is, however, very rare in India, and
is, to a great extent, confined to artificially-raised forests. Most of our
forest lands are, for climatic reasons, and on account of their present
constitation (brought about by former unsystematic utilization), unavoid-
ably managed on the ¢jardinage’ system, which means that, instead of
the age-classes being separately grouped, trees of all ages, from the
seedling to the mature tree, are mixed up together, either singly or in
emall groups, everywhere over the whole area. Under such conditions
by which seedlings and young growth are scattered over the whole forest
area, the admission of sheep would be dangerous, and of goats fatal.
But though the principle of the ¢jardinage’ system is to bring the
fellings as frequently as possible over the whole forest area, there are,
even under this management, parts of many of our forests in which a
sufficiency of young growth to form a new crop has outgrown damage
from grazing, and in which no cuttings have been planned for some timne
to come. In such parts of the forests, which must be carefully selected
on their own merits, limited grazing may, for a certain time, be permit-
ted withont any serious damage resulting therefrom. The difficulty how-
ever, would be to confine the animals to those areas, which are often
small and scattered here and there throughout the forest.

“We are quite ready to admit that grazing should be allowed when-
ever this is possible without damage, and in most places this principle is
acted on. It seems doubtful, and is not customary in Bundelkhand,
parts of the Himalayas, and elsewhere, that a flock of sheep requires a
certain admixture of goats to lead it ; but if such an idea prevails, it will
necessarily be a great barrier to the admission of the flocks to forest
lands.

“The value of a forest as a grazing ground for sheep and goats in
creases with bad forest management, aud is mostly in an inverse ratio to
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that of all other, and mostly more important, interests of agriculture for
which the forest is maintained.”

And later on, 3rd March, in a demi-official letter to the Secretary

to the Government of India, Revenue and Agricultural Depart-
ment—
T do not consider that Mr. Mackenzie's letter gives a direct opinion
on my note of 14th January. He only repeats the incorrect assertion
that sheep will not graze unless led by goats, and cites those dangerous
generalities which were contained in the Berar Forest Report, where it
was said, however, that browsing was nowhere noticed, and where, as a
matter of fact, only cows were admitted. With regard to the statement
about the two grazing plots at the Khandesh Farm, I have written to
Shuttleworth to let me have an inspection note both with reference to
the growth of existing trees and reproduction.”

These opinions were entirely in accordance with views already
expressed by the Government of India. In a Resolution of that
Government, No. 16A. of the 1st March, 1883, it was stated :—

¢ This Resolution is not the place in which the treatment of land
required for conversion into Fuel and Fodder Reserves can be considered
in any detail. But the opportunity may be taken to give expression
to the opimon of the Government of India that little real good can
be effected unless the reserves are, at any rate for some years, brought
under the control of Government, and systematically protected against
the invasion of goats, cattle, and fire. It appears to be a matter
_susceptible of proof that & protected area will, besides giving security in
a year of drought, afford over a certain number of years a considerably
larger amount of fodder than an unprotected area of equal extent. It
-geems probable that the difference is sufficiently great to admit of a
hope that Fuel and Fodder Reserves can, in a large number of instances,
be made financially successful. The importance of this view deserves
some further examination of the question. The following illustrations
may therefore be adduced in support of the view which has now been
brought forward, In his Administration Report for 1879-80 the In-
spector-General of Forests shows in the following words the results of
‘protecting grazing land :—
¢ ¢In all except the most arid tracts, or where denudation has been complete
and of long standing, mere protection, aided by sowing and planting in suitable
places, has the effect of gradually clothing the ground with trees and shrubs.
What happens is this :—the old stumps and roots in the ground produce shoote;
seeds which have been lying in the soil, and seeds brought by the wind, ger-
minate; the shoots and seedlings, which without protection would have been
.destroyed by the fire or eaten by the cattle, grow up; and wherever there are
sufficient remains of the old forest growth in the ground, the result is mowt
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remarkable. The difficalty consists in this—that new reserves must be.formed,
and that, during the first few years, this unavoidably entails some restrictions in
the matter of grazing. At first the protection of the areas selected must be
absolute, and the people in the vicinity can neither be permitted to burn the
grass, nor graze their cattle in these areas. But the grass which grows up
abundantly can be cat, and thus furnishes abundant cattle fodder until the forest
is sufficiently advanced to admit of grazing.’

“In Ajmere the results of enclosing areas, hitherto barren, with the
object of securing fodder for cattle in times of drought, are already re-
markable :—

“ ¢After five years’ conservation there is much in these forest reserves to en-
courage us; the appearance of the hills and country-side in these tracts is quite
altered. The people even have begun to recognise the advantage to be obtained
by the experiment we have introduced. We have been blessed with another
year of plentiful . rainfall ; the undergrowth has become in places in Merwara
nearly impenetrable, and in the ravines and valleys I have been surprised to see
the number of fine young trees springing up. Our great enemy now is fire.”—
Ajmeére Forest Report, 1879-80.

¢ Qrazing is strictly prohibited, but the villagers are allowed to cut and
carry off the grass on pack animals. The cash receipts are at present
small, but the benefits which the people indirectly enjoy from these
reserves are very considerable.

¢ Again, in the North-Western Provinces, various experiments have,
for three years, been conducted by the Agricultural Department, with
the view of reclaiming usar or rek land, i.e., land rendered more or less
uncultarable by the excess of salts in the soil. It has been found that
the simple expedient of enclosure is more efficacious than any other
operation. The natural grasses which, so long as the land is accessible
to cattle and goats, are nibbled down as fast as the young shoots appear,
spread in the enclosed areas at a rapid rate over the worst land. After
two years, experimental cuttings gave a result of 20 maunds of good
hay per acre—an outturn which on a square mile would suffice to feed
1,000 cattle for three months, exclusive of the bushes and trees which,
there is good reason to believe, can be grown when once the grass is
well established. . ,

“ The terrible devastation caused on unprotected land by sheep, and
the impossibility of recovering forest and undergrowth once lost so long
as the land is exposed to the grazing of sheep, is forcibly brought out in
a late report by M, Boppe, Inspector of French Forests, on the forests of
Scotland. The present barren condition of the greater part of the waste
lands of Bcotland is attributed by M. Boppe almost entirely to one
animal—the sheep. There is very strong ground for believing that the
goat, which may be said to take the place of the sheep in India, has been
the one chief cause of the present bareness of large tracts of country in
Northern India.
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Extensive areas now bare are known to have been once covered with
a rich growth—if not of forest, still of scrub and grass—that would, if
not destroyed, have formed a rich pasturage ; animals may not have been
the original cause of the disappearance of the vegetation, but they have
been the constant cause which prevents renewed growth. No more
striking instance, indeed, of the effect of the natural recovery which
ensues when goats and cattle are excluded can be found than in a com-
parison between those hills in Ajmere which have for four years only
been enclesed, and those which have remained open to goats and cattle
during the same term. The first are covered with an almost impenetra-
ble thicket, chiefly composed of shoots edible by cattle. The second
are practically devoid of all vegetation, and appear to be mere heaps of
rock and stone.”

In order to elicit further opinions and to collect facts on the
subject, enquiries were addressed to the Conservators of Forests in
the various Provinces under the Government of India and in
Madras and Bombay. The following replies were received :—

Colonel Bailey, Conservator of Forests, Punjab, writes :—

¢ As to the statement that a few goats are required with a flock of
sheep to lead the way, on my way across a pass from Chamba to
Dharmsala I saw a flock of sheep being driven off from the gaddis
halting-place, the goats remaining behind. I was told that the goats
are never sent with the sheep, unless the owner has a few animals only
of each kind, and thus cannot arrange to send them out separately.
The men explained to me that"the sheep go out early, as they can stand
the cold and the damp grass better than the goats, which lie later at the
camping-place and go out when the hill-sides are dry and warm. They
said that this is the universal custom in Chamba and Kangra ; 8o there
at any rate it is not found necessary to send goats with sheep in order
to lead them. Minniken tells me that this is also the practice throughout
Bashighr. I may, in connection with this question, remind you of the
very grest damage done by Gujars who take buffaloes into the hills, and
lop in all directions for them. I have seen terrible havoc played by
these people. ;

¢ Camels and goats devour everything they can reach, and they can
reach to a great height. I have seen a goat take the top off a yonng
tree some 10 feet high, by pressing it down with his feet and moving
along it when thus bent down until he could bite off the leading shoot,
when he let it spring up again. What camels and goats cannot reach,
their owners hack down for them.

4 Bheep graze more than they browse; but they cause enormous dam-
age owing to the practice which prevails of barning the hill-sides in order
to produce a fresh crop of grass for them.”
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Mr. Wild, Deputy Conservator, Hazara Division, says :—

« I have, time upon time, noticed the ravages of these animals, and
been fully convinced of the utter impossibility of maintaining either
natural or artificial reproduction in forests where this description of graz-
ing is permitted. This is more especially true with regard to the forests
of the Punjab plains and the lower hills; in the conifer forests, there
being, generally speaking, a more profuse and varied undergrowth, the
damage is not so great, and it is possible for & certain percentage of the
reproduction of such forests to thrive, notwithstanding sheep and goat
grazing. But even here 1 have several times noticed goats nibble the
shoots of the young deodar and Pinus excelsa,

* My experience leads me to the conclusion that in the plains forests
at least, goats live almost exclusively on the tender shoots of nearly
every kind of forest tree, going from tree to tree and often reaching to a
height of from 5 to 6 feet, nibbling everything that comes in their way.

“ Where grazing of this nature has been practized for some time
among the jhand, phulai, and kikar, these trees present the appearance
of a creeping or roanded bush, and are so thrown back in their growth
as to preclude the possibility of their ever regaining their natural form.
In my opinion, the only way to deal with such forests is to cut them
back to the root, and rely on their coppicing powers. I know of scarcely
any species which are safe from the ravages of these animals, but of
course they show a preference, and, I believe, will not, as a rule, touch
the Salvadora and Sanhatha when other kinds exist; but when ‘the
Banhatha grows in fairly pure forests, I have several times seen even
this species greedily eaten. :

« I do not believe sheep are nearly so destructive as goats. I have
never seen them climb trees like the latter, and when good grass occurs
they are generally content without browsing the neighbouring trees.

“ I have not observed any damage in forests old and high enougb to
be out of the reach of goats and sheep; and when such forests are not
managed on the ¢ jardinage’ system, which, however, rarely occurs in the
Punjab, 1 am of opinion that even these animals need not be excluded.”

Mr. Elliott, Deputy Conservator, Multan Division, notes as
follows :— , :

¢ On a plot of land between reserves Akil and Bara Kotla, where
there was very good forest, I have had counted the following stumps :—

Jand 198 living. Farash 186 living.
» 240 dead. » 29 dead,
438 195

as the result of constaut goat-grazing since the aren was given out® to
a contractor and cut down in 1882,

* Nominally for cultivation.




82 THE INJURY DONE TO FOREST8 BY SHKEP AND GOATS.

“ Thus in six years 55 per cent. of the ‘jand,’ the tree chiefly
browsed by goats and forming almost their entire food, have died out;
this of course is not the whole number, as many stumps have probably
disappeared altogether.

“ The jand coppica on the living stools is not more than 6 inches
high and 0°5 inch in girth, and appears to be the current season’s growth,
replacing former growths steadily browsed down. Farash is hardly
touched by goats; hence the shoots average 8 feet bigh and 4 inches in
girth, some rising to 14 feet and 6 inches girth.

“In the portion of the Makhdumpur reserve cat in 1866-67, all the
jand now left is of a low scrubby nature, evidently due to the fact that
previous to about 1879—the time of the formation of the reserve—the
felled area was open to goats, and the eight or ten years of subsequent
strict closing bave not availed to restore the coppice to good form (it
shonld of course have been cut back when closed); whereas compart-
ments of Akil and Bara Kotla have in the same time made infinitely
better growth, having been closed immediately after cutting. The
proportion of jand to farash in these parts is low, probably owing to
the same cause, but this is of course not a known fact, only a probable
conjecture.

% The question seems to be one of the (at all events as far as the
Punjab plains are conccrned) most ordinary common sense. Admittedly
gosts do not eat grass. What are they to eat when allowed into a
forest ? (1), If the forest admits of browsing, they will feed themselves,
and this is admittedly bad for the forest ; or (2), if they caunot browse,
because the forest has attained the pole or tree stage, the goat-herds
will lop the trees—an operation even more disastrous than browsing.

“ The deplorable state of the unclassed forests in this Division is
solely due to the custom of lopping rendered necessary to feed the goats,
which have long ago cleared off all within their reach. )

I can suppose only two cases in which goats might be admitted : (1),
where there is undergrowth of some unimportant species sufficient to
feed them ; (2), where they can be fed on babul or jand pods, not
specially valued or required for reproduction. This could only be under
strict control of the loppings, and would only last two months or so in
the year.”

Mr. Forrest, Deputy Conservator, Rawalpindi Division, ob-
serves :—

* The grazing of these animals in the forests of the Salt Range,
Jhelom and Shahpur Districts, is most disastrous and absolutely fatal to
reproduction, Sheep are decidedly not so destructive as goats in a
forest, as they neither climd nor tear down branches and shoots. Goats

do both.”
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Mr. Lemarchand, Deputy Conservator, Kula Division, says :—

¢ In the Bials, along the main valley of the Beas, where grazing of
sheep and goats is admitted, there is absolutely no reproduction of alder
and elms; in the closed portions of these Bials, such as the patch
made over to Mr. Minniken, the patch closed by Mr. Johngtone (late
Assistant Commissioner, Kulu) near the new bund between the baniahs’
shops and the road up to Bandrole, the reproduction is excellent.

¢ In the high Tos and Rai forests near Shegli, and above it to within
the line where arborescent vegetation ceases, the forests are apparently
not damaged by sheep and goat grazing, though large flocks pass through
these forests to the higher pasture lands. W here there is no arborescent
vegetation, the forests were covered with young Rai and Tos seedlings
when visited by me on 28th to 30th June. Perhaps this is due to the
fuct that the flocks do not remain long in the actual forests, merely passing
through them to the grassy slopes, also because there is sufficient grass in
the forests to prevent the sheep from eating the leafy growth.

. * The underwood is certainly damaged by the flocks, and it is very essy
to trace the line taken by these flocks through the forests. '

“In the Chil forests, the damage done by sheep and goat grazing is
unquestionable; forests open to grazing contain no seedlings, while
those closed against grazing are covered with dense growths of young
seedlings of all ages. "

Mr. Lemarchand, Deputy Conservator, Kangra Division, reports
as follows :—

“ Hamirpur Tahsil.—The Chil forests open to sheep and goat grazing
have shown no reproduction, while the Trihais (closed areas) in these
forests are well stocked with young seedlings.

“ Dera and Nurpur Tahsils,—The miscellaneous forests which are
grazed over by the Gaddi flocks in winter have a very different ap-
pearance to the reserves alongside, which are closed against grazing ;
the latter have a dense undergrowth, while the former are perfectly
open forests directly the flocks have passed through them.”

Mr. Down, Deputy Conservator, Umballa Division, says—

“The main fact regarding the results of sheep and goat grazing that
has come under my notice is the damage done to Rakh areas under jand,
babul, &c. Here not only do the goats browse on the branches to a
considerable height, but the goat-herds pull down the seed-pods, which
the sheep and goats greedily eat, thus destroying every chance of natural
reproduction.

“It is well known that the main source of supply of jand and babul
seed for sowing operations is obtained from the droppings of sheep and
goats in the sheds where they are penned at night. Both goats und
sheep destroy the bark of trees.
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¢ In Kulu, I noticed that young deodar, kail, and chil trees are brows-
ed by goats and sheep, giving young trees, some of them up to 6 feet or
7 feet high, the appearance of having been clipped into fantastic shapes.

“ In Labul, the willow plantatious are much damaged by goats and
sheep nibbling off the bark.

. % There is no doubt that both goats and sheep, more especially the
former, are very destructive to pine forests where reproduction is in
progress,—for instance, where selection fellings have taken place; but I
think I may safely say that in well-established forests goat and sheep
grazing might be permitted. ”

Mr. Smith, Assistant Conservator, Montgomery Division, writes
as follows :— _

“In Gugera Range the effect of allowing sheep and goat graging
and disallowing it is plainly discernible in Blocks Nos. 13 and 15. In
Blocks 8 and 13 sheep and goat grazing was allowed after felling, and
the young growth is all malformed and branchy, whereas in Block 15
which has been closed, the growth is good and comparatively rapid.

“ In Chichawatni Range, none of the forests are closed to sheep and
goat grazing, so any comparison between closed and open areas is
impossible ; but the bad effects are especially discernible in Blocks Nos.
19, 20 and 57.

* In Montgomery Range, the results of sheep and goat grazing are no-
ticeable in Blocks 8, 10 and 11. In this Range areas recently cut are
more damaged than the areas containing older forest growth. "

The following is extracted from Mr. Pigot’s Working-Plan for
the Murree and Kahuta Forests :—

¢ For many years the more valuable woods, such as shisham, tun,
&e., were principally felled, and reproduction or improvement of the crop
was apparently not thought of. The consequence was that in areas
entirely open to the grazing of cattle, goats and sheep, whole forests
have undergone a complete change, the more valuable hard woods being
replaced by less important species, easily propagated and little browsed
by cattle or goats, Maira, a reserved forest within a few miles of
Rawalpindi, is a remarkable example of this. The whole area, previous
to 1869-70, was magnificently stocked with hard woods, principally acacia
and olive. There was good grazing and little scrub growth (Dodonea,
Carissa, &c.). The forest was clean-felled of hard woods, which were
sold to contractors at absurdly low figures. The area was open to heavy
grazing, and the felling resulted in the Dodonea obtaining a complete
mastery of the forest, to the permanent exclusion of the hard woods and
of the grass.”

Mr. Pigot, Assistant Conservator, further notes as follows :—

“ I might mention that zamindars and others, in the plains rakha,



THE INJURY DONE TO FOREBTS8 BY SHEEP AND GOATS. 85

have again and again told me that the very hot, powerful (and, T believe,
acrid) breath of the camel, has a great deal to do with the withering and
death of browsed twigs and branches. Perhaps there is nothing in
this; but I have heard the same remark made in three districts when 1
questioned the people.”

Mr. E. O’Brien, Deputy Commissioner of Kangra, writes :—

“ My experience leads me to believe that it is most necessary to
exclude goats from all* forests, and sheep from all forests where there
are young seedlings. In support of the necessity of excluding goats, it
is only necessary to quote the case of roadside trees which have not
been protected from goats. Goats browsing on them make the trees
deformed dwarfs. Round every Punjab village is usually a grove (that
hardly deserves the name of a grove, it is so stunted from browsing) of
jand, kikar, and other trees, the names of which I now forget, Imli
(tamarind), which is a fine tree, grows round villages in the eastern
districts. These are the regular browsing-places of the village goats.
A glance at the neighbourhood of a Punjab village would supply all the
evidence required to show the damage that goats do to trees. There
will not be found in the neighbourhood of a village a single unprotected
tree which is not stunted and dwarfed from the browsing of goats.

“T have just remarked how carefully the stems of the willow trees are
protected in Lahul, in the Kangra District, by thorns and even old
matting, to a height of 4} or 5 feet from the ground; and have been in-
formed that it is to protect the willows from having the bark gnawed by
goats. If you observe a herd of goats when let loose in a place where
there are trees or bushes, they never look at the ground, but at once
attack the trees, rearing themselves on their hind legs to get at the
leaves and twigs. .

“JIn the Muzaffargarh and Mooltan Districts, I have noticed the
shisham, which grows very well there, being much injured by being
browsed by goats.

¢ The number of trees mentioned by Stewart as browsed by goats and
sheep (see under ¢ Fodder’ aud ‘ grazed and browsed ’) leaves no doubt of
the injury done to trees by sheep and goats. As far as I know, there is
not a tree in existence which a goat will not eat, and goats prefer the
leaves, twigs, and bark of trees to any other food.”

Colonel Ommanney, Commissioner of the Derajat, says—

“ As to damage done to forest growth by sheep and goats, I can say
from my own observations that, where these animals browse the young
trees, they are, where not killed, kept down level with the ground. This
can be seen in the Bhakhar and Leia.

“That, in fact, in almost any tract where flocks graze, where any
protectiod at all is ufforded, some of the young trees manage to grow up,
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and I feel sure that if, even in the unlikely ¢thal’ above noted, a tract
were to be completely and absolutely closed, a very thick vegetation would
result if ordinary rain fell.

% Where there is reasonable gronnd for complaint, the agriculturist and
grazier have my fullest sympathy, and every effort should be made to
remedy any avoidable inconvenience they may suffer from. But where
Government have decided that the people in the neighbourhood of a

" particular forest or reserve have sufficient grazing to make the reserve
successful as a forest, and the forest to be one in reality, all animals
must be excluded; for the sheep and goats do the greatest damage,—in
fact, would prevent a young forest ever growing. Other animals (horned)
and camels also do a great deal of harm by treading down aud breaking
the young plants.

“ A flock of goats feeding has only to be watched to understand the
incalculable harm they would do in a young plantation.

“When a forest has grown up, and can be cat and sown in sections,
not 8o much barm would be done, but if any could be done the goat
would certainly be the offender. He eats anything and everything, and
the goat-herds cut down branches and even trees in the most ruthless
manner to give them what they consider a sufficiency of food.

“There are reserves that can be grazed in certain seasons, and there
are_tracts reserved for forest growth. In the latter all cattle, including
goats, should, I think, be excluded, till the forest is old enough to admit
of the grazing of certain animals. I should hesitate before allowing
sheep and goats at any time.”

Mr. Baden-Powell, in his admirable description of the destruc-
tion wrought by the “ chos ” at Hoshiarpur, published in the Indian
Forester in July 1879, says—

“ 8o great has been the destraction that one may march for miles and
miles with nothing in view but bare mud-coloured crests and rugged
slopes, rarely dotted with greyish browsed-down bushes, while an occa-
sional ‘kikar’ bush that has sprung up out of reach is alone green
and flourishing. Herds of hungry goats reaching up for the last living
twigs of the ill-used stumps of trees may everywhere be seen. Nothing
is more striking than the general bare pale-brown or dust-coloured as-
pect of the landscape for miles together in these hills.”

Mr. Fisher, Conservator of the School Circle, North-Western
Provinces, writes as follows :—

“ The chief objection to sheep and goats, besides the actual damage
done by browsing, is that they move in crowds, and by their sharp-
pointed feet reduce the hill-side to a mass of loose gravel and stones.

% Tou give actual places where grazing damage is very clesr, I would
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cite Kophti in Jaunsar, where all kinds of young conifers are reduced to
brush-like bushes by continual browsing.

¢ Mr. Smythies has also instanced the area below the Simla road in
the Kanjatra Forest, where the reproduction in 1888 is no further ad-
vanced than it was in 1881, when he saw it last.

“ Qur experience is that, in high-level fir forests, grazing of sheep and
goats is almost fatal to reproduction by the jardinage system.”

In an article on the “ Grazing question in Jaunsar,” which ap-
peared in the Indian Forester for June 1888, Mr. Hearle, Deputy
Conservator, observes—

* The excellent remarks in the April Number of the Indian Forester
on the irregular way in which the Berar forests are grazed apply with
even greater force to those of Jaunsar. Here the cows and bullocks
graze all the year round within a few miles of the village, as do also
nearly all the goats, for the latter can stand being housed and thus
furnish valuable manure for the various grain-crops. The sheep, on the
contrary, are constantly on the move ; all the sheep of one khat usually
grazing together. They go down in the winter to the bottom of the
valleys below the snow, and in the summer are brought up to the high-
level pasture lands, between 8,000 and 10,000 feet, where they remain
from June to October, being taken back to the villages once for shearing
purposes. Throughout the forests there are regular halting-places for
these flocks, called ‘taches.” They are open grassy blanks with gentle
slopes, surrounded by small pillars of loose stones, on which the shep-
berds light fires at night to ward off wild animals.

# There are, therefore, numerous congested grazing centres scattered
throughout the open forests immediately around the ¢taches,’ and other
heavily grazed areas, in close proximity to the villages, whilst elsewhere
there are considerable areas where the grazing is very slight or almost
nil, the latter being the case on very precipitous ground, or on less steep
slopes remote from water, or to which access is difficult. It has been
observed that along a road leading to water, or to grazing grounds, the
slopes above are often full of seedlings, whilst those below contain scarce-
ly any, the explanation being that the flocks in going and coming do
not climb up the steep banks, but almost invariably graze along the
more accessible slopes below the path.

“TIn the kail and deodar zone, reproduction is 80 vigorous that it is
only near ‘taches’ and other heavily grazed places, or near the upper
limit of the species, that we need fear for the future of the forest. Ju
such localities, there are numerous grassy blanks, so closely cropped
that the grass forms a dense turf, reminding one of English downs. Here
the scattered kail and deodar seedlings are much browsed down, remain-
ing for years in the form of Lushes, their branches spreading along the
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ground until perhaps the centre is beyond the reach of a goat, when a
strong leading shoot is sent up. Over the more lightly grazed areas
reproduction is greatly checked; but the future of the forest is safe,
although its potential yield is decidedly lessened.”

Mr. Bagshawe, Conservator of the Central Circle, North-Western
Provinces, makes the following remarks :—

“ There is a general consensus of opinion that grazing by goats is more
fatal to reproduction than that of sheep, but that either must in time
destroy any forest that is worked by jardinage.

* Colonel Campbell points out that grazing by sheep and goats in an
Indian forest is practically synonymous with lopping, and Forest Settle-
ments in the Circle bave acknowledged this by admitting a right to lop
certain trees for fodder. The above remarks apply both to coniferous
and to other forests.

“ Broun adds—* One day in Jaunsar, as I was riding along a road, I
met a drove of sheep. As they got out of my way they went among
some deodar saplings, and in an incredibly short time not a single young
deodar had a leading shoot left.’

‘¢ With reference to the idea of one or more goats being required to
lead n drove of sheep, observations made in the forests of the Meerut
and Kumaun Divisions, in the Tihri Garhwal forests, and in the Lalitpur
District, all of which are parts of the country where sheep are bred in
large numbers, point to the reverse, and, as far as Northern India is
concerned, the idea is generally characterised as ¢ absurd. '

¢ From observations made in Berar, where I was specially employed
in connection with the reservation of grazing lands, I can decidedly state
that the custom of a goat heading droves of sheep does mot prevail in
that part of the Deccan. 1 should, however, note that, as a whole, Berar
is not a sheep-breeding country, and I only mention my experience
owing to the proximity of Berar to Bombay, where this reprehensible
custom of the goats leading the sheep into mischief is said to prevail.

« T add the following observations of my own :—

¢ In Jaunsar, a great country for sheep (with a mixture of goats, but
where sheep predominate and are often found in droves quite separate
from goats), the damage done by grazing is very marked. In the closed
reserves (locally known as 1st class reserves) the boundary of the closed
areas is clearly indicated by most perfect reproduction of deodar and
kail inside the closed forest, as opposed to ground bare of seedlings
just beyond the boundary. Koti-Kanasar and Bodiar are fair specimens
of the above. In Tihri Garhwal, Lambatach, which was heavily grazed
by sheep and goats prior to its closure in 1871, was in that year gener-
ally void of seedlings. In 1878 all open slopes were perfectly covered
with a splendid growth of deodar and kail. In partially or wholly
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closed areas in Bands, Jhansi and Lalitpur inspected by me in 1886
and 1887, the satisfactory result of the exclusion of sheep, goat and
buffaloes ‘'was most marked, both with regard to seedlings and coppice-
shoots.

“ In the Kumaun and Garhwal submontane forests, the areas heavily
grazed by sheep and goats are the only ones in a thoroughly unsatisfac-
tory state, and the evil effects of lopping branches is also hastening the
destruction of the forest growth.

“ Along the Canal Plantations in thc North-Western Provinces,
wherever goats and sheep have access to the plantations, the mischief
caused by browsing is evident to any observant person, and young babul
and kikar in particular are simply ruined.

‘I notice that reference is made to the value of areas under babul as
a source of food-supply for sheep. As I have seen a good deal of the
babul groves (locally called babul bans) in Berar and Jhansi, I venture
to make the following remarks.

¢ Babul ¢ pods’ fatten sheep better than most kinds of grain, and their
utilization increases the value of babul groves. The utilization of babul
pods tends to do away with indiscriminate grazing, as the babul while
young will not stand either grazing or lopping. If young babul or khair
are browsed over, an irregular scrub is the result, with a few trees here
and there which have escaped browsing, owing to their growing in the
middle of some very thorny bush not fed on by goats. 1 have seen nu--
merous fields reserved as ¢ grazing lands’ in this state, and have watched
the goats and other animals grazing or browsing.

“ In Berar it was proposed to manage the babul groves as follows :—
Group the areas into small working circles and divide each circle into
about twenty compartments (I am writing from memory, so cannot be
certain if twenty years or more was taken as the age of a mature babul
tree), which should in time contain babul from one year old in the first
compartment to twenty years of age in the twentieth compartment. The
rotation was founded on observations as to the growth of babul of a
koown age. The system of working proposed was to yearly clean fell
the compartment in which the babul had attained maturity. This com-
partment before the next fall of seed was to be used as the folding
ground for a herd or herds of sheep and goats, the ground being rough-
ly turned up with a plongh prior to their advent. The goat-herds were
to feed the animals with pods in a certain number of compartments in-
which the babul was approaching maturity.

¢ Under this system, the compartments in which the trees were, say,
1 to 8 years old, had to be fenced ; those in which the trees were, say,
9 to 14, would not be opened for pod lopping, but need not be fenced;
while in compartments 15 to 19 supervision would have to be exercised

N
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over the removal of pods, so as to prevent the growth of the tree being
unduly chacked.

“ The ages of the trees are entered above on assumption and from
memory only, as the actual ages were to be fixed as experience was
gained. The same remark applies to thinning operations, which were
also provided for. i

“ When I left Berar the systematic cultivation of babul was in an
experimental stage only, but trials as to closure to grazing and sowing
as noted had been successfully made in the Akola and Wun Districts.

# In the Canal Plantations carefully-cultivated babul is safe from
grazing in four years, but no regular attempt has been made to utilise
the babul pods, and I do not think this use of the habul should at pre-
sent be introduced in these areas, as our present efforts are directed to
complete closure, 8o as to maintain the rights of Government which are
too often infringed in these long narrow strips of land.”

Captain Wood, Conservator of the Oudh Circle, says—

¢ T would not for a moment allow sheep to graze where I wanted re-
generation, as they would soon eat up seedlings whein they were deprived
of grass. .

“ There are a few goats that browse on the outskirts of the Bhinga
forests ; the stuff is scrub of the worst sort, made so by browsing, and
will continue to get worse and worse till it dies and the ground becomes a
desert plain.

« All my officers speak against goats, and not so badly against sheep.

¢t Mr. Ponsonby states he has seen a goat bear over a sapling some 12
feet high, and, after eating the leaves, nibbled off the young top shoot.
For my own part, I would not let a goat into a single forest that I cared
about. It is not customary in tho Oudk Circle for goats to lead the
sheep.”

Mr. Home, Conservator of Bengal, observes—

+¢ 1 have personally witnessed the effects of the grazing of sheep'in
the reserved forests and the Singalila Range of the Darjeeling District,
where there is absolutely no reproduction of the silver fir in the areas
that are open sufficiently to allow sheep to graze on them, beyond a
few scattered stunted seedlings that are nibbled down yearly and can
never grow into trees ; the majority of the seedlings are, however, pul-
led out of the ground by the sheep and eaten roots and all. The muni-
cipal land at Ghoom, near Darjeeling, is a fair specimen of the result
of continuous grazing of cattle of all kinds on an area originally as co-
vered with forest as the reserves in its vicinity ; the trees having been
felled for timber and fuel, the land being left open to grazing, a large
portion of it is now almost absolutely bare of herbage of any kind, and
the soil is being annually washed away by the heavy rainfall that obtains
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in the Darjeeling hills, a8 can be seen by any visitor to that sanitarinm.
The greater portion of the Protected Forests of Khorda, in Orissa, is
another case of bare land and often bare rock only, caused chiefly by
goats (but other cattle as well) having been allowed to graze continu-
ously and in any numbers without restriction, in place of what would
otherwise have been an area covered with useful mixed forest.

T have no hesitation in saying that my own experience shows that
the admission of sheep and goats in conserved areas managed on the
¢ jardinago’ system, as is the case wilh our forests in Bengal, is very
dangerous to the seedlings and young trees. The facts above specified
show that any continued grazing of these animals in a specified forest
area means the certain eventual extinction of such tracts as forest-pro-
ducing areas. I have already, in my correspondence with the Local
Government regarding the grazing of sheep in the forests of the Singa-
lila Range, strongly advocated the exclusion of these animals from the
forests, and I think it is not necessary here to repeat my reasons for
doing so.

¢ All the Divisional and Sub-Divisional officers in Bengal who have
made observations on the subject are at one in their opinion that the ad-
mission of sheep and goats into conserved areas should be studiously
avoided. Mr. J. C. Mendes, Sub-Assistant Conservator of Forests, re="
ports that, while in charge of the Goompahar Range of the Darjeeling
Forest Sub-division, he accompanied the Divisional Forest Officer (Mr. E.
G. Chester, Deputy Conservator) on one occasion to visit the fir forests
of the Singalila Range, and they were both struck with the effects of
sheep-grazing on the young fir trees, some of which, he reports, though
estimated to be over three years of age, were but 3 inches in height;
and this state of things would never have come to pass had not these
young plants been nibbled off periodically by sheep. Mr. H. H. Davis,
Depnty Conservator of Forests, who has had considerable experience in
the Orissa Forest Division, where it is well known that herds of goats
used to be brought to Khorda from Madras and Gangpur year after year,
reports that the destruction caused by these animals was so great that
areas of the country were laid bare; the mischief in this case was stopped
by the publication of a set of rules, dated 24th March, 1886, for the
Khorda Protected Forests. He further writes that not only has he seen
that goats devour most kinds of trees and shrubs, but what they cannot
reach on all fours they rise on their hind legs to pull down with their
mouths. As regards the question of sheep-grazing, Mr. Davis cites a.
case brought to his notice some years ago of sheep allowed to graze in
the Calcutta maidan ; these animals not only crepped the grass very
close, but wherever they stayed at night the ground was burnt by the
mess they made, and it was only for a very short time that they could be
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kept on one spot. Mr. G. A. Richardson, Deputy Conservator of Forests
at present in charge of the Orissa Forest Division, confirms the account
given by Mr. Davis of the baneful effects of goat-grazing in the forests of
the Khorda Sub-division. :

“ It is universally admitted that sheep and goat grazing, especially
the latter, is most injurious to the growth of plants. In Bengal people
take special precautions to exclude goats and sheep from orchards and
gardens; owing chiefly to the fact that plants or seedlings once browsed
by these animals make scarcely any appreciable growth afterwards. Mr.
J. 8. Gamble, Conservator of Forests, Madras, is of opinion that they
should be classed with buffaloes for the damage they do to forests when
allowed to graze there, and I quite agree with the view taken by him.”

Mr. Lowrie, Assistant Conservator, formerly in charge of the
forests in Ajmere, writes as follows :—

1 do not think there is any place in India where the grazing of goats
and sheep has done more harm to the agricultural population than in
Ajmere and Merwara : whole hill-sides where vegetation once flourished
have been laid quite bare, with little or no signs even of grass on them.
Of course in the first instance the destruction was set about by the for-
ests (which in the memory of some of the oldest villagers was very good)
being cut down by coutractors. When once this was done, flocks of
goats and sheep—and these are very large in these parts—grazed over
the area and gradually, but steadily, have caused it to disappear. Large
tracts of hill-sides in Merwara now even show signs of being completely
denuded within the last few years, and in some cases are in their last
stage : especially one piece near Todgarh, which had been cut for fuel
required to burn lime for a number of large tank bands : there is not a
tree standing along the slopes; everything has assumed the creeping
state, and even during the five years I was there, blanks had been
formed by these low creeping bushes dying out entirely.”

Mr. Barrett, Assistant Conservator of Ajmere, reports—

« Mr. J. F. Dathie, late Superintendent of the Government Botanical
Garden at Saharanpur, writes in his report on a botanical tour in Mer-
wara :—

¢ The appearance of an ordinary Merwara hill-side which has been left open
for grazing for an unlimited number of years is indeed a melancholy one. The
constant cropping by sheep and goats and the tread of cattle prevents the growth
of young trees and shrubs, whilst those which have not been actually destroyed
become dwarfed and lose their characteristic habit. It is at this stage that the
protection formerly so much needed for the proper development of the trees and
shrubs is assumed by the plants themselves in the shape of thorns. The sur-
vivors in the struggle for existence, for the most part armed with thorns, add to
their armour and are able to resist attacks for an indefinite period. In its present
ocondition such a hill-side is of little use either to man or beast.’*
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Colonel Mackenzie, Deputy Commissioner of Ellichpur in Berar,
writes as follows :—

¢ The point is, in the interest of its Reserves, does the Forest Depart-
ment, do wroog in rigorously excluding goats and sheep ?

¢ My personal observation of flocks of these animals is that, while
goats eat up every sort of green leaf within reach, nibbling off the heads
of all young shoots and in some cases destroying even the tender bark,
sheep are not so destructive, yet that they also will go for leaves when
suitable grass is deficient or is not to be got.

“ Flocks purely of sheep seldom exist, since, for convenience of lead-~
ing, as the Bombay Director of Agriculture remarks, goats are more or
less mixed with them. This being 80, and the habits of goats what they
are, it follows that, in all forests unavoidably managed as ours in Berar are
on the * jardinage’ system, such flocks in the interest of forestry must be
rigorously excluded, and, therefore, my opinion is that, as to its Reserves,
the Forest Department cannot be too rigorous in insisting on their
exclusion.

“ Only a very few days ago, in the course of a mommg march in an
open tract, I happened to be greatly struck by a herd of cattle and goats
being driven over some fallow land that had partially reverted to jungle,
and to note how they refused the partially dried-up grass and stript
every tree and bush as they went along, the goats standing up on their
hind legs even to get at everything within reach. Every young tree
before them that was struggling into existence was snipped down and
utterly destroyed; and the track behind the herd to the extent of its
breadth was as if frost had smitten the vegetation. So much was I
struck by this that I wished the gentlemen in Berar who advocate light
grazing in our Reserves could only have been tbere to see, and then
justify what they advocate.

2, 1n suck matters it is weak, I conceive, and illogical to let our
heads be controlled by our hearts. 1f we want to have forests, we must,
and rigorously, exclude everything that can be demonstrated to harm
them, If we want sheep and goats or anything else harmful and go in
for them, then where they are allowed we cannot expect forests in the
proper sense of the term. The Bombay Director of Agriculture, whose
Report raises the question, is apparently himself convinced that in the
interests of trne forestry exclusion is a necessity; for he writes in one
place ¢ however necessary’ it is, yet almost immediately afterwards he
adds that ¢ the exclusion may be carried too far.’ This seems to me
" loosely contradicting ; for if as to forests the exclusion is necessary, then
as to forests the exclusion cannot be too rigorous. There appears to
me to be in India ample room for forests, and ample room for sheep and
goats, without the one interfering with the other.
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“ 8. To meet the possible argument that flocks of sheep purely might
be admitted, I would point out that, so far as the forests of this district
are concerned (and I believe the remark applies to all Berar forests),
our forests are of two kinds—the babul bans, and forests in the truer
sense like those of the Melghat.

¢ Under the shade of the babul no grass fit for sheep grows, while in
the other forests the grass that chiefly does grow ie that locally known
as ¢ koosal,’ a kind abhorred by sheep, and the spear-head of which,
penetrating their fleece, irritates and harms them, Hence sheep in any
gnantities are not raised in Berar, and such as are kept to thrive avoid
the forests.

¢ In the Melghat, where the chief consumers of flesh are the Kurkus,
the so-called aborigines, there is another reason against sheep-keaping
and it is this, that the flesh of the sheep is believed to be 8o abhorrent to
the Kurku gods that a curse instead of a blessing results if ever pre-
sented in sacrifice. The Kurku gods prefer a he-goat, and the Kurku,

_patterning himself on the taste of his gods, prefers the he-goat too, and
the he (—) cr he is and the more *‘ smelliferouns,” the greater the savour
that goes up to the god, and the more delicious the subsequent feast to
the sacrificer. Hence in the Melghat, goats, not sheep, find favour. 8o
strong is the prejudice amongst Kurkus to sheep’s flesh, that they beliave
it causes all kinds of sickness, and that, if partaken of, its particles pierce
the coats of the stomach and make their way out through sores over the
body.

% Qver the grazing lands in the taluks of the plains which carry no
timber, and are not conserved for growth of timber, there is no objection
to graze sheep and goats that I know of, and never has been in Berar
even where these grazing lands are forest numbers,

«4, Inconclusion, I would note that Mr. Strip’s experiment in Ahmed-
abad, mentioned in the Director of Agriculture’'s Report, suggests that {n
onr district forests and babul bans, our Forest officers might possibly make
some appreciable revenue, while benefiting local herds, by permitting
under regnlations the stripping of the pods during the season they are
fit for food.”

(To be continued).
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Report on Forest Transport Works in the Salzlam;)teryut, Austria : by
A. G. Hosart-HaumrpeN, Officiating Deputy Comservator of
Forests, North-Western Provinces and Oudh.

Objects of the Tour.—My special objects in visiting these works
were, firstly, to obtain a knowledge of the most advanced methods
of hill forest transport in use in Europe, with a view to embodying
them in the course of * Forest Works ”’ given at the Dehra Dun
Forest School (in case I am again directed to undertake that work),
and, secondly, to consider their applicability to Himalayan forests—
or at least to gain ideas for Himalayan transport works. Either
the actual Continental methods themselves may be applied to India,
or adaptations of those methods to Indian conditions may be
feasible. Such Continental methods as have been as yet applied to
India have, so far as they have come under my personal observation,
been highbly successful as a rule, and have given very economical
results. In 1886 I was directed to prepare a scheme for a sledge
road for the export of fuel from the forests of the Jaunsar Division
(in the School Circle, North-Western Provinces) to the large
military cantonment of Chakrata, but I was anxious to know
whether the scheme proposed could be improved upon after an exa-
mination of Continental methods. In addition to the Deoban-
Chakrata sledge road, the Working-Plan for the Tiri-Garhwal
leased Deodar Forests in the same division prescribes that in 1889
two forests, called, respectively, Bamsu and Saras, shall be put in a
position for exploitation two years later, and after those forests
there will be the Sahlra and Kotigad Forests to be similarly
arranged for. This will entail very extended works, and the basins
8o to be worked out will require complete examination and careful
consideration in order to decide upon the best combinations of
mechanical methods to be adopted. Without an all-round knowledge
of the subject, the officer charged with the work would be liable to
either omit possible advantageous methods, or to advise the employ-
ment of methods which were not in reality those best suited to the
existing conditions—and, as circumstances now stand, it is very

ssible that I may be given this duty on my return to India.

err Forstrath Forster, of Gmunden in the Salzkammergut, has
compiled an elaborate work on this subjeet, which I believe is in use
in all the Austrian Forest Schools ; and though it is of course open
to those who understand German to read this book, yet, obviously,
to examine the works themselves on the spot is of great advantage
and explains clearly what a mere perusal of the book would probably
have left hazy. Particularly is it advantageous to see the circum-
stances under which the metliods treated of are applied, so as to be
able to note how far these circumstances resemble those of the
Himalayas, and this could not have been explained with clearness
in any book, especially when the author had never seen the
Himalayas. As an example, I may mention the mountain streams
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of the Himalayas and of the Salzkammergut, a comparison between
which personal inspection alone could render possible—and this is
a highly important factor when we remember what an essential

rt the capabilities of a stream for floating play in hill transport,
f: reporting, then, on my tour in the Salzkammergut, it will not
be necessary to include many of the statistics given in Herr
Forster’s book, and I shall consequently confine myself mostly to a
short description of the works I came across and to a consideration
of their value from an Indian Forest Officer’s point of view. Before
reaching the Salzkammergut, however, I went to Traunstein in
Bavaria, but the works to be seen there (consisting of an arrange-
ment of catching comb [“ Rechen ”’] and stacking yards) in no way
differ from similar works in the Salzkammergut—so that no
description of them is here called for.

The Salzkammergut Forests: general.—The Salzkammergut
forests represent a complete working system, since all the produce
is conveyed down the valley of the Traun river. With the addition
of certain forests in another basin, this area forms the Conservator-
ship of Gmunden, the Conservator (Forstrath) being Herr Forster
himself, the author above alluded to. The Salzkammergut forests
consist of several divisions, comprising, I believe, a considerable
number of working circles. Such produce as is not used locally for
house-building, railway sleepers (?), firewood (especially for the
salt-works), &c., is conveyed down the valley by water or rail,
What I specially wished to see, however, were the different means
adopted for removing this produce from the forests to the market—
which is a point of very great economical importance in the Hima-
layas, where the forests are situated at very long distances from
the plains, and in considering which, therefore, accessibility for
export is the first question to arise. The wood exported is in the
form of long barked logs (of which, however, I saw none of greater
girth than some 4}’ at the thick end and 40’ length), in round
barked pieces of one and two metres length, and firewood of shorter
lengths. I do not recollect to have seen any eplit firewood in
process of transport, at least at any appreciable height in the
mountains, which was probably due to the difficulty of removing
in mechanical shoots wood with an uneven surface. The forests
consist chiefly of conifers (larch and firs), which are straight-
stemmed and, therefore, suitable for sliding down the various
export shoots. There is also beech and some slight admixture of
olther species. In the following remarks I refer only to forests on
slopes.

Earth Slides.—After felling, the trunks are usually cut into
lengths of from 6 to 8 metres, or into billets one and two metres
long. 1In the former case the logs are either simply thrown dowa

® Something of this kind is, I believe, Uhe mountain side, generally down
dono in the Batlej Divisions of the 8 ravine with slopes up to 40° or
Punjub. 50°%* (but this entails a good deal
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of breakage), or are slid down
roughly-constructed shoots (““ Rie-
sen,”” or earth slides) consisting of
grooves from 8' to 5’ wide cut in
the earth (and sometimes also
through rock) and bordered with
long fir stems, in some cases two
stems, one above the other, form-
ing this edging. Care is taken to
place the lower ends of these
stems so as to overlap the upper
ends of those next below them, in
order to prevent the danger of a
descending log striking a project-
ing surface. It is notable that
tolerably sharp curves are admis-
sible, in which case the outer edg-
ing must be high and an earth and
stone backing is advisable. At
such points cross pieces are often
placed obliquely, but being round
they present no inconvenient pro-
jections to the descending logs,
which themselves * are always
launched thick eund first and with

this end round.

ed. The gradi-

ents may be

very steep, and

1was given the
following statgghics on this point.
These slides cofiBist of three parts,
of which the gradients for sliding
in ordinary seasons are as fol-
lows :—the upper section 36%,
the middle section 21%, and the
lowest section 3 to 4% —the ex-
treme end, however, being level,
or turning up at an angle of 1 to
2%. If, however, the slide be
constructed for working during the
snow only, the sections have the
following gradients :—the upper
sedtion 28%, the middle section
18%, and the lowest level. Pieces
of 60 centimetres diameter can
be slid, but the greater number are
from 40 to 50 centimetres. I understood that split wood could,
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-practically, only be slid during snow. Apparently the greater part
of the export work in this region is done during snow ; but although
this must entail a great saving of expense, I fear we could not adopt
it in the Himalayas, where the snow, though it falls annually, is
not regular, and lies at times for onmly a short while at those
points where sliding work would have to be done; and for our
work it is necessary to know beforehand what means of transport
will be at our disposal, and, consequently, to depend on the snow
might lead to the work never being done at all. The time during
which snow lies in the Himalayas is dependent, moreover, to a
great extent on aspect, and in any case the period during which
work might be done on snow would be too short. Everything con-
sidered, then, it appears to me necessary always to assume that we
have to deal with ordinary seasons only. An inspection of this
earth slide (which I saw in the forest near Ischl) naturally turns
one’s thoughts to its applicability or the reverse to Himalayan
conditions. We are met with several difficulties. First is the fact
that the girth of our trees is often so large that to adopt this
system would mean the construction of a much more elaborate
slide than they use in Austria, it being assumed (which is not
usually the case) that the conditions would be such that it would
be cheaper to export timber in the form of logs than as scantling
or split fuel, and that it would be possible to move heavy logs to
the slide itseif. Evidently such a large work could only pay for
main lines of export, into which the produce from the fellings of
many years could be led. This system would he inapplicable in the
Jaunsar Division, because such timber as has to be conveyed by
water cannot with advantage go in the form of logs, and when
it is a case of fuel, as at Deoban, it would be quite impossible, owing
to the fact that the nature of the ground would actually demand
that the logs should be lifted for a distance. I have no doubt,
then, that this system is inapplicable in the School Circle, for we
bave seen that split fuel cannot easily (if at all) be slid except
on snow, and that we cannot in the Himnalayas rely on snow for
sliding purposes. I was informed that breakages in the descemding
timber amounted to from 5 to 20%, the speed being very great.
These slides have the disadvantage of being liable to scour, thus
forming ravines, and this applies at any point where timber is shot
down the hill sides over the surface of the ground. As I gathered,
theoretically, these slides cost to build on good ground (without
oousidering the value of the wood used) 15 kreuzers per metre
(ronghly a kreuzer equals a farthing), on ordinary ground 22 to 23
kpenzers, and on bad ground 85 kreuzers, which would give very
robghly B390 per mile; but practically I was informed that the
Tschl s{ide cost 956 gulden, or 42 kreuzers per metre, being 3,100
soetrgs long. Fifteen hundred cubic metres of wood come down
apntuslly and cost to slide 720 gulden, or 48 kreuzers per cubic metre
feutheé.whole length of the slide. Very roughly, one gulden equals
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one rupee ; but it is not of much real value to compare expenditure
in countries differing in this direction so widely as do Austria and
India. However, it may be of some use to note that a daily wage
(for such work as plantation) appears here to be nearly one gulden,
or, roughly, four times what it is in India.

Dry 8lides.—Besides the ¢ Riesen,” or ¢ Earth Slide,” the
“ Holzug,” or “ Dry Slide,”” is used, apparently only for small
timber, for, though I am not certain on this point, I cannot
imagine anything longer than pieces of one or at the most two
metres being shot down them. The principal, if not the only, wood
shot down them is fuel, and from their construction it is clear
that split fuel could never be sent down by their means. They
consist of several poles laid down the slope and placed in a
slightly cupped position. They are fastened roughly on to block
sleepers (made from wood in the
round), and the points of contact
between the ends of poles are so
arranged as to leave no protuberances
against which the descending wood
might catch. I saw -none of these
dry slides of greater length than about 300 feet or so; but as they
fell at angles of from 12° to 30°, it is clear that the descending wood
must acquire a great velocity, and that, therefore, a long section of
shoot would be impracticable through the wood jumping out of
the slide, or even through the friction causing fire, for it is great
velocity that produces fire rather than great pressures with slight
motion. To remedy this, several sections of slides follow one another
in succession with short intervals between. This necessitates a
workman to pick up the wood which has been shot out of the upper
slide and re-launch it down the lower., Occasionally a clapper
system is adopted to reduce the velocity of the descending timber,
and this consists of two poles suspended loosely by their upper ends
at a height of about 2 feet above the slide, their lower ends hang-
ing in the slide, and thereby obliging the descending wood to raise
their weight before it can pass. It is now the plan to build these
shoots temporarily at the site of each year’s fellings, and when
the work of the year is complete to break them up. They are—
as are most of these forest constructions—roughly built from wood
in the round (although with some skill), and it does not appear to
be any objection to leave the sapwood on, although the bark is
invariably removed. This is intelligible for purely temporary works,
like shoots ; but when, as is the case, it is also done in bridges, huts
(which probably are meant to last some conmsiderable time), and
even retaining walls for roads and stream banks, the wisdom of the
policy seems questionable. With purely temgorary constructions,
no doubt, it is sufficient to merely remove the bark to guard against
insects; but in the other cases it must be a grave objection,
considering that the sapwood is said to only last from fifteen to
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twenty years, and under water about twenty years. The system
of retaining walls wmade from fir trees is neat and clever, as the
following road section will explain :—

bat it appears to be poor economy to use timber for this purpose in
permanent or semi-permanent works when, as is usually the case,
stone is at hand. Still the fact that sapwood will here last from
fifteen to twenty years, gives the Austrian Forest Officers a great
advantage over us in India, where insects and rot render its use
utterly impossible ; and in comparing wood used for house-shingles
in Austria with the same in the Himalayas at, say, even 5,000 feet,
we may allow a longer existence, as far as I could gather, of from
two to four times to the former. Perhaps Austrian fir shingles
might last twice as long as Himalayan deodar shingles at 5,000
feet, and four times as long as Himalayan fir shingles, but this is
merely estimate. As to the applicability or the reverse of these
shoots to Himalayan work, it appears to me that the same objection
will as a rule apply as in the case of the earth slide, viz., that our
trees are often of too large girth to admit of being sent down in
the round, and to send them down split is generally not feasible.
But we know that a slide something resembling this system, but
partaking also in some degree of the nature of an earth slide, has
been constructed (and I think I am right in saying very advan-

tageously) at Chamba in the Punjab. It consists of a long slide

at low gradients composed of large logs, down which timber in
the round is sent. Further, it lies along a line down which a
large export has to be carried. Thus this Continental system may
often give us at least valuable hints for Himalayan transport work,
where the circumstances vary greatly from point to point.
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Water Slides.—1In the valleys we also meet with ¢ water slides ”’
sometimes very neatly lined with cut stone, but they are merely
water canals; and, moreover, our own Indian system is not behind-
hand on this head, so that no remark seems called for, though an
inspection may suggest useful points of detail.

Conveyance of Scantling &y 8koots.—In Austria the timber sent
down shoots either may with impunity be broken (as fuel), or is
sent in the round, and a certain percentage of losses by breakage is
accepted ; but nothing in the shape of scantling could possibly be
conveyed by these means, and in India much of our material is
exported in that form, it being cheaper to saw up by hand labour
#n situ than to work down logs to saw-mills, as is done in Europe.
For slides to convey scantling, therefore, we cannot draw any direct
information from Europe, though hints for guidance may at times
be obtained. i

8ledging.—In addition to the above means of transport in hill-
forests, sledges are used, but nearly entirely on snow, and conse-
quently when roads are made for the purpose their gradients are
very slight, say 4°, or even less, and never over 12 %, but often too
. it appears to be_the habit for men to guide their sledges over the
snow without made-roads. Where horses or bullocks are used for
drawing the sledges, the roads must of course be kept to and must
be at slight gradients. They are about 8’ wide, and in good ground
cost about R1,590 per mile, as I was informed, although the
figure sounds high. At ordinary seasons it must rarely be pos-
sible to find forest areas where the surface of the ground is smooth
enough for running sledges without roads, but I am inclined to
think that some saving in expenditure on metalled fuel paths and
in distance of carriage might be effected in fuel forests like those of
the Deoban working circle, at points where the fellings are situated
at ocobsiderable distances above existing paths, by introducing a
very rough cheap system of sledging over very roughly cleared
lines; at any rate the question might be considered in individual
cases.

Carriage by Water and by Road.—The wood exported in the
above manner is usually led down to mountain streams on which
floating is possible in the spring at the melting of the snows, and
considerable expenditure is often incurred in improving the banks
of these streams with spurs and retaining walls made of timber.
Other constructions to be shortly described are also adopted. But
there is an evident tendency nowadays to supersede transport
by water, when that is only possible during limited periods, by ordi-
nary metalled 10 feet cart-roads. I saw ome of these in course of
construction near Goisern, costing on an average 1,733 gulden (or,
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roughly, rupees) per mile, or about £133 per mile, with heavy

rock-work in places. As yet, however, I do not think Himalayan
conditions are far enough advanced for that, though the question
may some day ariee.

Sluiees.—To facilitate the floating of wood down the hill
streams, which I may mention in pissing greatly resemble Hima~
layan streams both in a
pearance and in their habit
of  periodically flooding,
“Sluices” (called+ “ Klau-
sen”’) are used, and the
) /  Chorinsky Klause” near
{ / Goisern is a notable instance.
/4 PLAN They are of various sizes and

kinds, of stone or of timber,
but the principle is always
the same, viz.,, to dam up

the stream until a good
head of water has been
[ 1 4 obtained, and then by

[ opening a door to send a
B strong flush of water down
3 the valley carrying the wood
(placed in readiness) with
it. The Chorinsky Klause
Ly is a large construction in
TLEVATION stone across the head of a
stream high up a long valley. On closing the door a broad sea of
water forms above it. The method of opening the sluice door is
given in Forster’s book and is very ingenious. This plan or a
modification of it, it seems to me, might very possibly be advan-
tageously adopted in Himalayan streams, where a lack of water
is often a great difficulty. In Jaunmsar, floating in hill streams
applies only to scantling, and the streams must have very carefully
constmcte(f banks, or must discharge their water at intervals into
water slides made of timber; but sluices made on a modification
of this system now and again down the valley, though on a very
much smaller scale, would probably be of considerable use. In
any case it is, it seems to me, a valuable principle to keep in
view when considering the transport of timber on Himalayan
streams. .

Gratings.—~At the points where it is necessary to catch the float-
ing timber an elahorate system of catching combs or gratings
(““ Rechen ”’) is used, the principle being to oppose the least possible

)
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obstruction to the water, while stopping all the timber. The fol.
lowing sketch will explain this ;—

SKETCH-PLAN.

These gratings do not appear to be used on very large streams,
and such a thing would be quite impossible in India; but on a
smaller stream it does not appear to me to be impossible to adopt
them. I could not obtain data on the point, but, as far as I
could ascertain, the volume and force of water coming down a flood- -
ed Salzkammergut stream in spring is not much less—if at all so—
than in the case of one of the Himalayan streams during the rains.
This heing so, I thiuk it will be of value to recollect the principle of
the grating when considering Himalayan streams, for it seems
possible that at some points we may eventually build up the banks
of streams in such a way.that scantling in good quantity mxy
be conveyed steadily down the current towards the main river,:and
as it usually happens that it is necessary to stop the timber at:fivig

int of junction, a grating might conceivably be very udefuil

ere larger rivers enter lakes, floating booms are used, but do wot
call for much remark here, since we have elaborated the sywtems
farther in India. Here the beams are merely floating logs chined
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“IT0 -

together, and suitable, I should say, only at points where the cur-
rent is gentle, . .

Verlioal grating Horizonlal graling

In the above system it will be seen that we have two methods of
allowing the water to flow off while stopping the wood—the
vertical and the horizontal grating. Of tiese the latter appears
to me to be the better, as opposing less obstruction to the water,
which merely falls away through the interstices and flows off by
a passage beneath ; but it is evident that the vertical grating cannot
be dispensed with. The above sketch-plan represents one of the
Ischl systems. Communication is effected from point to point by
means of bridges passipg over the gratings. This system was to
be seen everywhere, so that experience appears to prove it a good
one,

Wire Tramway.—Qne other very important means of transport
is to be seen in the Salzkammergut—though not quite at its best.
This is a wire-rope tramway, of which there is a small one of two
hundred feet length in the Aurach-thal near Gmunden. In this

rticular instance its use was to lift wood from a valley to a timber

epdt for conveyance to Gmunden or to the railway ; but usually
the conditions undet which wire-rope tramways are found are the
reverse,~—namely, the conveyance of wood from heights to lower
points. I regret to say that I am not as yet in a position to discuss
the very important question of the comparative merits of timber
shoots (whether as earth slides or dry slides), sledge roads, and
wire-rope tramways. At Deoban (referring to the project for con-
veying fuel to Chakrata) we have seen that timber shoots are not
feasible—so that the only question there is whether a wire-rope
tramway or a sledge road is best, and as this depends mostly on
money figures it cannot conveniently be discussed here. I was
informed, on no great authority however, that wire-rope tramways
were made of over two thousand feet length, which is a point to
remember. Lhere is no doubt, moreover, that for scantling, where
steady movement is essential, a wire-rope tramway has great
advantages ; but when, as is the case in the Himalayas, the heights
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are very great, our difficulties would not be small. Thus, to take
as an example the usual system of an ascending empty and a de-
scending loaded carriage attached to the ends of a single wire and
running on two stationary wires side by side, it is evident that,
to begin with, it is difficult to start the loaded carriage, since the
whole length of wire is telling agaiust it, and when started and a
certain point has been reached the speed of the loaded carriage will
continually increase. For lengths of this kind the counterbalancing
weight of the empty ascending carriage would be quite insuffi-
cient, so that some system of powerful brakes ‘would be necessary.
In the Aurach-thal the work is done by undershot water-wheels.
The fuel is caught at a grating and carried off by a water slide to
the wire-rope tramway, the water then being utilised to turn the
water-wheels, which in their turn move a large wooden drum
around which is coiled a wire rope. Both ends of the rope pass up
the slope and meet round a wheel at the top, and to this rope an
ascending (loaded) and a descending (empty) carriage is attached.]
An ordinary brake can be applied to the drum. '
General.—In sddition to means of transport, I may add some
notes I took on geuneral forest matters. Many peorle are under
the impression that to clear-fell and replant a compartmentis a fatal
mistake in felling operations, and merely a relic of past unscientifie
days; but it is done in the Balzkammergut~~not universally how-
ever, It is done, moreover, with marked success in sheltered spots
with easy gradients, but in more exposed situations the surface of
the compartments seemed to have been scoured into ravines and -
much damaged—necessitating timber “ barrage’’ works; but this
was partly due doubtless to the habit of throwing the wood down.
the hillside. It is said to be cheaper to remove all the produce at
once in this manner. The following data were given me about
some very excellent young forest raised in this way near Grubegg.
The areas were clear-felled and replanted with larch and spruce fir,
with annual failures of not more than 3 to 4% —whereas in India
the failures might have been 50% ; and yet it did not appear to me
that any special precautions were adopted in transplanting from
the nursery, which, moreover, was by no means close at hand—say,
three quarters of a mile distaut. The larch actually aftains there
12’ to 16’ in eight years. They are planted in horizontal lines one
metre apart, and are spaced in the lines at distances of 14 metre.
I was informed that a hectare could be so planted with plants taken
from a nursery at a moderate distance at a cost of 25 gulden, which
would mean about R10 per acre. Our Jaunsar plantations have
cost up to date about B15 per acre, but the conditions there are
very much more difficult. There was an exceedingly neat nursery of
Pinus Cembra and P. montana at Grubegg, which was stated to be
70 x 70 metres (as nearly as possible) and to have cost 2,000 gulden
(or rupees) to start with, and to require an expenditure of 400
gulden (or rupees) annually. Our nurseries in Jaunsar do not cost
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this, but they are not quite so elaborate. The P. montana are sown
in wooden cases covered with thick wire, and transplanted after
six months into the nursery, where each plant is placed 10 centi.
metres from its neighbours. 1In its fourth or fifth year it is planted
out in the forest, being sometintes conveyed great distances. If
Abses excelsa is used, three or four years are sufficient. The beds
are in winter covered with sawdust, allowing the plants to stand out,
however, as protection against the cold, Of course the nursery is
laid with prepared earth, and heaps of this were to be seen at band.
Lime is placed on the top, with a view to its percolating into the
heap and killing all grass or other roots left in the earth. At this
nursery a newly-patented machine was in use to reduce the expense
of transplanting. In principle it consists of a rake, by means of
which a small furrow is dug ; along this furrow a small board with a
metal toothed edge, bolding plants between the teeth, is placed
_ while the roote hang into the
furrow. With the rake, then,
3 3 earth is pushed over the roots,
WAV and the board is withdrawn. With
‘ this machine, as 1 gathered, a man
and two women can in a day transplant 9,000 to 12,000 plants in &
bad soil and up to 18,000 in a good one, & man costing 0-80 gulden
to 0-90 gulden, and a woman 0-60 gulden to 0°70 gulden.

There was also a large and excellent saw-mill, with several sets
of saws in motion, at Grubegg. The horse-power was said to be
100, and was supplied by a stream with only a slight fall and of
not greater volume than many Himalayan streams (smaller in fact
than the Pabar in Jaunsar), in addition to which half the water
was running past the mill unused. But the day for saw-mills has
not yet arrived in the Indian hills, or at least notin my part of
India, hand labour being as yet too cheap, and by the time it does
saw-mills will have altered. I noticed three different systems for
moving the carriage forward, but one was antiquated.

I was permitted also to see a capital httle Forest Museum
at Gmunden, though unfortunately many of the models were
absent at the Vienna Exhibition. In this and in every other way,
the Forest Officers in the Salzkammergut shewed me great kind-
ness and courtesy, doing their best to let me learn all I could.

Government of India Central Printing Ofice.—No. 343 B, & A,~31-10-89, —410,



JY.]HMBER ]WARKEt

STATEMENT OF AVERAGE SELLING RATES FOR
TIMBER AND BAMBOOS FOR THE QUARTER
ENDING 31st DECEMBER, 1839.

At MegRUT.

B4l 10’ tors. (poles), per score from
84l karis, 12' x 5" x 4° , ,,
84l bed-posts, 7° x 2}” x 2}”,, ”
Bamboos of 9" to 10’, per 100 score, ,,

A1 CawNPORE.

B4l 10” tors (poles), per score from
Bain karis, 12' x5 x4” ”
B4l bed-posts, 7°x 23" x2},, ”
Bamboos of 9" to 10’, per 100 score ,,

AT BULANDSHAHR.

B4l 10" tors (poles), per score from
84l and sain, &c., karis, ’

12’ x 5" x4°, »o»
84l bed-posts, 7' x 24" x 24" ,, ,,
Bamboos of 9° to 10’, per 100 score, ,,

At PiLiBaIT.

84l 10" tors (poles), per score from
84l karis, 12’ x 5" x 4" ”
84l bed-posts, 7’ x 24" x 23" ,, ”
Bamboos of 9" to 10°, per 100 score ,,

RB8. A, P, &8,
10 0 0 to 20
2500, 40
780, 12
500

2 » 80

6 00to 7

10 00, 12

8120, 4

40 0 Oto 60

000t 0
000, 0

000, 0
80 0 0,100

40 0 0to 70
8000, 40
500, 6
60 0 0 ,,100

C. BAGSHAWE,
Conservator of Forests, Central Circle,

Nama Tar,
1st February, 1890.

1

Ccococob
cococoNw

SC o0
CoOO0

O OO
CO 90

N-W. P. and Oudh.



y. J‘loras, QUERIES AND )ExTRACTs_.

Tue INFLUENCE oF SuNLIGHT oN Trees.—It is well known
that light is necessary for the development of chlorophyll, and,
therefore, for the life of all green plants, and especially for that of
trees. The heat alone which accompanies the light is not sufficient,
although the relative influence of the light and the heat on the
growth is still an open question, as well as the relative requirements
in light of different species of trees. In the case of forest-weeds,
which in forestry serve as an indication of the amount of shade
which the trees exert, and with that their capacity of impeding
evaporation, some require full sunlight for their development,
others are averse to a high degree of light. To this must be due
the change in the plants of a district when its forests are removed.
Then the amount of light or shade needed is modified by site.
Where the sunlight is strong, in higher altitudes, drier climates, or
where the growing season is longer, or there are more sunny days,
some species will endure more shade. The flora of high altitudes in
general requires light. Trees nearly always develop best, in other
words, make most wood, in the full enjoyment of light, but their
capacity of developing under shade varies greatly. The yew will
thrive in the densest shade, while a few years overtopping kills
the larch; the beech will grow with considerable energy under
partial shade, where the oak would only just keep alive and the birch
would die. When planted in moist places all species are less sensi-
tive to the withdrawal of light. In the open, maples, elms, syca-
mores and others grow well, and make good shade-trees; in a
dense forest they thin out and have but scanty foliage. Conifers,
such as spruces and firs which preserve their foliage of several years,
have perhaps the greatest capacity of growing under shade and
preserving their foliage in spite of the withdrawal of light. In
Anmerica sufficient data to group the forest trees according to the
amount of light required by them have not been collected, but rules,
based on experience, have long been formed in Germany, where
the behaviour of trees under different conditions of light has been
carefully studied. It has been found, for instance, that on the
same branch those leaves which are developed under the full in-
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fluence of sunlight are not only larger and often tougher in tex-
ture, and thicker, but that they have a larger number of stomata
or breathing pores than those less exposed to light. The whole
subject is cne of the utmost importance in forestry, and observa-
tions and experiments are to be carried out in regard to it in the
United States.—Professor FERNOW, in dnnual Report of Forestry.

Forest CoNsErRvANCY IN CEYLON.—For years past, in fact, ever
since the British occupation, the process of forest denudation in
Ceylon has continued, and during these 90 years a vast area of
land, once covered with virgin forest, has been bared of its leafy
covering : and though in many, if not in most, cases, the land from
which the forest was cleared has greatly helped to enrich the colo-
ny, a fearful waste of very valuable timber has taken place, timber
which, though destroyed in a day, will take many long years to
replace. Axe and fire have over tens of thousands of acres been
most destructive agents in the reclamation of forests to cultivators.
But it is not only the European who has destroyed the immense
tracts of forest in the Island in the beneficent work of turning
waste land into cultivated estates, but the natives also in many
parts of the country have, for many years past, especially in dis-
tricts remote from European supervision, engaged in indiscrimi-
nate “chenaing,” which has also greatly reduced the forests of the
island. It is not only to check this destructive practice as much
as possible, but to conserve the forests which serve to supply the
Government with timber and fuel, to eventually effect sales of such
to the public, and above all to commence the great work of re-af-
forestation, that the Department has been constituted during 1888.
The chief work undertaken in that year by Col. Clarke as Acting
Conservator of Forests and by his subordinate officers was the or-
ganization of the department. As that gentleman says, the year
under review was a period of transition. Changes had to be made
in Forest Administration, and the respective duties and responsi-
bilities of the newly-appointed officers of the department defined
so as not to clash with those pertaining to the Government Agents.
That some little friction should be caused at first by the somewhat
divergent interests of the Forest and Revenue officers, the latter
of whom naturally do not overlook the interests of the people, is
only what might be expected ; but this will, as Col. Clarke sur-
mises, no doubt be rectified in time, and the association of Forest
and Revenue officers in the administration of the Ordinance can-
not but be desirable and beneficial. Foresters themselves might be
N
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inclined in their zeal to consider too closely the interests of their
departmental revenue without any consideration for the village
populations who are very largely interested in the mannmer in
which the Forest Ordinance is administered. Indeed, we can
quite believe that a too rigid application of some of the provisions
of the Ordinance in many parts of the island would not only work
with extreme hardship on the people, but in view of ancient
customs would also be a distinct act of injustice. Col. Clarke
sums up the objects of his Department as follows :—

Speaking generally, the Department must be so organized as
(1), to afford protection against illicit felling all over the island ;
(2), to guard against undue and wasteful  chenaing” in some
parts ; (3), to supply the Public Departments with their requisite
timber and firewood, and to bring to remunerative markets the
vast surplus of mature timber and forest produce which is either
not realized at all or falls into the hands of persons who are not
entitled to it ; (4), to select areas of forest for reservation near
cities and towns and to see to. their conservation; (5), to select
and conserve areas of forest for the use of the village communities ;
(6), to select belts of forest bordering our existing lines of railway
and to carefully conserve them against the time when higher rates
than those paid at present for firewood to private traders may rule,
and to such extent in respect of area that the Government may be
independent of private supply ; (7), to select forest bordering the
directions of future lines of railway with the object not only of
ensuring a supply of building timber and fuel when the time comes,
but of avoiding the heavy rates of compensation that have to be
paid for the land on re-purchase if once sold.

That thesg objects are in themselves very desirable is certain
enough ; but we hope that in striving to attain them the wants and
necessities of the village populations will not be entirely lost sight
of. From time immemorial the natives have been accustomed to
levy contributions on the neighbouring jungle for axe and mamoty
handles, for sticks to build their houses, and for grass to thatch
their roofs. But we have been told quite recently of a case where
villagers were prevented from cutting grass for such purposes from
Crown patanas which had been reserved for some purpose not men-
tioned. We have no doubt that the hardship said to be involved
by this prohibition was very much exaggerated, and we only men-
tion the zase as one of many brought to our notice in order to ex-
emplify how the provision of the Ordinance may be utilized by too
zealous officers for the persecution of ignorant villagers. We sin-
cerely hope that Col. Clarke will see that no hardship is entailed
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upon the village populations by the too rigid application of the
terms of the law. 1t is necessary that cultivators should be given
forests from which to cut sticks to build their huts, to fence their
gardens, and to repair their tools, as well as grass lands on which
to graze their cattle. For this reason we think it most necessary
that Revenue officers who have, or are supposed to have, an inter-
est in the welfare of the people, should be associated with Forest
officers in the administration of this important Ordinance.

The report before us contains minute detail of a very interesting
nature as to the organization of the Department, the nature of the
control exercised over subordinate officers by those above them,
together with particulars as to how the Department is to be worked.
Coming down, however, to the practical work before it, it is to be
noted that Col. Clarke complains of the severe competition which
is experienced from private owners of forests in the supply of tim-
ber to Government. These owners have often obtained possession
of the forests at the low rate of Rs. 10 per acre, and have paid
themselves, it is said, over and over again by the sale of the
valuable timber on the land. But it seems to us that the Forest
Department and private owners of forest differ in their ability to
supply the public and the Government with timber in this respect
only, that while the Forest Department have had the forest handed
over to them for nothing, private owners have had to pay no less
than 10 rupees an acre for the land. We should, therefore, ima-
gine it possible for the Department to compete with private indi-
viduals in this matter without much difficulty, for unless it is
worked on commercial principles of the soundest it will hardly sa-
tisfy public requirements, though it may gradually re-afforest large
areas of land at present denuded of vegetation. In time the neces-
sary fuel supply for the railway should be obtained from Crown
forests, as also should all the timber requirements of Government,
the profit thus derived being utilized to carry on the department,
and to continue the work of conservancy and re-afforestation. At
first, and perhaps for several years to .come, a liberal vote from
public funds will be necessary ; but we see no reason why in time
to come the same financial result should not be obtained in Ceylon
as has taken place in India, where the Forest Department brings
in an annual revenue to Government. Col. (larke seems fully
alive to all this, but so long as the Department ultimately pays its
way and is able to supply Government and the public with timber
at a low rate, without trenching on its reserves, it will fulfil all
the duties reasonably expected of it. Many of the officers of the
department are as yet new to their work, but by permitting them
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to be trained at the Dehra Diin School of Forestry, the Govern-
ment of India have certainly shown extreme courtesy to Ceylon,
and given our officers an opportunity of perfecting themselves in
the technical details of their most interesting work, which cannot
be too highly valued.—Times of Ceylon.

Tae PriNorpLEs OF MANURING.—The first point for consideration
in studying a system of manuring is the question why manures
are necessary at all, and this is in consequence of our wasteful
sewage system. The rivers flowing from miost of our large towns
are the means of importing valuable manurial substances such as
guano, nitrate of soda, &c., but they are also the means of carry-
ing away the same valuable matter in different forms to the sea
there to be lost as far as farmers are concerned. In many
countries on the Continent and elsewhere much less manure is
required than in Great Britain, because this wasteful sewage
system does not exist. Some application of artificial plant food is
required in order to make up for this enormous loss. Plants must
be supplied with food as animals, and if they do not receive this
food naturally they must have it artificially. Animals live on
such complicated substances as starch, sugar, albuminoid matter, &c.,
while plants make use of such simple things as nitric acid, phos-
phoric acid, potash, lime, and several others. Many of the sub-
stances which plants require are supplied naturally in sufficient
abundance. They receive carbon from the air, hydrogen from
water, lime, magnesia and sulphur from the soil—all in sufficient
quantities. Three elements which do not exist in such abundance,
and, therefore, are necessary to be supplied artificially are phos-
phorus, nitrogen and potassium. These substances are taken by
plants as highly oxidised compounds. .
Phosphorus.—Is taken in the form of phosphoric acid, which
is found in various forms and in large quauntities in different
parts of the world. Thus in Canada it exists as phosphate of
lime, and in the well-known mineral apatite. It is also found as
Jarolina phosphate, as bone ash, and in our own country in the form
of coprolites, and the new phosphatic substance basic slag, a bye-
product of iron manufacture. These are useful only for the
phosphoric acid which they contain. Bone dust, another source
of phosphoric acid, contains also nitrogenous matter. In the man-
urial substances just mentioned the phosphate is in an insoluble
condition, and therefore, unless the material is very finely ground,
it is not of much use to plants. In bone, however, the phosphate
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is made soluble by the decomposition of the organic matter of the
bone, hence bone phosphate is of use to plants. Guano also con-
tains phosphate in a more soluble state than it exists in the minerals
referred to. In order to make the mineral phosphate soluble and
so available for plants, it is treated by the manufacturer with
sulphuric acid. .

Nitrogen.—Much controversy has taken place regarding the
source whence plants derive their supplies of this element. The
questions—How is it taken by plants, and where does it come from ?
are all important to the agriculturist. In considering these ques-
tions it must be remembered that nitrogen, like other elements, is
absorbed by plants not in a free state, but in a state of combina-
tion. It is pretty generally believed that some plants take nitrogen
in the form of nitrate, but there is little doubt that others might
take it in other forms. Leguminous plants such as peas, beans,
&c., take nitrogen-apparently in some other form than nitrate s
while cereals such as wheat and oats, take it as nitrate. Then as
to where nitrogen comes from. The cereals seem to take it
principally as nitrate from the soil ; and it comes there owing to
the action of certain minute organisms which exist in all fertile
soils when these are in a proper condition. Several varieties of
these minute organisms exist, and they are the cause of many
important changes, such as decay of organic matter, souring of
milk, putrefaction of blood ; even the digestion of our food is the
result of the action of these minute organisms. In the soil they
change nitrogenous compounds into nitrate, and thus they provide
cereals, grass, potatoes, turnips, carrots, &c., with nitrogenous food.
Such crops as peas, vetches, clover, lucerne, &c., seem to be much
more independent of outside influence. They keep, as it were,
private nitrogen-food manufactures in the shape of wart-like
excrescences, which are to be found on the roots of beans and
other leguminous plants. These warts contain certain minute
organisms, which apparently have the power of changing the
nitrogen of the air (which is of no use in this form as plant food)
into compounds fit for food. What these compounds are have
not yet been determined, but there seems to be little doubt that
the plant keeps them, and in return they supply the plant with
nitrogenous food. Much in the same way as we breed cattle, and
they in return supply us with compounds on which we live. As
regards nitrogen—this important constituent of plant food—crops
behave in very different ways. Leguminous plants in a fashion
manufacture nitrogenous food, while cereals, turnips, &c., do not.
These latter must be supplied with nitrogenous food ready-made 5
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the former make it within themselves. This is very well proved
by the action of nitrogenous manure. 1f we supply such manure
to cereals, &o., the amount of the crop is in proportion to the
amount of the nitrogen supplied ; but this is not the case with
peas, beans, &c. After a certain stage of maturity these latter
grow without added nitrogenous manure, so that the amount of
crop in their case is not proportionate to the amount of nitrogenous
manure supplied. In the case of cereals, we must divide the growth
into two stages—(1), When the plant is subsisting on the nitrogen
of its seed ; and (2), when that is exhausted, and it lives on the
nitrogenous compounds in the soil. In the case of leguminous
plants, there are three states—(1), While the plant is subsisting
on the nitrogen of its seed ; (2), while subsisting on the nitrogenous
compound in the soil ; and (3), while it subsists on the nitrogen
compounds which the organisms stored up in the wart-like ex-
crescences on its own roots have formed. Combined nitrogen
exists in the air in small extent and the soil absorbs some of it.
Atmospheric air and meteorites also contain compound nitrogen.
When water is evaporated in the air it possibly combines with
nitrogen, and forms nitrate of ammonia. Electrical disturbances
in moist air also lead to the formation of nitrogen,.and all these com-
pounds are valuable as food for plants. In the soil itself there
exist organisms which appear to have the power of fixing free
atmaspheric nitrogen, and utilising it for the production of the
albuminoid substances of their bodies. This is another source of
combined nitrogen. We have thus the free nitrogen of the air
converted into nitrogenous compounds, suitable for plant food,
without the direct co-operation of the plant at all. It must, how-
ever, be remembered, on the other hand, that certuain organisms in
the soil have the power of undoing the work which has been done
by these organisms just referred to. That is, they decompose
nitrogenous compounds and set free nitrogen gas, and no doubt
other causes also lead to a loss of combined nitrogen, especially
when the soil is in a bad condition. All these facts require to be
taken into careful consideration in studying that most important
subject—the supply of nitrogenous food. It must also be re-
membered that organisms do not affect all kinds of plants alike.
For example, leguminous plants seem at once to enter into a friend-
ly alliance with certain organisms, and these, in return, provide
them with nitrogenous food ; but certain seem to form no such
friends, and the result is that they must be supplied with nitro-
genous foods, or they would die where peas, beans, clover, &c.,
would thrive. At present we are not sufficiently acquainted with
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these organisms to be able, in a practical way, to select, cultivate
and apply them ; but as our knowledge increases we may be en-
abled to influence their existence in the soil, and so provide means
for the production of the valuable and indispensable nitrogenous
food, without having recourse to expensive imported manures.
The sources on which we depend at present for our supply of
nitrogen are—(1), Nitrate of soda, which has been formed in
certain hot, rainless countries by the process of nitrification ; that
is where certain organisms exist in the soil, they change the de-
composing organic matter into nitrates. (2), Sulphate of ammonia,
which is another important source of nitrogenous food. This is
a by-product in the manufacture of gas, and also in the manu-
facture of paraffin oil. (8), Some varieties of guano, such as
Peruvian, lchaboe, fish, and also such substances as dried blood,
horn, hoof, soot, &c. ; these are all valuable sources of nitrogenous
food.

Potassium.~—This is found in some soils in sufficient abun-
dance, and therefore is not required in all manures. Such a soil
as that found in the Carse of Gowrie contains enormous quantities
of this element, and therefore to apply it in the form of manure
in such soil would be mere waste. Potassium is supplied to plants
in the form of potash salts, and of these there are several varieties.
We have (1), the well-known muriate made at Glasgow and also im-
ported from Germany ; (2), sulphate of potash ; and (3), kainit
salt. These are all valuable for the potassium they contain. Some
of these salts occasionally draw water from the air, thus becoming
damp, and in consequence are not suitable for mixing with other
manures. ’

Composition of Manures.—Manures are of three kinds—phos-
phatic, nitrogenous, and saline. Many manures contain all these
constituents, but the one which predominates confers the name.
Perhaps the best known and most widely known of the phosphatic
manures is superphosphate. That is essentially a mixture of solu-
ble and insoluble phosphate of lime, and is made by dissolving
different phosphatic materials in sulphuric acid. When made from
a mineral source it is valuable almost entirely for the soluble phos-
phate. The insoluble, in such a case, is too hard to be readily dis-
solved by the solvents in the soil. Some experiments have been
made to prove that insoluble mineral phosphate is of use in the soil ;
but the results, to my mind, do not prove that itis so. Before it
can be made available to plants it must be soluble, and the solvents
do not seem very capable of taking this hard, rock-like substance,
and so, if supplied as manure, it may be a long time unused. This
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is not, however, the case with all phosphatic substances. Bone, for
instance, is not of the same hard, insoluble nature, so that insoluble
phosphate in the manure made from bone is by no means value-
less. But, on the other hand, it is not good to have the manure
too soluble, particularly in rainy districts and where the soil is of
a light nature. In such a case the phosphates should always
include some insoluble, but in a form which would gradually be-
come soluble with the action of the natural solvents in the soil.
Such insoluble phosphates are those of bone, guano, &c. This-
shows the importance of knowing from what source the phos-
phates are derived. If once the phosphate is rendered soluble, it
does not matter much from what it has been produced ; but if it
is insoluble, this is of great importance. Besides mineral super-
phosphate, we have also in this class bone-ash superphosphate,
which forms a very excellent manure ; guanitic superphosphate,
dissolved bones, dissolved guano, &. All these, where pure and
well made, constitute most valuable phosphatic manures. The by-
product known as basic slag also comes under the head of phos-
phatic manures. This substance, when finely ground, appears to
act as a useful source of phosphorus.

Nitrogenous Manures.—Perhaps the most important of these is
nitrate of soda, which in certain cases, is a most valuable manure.
It is, however, very liable to "get washed out, a fact proved
by the quantity of this substance found in the water draining
off our fields. It should be used only very sparingly in wet
districts or where the soil is light. Nitrate of soda, as is known,
results from the process of nitrification. This process of nitrifica-
tion was discovered during the time of the great French wars by
French chemists who were experimenting at the inetances of the
Great Napoleon, whose supply of nitrate from India for the manu-
facture of gunpowder was cut off owing to the fact that he was
at war with this country. By these experiments the French
chemists found that if different forms of organic matter are mixed
with lime and similar basic substances, and the whole watered with
urine, the process of nitrification would go on, and ultimately
nitrate of lime would be produced, and this by a simple process,
could be converted into nitrate of soda which was then available for
the manufacture of gunpowder. I would, therefore, recommend that
farmers should set up nitrate manufactures on their own farms.
This can be done by gathering together all descriptions of waste
organic matter, such as dead animals, hedge clippings, potato and
turnip shaws, urine driven from manure heaps, blood, &c., into
heaps, and mixing with old mortar or any form of waste lime.
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In these heaps the process of nitrification will go on, and the result
will be the production of a large quantity of valuable nitric manure
which may often be used with great effect instead of the costly
nitrate of soda. Sulphate of ammonia is another important mem-
ber of the nitrogenous class. It is not so.easily washed away as
nitrate of soda, and therefore in some circumstances is a more
economical manure. Though easily dissolved in water, the soil has
a mysterious power of retaining it which it does not have over
nitrate of soda. Ammoniacal guano, fish guano, blood, &c., are all
valuable nitrogenous manures.

Saline Manures,—The analysis of a manure generally contains
an item, alkaline salt, and the figure under this head shows the -
amount of saline matter present. ‘In mixed manures this some-
times consists mainly of soda salts, and these are not of very much
use, but alkaline salts often contain potash, and are then much
more valuable. When a manure contains anything over 10 per
cent. of alkaline salt it may be fairly classed as a saline manure.
A material is sometimes sold as a saline manure under the some-
what imposing title of agricultural salt. Any sample of this which
I have examined has been found to consist almost entirely of a
valueless mixture of different soda salts. Saline manure often
contains valuable potassium salts.

" Analysis and Adulteration.—After briefly alluding to the chemical
processes involved in the manufacture of the different artificial
manures, Dr. King continued—* It is very important that farmers
should have an accurate analysis not only to ensure that they are
getting value for their money, but also to enable them to decide
whether the mandre they are buying is suited for the crop and the
particular soil with which they have to deal. Manures are not
adulterated to the extent they were some years ago, but farmers
can still be deceived by manures being sold under wrong names.
Thus we bhave a manure sold as dissolved bones, which might con-
sist almost entirely of mineral superphosphate. Farmers often say
that they do not care what the manure is made of if it raises a
good crop ; but it is possible to buy a manure much too dear for
the return it gives. As regards the question of mixing manures,
there is the dunger arising fromn mixing what chemists call incom-
patibles—substances which do not agree with each other. Not
only might this be a wasteful process, but it is positively dangerous
to life as we have sometimes seen. For example, if superphos-
phate is mixed with nitrate of soda, the valuable nitrogen may be
in great part dissipated and lost, or if the new basic phosphate is

mixed with sulphate of ammonia, by far the most valuable ingredi-
(]
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ent, the ammonia will escape as gas. Again, if superphosphate
is brought into contact with anything containing lime, the valnable
solable phosphate will at once be reduced to an insoluble condi-
tion.

Valuation and Application.—Referring to the process of valuing
manures, Dr. King showed how it could be carried out. Passing
on to the subject of application, Dr. King said—* In this operation
we must take into consideration not only the peculiarities of the
crop to be raised, but also the soil. Turnips for instance do not con-
tain so much phosphoric acid as wheat or barley, in consequence
of the very limited power which they possess of finding phosphoric
acid for themselves. They must be liberally supplied with it,
if we wish to grow a large crop. As a result, a good turnip
manure should always contain a large supply of easily arailable
phosphoric acid. Turnips do not require so much nitrogen
for two reasons—(1), they have a greater power of abstracting
nitrogen from the soil than cereals, and (2), they grow at a time
when the nitrates are plentiful in the soil—during the hot and
dry months of July and August, when the process of nitrification
goes on more rapidly than in the earlier part of the year, and
when there is little rain to wash away the nitrates formed. Turnip
manure should therefore contain soluble, and also a considerable
proportion of insoluble phosphates ; these latter derive from such
things as guano or fine hone, but not from coprolite or other
mineral sources. Cereals do not possess the same power of assimi-
lating nitrogen as turnips, and, therefore, we have a large amount
of easily available nitrogen in cereal manures with a small amount
of phosphate. For leguminous crops on certain soils potash gives
good results, but as potash is very expensive, it should not be used
unless we know that the soil really requires it. Leguminous crops,
such as beans, clover, &c., do not seem to be much benefited by the
application of nitrogenous manures, but this is largely accounted
for from the fact that these plants are provided with those private
nitrogen-compound manufacturers. As to whether a fast or a
slow manure should be used depends pretty much on the crop to
be grown, the soil, the climate and other circumstances. If a
crop takes a substance quickly, such as turnips do with phosphoric
acid, we may use a fast manure, unless the soil is very light or the
climate very wet. If the crop takes the manure very slowly, such
as winter wheat, then we must use a slow manure, such as rape
cake ; for if in such a case fast manures are used, like nitrate of
soda, the greater portion would be washed away before the crop
could assimilate it. As a general rule, the lighter the soil, the
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slower the manure should be. Fast manures are such as nitrate
of soda, sulphate of ammonia, soluble phospbate, Ichaboe guano,
while slow manures are such as bone meal, phosphatic guano, dried
blood, rape cake, &c.

Lime in Soils.—Soils vary as regards their absorptive powers.
This depends on (1) mechanical condition, and (2) chemical
composition. Clay soils, you can easily understand, are more
retentive than open omes. Farmers have an idea that applying
lime to a soil is only for the purpose of breaking up the insoluble
matters and for overcoming sourness, decomposing organic matter,
and so on ; but one of the most important effects of applying lime
is to provide the necessary constituent in the process of soil ab-
sorption. If the soil is destitute of lime and similar basic sub-
stances, it will be a very wasteful one, for its power of retaining
certain substances valuable as manure will be very small. If,
bowever, it contains a sufficient amount of lime, chemical changes
will take place, and though the manure might be soluble in water,
it will not be washed away, being retained and held firmly for the
use of the plant. It is also important, if you want to prevent
waste of soluble and valuable manures, to have as much active

growth on the land as possible.—(Lecture by Dr. FaLconEr Kiva
at Edinburgh).

THE ForestT QUESTION IN CaNaADA.—The question of conserving
and replanting our forests is one of very great importance, and
there are several points of view from which it may be considered.

First.—The financial. The system under which our forests
have hitherto been leased has resulted in the most wasteful, the
most reckless destruction of a vast mine of wealth the world has
ever seen. Governments have acted as if their sole objecl was to
get rid of the trees as fast as possible as a worthless encumbrance,
so as to clear the land for settlement, whereas the trees were, in
most cases, of far more value than the land, and bhad they been
carefully handled would have gone far to pay the national debt.
Not only were lumberers allowed to cut as many as they liked at
an almost nominal charge, and so overstock the markets that the
proceeds left nothing for the original value of the trees, but they
were compelled to cut a certain quantity every year on pain of
their rent being doubled the second year and their license forfeit-
ed the third year. The licenses being only issued from year to year,
the lessees not only cut as much as possible, but cut only the finest
of the trees. This was not all. The Government took no precau-
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tions against fire, and thus a settler, in order to clear a few acres
quickly, set fire to the scrub and often burnt thousands of valu-
able trees. To such an extent did this go that Mr. Allan Gilmour
once declared that more trees were destroyed by fire than were cut
by the axe of the lumberman. To the late Christopher Dunkin
belongs the credit of modifying these regulations. He increased
the stumpage, and put a tax on the transfer of limits, and in return
gave a long lease to the lumberman, which, of course, gave a
greatly increased value to his license ; but no serious attempt to
prevent fires has ever been made. It is probable that our legisla-
tors in sanctioning these regulations were hardly aware of the
fact that Canadian pine is the finest soft wood in the world. When
in England I was much interested in the way some of the consum-
ers spoke of it. “ Quebec yellow pine, Sir ; why there’s no wood
in the world to equal it for the best joiner work, and for church
work nothing equal to Quebec red pine,” and of all the rivers the
finest quality comes from the Gatineau, Rouge, St. Maurice and
Chaudiere.” When I came to examine the Baltic wood I saw at
once the force of their remarks. To see the small, spongy stuff
imported as square timber from Sweden and Norway, 8 to 10 inches
square, and 25 to 30 feet average cube, and compare it with our
magnificent 70 and 80 feet raft, (I once saw a raft averaging 109
feet) 44 to 30 inches square, or the hard, knotty coarse grained
deals and battens from Sweden, Norway and Finland, and compare
them with the soft, mellow, clear deals cut from Gatineau or St.
Maurice logs. The finest pine deals, however, I ever saw, were cut .
by the Hon. Mr. Joly on his Lotbiniere limits ; pity there were not
more of them ! Mr. Hall, of Montmorency, exhibited a pine deal at
the Centennial 40 inches wide without a knot on either side, from a
Gatineau log. The Prussian wood from Memel, the Russian from
St. Petersburg, Onega and Archangel are the best of the Baltic
woods, but far below the best of ours. Even the Douglas pine of
British Columbia, though of enormous length and pitb, is of a coarse
grain, and cannot compare with ours for fine work. This is also a
characteristic of Michigan pine. It is to be hoped the Columbians
with their great advantages will not imitate our policy. A mill on
Burrard’s Inlet, alongside which a Quebec ship of 1,400 tons
loaded in 1873, was then within some 15 miles of the standing
timber, and another ship arrived from Chili for a cargo of boards
before a log was cut, the logs being cut, sawn and shipped within
a month! Now, mark, the striking contrast in the policy of these
Baltic provinces with ours. In Prussia the Government strictly
limits the quantity cut, so as to keep up the prices, and has estab-
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lished schools of forestry with a view to the preservation and re-
production of forests, and a highly scientific training the stu-
dents get. I am not aware of the regulations in force in Russia, but
I am told that in Sweden and Norway they are very strict, and
that the Government’s aim is so to limit the cut that it shall not
exceed the reproduction, and thus keep up the supply for ever.
As to this, Mr. Schwartz, the Consul-General for Sweden and
Norway, can, doubtless, give every information, and if the Com-
missioner of Crown Lands will not take it up, some member of the
House should move for a Royal (‘ommlsuon, or a comimittee to
investigate the whole subject.

Mr. Mercier may rely upon it that the financial salvation of this
Province depends not upon haggling over a small saving on the
interest of the Public Debt in the spirit of a pettifogging attorney,
but in the management of the Crown Lands, in the preservation
and reproduction of our forests, and in thus enhancing the credit
of the Government by husbanding its resources. Splendid pine
once grew in New Brunswick. To-day there is hardly a stick to
be had at any price. It is not too much tosay that every tree now °
standing, if untouched, would be worth many times its present
value in a few years. Some twenty years ago I urged these views
on Sir John Macdonald and Sir H. Langevin.  Sir John admitted
the great importance of replanting, but confederation took it out
of his hands, and there it ended. Thé Hon. Mr. Joly has initiated
a reform by voluntarily planting walnut trees on his limits, a wood
the demand for which has enormously increased, and consequently
the value ; the consumption for sewing machmes and organs is so
large as to bid fair to exhaust the supply ere long. The Govern-
ment is probably not aware of the extraordinary rise in the valua
of pine of late years, mainly owing to the vicious regulations
and want of care exhibited in the past. Square pine, which not
many years ago sold at 10 cents per foot, would probably fetch 30
cents per foot to-day, and first quality deals, which the Hamil-
tons sold in 1854 at 40 dollars per Quebec standard, would fetch
100 dollars to-day, and yet whilst making no effort to reproduce
pine or spruce, (spruce will mature in 40 years), we are throwing
millions into the lap of the Americans, in order that they may
preserve their own forests, and begging them to take off their
duty, so that the destruction may increase | What supreme folly!

And yet these very men refuse to admit a Canadian barge into
their canals, whilst enjoying the use of the Chambly and Grenville
canals, thus monopolizing the carrying trade between Ottawa,
Montreal, Quebec and New York. It is true this has ceased.
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Twenty years ago the Quebec Board of Trade remonstrated again
and again, but the Americans were too selfish to pay any heed to
it. This rise in prices has been of no benefit to the city of Quebec,
but the reverse. Indeed, the mismanagement of the Crown lands
has done much to ruin its trade, but it has vastly enriched the
Ottawa, and especially the shrewd Americans and others who have
mills there. Whilst the Government has been selling the forests
at a nominal price, the McLarens, the Perleys, the Booths, the
Hamiltons, the Edwards, the Bronsons and others have become
millionnaires. One day we see Hamilton’s limits on the Gatineaun
and Dumoine sold at a bonus of about half a million, after millions
have been made out of them, then Peter McLaren selling his for
a larger sum, and Boyd Caldwell leaving a million behind him.
Scores of millions have been wasted by a mistaken policy and fires
and cannot be recalled, but much still remains, and it would seem
to be the policy of the Government to hold on to what they have
left, to insist on replanting, and to take the most stringent precan-
tions against fire. It bardly seems reasonable that struggling
industries, life and fire insurance companies, and poor men should
be specially taxed, whilst millionnaires are growing richer by the
destruction of national property without regard to the future.

When, therefore, the leases fall in, some concession should be
made to the taxpayers, whose burdens are now so heavy. It is
hard to realize Canada without wood, and yet this is what it is
coming to. Many now living can remember when Ontario had
abundance of oak ; it is gone, and we are now importing it from
Michigan and Ohio. When the pine is gone it will be the very
irony of fate if we should have to import it, too, from Michigan
and British Columbia. Direct taxation will them come with a
vengeance and in a double form. 1t is a question whether an export
duty should not be imposed at once. Some of the Western States
are planting trees by the million.

Second.—The climatic. This may seem far-fetched and of small
importance to some, but a little consideration will show that it is of
the greatest importance to the whole Dominion and of special
importance to Montreal. If I were to say that the future of Mon-
treal depends to some extent on this question, it would seem very
far-fetched, and yet it would not be far from the truth. What
would Montreal be without its harbour ? and what would the harbour
be without sufficient water? What if the water in Lake St. Peter
fell far below it present level? These things are possible if the
terrible destruction of forests goes on increasing in the same ratio
as it has of late years without replanting. This destruction is far
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greater in the states bordering on the great lakes than in Canada.
Let those who doubt it study the climatic effects of the destruction
of forests in France, Italy and Spain. It has been shown that the
effect was to diminish to a very serious extent the rainfall, to pro-
duce long droughts, violent storms and destructive floods. This
has been confirmed by scientific writers in England and the United
States. Many will have observed that some, if not all, of these
results have been reached in Canada in recent years, and may not
the causes have been identical ? If the destruction of trees goes on,
not only in Canada but in Northern Ohio, Michigan and Wiscon-
sin, the waters of Lake Ontario and the Ottawa are sure to fall,
and with the supply cut off, both Montreal Harbour and Lake St.
Peter must suffer to a very serious extent. So convinced are the
Governments of France, Italy, and Spain of the scientific truth of
this theory, that they are all busily engaged in replanting, and a
recent American writer aitributes the blizzards in Dakota and
Kansas to the ahsence of trees. Surely this is worth the attention
of Government ? It would be interesting to have the opinion of
Sir Wm. Dawson on this matter. I feel sure he would confirm
the opinion of the writers I have named. It would be strange if
old Quebec should after all resume its place as the summer port of
Canada. With a tolerably intimate acquaintance with all the
leading sea-ports of the world, 1 believe it to be incomparably the
finest harbour in the world—the only harbour without a lighthouse
or a buoy, with deep water and safe anchorage, and which can be
entered on the darkest night or in the heaviest gale with the great-
est safety. But, alas! unless this happens as if by a miracle, it
bids fair to become a city of priests, nuns, notaries and lawyers.
Its people keep calling on Jupiter for help, instead of putting
their.shoulders to the wheel. The favorite cry has been, ¢ The
English must ¢ go.”” Well, the most of them have gone, and now
behold the result | —Baltimore Witness.

Forest Propucrs oF Brazir.—Brazil being “to the fore,” our
readers will peruse the following with interest :—

Some of the productions of this region are of great importance,
and I am sure that a brief consideration of them will not be weari-
some to you. Chief among them is India rubber. The possession
of a fine rubber estancia is like the possession of a goose which
lays daily a golden egg.

The rubber forests are open to pre-emption by all comers, pro-
vided they do not trespass upon the domain of another. A man
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may take up as much land as he can work. His claim is estab-
lished by cutting a pathway through the forest from one tree to
another, and. portioning out the care of the trees and the collection
of the product among his men. Each district of 40 trees con-
stitutes an “ estrado,” and each man can manage from two to five
“estrados ” according to his industry and the proximity of the
trees. Each man is furnished with a number of little tin cups,
holding about a gill, and a small picking instrument for making
incisions in the bark of the trees. He selects a spot upon the tree
where the sap will trickle down as he desires, and rapidly picks a
few holes just through the bark in such a way that the sap will
flow from one into another, and all in turn into the tin cup, which
he dexterously inserts beneath some scale of bark or attaches by
means of a little ball of mud, which he carries for this purpose.
Twice a day he visits his trees and collects the sap into a large tin
bucket, which is then carried to the smoking place and deposited
in an immense copper cauldron. For the smoking fire certain
substances are greatly preferred to others, probably because of some
curdling ferment which the smoke contains. The most preferable
is the fruit of the muticu palm. This is an abundant species in
most sections, and exceedingly useful. Its leaves serve for thatch-
ing, its bark fibres for cordage, its tender heart portion for mak-
ing an excellent salad, and from its nuts is expressed an oil which
is valued as a substitute for butter, and which is said to have no
rival as a dressing for the hair.

Next to these the smoker prizes the outer husk of the Brazil nut.
In any case he inverts over the fire a large earthen bowl so as to
exclude the air. A small opening is made for the exit of the dense
smoke which results. The sap in its original condition exactly
resembles milk, and indeed it is a true milk in its composition.
Fatal accidents have resulted from this dangerous resemblance,
for the milk taken into the stomach, soon becomes converted
into a mass of rubber. Into the cauldron he dips a small wooden
paddle, shaped like a spoon, but with plain surface. In an in-
stant he has the dripping utensil over the column of smoke,
turning it skilfully and rapidly so as to prevent the runmning
away of the precious fluid. As soon as it is firm enough to
stay without running it is again dipped, and the process re-
peated until upon the paddle a ball of rubber of from 15 to 75
pounds has been formed. This is then slit up and removed
from the paddle. It afterwards loses much weight by drying,
and if sold at once a large discount must accordingly be made.
The daily yield of a tree is about 2 or 3 gills, and it is estimated
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that from 25 to 75 pounds of rubber per week should be obtained
for each man employed. It is clearly, therefore, a qiestion of men,
and the rubber gatherers are willing to pay good prices to anyone
who will bring these men to work upon their estancias. So sure
a business is rubber gathering, that almost any merchant of Para
will loan money or advance goods to anyone who is going up the
river to gather rubber, the amount being in regular proportion
to the humber of men that he is taking with him. I know of one
man who boasts that his rubber station yields him a gross income
of $500 daily. But he has 200 men. Rubber gathering con-
stitutes by far the most important industry of the Amazon valley.
It is in fact several times greater than all the other industries
combined.

An important industry during January and February is the
collection of brazil nuts. These nuts begin to fall as early as
October, but the regular season is in the months named. The tree
flourishes just where the rubber tree is found, and during the
season all other work, even rubber gathering, is given up for this
work. The nuts, as we know them, are contained from ten to
twenty together in a large case resembling a cocoa, which has
to be cut open before the nuts can be obtained. The work of
collection is by no means a safe one, the heavy cases often fall-
ing from a height of 100, even 200, feet, and instantly killing
anyone upon whom they may fall. The collectors often protect
the heads and shoalders by means of heavy umbrella-like shields.
Statistics of the extent of the export of these nuts are quite
surprising. Ths amount reaches to entire ship-loads. They are
not only used for eating purposes. Brazil nut oil has many uses
in the arts. In their own country they form a much more im-
portant article of food than among us. Variously prepared they
enter into the composition of many delicious table dishes. Nor
are they without medical interests. In that mild climate Brdzil
nut oil serves a purpose very similar to that of cod liver oil among
us. I have seen undoubted recoveries of consumptive patients
to whom nothing except unlimited quantities of this oil had been
administered. But it would scarcely do in our climate.

Referring to the vegetable wealth of Brazil, it is to be considered
that as yet it is almost wholly unknown, notwithstanding the vast
revenues that it has already yielded to that country. The history
of all other countries has been that very shortly after the discovery,
the settlers have begun to develop their agricultural resources.
Not so in Brazil, at least in the Amazon valley. Beyond a small—
a very small—fraction of the food supply necessary for its own

P
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people, this valley furnished no agricultural products. All the
energy and enterprise of those who have resorted there has found
- full acope in culling out the richest of Nature’s unaided produc-
tions. And evenin this direction we' have merely entered upon a
~ knowledge of her vast resources.

In the precious woods of Brazil alone there is an industry cap-
able of enriching a nation. Some author has begun a simple
enumeration of the useful woods of Brazil, giving only their names
and synonyms in alphabetical order. Thus far he has only pro-
gressed through a few of the first letters of the alphabet, and the
result is a good-sized volume. So abundant are these hard and
fine woods, that the difficulty is to find a coarse or soft wood suffi-
ciently easy of being worked to serve for building purposes. I
have observed that the valuable portion of most of these precious
woods is confined to a small portion of the heart; the sapwood
surrounding it being of a very different colour as well as very
much softer.

Another peculiarity of these Brazilian species of woods is that
they are not gregarious, as ours are. That is to say, we do not
find a forest made up largely of one or several species, but all sorts
grow together, not more than one or two of a given kind being
obtainable in one place. This increases greatly the difficulty and
expense of collecting them. Two enterprising firms are said to
have established saw mills on the island of Maranho, in the mouth
of the Amazon. From here they send out little tugs to bring in
the passing logs, which constitute their only supply.

The fibre plants of Brazil are already attracting a great deal of
attention, and I expect they will yet revolutionize the woven
fabrics of the world. Their name is legion, and they represent
many diverse families, and it can hardly be that among them
there are not some equal or superior to any now in use.

The discovery of aniline dyes has ruined the trade in those of
the vegetable origin, otherwise the forests of Brazil would have
farnished a mine which the workings of centuries would not bave
sufficed to exhaust. Many times in pressing our botanical collec-
tions we would find our papers, and even our clothing, beautifully
and permanently dyed by the roots, bark or leaves of the plants
that we had collected. Again we would observe a stream or pool
deeply tinged by the exudation of some log that had fallen into it.

The food plants of Brazil, if we include those introduced, includes
sbout everything known to tropical countries. Introduced fruits
soon ran wild. Thus the peanut, the yam and the cocoa, origin of
the chocolate, may be found escaped in every direction. The cocoa
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especially attracted our attention, for we found entire forests of
it in some places. Of coffee we find several native species, and
wild specimens of the Arabian species are not rarely met with.
One of the native species has white seeds, as has also a native
species of Theobroma. No food plant flourishes more abund-
antly than the Cassava, there called mandioca or yuca. Of this
there are several species, one of which occurs wild in the greatest
abundance. The plantis in the Euphorbia family, near rubber, and
produces large sweet potato-like tubers. In its fresh condition
it is a deadly poison, but when cooked it furnishes a wholesome
food. The best varieties, baked in the ashes, are equal to our
best potatoes. From these roots, after they have been macerated
almost to the point of putrefaction in order to destroy their poison-
ous principle, a starchy food, mandioca, is obtained, which answers
in Brazil the purposes of bread.

I close my remarks with a brief account of the drugs of this
interesting country. Should any genius ever be born capable of
writing a complete history of the medicinal plants of Brazil, it
would probably constitute the most interesting and important con-
tribution of its class. Indeed, the elaboration of the medical flora
of even one of the Brazilian provinces would be the work of a life-
time. Each tribe of aborigines and each community of settlers
has its own native materia medica, and of the virtues of many
of these plants there can be little doubt. Aside from these strictly
domestic remedies, the region affords to civilization some of its
most useful drugs, and every year is adding to the list,

One of the most interesting of these is guarana, the virtues of
which as a remedy for migraine are rapidly becoming appreciated.
It is the product of the seeds of Paullinia sorbilis, a plant quite
nearly related to the horse chestnut. There is much false informa-
tion afloat concerning this drug, and I have taken pleasure in
investigating the real facts concerning it. The plant is a woody
vine of considerable size, existing naturally in many parts of the
Amazon valley. Considerable portion of the drug, however, is the
product of the wild plants, it being extensively cultivated in the
Maderia region. Under cultivation ils appearance is quite changed.

Instead of being allowed to climb wildly it is trained to stakes,
as the grape in many sections, so that at a distance a planta-
tion bears much resemblance to a vineyard. The white flowers
are borne in terminal panicles, and are small and inconspicuous
except by being massed together. The fruits begin to ripen in
December, as indicated by their bursting open and exposing the
seeds, about equal to a hazel nut in size.  No time is then lost in
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gathering the harvest, lest the seeds fall to the ground and become
lost. From the outer husks, resembling those of a small hickory
nut, the seeds are shelled out with the finger, a very laborious
process. The pulp, a white, phlegmy substance, is then washed in
_the river. The seeds are then most carefully roasted and placed
in sacks and beaten to remove the cartilaginous shell. They are
then roughly milled in a small hand mill or in a wooden mortar,
an exact quantity of water added, and the whole kneaded into a
doughy mass. This mass is then moulded by hand into rolls,
which are carefully dried by a process requiring several weeks of
diligent attention, and are ready for the market. Contrary to the
general belief, no adulteration or substitution of any kind is
resorted to, these Indians vieing with one another in the manufac-
ture of the best product. The reason that failure has universally
attended attempts to manipulate the seeds in this country is that
the process requires a great amount of time, patlence and experi-
ence, which have not been given to it.

The ipecac plant is found on the upper branches of the Maderia.
The causes of the present scarcity and high prices are twofold.
In the first place the known localities have been largely exhausted,
and new explorations have to be undertaken to secure supplies.
But another influence of much greater importance is the growth
of the rubber industry, which has monopolized the attention of
the settlers. Until this interest shall decrease, or until the popula-
tion of those sections shall become largely increased, steadily cheap
supplies of ipecac can scarcely be looked for. It is this fact which
gives added interest to my new drug cocillana, which embodies to
a great extent the properties of ipecac.

The copaiba tree is one of the handsomest trees of the Brazilian
forest. It is not to be classed among the larger trees, yet it often
reaches a diameter of 5 or 6 feet. Its wood is extremely hard
and tough, and is used for various important purposes. A dug-
out from this tree often serves as the basis of the strong boats by
which the dangerous rapids are navigated. A cross section of the
trunk, properly trimmed, constitutes the rude cart wheels of the
section. The seeds of the tree when dry resemble bleached bone
in colour and hardness, and are used by the savages for making
beads.

Vory similar to the copaiba tree is the related tree, Diptery=z
odorata, which yields us tonka beans. With its tall and polished
trunk, surmounted by the most dense head of dark and glossy
leaves, it constitutes a stately ornament, and during the fruiting
season loads the air with the vanilla-like fragrance of its seeds.
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The vanilla also grows wild here, and the beans, of poor quality,
are scld at 10 cents each.

The jaborandi fringes the river banks, the pareira climbs over
the smaller trees, and the sarsaparilla covers the little elevations.
Other drugs exist in rich profusion, but I can only refer to them
by name, the strychnos, manaca, stachytarpheta, soliman, barbasco
and chamairo.

I confidently expect that in the future, when rational methods
of examining and comparing the effects of drugs shall have be-
come more general, many of the drugs now used only by the
savages of Brazil will replace the similar agent in use by us.
—(Pharmaceutical Journal).

A Prrririep Forest.—One of the wonders of the American
continent is Calcedony Park, Apache County, Arizona Territory.
It is so named on account of the trees which ages ago fell, and
are lying in indiscriminate confusion, having become silicified in-
to agate and jaspar, the change being probably effected by heated
volcanic waters. On a recent visit some of the trees were found
to measure over 100 feet in length. In the agatised condition
they are surpassingly beautiful, every conceivable colour and
shade being represented, red, yellow, and green, interspersed
with white, black, and grey, and by transparent spaces of brilliant
quartz crystals. The park is Government property, and its contents
are strictly protected.

Tae FueL QuesTioN ON THE MADRAS RALwaY.—The increase
in the working expenses of the locomotive department of the
Madras Railway is accounted by the Chairman in his last half-
yearly report by the extra cost of fuel added to the loss by exchange,
which effects all departments more or less. The question of fuel
is, he considers, of paramount importance, and it begins to assume
rather a serious aspect. The supply of wood becomes more pre-
carious from year to year, and it is also rising in price, and should
it become necessary to discontinue or diminish materially the use of
wood as fuel the larger expense will be very considerable. A hope
is expressed that coal may be obtained from Bengal on favorable
terms, and the agent was in correspondence with the Government
in regard to the relative cost of English and Indian coal, and has
accepted an offer of 2,000 tons of Burrakur coal from Bengal with
a view to testing whether the supply from that quarter will be
cheaper than the Singareni coal, with which the Locomotive
Superintendent had been experimenting.—Indian Engineering.
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Excounter WITE A LEOPARD.—The story of an encounter with a
leopard comes to the Statesman from Serajgunge :—*Two young
English gentlemen belonging to the locality went out to hunt a
leopard that had been making its presence unpleasantly felt in the
neighbouring villages. Neither was accustomed to hunting or to
the use of firearms, but both were full of pluck and eager to show
their prowess. They took up their station on a patch of cleared
ground, awaiting the leopard that the beaters were chasing from
his lair, when suddenly the brute leaped on one of them and caught
him by the thigh, inflicting terrible injuries. His companion
seeing his danger tried to fire at the brute, but unfortunately the
safety pin with the use of which he was unacquainted, had locked
the gun, so that the trigger would not move. He tried to beat the
leopard off from his companion, but the enraged beast turned upon
him, stripping his arm and literally crunching his hand. Two of
the beaters came up and used their bamboos with such effect that
the animal turned tail and returned to the jungle. The two
Europeans were removed to Serajgunge, and it was proved that
the first mentioned was in such a critical state that he could not be
moved. His companion was sent to Calcutta for treatment, and it
is feared he will have to lose his arm. The adventure shows the
danger of inexperienced hunters attempting such big game as
leopards without even knowing how to use their guns, or to act in
case of emergency. But a short time previously a European
gentleman nearly lost his life in the same place from an unexpect-
ed attack by a leopard.” A later announcement states that one of
the gentlemen died on Monday and the hand of the other has
been amputated.

GerMAN ForesTrY.—The Germans have been the pioneers in
scientific forestry, as in so many other lines of progress. With a
total forest area of only 34,346,000 acres, of which 11,243,000 acres
belong to the State, the German Empire now has no less than nine
schools of forestry, and during the three years ending with 1888
it published 177 books on the varivus branches of the subject.
There are also ten periodicals devoted to forestry, and a general
association of foresters, with annual meetings, and ten local so-
cieties.
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“NOTES ON THE UTILIZATION OF FORESTS.
(Continued from page 42).
ARTI0LE 7. Wo0OD USED IN CARRIAGE AND WAGON-MAKING.

Wood used for this purpose should be as light as possible con-
sistent with the requisite strength, hardness and elasticity. The
only portion which forms an exception to the rule is the frame-
work of high carriages, which must be heavy in order to keep the
centre of gravity low.

The most important part of a carriage or wagon are the wheels.
An ordinary wheel consists of a nave (or hub or hob), and of
spokes and felloes.

The nave must be able to resist great and violent shearing strains,
and the wood must be so dense and hard that these should be
unable to enlarge the mortises or holes in which the spokes are
fixed and thus render the latter loose. It should contain no sap-
wood.

The best woods for naves are babul, sissu, sil, black-wood, teak,
various Albizzias, and satin-wood.

The wood of spokes should be all heart—wood very strong and
hard, elastic yet rigid enough, not liable to warp or split, perfectly
straight—grained, and without knots and any trace of unsoundness.
1t should be remembered that the whole weight of the carriage or
wagon is borne successively by an individual spoke in each wheel,
so that a single bad spoke spoils an otherwise perfect wheel. To
prevent the tires from becoming loose in hot, dry weather, the
" length of the spokes should not be liable to vary much with alter-
nations of atmospheric humidity. The most suitable woods for
spokes are sissu, sundri, teak and babul.

Q
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The felloes should be made of some wood that is able to resist
crushing, is hard, elastic and strong, does not warp or split and
is not liable to excessive expansion or contraction with varying
quantities of imbibed water. Durability is also an essential
quality, and hence no sapwood should be allowed to remain. To
preserve all the strength and elasticity of the wood, the fibres
should be cut across as little as possible, and hence the advisability
of using naturally curved timber. When such pieces are not
obtainable, then the felloes should be hewn oat of split sections, as
represented in Fig. 12, so that the concentric rings may all lie

. an

Mode of cutting ot fellies.

as much as possible in the same plane as the wheel. The best
woods for felloes are teak, babul, sissu, sdl, nim and oaks. Im
many parts of India, where the ground is flat and the soil sandy,
no tires are put on the wheels, and in that case hard, tough
woods, like babul and sissu, answer best. In some parts of Europe
“bent rims” are used as felloes for the wheels of light carriages,
and occasionally the entire circumference of a wheel is formed of
a single bent piece. '

In teak-growing countries solid wheels for wagons are made,
consisting of three pieces joined laterally, and held together by the
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tire and by a pair of iron disks, one on either face, strongly rivetted
together. The axle passes through the middle of the centre piece.
Such wheels are extremely strong and durable.

In almost every part of India the axles of numerous carts are
entirely of wood. To resist the enormous transverse strains due
to the weight of the body and load and the heavy jolts on a rough
country road, and constant severe friction, the wood should be very
strong, hard, tough and elastic. The best axles are furnished by
Anogeissus latifolia, sil, sundri, babul and Olea ferruginea. When
the ends, on which the wheels revolve, are of iron, almost any
strong hard wood will answer for the intermediate portion of the
axle.

The poles and shafts of carts and wagons drawn by oxen should
be very strong and elastic, the best woods to use are Ougeinia dal-
bergioides, Diospyros Melanozylon and sdl. The poles and shafts of
carriages have to be light, and therefore thin and extremely strong
and elastic. The best Indian wood for the purpose is sundri ;
but Diospyros Melanozylon, Anogeissus latifolia, various species of
Grewia, and well-selected and seasoned bamboo, are also found to
be excellent and are used on a large scale.

The framing of carts and wagons must be made of very strong
wood that holds well at all joints without splitting or breaking off.
The wood in the frame-work of carriages must also be strong, and
for some kinds of carriages, such as phaetons, it should also be
naturally curved. The rest of the body of every kind of vehicle
may be made of any light wood that is strong enough for the
part where it is used. For carriages every bit of it should be
thoroughly seasoned and not liable to split or warp, or to shrink or
expand in an excessive degree. Teak answers excellently all re-
quirements. Those portions which are not painted must possess a
handsome grain and colour.

What has been said with regard to carts and wagons apply,
with obvious modifications, to wheel-barrows, hand carts, &c.

As regards railway carriages and wagons, the wheels, axles and
framing of the floor are of steel or iron. The sides and roofs are
usually of wood of the very best quality—usually teak.

Gun carriages are subject to much more severe strains than
any other class of vehicles. Hence great care must be exercised
in choosing wood for them. Those portions on which the guns
rest must also be very hard and tough, so as to resist friction
well.

Bledges must be as light as possible. Henoe only the strongest
woods should be used. The runners are subject to enormous
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friction ; they are therefore armed with removable soles, about
{ inch thick, of some extremely hard wood. Inthe Western Him-
alayas Quercus dilatata furnishes the best soles. -

ArticLe 8. Coorers’ Woob.

The cooper makes casks, barrels, tubs, pails and buckets for
holding both liquids and dry goods. For holding liquids the
wood should not be so porous as to allow any appreciable quantity
of the contents to filter through. Moreover, it should not com-
municate any unpleasant or undesirable taste or odour to the
contained liquid, nor impart any objectionable colour. Certain
dry goods must also be similarly protected. ~ Portable casks that
are to contain liquids must be made of very strong wood, because
of their great weight when full, and in order to withstand the
constant violent shocks to which every portion is exposed when-
ever there is a jolt or shake; and it must be remembered that
the slightest crack or flaw will cause the liquid to run out.

The large quantities of rum and other spirits distilled in India
and the rapid growth of the brewing industry in every part of the
country, will soon require a large supply of staves for casks and
barrels. The staves should always be split, but English brewers
seem to be indifferent to whether those they use are sawn or split.
For a hogshead are required

20 staves 3’ 3" x 6” or 5” x 14" and
10 head-pieces 2’ x 8" or 6” x 14”.

The head-pieces are the staves that go to form the top and bot-
tom of the cask. Before they can be put together the staves have
to be properly shaped and shaven, those forming the sides of the
cask being kept thickest and broadest in the middle. When thus
prepared, these latter are 3° 1° x 5° (in the middle) x 14". The
head-pieces are reduced to a thickness of 1} inches.

Owing to want of enterprise the doubtless numerous kinds of
Indian woods suited for cooperage work have hitherto remained
unatilized. We cannot therefore do better tnan adapt from Boppe’s
Technologie Forestiére his excellent description of the manner in
which cask staves are made in France. ,

The staves are made principally in the forest, since wood is split
most easily when it is fresh felled ; also because it is not every
piece of timber that is adapted for the purpose, and in the forest
itself the workmen can best choose only what is really suitable, and
can often utilize the tops and butt ends which the sawyer rejects.

Three tools are used—an axe with a broad flat head like the
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back of a wedge, the divider and the shave. The last two tools are
clearly represented in Figs. 13 and 14 below.

Fig. 14,

Sha
St: ve-maker’s tools. (After Boppe).

The stave maker’s bench (Fig. 15) consists of the fork of a tree
Fig. 15.
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:Stavmker’c bcno}; ;n:th div_i;cr and mallet.
(After Boppe).

fixed on three stakes firmly driven into the ground.

The mode of working is briefly as follows :—Billets or rounds of
the required length being sawn off the logs, they are split with the
axe into quarters, and each quarter, if large enough, into sectors
(Fig. 16).

The divider with a wooden mallet now comes into requisition.
The sapwood and pith portion of each sector is removed, and the
sector is split tangentially into pieces of the width of the staves
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to be made. These pieces are fixed on the bench as represented in
Fig. 15 and finally split up into staves. The divider being driven
into the wood, the slit is extended by pressing on the handle
and pushing the blade in further as the wood splits more and more.
To facilitate this process it may be necessary to use the mallet now
and then. The staves may be taken off by splitting the sections
radially or along the lines of the medullary rays as at (a) in Fig.
16, or along parallel lines as at (b) and (¢). The faces of the staves

Fig. 16.

Method of splitting wood for cask staves.
(After Boppe).

obtained by the former method are made parallel with the shave ;
this method is hence a more wasteful one than the other.

On the continent of Europe manual labour is sometimes replaced
by special machinery, which turns out staves of much truer
shape and size. Byt the action of such machines is partly a split-
ting, partly a cutting one.

In England the staves are cut with circular saws, and, after
being shaved on one, the future inner, side, are steamed and pres-
sed to the required curvature. This practice obtains also at Bor-
deaux, being not only much easier than splitting, but affording
the advantage of utilizing seasoned wood.

Wooden hoops are now seldom used. They are furnished by
poles and saplings, young stool-shoots being the best. If poles
are utilized, they are first trimmed straight and clean, and then
split. The hoops are made by forming them on blocks of the re-
quired girths while the wood is still green. If it has been allowed
to dry, it must be steamed or soaked in water. Hoops for pails
are always of rectangular section (about 2° X 14°), and are split
from pieces of large diameter. )

From what precedes it is evident that the wood used for cooper-
age purposes must have straight and parallel fibres, and be quite free
from knots and other flaws and from every kind of unsoundness.
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ARTIOLE 9. SPLIT WOOD POE OTHER PURPOAES.

Split wood is used for shingles for roofs and walls, for rudders and
oars, for trenails and pegs, for drums and sieve-frames, for veneers
and thin boards, for matches and match-boxes, for musical instru-
ments and for lead pencils.

1. Shingles.

‘Wooden shingles can be used only in cold dry climates where
snow lies in winter. -Actually their employment is confined to the
Western Himalayas, where the wood principally used is deodar,
which is not only very durable, but is also light and easily split.
Pinus longifolia and excelsa are also largely used, and to a certain
extent also the spruce and the silver fir.

2. Rudders and oars.

The woods used must be highly elastic, very strong and durable,
and not given to warping and splitting. Where teak is obtainable,
that species alone is used. On rivers in Northern India the paddles
are made of sél and sissu principally.

3. Trenails and pegs.

Trenails are made of teak, since they must, if possible, be more
durable even than the ribs and sides of the ship. They are from
16 to 28 inches long and 2 to 2§ inches thick.

Shoe and boot-makers and furniture-makers consume a very
large quantity of wooden pegs. Any wood will do for pegs,
which is tough and strong ; it need not be hard, and yet it must
not be so soft as to get flattened out when being driven in. An
easy way to test wooden pegs is to bite the end between the teeth ; -
unsuitable wood is easily bitten out of shape. Information re-
garding the species used is required. Bamboo pegs are very
largely used by carpenters.

In this place may also be mentioned skewers for trussing up
meat. Bamboo of any kind seems to be the most suitable wood
for the purpose.

4. Drums, sieve-frames and band-boxzes.

The Indian double-headed drum is made out of a whole piece of
wood hollowed out ; but the single-headed drum is, like the framea
of sieves, made of a single band of split wood. One of the best woods
for drums is the Pterocarpus Marsupium, which is remarkably son-
orous ; but any straight, even and sufficiently close-grained wood
will be suitable. For sieve-frames the choice is less restricted,
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and a soft wood, provided it is tough enough, will answer. The
bottoms of coarse sieves are often made of woven strips of bamboo.

Band-boxes can be made only of woods that split well and can be
oasily bent into shape. The wood may be split into sheets as thin
as the wood in match-boxes, or into boards nearly half an inch
thick. The best woods for the purpose are conifers, on account of
their long fibre and simple uniform structure.

Under this head we may include the wood used in the sheaths
of swords, knives and daggers. Simal is largely used for the pur-
pose when coniferous wood is not obtainable.

The boards and thin sheets required for the purposes treated
under this head, are most easily split with special machines, a most
effective pattern of which will be found briefly described under the
next head.

5. Veneers and thin sheets of wood jfor various purposes.

For veneers only ornamental woods that are also close-grained,
tough and elastic can be used. They are often sawn with thin
band saws, but they are best obtained by a process analogous to
splitting. The Plessis machine is one of the most convenient and
effective for this purpose (see Fig. 17). Tt consists essentially of

Plessis machina for cutting out LAin sheets of wood.

(After B ). *

(a). Planing iron. (b). Hz{”to provent sheet of

1000d from breaking or splitting off irregularly.
8 heavy plfming iron (a) working vertically on two guides, which
can be shifted about horizontally,; so that the edge of the blade
may be.moved along any given curve. The heel () moves pari
passu with the plane, and, as it presses up against the sheet of wood

being cut out, prevents the latter from breaking or tearing. The
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wood to be treated is first cut up into billets of the required length.
These billets, before being placed on the machine, are roughly
squared and thoroughly softened by steaming. As soon as a billet
has been cut up, the sheets are all put into drying presses heated
with steam. They remain in these presses for a variable time, the

average being about one minute for every one-twentieth inch of
thickness.

6. Wood for matches and match-boges.

For matches we require wood that is easily split and burns steadi-
ly with a flame. It should, therefore, be soft. Conifers answer
best. Match-sticks, or splints as they are called, are made from
solid blocks cut to twice the length of a match, and having a square
section of about 3 inches side. The blocks are first steamed and
then placed in a special machine which knocks off several splints
at a blow. The splints are dipped at both ends into the ignitible
composition and cut across in the middle when dry.

The boxes are made of any soft wood that splits easily. All
knotty portions are removed, and the wood is divided into small
parallelopipeds of square section, which are then split by a special
machine. Before the thin boards are pasted into the form of the
box or cover, they are smoothed inside a revolving hollow roller.

7. . Wood used for certain musical instruments.

These instruments comprise those of the violin class, guitars,
mandolines, zithers, and sitars. For them the fibres of the wood
should be cut through as little as possible in order to preserve
their sonority. The wood should be completely free from every
kind of flaw, and the grain should be straight, parallel and uniform,
s0 as to secure even vibrations throughout and to prevent warping.
The wood should also be thoroughly seasoned, and as little as pos-
sible liable to change of volume with alternations of moisture and
drought. The bellies or sounding boards of the instruments are
best made of conifer wood, while the sides may be made of some
harder broad-leaved species. It is superfluous to say that sitars
are the only instruments of this class made in this country.

7. Wood for lead-pencils.

The manufacture of lead-pencils is an entirely new industry in
India, there being only a single factory at Poona. Wood for lead
pencils must be even-grained, without knots and, while tough,
nevertheless easy to cut with a knife.

B
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ARTICLE 10. WoOD FOR VARIOUS ARTICLES WROUGHT WITH ADZE
AND CHISEL.

Such articles are the backs of brushes, saddle-trees, shoe-makers’
lasts, bowls and platters, spoons, moulds, rakes, clogs, toys, idols,
gun-stocks, &c. For all of them only wood that does not crack
or split or warp must be used. For the majority of them the
wood should also be hard and tough. Wood used in any kind of
saddlery must, in addition, be elastic.

ARrTICLE 11. Wo00D FOR TURNING AND MOULDING.

For both these purposes even-grained wood that takes a good
polish is sought after. In most cases handsome colouring and
marking are desiderata. Ebony is perhaps the best wood we pos-
sess, but we have a host of other extremely valuable woods—satin
wood, blackwood, sissu, tun, teak, padouk, zebra wood (Pistachia),
Pterocarpus spp., box, sandal wood, &e.

ARTIOLE 12. WoOOD FOR ENGRAVING AND OARVING.

For wood engraving we require wood that possesses a perfectly
uniform texture, is close-grained (so as not to absorb inks and
colours too freely), and is so hard and tough that the sharpest
edges that can be cut withstands the heavy pressure to which it is
subjected in the press. Box is pre-eminently the engraver’s wood,
but for rough wood-cuts any sufficiently even grained and compact
wood will answer.

For carving and ornamental relief work similar wood is required,
although the texture need not be so uniform and close or the grain
so hard and tough. For open carving the wood should possess
considerable transverse strength. Teak, on account of its durability
and colouring, is greatly prized for all kinds of carved work.
Sandal wood and ebony are used for fine ornamentation. Other
good woods are sissu, blackwood, walnut, satin wood, Adina cordi-
folia, Stephegyne parvifolia, Holarrhena antidysenterica, Wrightia
spp., maples, and a great many other species.

ARTICLE 18. WoOOD FOR PACKING CASES.

The characters common to all woods used for packing cases are
that they should be easily worked, light, yet strong enough for the
purpese to be served, soft enough to allow nails to be driven in
without splitting, and not liable to stain or taint or otherwise
injure the contents. Deodar, although an excellent wood in every
other respect, is generally too oily and strong-scented for any
purpose.
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One of the chief Indian industries requiring packing cases is tea
manufacture. There are several sizes of cases to contain definite
weights of tea, but in all the boards are only }-inch thick.

According to Mr. Gamble the common tea-box woods in the’
neighbourhood of Darjesling are tun, Duabanga sonneratioides,
simal, Canarium bengalense, Anthocephalus Cadamba, Acrocarpus
Srazinifolius, Tetrameles nudiflora, Acer Campbellii or levigatum,
Engelhardtia spicata, Echinocarpus dasycarpus, Nyssa sessiliflora,
Machilus edulis, and Beilschmiedia Rozburghiana.

In the Dehra Din mango is the only wood in which the planters
pack their tea, although there can be no doubt that numerous
other woods will be found to be equally suitable. In Chhota Nag-
pur even such an inferior wood as Boswellia serrata is employed.

Information under this head is required from the tea districts of
Assam and Cachar, Kumaon and Kangra. Besides the qualities
essential to all kinds of wood used for packing cases, wood for
tea boxes must also possess the necessary one of not corroding the
lead lining. Green wood of most kinds has this injurious effect,
notably Erythrina and the wild mango, and, according to Dehra
Din tea planters, also Pinus longifolia. Teak is used in some
places, but it is far too valuable a wood to be wasted on tea boxes.

Opium manufacture also requires a very large quantity of wood,
Boswellia serrata being chiefly employed. The wood of this spe-
cies is not at all strong, but as it seasons very slowly, it is proba-
bly useful in keeping the opium moist.

ARTICLE 14. WO0OD FOR AGRICULTURAL AND GARDEN PURPOSES.

Under this head we bave ploughs, harrows, hoes, clod-crushers,
rollers, poles and laths for training climbing plants, thorn fences,
rakes, hay forks, tool handles, &c.

The plough is made of any hard and strong wood that consists
of the stem and a large branch making the required angle with it.
In teak-producing districts that speciesis almost the only wood
used on account of its great durability, and the ease with which it
is worked. In the Himalayas various species of oak are utilized.
S84, sissu and babul also make excellent ploughs. The shaft is
made of any strong, elastic wood, the best being Ougeinia dalber-
gioides, Diospyros Melanozylon, sil and species of Anogeissus. The
yoke is made of the same wood as in the case of carts.

Bullock hoes, being confined to the teak-producing provinces,
are made of teak, the shaft and yoke being of the same woods asin
the plough.

In harrows and rakes the teeth must be made of some strong
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tough wood that wears well under constant heavy friction. Sissa
and babul are the species mostly used.

For clod-crushers and rollers any hard and heavy wood will
answer, the heavier the better, such as Hardwickia binata, sél,
Mesua ferrea, babul, &o.

Small wood is so cheap and easily obtainable in most parts of

India, that for poles and other supports for climbing plants any
wood that will last through one season is considered good emough,
except in the case of well-kept gardens and orchards, when only
the most durable woods, such as teak, sél, &c., are used.
* Forks for hay-making and for lifting up. branches (especially
thorny ones) for hedging purposes, consist of a single stem ter-
minated by two equal branches starting from the same point.
The wood should be light and at the same time very strong and
tough. The same qualities are required in wood for the handles
of picks, hoes, spades, shovels, axes, &c. Solid bamboos are excel-
lent for axes, hoes and picks, the thicker end being cut just below
a knot that cannot slip through the eye. Species of Zizyphus
and Grewia also make very good tool handles. In the Western
Himalayas axe handles made of Cotoneaster bacillaris often last
three years.

ARTIOLE 15. TIMBER FOR VARIOUS MISCELLANEOUS PURPOSES.

There is a very large demand for lance staves in every military
country of the world. Straight, solid, gently tapering bamboos
are unrivalled for this purpose, but they are extremely difficult to
procure at present, and the German army is now adopting hollow
iron instead of wooden staves.

Wooden combs are in universal use among natives, the woods
used being box, ebony, Stepkegyne parvifolia, Adina cordifolia,
sissu, bamboos, several Gardenias, and several other species with
straight and uniform grain.

Wooden hat pegs are to be found in almost every house far-
nished according to European ideas. Any wood capable of being
turned and of taking a good polish is suitable for the purpose.

Handles for chisels absorb a falrly large quantity .of small tim-
ber. Terminalia tomentosa, kbair, sissu and teak are very general-
ly used, the first two being the best.

Anv11 blocks and blocks on which butchers cut their meat require
a bard tenacious wood, sl and babul being excellent for the
purpose.

The manufacture of walkmg-stlcks consumes a considerable quan-
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tity of branch wood and saplings. Amongst monocotyledons we
have canes, bamboos and palms; amongs tdicotyledons we have
oaks, cotoneaster, ebony, Mimusops indica, Alangium Lamarckii,
Prinsepia utilis, &c., &c.

Artiore 16. Wo0OD POR BASKET AND MAT-MAKING.

Bamboos and canes are par ezcellence the materials for making
baskets and mats. The bamboos should be cut for the purpose
before they are a year old, as they afterwards become too highly
lignified to split well or to bend and take new shapes easily.
Dicotyledons largely employed for basket-making are willows, Vitez
Negundo, Nyctanthes Arbor-tristis, Homonoya riparia and numer-
ous other shrubs forming a profusion of long, twiggy, highly flexi-
ble shoots. In every case the wood should be used in a green
condition ; the fresher cut, the better. Wood for basket-making,
although flexible while green, should become fairly rigid when
dry, in order that the articles made from it may keep their shape.
For this reason climbers are seldom suitable for the purpose. In
the case of dicotyledonous species stool and pollard shoots furnish
the best material.

ARrTIiCLE 17. Wo0OD USED FOR THRE MANUFACTURE OF PACKING
MATERIAL.

Thin shavings of wood are now coming largely into use for the
packing of brittle articles. This wood wool, as it is called, is very
rapidly prepared by special machinery, which will work up pieces
as small as §-inch in thickness and 6 inches long. The softest
woods, possessing long, straight and parallel fibres, will furnish
the best material.

ARTIOLE® 18. TEXTILE WOOD-FIBRE.

Wood wool, as described in the preceding Article, is digested
in a solution of sulphuric acid in hermetically sealed, slowly rotat-
ing boilers, the encrusting matters being thus separated from
the cellulose, which becomes white and lustrous like silk. These
thin strips of fibre are then dried in special ovens, in which they
acquire great toughness and elasticity. They are now moistened
and passed between grooved rollers, which, in flattening them out,
displace the fibres to such an extent that a little twisting suffices
to separato these last from one another. In this condition the
fibres may be spun and woven like cotton or flax.
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ArTtioLE 19. Woop PULP.

Paper consists of cellulose with some sizing substance added in
order to prevent ink from running. Hence, if we remove from
wood everything but its cellulose, we get paper-making material,
or, as it is called, paper stock. Paper made entirely of wood stock
is, with the sole exception of that manufactured from young half
lignified bamboos, rather brittle and coarse-gramed but, on
the other hand, it takes a cleaner impression and wears away the
type less than printing paper made from linen or cotton rags.
Moreover, wood pulp is very much cheaper than stock prepared
from rags. Mr. Routledge, the great paper manufacturer, made
samples of paper from bamboo stock, which were equal to the finest
qualities of linen and esparto paper.

Wood pulp is not only used by the paper manufacturer, but
serves for a variety of other purposes. By penetrating it with
special glutinous substances and subjecting it to high pressures, it
can be made as hard and as durable as one pleases, and be moulded
to any shape. Picture-frames, toys, ornaments, &c., are thus
made ; also slabs, which may be substituted for boards and planks,
and are practically unbreakable, and cannot warp or split even in
the most trying surroundings. In America solid railway-wagon
wheels are made of a skeleton of steel with specially prepared
wood pulp forced in between under- great pressure. Such wheels
last very much longer than purely iron or steel wheels, and, being
of much more elastic material, produce very little jar, and minimise
wear and tear of the rolling stock and permanent way. The loose
fibre is used for stuffing cushions, as packing material and for
filtering water.

The pulp may be made either (I.), by physical means, by rending
asunder the fibres between grind-stones, or (IL.), by separating the
fibres chemically by maceration.

I. Tue PrysicaL process.—The wood should be fresh-cut. It
is first barked, divided into short sections, about a foot long, and
split up, all knots and decayed portions being removed. The small
pieces are then broken and ground up in the mill, through which
a constant stream of water is kept flowing. The water carries
off the broken fibre and dissolves away all clogging substances.
The coarser portions carried down by the water are separated by
a special contrivance, and ground down again to the necessary
fineness. When the reduction is complete, the superfluous water
is removed, and the pulp is sorted out into different qualities ac-
cording to its fineness. Iun Germany alone over 6,000,000 cubic
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feet of wood is made into pulp by this method. The pulp thus
obtained is used principally as paper stock.

II. Tae CeeEMIicAL PROCEsS.—The wood is divided into billets
and barked. The billets are then sliced obliquely by a special
cutting machine into pieces about -inch thick. These pieces are
passed between fluted rollers, which break them up into chips
about 4-inch long and from } to -inch thick. The chips are next’
put into pierced iron barrels placed inside a large hoiler. The
boiler is then hermetically closed and completely filled with a
strong lye of caustic soda, and fires are lighted below. After
from three to four hours, during which the pressure of the steam
inside reaches a maximum of about 10 atmospheres, the process of
digestion is complete, the fires are put out, and the boiler is
emptied and opened. The contents of the barrels, which is now
pure cellulose (the maceration having dissolved away all the coat-
ing and cementing substances), are thoroughly washed with plenty
of water, refined and bleached, and passed between several sets of
rollers, from the last of which the entire mass issues forth in ap-
pearance resembling a large sheet of felt. The sheets, while still
moist, are sprinkled over with sand and rolled up and formed into
bales.

From the lye after it leaves the boiler, and from the first wash-
ings, from 75 to 80 per cent. of the soda is recovered and can be
used over again. The substance obtained by this process is the
pure cellulose of the wood in an unbroken condition, and is, there-
fore, not only adapted for paper stock, but also for the manufacture
of pressed articles, for stuffing cushions, for packing, for filtering,
&c. The yield of cellulose by this process is roughly 25 per cent
of the air-dried weight of the wood.

MR. ROUTLEDGE’S METHOD OF PREPARING BAMBOO FIBRE FOR
PAPER STOCK.—According to this gentleman the young bamboo
culms, while they are still semi-herbaceous, should be passed be-
tween two rollers resembling the rollers of an ordinary iron sugar-
cane mill. This crushing presses out all the sap and glutinous
substances, and reduces the culms to the condition of long flexible
ribbons, which, after being dried, can be made up into easily ex-
portable bales. The cleaning and bleaching processes can be effected
at the regular paper mills as in the case of rags and raw fibres.

WoOoD SUITABLE FOR PAPER STOCK.—Dark-coloured woods are
always unsuitable, since their bleaching would be unnecessarily
laborious and costly. Heartwood is also inappropriate, firstly, on
account of the dark colour, and secondly, on account of the encrust-
ing matters that cause the sapwood to become heartwood. It is



146 NOTEE ON THE UTILIZATION OF FORESTS,

evident that the wood should also not be too hard. Poplars, wil-
lows, the firs, most of the pines, species of Sterculia, Boswellia,
and other soft and rapidly growing species will doubtless prove
excellent for the purpose. The best wood is furnished by stems
not exceeding 1 foot in diameter.

SEectioN II.—FIREWOOD.

In spite of the innumerable different requirements of the popu-
lation in respect of timber, the demand for firewood is many times
larger, and will not only remain so, but will even increase in
greater proportion with advancing civilisation and wealth and
higher prevailing standards of comfort. Considering fuel for
cooking purposes alone, the annual consumption, at the very mo-
derate daily rate of 1 1b. per head per day, must already exceed
300 millions of solid cubic feet. Insufficiency and badness of com-
munications keeps down the demand as well as the supply brought
into the market, and millions of cubic feet rot or stand unprofit-
ably in the forest owing to impossibility or prohibitive cost of
export.

Firewood may be used for two sets of purposes, viz., (1) directly
for the heat and light it gives out in burning, and (2) indirectly
for cerlain products which form when it is burnt.

(1). Wood burnt for keating and lighting purposes.

Wood may be burnt until it is consumed, or it may be burnt
only to a limited extent and converted into charcoal for future use.*
Wood charcoal gives out the highest calorific effect of wood,
and is hence alone used for smithy and foundry work and for other
purposes which require not only a steady and prolonged, but also a
very intense, heat. For glass-making and ore-smelting also charcoal
should exclusively be used, but owing to the primitive condition of
the arts in India, the hardest and heaviest woods are sometimes
employed. For the production of steam (as for driving machinery,
soap-making, laundry work, &c.), charcoal is the best, but with
a strong draught the harder woods yield completely satisfactory
results (the softer woods are not used at all, because they burn too
quickly, and hence do not maintain a sufficiently steady heat).
For the kitchen also charcoal holds the first place, both on account
of the even heat it gives out and for its burning without smoke.
Hence the exclusive use of charcoal for roasting, baking and
grilling ; but when wood can be used, the choice between the soft

® The manufacture of charcoal will be described in detail in Part III.
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and light and the hard and heavy kinds depends on the nature of the
food to be cooked according as it requires a quick or a slow fire.
The baker, the potter, the tile and brick-maker, the lime-burner, the
stoneware manufacturer, &c., require a fuel that burns readily and
gives up all its heat quickly, and hence prefer the sofler and
lighter woods. For warming purposes the best adapted are the
heavy woods, that are not reduced to ashes at once, but form
large masses of glowing charcoal, and which do not crackle and
splutter or emit clouds of black pungent or malvdorous smoke.

In the Himalayas the resin-gorged wood of pine and deodar
stumps is split up into chips and splinters, and burnt in a chafing
dish in place of a lamp, giving out both light and heat. Dry
bamboos, bruised so as to become full of numerous long cracks,
burn like torches, and are so used by night travellers through the
jungles. The green branches of the torch tree (Lzora parviflora)
are also used for torches.

(2). Wood burnt for the products of combustion.

When wood is burnt (dry distilled) numerous substances are
given off in the smoke and vapours, such as lighting gas, acetic
acid, wood spirits, ether, creosote, tar, pitch, soot, &c., the quanti-
ty of these substances increasing with the temperature to which
the wood is raised, i.e., with the rapidity of the distillation. In the
ashes, we have potash and various other salts. The woods that
constitute the best fuel also yield the largest quantity of acid,
small branch wood being the richest. ~Tar and pitch can be
obtained in remunerative quantities only from resinous conifers.
The destructive distillation of wood is usually effected in large
iron vessels connected with a condenser. Tar and pitch may be
easily made by heaping up the wood to be burnt in a pit, at the
bottom of which there is a receptacle or a hole in communication
with a receptacle. After being filled, the pit should be very nearly
closed with sods, only a small opening in the middle being left in
order to admit a sufficient supply to maintain the wood at a glowing
heat. The wood should be split up small. Asthe wood burns the
tar and pitch run down to the bottom and is thus collected.

(To be continued).

ON THE TREATMENT OF BAMBOO FORESTS.

FrowM 15 to 20 per cent. of the total revenue of the Central Circle,

N.-W. Provinces, is derived from the sale of bamboos. The

question, therefore, of the rational treatment of bamboo forests is of
L}
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importance. There are apparently no works to which reference can
be made on the subject, and personal experience is acquired slowly.
It is in the hope that the method of treatment adopted in other
Circles and the observations made by other Forest officers may be
made public in the “Indian Forester” that the following notes
are forwarded to you.

In this Circle the question of framing the most suitable rules for
regulating the cutting of bamboos, which here consist entirely of
Dendrocalamus strictus, has occupied the attention of Forest officers
for some years. Numerous cases of overcutting were first noticed
by Sir D. Brandis during his last inspection tour in 1881, and it is
likely that at that time many more accessible portions of the Circle
were overcut, whilst the less accessible were practically unworked.
The result of this localization was evident in the poor quality of
bamboo exported, a large percentage consisting of shoots of the
year which shrivelled in drying and had a low market value.
Again, the arrangement of the price list favoured the export of thin
bamboos, so that exporters found it profitable to cut the upper por-
tion of the stem, leaving stumps from 3 to 5 feet high standing in
the clumps, and such clumps became in a few years inextricably
entangled, so that it was almost impossible to extract full-sized
bamboos.

The first attempt made to favour the production and growth of
the bamboo was by altering the price list so as to make inferior and
thin stems no more profitable to the exporter than good quality
stems would be. This measure was indispensable, and gave the
relief it was intended to. At the same time a general order was
issued that four stems should be left standing in each clump, the
idea being that it was necessary to stop the practice of cutting
clumps down entirely, and that in all probability the four stems
left would be the immature shoots of the year. This mneasure was
insufficient ; it proved extremely difficult to enforce, and it was
found that if four stems were left, they were not necessarily the
shoots of the year, and were indeed in most cases poor miserable
shoots of no use to the exporter and of little to the parent root-
system. One good, however, did accrue from this first attempt,
and that was the establishment of a more perfect system of regis-
tration by means of passes issued by the Ranger ensuring the
responsibility of cutters for damage done in the areas mentioned
in their passes. The failure of the first protective measures was
necessarily followed by more stringent rules founded on experience.

The second system consisted in (i), division of the forest into
blocks to be closed for varying periods until the most suitable
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rotation is discovered, (ii), prohibition of cutting stems of the year,
(iii), prohibition of cutting any stem at more than 1 foot from the
ground. Beyond this some forests which, from having been open to
rights and easily accessible, had been woefully abused, were closed
outright for a term of years to permit the exhausted bamboo stock
to recoup. In these days when revenue is of importance, when
the Forest officer is pledged to show that improvement of forests
and increase of income go together, it required some hardihood to
initiate such drastic remedies likely, by closing a large percentage
of productive area, to reduce revenue at a corresponding rate. But
fortunately, demand being brisk, these rules, issued at a risk, have
had the effect of opening out the less frequented forests, and
revenue has not fallen off, though the quality of material exported
and the standing crop is greatly improved. The working plan
for bamboos at present in force in this Circle comprises therefore
(i), a system of passes, each cutter being personally responsible
for the tract mentioned in his pass ; (ii), the arrangement of the
price list so that no advantage is gained by exporting inferior
produce; (iii), the closure of certain blocks annually ; (iv), charg-
ing a higher rate for bamboos extracted from blocks closed to
cutting during the previous year; (v), prohibition of cutting
stems of the year, and (vi), prohibition of cutting any stem higher
than 1 foot from the ground.

Clauses (i), (ii) and (v) call for no remark, and the advantage of
the prohibition under clause (vi) is self-evident—at any rate there
is no apparent advantage in leaving 3 to 5 feet of good bamboo
to wither gradually, its presence cannot protect the young shoots
for more than a few hours, whilst by cutting close to the ground
the clump remains open and clear, there is no chauce of entangle-
ment preventing easy extraction in future years, and there is direct
gain in utilising the entire stem which frequently provides two
sticks where one only was formerly exported. With regard to
clause (iv), experience will show what is the best method of col-
lecting the exhanced price. Auction sales are doubtless the most
productive, but are impossible when the forests are worked by men
of small means and without capital. Moreover, the sale of a
monopoly in any block might tend to favour overcutting, that is,
the exporter must add the price of his monopoly to the cost of
extraction and carriage, and the more material he exports the
cheaper he wounld afford to sell. On the other hand, there is diffi-
culty in collecting an enhanced rate from several exporters, while
the sale of similar produce at various rates is confusing, occupies
much of the Ranger’s time, and gives an opening for trickery.
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The important point is, however, to discover whether the welfare
of the bamboo and its revenue-producing powers are best served
by (a), opening blocks for two years and closing for one year ;
or (b), opening and closing in alternate years ; or(c), opening for
one year and closing for two. We wish to ensure to a clump the
full term of its natural life, and during this period to remove as
many marketable stems from it as possible without impairing its
productive vigour.

In the first instance, 33 per cent. of the available area would
be closed annually, but it would seem that there are some objec-
tions to this rotation—1st, of the area open to cutting one-half
would have been under protection the previous season and the
other half open to cutting, causing thereby a variation in rates ;
2nd, given u steady demand that is likely to continue, opening
66 per cent. of the forest does not sufficiently restrict operations,
and thereby drive exporters to the imaccessible localities ; and
3rd, one year’s protection after two years of heavy local cutting
is probably not sufficient to maintain the bamboo in full vigoar.
If blocks are closed to cutting every third year, the only prohibi-
tion being under clause (v), viz, that stems of the year are not
to be cut, and if at the same time it happens to be to the advantage
of exporters to remove as many bamboos as possible, it is probable,
or at least possible, that at the close of two working seasons such
blocks would contain only stems which had sprung up during the
previous autumn. The result of this treatment would probably be
increased activity in the root-system, and the springing up of
numerous shoots during the ensuing monsoon in the natural effort
to provide sufficient foliage to support the life of the clump. This
theory is borne out by observations made this season, when it was
observed that {fewer new stems were present in a forest closed to
cutting than in one cut over in the preceding spring. It is, how-
ever, likely that a clump repeatedly culled in, that is twice every
three years, to produce an abnorinal number of new shoots, would
be liable to become exhausted in the effort and ultimately die pre-
maturely ; and for this reason it appears that the second rotation
above noted has a decided advantage.

In the case of closing and opening blocks in alternate years, the
fact of the area being more restricted would lead to the extraction
of all marketable stems if at all accessible. The heavy crop of
new stems consequent on clear-cutting would then have time to
harden and be ready for the next rotation, whilst uniformity of price
would prevail in the Circle, and the general price list could then
be altered to meet the needs of the changed circumstances.
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Tuking the third plan of two years’ rest after one year’s cutting,
the advantage gained would be that a large proportion of the
bamboo would be in its third year, and, therefore at its prime,
whilst we could be perfectly certain that the clumps were not
overworked. On the other hand, the closure of so large a propor-
tion of the productive area and diminution of the new crop over
that area (on the theory that cutting produces new stems) would
doubtless be a serious hindrance to the income and unnecessary
as a protective measure. It is assumed in the above remarks that
all the marketable stems in a forest open to cutting would be
removed. Although this would not invariably be the case, yet
this is the basis we must work on ; for, in the first instance, it is
permitted and favoured by our rules, and, in the second instance, if
we intend to keep up the revenue from this source, to supply the
local market and yet to close yearly from 30 to 50 per cent. of
our productive area, we must expect to find that exporters will not
leave much of value behind them.

The advantage of closing a bamboo forest for more than two years
is not at present apparent, except in those special cases where pro-
longed ill-treatment necessitates prolonged protection. It is pro-
bable that in normal conditions the annual crop of new stems would
be much diminished, and after the second year there is actually no
improvement in the quality of the mature stems, but rather, in the
opinion of merchants, a deterioration in value. But this and many
other points can only be decided by actual experience, and it is a
record of such experiences that we are so badly in want of. Asa
rule natives are wonderfully incapable of accurate observation, and
their statements are not to be relied on without further enquiry.
For instance, the orders regulating the height at which stems must
be cut are unpopular, and it was generally asserted that the death
of the clump would follow such treatment. Yet the solid variety
of bamboo used for “lathis” is generally cut close to the root, and
often below the sarface of the soil, and it has not been noticed that
this has any injurious effect.

The seeding of the male bamboo is a subject of which little is
recorded. It may be theoretically correct to say that it flowers
annually, but in practice it does not do.so in this Circle. Solitary
flowering clomps may indeed be found every season, and in these
clumps sometimes one and sometimes many stems bear flowers.
But as a rule the bamboo flowers at long intervals over large areas,
though not over entire districts, and when this occurs the clumps in
these areas dry up and the ground is covered with seedlings. It has -
often been observed that clumps which have been so maltreated by
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men and cattle as to be at the point of death, carry flowering stems,
and it almost seems that the circumstances which influence the
seeding of bamboo are those which are conducive to the death of
the clump, such as age, continued drought, or persistent maltreat-
ment ; this would also explain the providential coincidence of bam-
boo seed with famine years, as mentioned in Brandis’ Flora.

It is a question for consideration whether fire-conservancy is
beneficial in mature bamboo forests. It has been observed that
continued successful protection so favours tree growth that after
some years the bamboos die for want of light, and it is in these cases
extremely interesting to note the struggle made by the new shoots
to reach the light above the tree growth. But this struggle ulti-
mately ends in failure. Pure bamboo forests, which, however, are
infrequent, are self-protective after a few, say 12 or 15 years. Itis
in this first period that protection is necessary, but the absence of
cattle is even more important than keeping out fire. Cattle graze
during the winter months when the leaves are green, and probably
often uproot the seedlings when grazing, whilst fires occur only
after the seedling has died down, and, if not very severe, do not
seem to injure the root. Those seedlings in the immediate neigh-
bourhood of the parent clump, however, rarely escape destruction
in forest not under fire protection, as the dry bamboo burns with
an intensity fatal to most young growth in its vicinity.

S. E-W.

THE FORESTS OF THE UNITED STATES.
I.—Tue Forest REGIONS.

THE general division of the forest of the United States into two
longitudinal belts, viz., the Atlantic and Pacific belts, is a natural
one, and has long been adopted by American scientists. Between
‘these two belts, separated from them by a broad strip of prairie,
may be placed a third, which may be called the North American
forest belt, and which comprises the forests of the ranges east of
the Bernardino Mountains.

Within each of these belts, depending on latitude and altitude,
are distinguishable four regions differing in climate and vegeta-
tion. It is the establishment of these four regions which is the
object of this paper ; and as they do not quite fit in with the
hitherto-published views of the American scientific world, it is
hoped that this paper will also have the effect of eliciting an
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interesting discussion, and perhaps of leading to a definite settle-
ment of the question.

The present distribution of plants, especially of the forest trees,
is the result of a slow struggle for existence between one another
during many thousand years. There seems no reason for sudden
changes, except from the action of man. Hence the actual geo-
graphical distribution of plants may be taken as constant for a
long series of years to come,

The vegetation of the whole globe may be divided into several
regions running parallel to the equator, and differing in climate as
well as in flora, which indeed is partly the ontcome of the former.
Hence, where the climate is sufficiently well known, the lines of
separation between the several regions may be traced out even
independently of the floral features. This method is indicated
where, owing to peculiarities of soil, typical representatives are
replaced by other forms which ordinarily grow in different regions,
such as pines in light sandy soils, or the swamp and white cedars
in wet ones. ‘

The boundary between two regions is actually defined by a belt,
the width of which varies according to the gradual or rapid change
of climate and flora from one to the other. But for scientific
purposes such a boundary is assumed to be a mathematical line,
that ought to coincide with a certain parallel of latitude, but never
actually does so owing to such causes as the unequal distribution
of land and water, the irregular configuration of the continents,
warm and cold currents, differences in the prevailing winds, &c.

There exists a very striking parallelism between Eastern Ame-
rica and Eastern Asia, also between Western America on the one
band, and Western Asia and Europe on the other. The Gulf
Stream, after running up along the south-eastern coast of the
American continent to 36° N. L., turns off north-east, striking the
western coasts of Europe, to which it gives their exceptionally
mild climate. The Japanese current, the Kuro Skiwo (literally,
the dark salt stream), glides along the south-east coast of Japan,
and bending thence north-east at the same latitude (36° N.) as
the Gulf Stream, finally strikes the western coast of North Ame-
rica in high latitudes, so that the climate of that region, in spite
of its more northerly situation, is no colder than that of the
European coast washed by the Gulf Stream. In both regions
forests may extend as far north as the 70th parallel of North
Latitude, while on the opposite or eastern coasts of the great
continents which are washed by cold currents, forest growth ceases
at about Latitude 50° N. '
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The preceding facts can scarcely be a matter of dispute, but
they do not seem to have been sufficiently taken into account in
the demarcation of the different floral regions, which demarcation
should be based especially on the distribution of the forest trees,
since they are far more typical and important than any kind of
shrub and most of the herbaceous species. Owing to the cold
and warm currents, the configuration of the continents, and the
prevailing winds with their. variable amounts of moisture, we may
expect a very irregular course of the lines separating the different
floral regions. And just as the isobars over a continent must be
drawn closer together, the nearer the maxima and minima pres-
sures are situated to one another and the greater their difference
is, so the several belts, representing the different zones of vegeta-
tion, must be made narrower, the nearer the cold and warm water
currents, with their influence on the climate through their ex-
tremes of temperature, approach each other.

Thus the whole distribution of the forest flora along the Atlantic
coast lies between the northern limit of the tropical region (26° N.L.
as I am inclined to fix it in Florida) and the limit of tree growth
coinciding with the 50th parallel of North Latitude, and hence
comprises a tract extending over only 24 degrees. By dividing
the country north of the tropical region into three equal zones,
each of these would include a belt not more than 8 degrees wide,
while on the Pacific coast each of these three belts would extend
across nearly 16 degrees.

(1). The Tropical Region.

If we adopt the tropics of Cancer and Capricorn as the northern
and southern limits respectively of the tropical region, then the
tropical flora does not enter the United States, or any island of the
Japanese Empire. But it is a fact well acknowledged by all
authors who have studied the North American flora, that it con-
tains no less than 41 genera and 50 species of trees (taking 8
metres as the minimum height of a mature tree), which are entire-
ly tropical, i.e., attain their maximum development only within
the tropics. Besides the area included within the tropics, those
other localities, where tropical trees are found growing in a wild
state to the exclusion of trees of all other regions, also belong to
the tropical region, notwithstanding their geographical situation.
Thus within the territory of the United States, we see tropical trees
growing on the keys (cayos) off the coast of Florida, and on the
coast itself from the southernmost point as far north as Tampa
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Bay. This portion of the United States belongs, therefore, to the
tropical region, its exceptional position right in the course of the
warm Gulf Stream probably accounting for this fact. Consequent-
ly besides the subtropical, a tropical region is found in the United
States, which forms the most northerly limit of the tropical West
Indian and South American flora. Besides the flora, the climate
of the places above-mentioned is really tropical also. Thus at Key
West we have—

Mean temperature during May, June, July,

August, . . 28°0C.
Mean temperature durmg November, Decem-

ber, January, February, e e 220
Mean annual temperature, e 25°
Lowest temperature on record, ... . 7,
Amount of rain during four warm months, ... 437 mm.

" »  year, oo . 2,000 ,,
Mean relatlve humidity during four warm :

months, e <« 71 per cent.
Mean relative humidity dunng year, e 78

Comparing the climate of Key West with that of Rangoon in
Burma (17° North Latitude and unquestionably situated in the
tropics), we find at the latter place—

Mean temperature of the four months (May—

August, inclusive), . 26°C.
Mean temperature of four months (November—

February, inclusive), ... e e 24°
Mean temperature of year, .. 26°,,
Lowest temperature on record, s we 14° ,,in1884.
Amount of rain during four warm months, ... 1,700 mm.

” »  whole year, .. 2,600 ,,

Mean relative humidity during four warm

months, . <. 84 per cent.

» » » » Who}e year, 78 ”

There exists hardly any difference between the climate of Key
West and Rangoon as far as temperature is concerned ; only the
amount of rain is in excess at Rangoon. Bat this difference can-
not militate against the statement that the climate of Key West as
well as its flora are truly tropical, since there are many places well
within the tropics, e.g., Madras, (which is under the 13th parallel of
latitude,) where during the four warm months only 812 mm. of

rain fall, and during the whole year only 1,250 mm.
. T
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We may expect similar conditions of climate on the most south-
erly island of Japan, e.g., the Rinkin group, which are exposed to
similar climatic influences with the Keys of Florida. Unfortu-
nately no meteorological data are at hand, and the nearest station
where regular observations are registered is at Kagoshima in the
southern island of the Kinshin group, six degrees further north
than the southernmost island of the Rinkin group. But these
suffice to prove that the station is entirely outside the tropics.
The flora of Bonin and the southern Rinkin islands, which have
hitherto been very incompletely explored, contain at least 15
genera and 20 species of tropical trees that attain their greatest
development in Malacca and Java. It is from these islands of Bonin
and Rinkin that Japan derives her supply of bananas and pine-
apples.

The tropical region is enormously developed where the equator
passes through broad stretches of continents, as in Svuth America
and in Africa, where every new traveller reveals fresh wonders of
luxuriant tropical growth. The same thing occurs in Asia, the
East and West Indies and the large islands between Asia and
Australia.

(2). The Subtropical Region.

North and south of the tropics the extremes of climate are more
marked, heat increases in summer and the cold in winter. The
weather from May till August is very hot, accompanied by want
of rain and low relative humidity of the atmosphere.

The cool moist winds from the sea, on their way over the con-
tinent, are soon heated and thus dried up, so that a few degrees
from the coast the relative humidity of the atmosphere soon sinks
below 50 per cent. At this point the limit of forest growth is reach-
ed. Mexico, the northern part of Africa, Southern Europe, Arabia,
Persia, are all within the subtropical region. They support a poor
subtropical flora within the vicinity of the sea, while the interior
is mostly open shrub and grass jungle, or even desert of the most
desolate description. Where, however, the hot winds strike up
against high mountains or pass over high plateaux, they get cooled,
their relative humidity being thereby increased and the formation
of fog or rain being the consequence. Here a rich subtropical
flora may be found up to an elevation where trees deciduous in
winter begin to prevail. This occurs in the Atlas Mountains in
Northern Africa, in the Himalayas, on the mountains of Northern
Mexico, in Arizona, New Mexico and California. In Eastern
Asia there prevails from May to December (the months of princi-
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pal vegetative activity) a strong south-west monsoon, which, load-
ed with moisture, causes more rainfall and relative humidity of the
atmosphere than during the rest of the year. To these favourable
conditions must be ascribed the abundance of subtropical forms in
China and Japan.

Within the limits of the tropics no frost ever occurs, but places
in the subtropical region may not unfrequently experience slight
degrees of frost. The subtropical region in the American Atlantic
belt is reduced to a narrow strip of country and limited to a small
number of species.  On one side the great mass of deciduous trees
partly favoured by the cold current and partly by the free exposure
due to the wide stretch of continent, advances 5° further south
to the 30th parallel of latitude (the 35th parallel being generally
the northern limit of the region). On the other, the tropical region,
owing to the warm sea currents, extends 4° further north than its
average limit, viz., to 274° N.

Hence the subtropical region of the Atlantic forest belt comprises
only the middle and northern parts of Florida and a small strip of
land on the Atlantic coast washed by the Gulf Stream and extending
up to the 36th degree of latitude. But even that small strip is little
suited for evergreen broad-leaved trees, which require a rich soil for
their growth. Most of the country referred to consists of a light
sandy soil too poor for broad-leaved species. These, therefore, give
way to pines, which everywhere take their place in similar localities.
Other places are too wet for pines or broad-leaved trees, and either
have no trees at all or support only forests of such conifers as
Tazodium (the bald cypress) or of Chamacyparis (the white cedar).
The flora of the subtropical region within the Atlantic forest belt,
so contracted as the region is, owing to the configuration of the
country, proximity of cold currents and poorness of soil, is so poor,
that it has been entirely overlooked. Itcomprises only 9 genera
and eleven species of forest trees capable of attaining a height of
three metres.

While on the Pacific coast the tropical region does not enter the
United States at all, the sub#ropical region stretches along two-
thirds of the length of coast of California as far north as the bound-
ary between that State and Oregon, i.e., up to the 40th parallel of
latitude, or 5° beyond the average limit. ~But that broad strip of
country supports only a small number of evergreen broad-leaved
trees, partly because the country is intersected by vast belts of
prairie, and partly because 5 geners, comprising 12 species of
conifers, take their place. Thus the Angiospermous flora includes
only 7 genera and 10 species of forest trees.
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The subtropical region, on the other hand, of Eastern Asia is
remarkably rich. A broad belt of evergreen forests along the
Chinese coast and on the great southern islands of Japan belongs
to this region, which, owing to the warm current, extends along the
coast and its headlands as far north as the 36th parallel of latitude.
The forest flora of this region includes not less than 40 genera and
80 species of trees, of which 24 genera, comprising 52 species, are
natives of Japan. Of conifers 4 genera, comprising 7 species,
are typical of the region, and of these 1 genus and 2 species are
found in Japan, while two other genera, comprising 2 species, of
which 1 genus and 1 species belong to Japan, take the place of
broad-leaved trees.

(3). The Warm Temperate Region.

In the northern part of the subtropical region deciduous trees are
mixed with evergreen. Further north the former begin to pre-
vail, while the latter are reduced to a small number of scattered
individuals, or even to mere shrubby undergrowth ; here we enter
the great forests of deciduous irees which constitute the warm
temperate region.

This region is well-developed in the Northern Hemisphere, espe-
cially in Eastern North America, in Eastern Asia and in Europe,
two-thirds of which belong to it; whereas in Western North
America on the Pacific, with its high mountains and vast prairies,
only the vicinity of the coasts and rivers is adapted for broad-
leaved trees, which are, moreover, mostly replaced by conifers.

The Atlantic forests of deciduous trees have their northern limit
beyond the United States in Canada. Towards the south as well as
the north, on dry sandy or gravelly soil, pines replace the broad-
leaved trees, which require a richer soil for their existence, while
in places too wet for Angiosperms, Gymnosperms like Tsuga and
Chamaicyparis, and even a stunted growth of firs, spruces and
larches, which belong to the next more northerly region, may
replace the typical tree-flora.

In my various travels round the globe, I have not observed any
forests of deciduous trees to compare with those of the Atlantic
region of the United States in the number and value of their indi-
viduals.

It has generally been held a sufficiently established fact that,
with the sole exception of tropical forests,those of Japan excel
the Atlantic forests in richness of genera and species; and also in the
beauty of their autumnal tints. But a careful investigation of
Japanese tree-vegetation and its biology, of which, however, so
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little is as yet generally known, and many opportunities of observ-
ing their autumnal tints, lead me to the conclusion that sufficient
credit on both points has not been given to the Atlantic forests
of the United States.

According to Professor Sargent’s well-known report on the forest
trees of the United States, the forests of the Atlantic belt contain
notiless than 61 genera, comprising 154 species, of deciduous trees,
which attain a height of over 8 metres ; while the Japanese flora
of the same region contains 64 genera and 132 species ; so that
the latter includes about the same number of genera, but falls
considerably behind the flora of the Atlantic coast belt in respect
of the number of deciduous species.

It is clear tbat untii now something must have been overlooked,
otherwise the true state of the case could not have remained
hidden so long.

It is true that if we take the trees of both the subtropical and
warm temperate regions together (a grouping that is of little
practical and scientific value, as the trees of both regions mix only
on the boundary between them), then the Atlantic forests comprise
70 genera with 165 species, and those of Japan 88 genera with
184 species, taking Angiosperms alone into account. But if we
adopt the plan of comparing a forest in a particular region in one
country with the forests of the corresponding region in the other—
and we cannot justly do otherwise if we wish to compare and
form an exact idea of forests actually existing in nature—we shall
see that the greater richness in forest trees of the Japanese flora
holds good for the subtropical region, but by no means for the
warm temperate region. I need hardly add that the Japanese
flora is very rich in numerous shrubs, which do not attain a
height of over 8 metres, and are, from a practical stand-point,
more or less insignificant.

In Europe the forests of the warm-temperate region are com-
posed of 29 genera and 66 species, while the Pacific flora of the
corresponding region (the North Mexican flora of Western Texas,
Arizona and New Mexico always excepted) contains 21 genera
and 44 species only, and is consequently poorer.

If we compare the number of typical conifers which replace
broad-leaved species in different parts of the globe, we. obtain these

results—
Genera,  Species.

Atlantic belt, e 7 16
Pacific ,, e e 11 18
Japanese region, ... e 12 19

Europe, w8 9.
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4. The Cool Temperate Region.

Within this region dark-green coniferous trees, such as firs and
spruces, predominate. The climate differs from that of the pre-
ceding one as being more exposed to extremes of temperature and
less to extremes of humidity, which is relatively higher than in
the warm temperate region ; there is more rain and snow, and the
whole region may be characterised as more or less uniformly
cool, damp, foggy, with a long period of rest for vegetation in
winter. Such is the climate where spruces and firs are found
wild in Burope, America and Asia.

Within the Atlantic belt only the highest peaks of the Al-
leghanies, Andirondacks and White Mountains bear considerable
patches of dark green forest, but north of the United States, in
Canada, the forests of this cooler region prevail on a vast scale.

The Pacific coast, owing to the great number of high mountains,
contains extensive tracts of forests belonging to this region, which
reach their largest development in Columbia and Alaska.

Within the three large islands of Japan, Kinshin, Shikoku and
Hondo (Nippen is not the largest island, as is generally believed
in Europe and America, but merely the native name for the whole
empire), that region is limited to the higher mountains, and on
the northern island of Eso (often corrupted on maps into Yesso)
the firs and spruces extend down to the sea-level. In Europe the
forests of this region descend to the sea level from the 60th paral-
lel of latitude in the North-West and from the 58th parallel in the
North-East. Thus, inclusive of the mountain forests of the pre-
ceding warmer region, about one-quarter of the land surface of
the northern hemisphere is under fir and spruce, or at least was
covered by those trees before man’s appearance on the scene.

Within this region the conifers alone attain their maximum.

Their number may be put down at—
Genera. Species.

In the Atlantic belt, ... e 4 6
»  Pacific, s .. 6 16
»  Japan, .. 4 10
»  Europe, e 4 10

1t is remarkable that four genera (viz., Pinus, Picea, Lariz and
Abies) are found in Europe, Asia and America, thus being cir-
cumpolar. The Pacific coast alone possesses two additional genera,
viz., Chamecyparis and Tsuga.

If we class together all the coniferous trees of the sub-tropical
and the two temperate regions—a proposal often discussed, but of
little practical or scientific value—we find—
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Genera, Species.

In Eul‘ope, Iy ooe Y 8 20
On the Atlantic coast, e 13 26
In Japatl, ver .se .oe 17 32
On the Pacific coast, e 22 46

The genus Pinus deserves special consideration. Most pines
seem to be substitutes for other trees for which the soil is too
poor, especially when dry, gravelly, or sandy.

For botanical and economic purposes it may be advisable to dis-
tinguish in the East a “Southern Maritime Pine-Belt” and a
“ Northern Pine-Belt,” and perhapsalso an ¢ Atlantic Coast Pine-
Belt.” But for biological considerations, which are indispensable
when the preservation, management and cultivation of a forest are
in view, it may be useful to bear in mind that the southern mari-
time pine-belt occupies the boundaries of two natural regions, viz.,
the sub-tropical and warm temperate, so that the pines of the
southern part of the belt (P. cubensis, clausa and seratina) form
substitutes for the evergreen broad-leaved trees, while the pines
of the northern half (P. australis, Teda, mitis and glabra) form
substitutes for the deciduous trees of the south. In the same wa
the northern pine-belt lies on the common boundary of the broad-
leaved deciduous trees, and of the firs and spruces, thus replacing
the trees of both regions. Lastly, the Atlantic coast pine-belt
(between the two others) replaces trees of the warm temperate re-
gion only.

The forests of the United States are extremely rich in pines, to
the number of which the present writer bas been able to add one
more, which Professor C. 8. Sargent has described as a new species.
It is most certainly a recent addition to the flora of the United
States, and belongs to the North Mexican flora, as it was found, in
December, 1889, on the southern slopes of the Santa Rita Moun-
tains in Arizona. However, Mr. C. G. Pringle, also an authori
on North Mexican trees, declares it to be identical with the Pinus
Engelmanni of Mexico. It is remarkable that, so far as my experi-
ence goes, scarcely a single pine grows within the tropics. The pines
of Burma, India and Sumatra are by no means within the tropics,
but, owing to the elevation above the sea at which they grow, in a
region that is semi- or sub-tropical, although a few patches of the
Khasia or the Sumatra pine may occasionally enter the tropics.

Within the Sub-tropical Region—

Japan has . «ss 1 pine.
Europe, "
The Atlantic coast, «e 8 pines.

The Pacific coast, we 6,
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In the Warm temperate Region—

Japan has . . .« 4 pines, (including the one
The Pacific coast, .e . 6 in the sub-tropi-
Europe, .o oo oo 7 ”» cal region).
The Atlantic coast, . o 9
Inside the Cool temperate Region—
Japan has . . . «« 1 pine.
The Atlantic coast, .o . - 1
Europe, . . . ee 2 pines.
The Pacific coast, o .o «w &

Europe has 10 pines altogether, while the Atlantic belt has 13,
the Pacific belt 17, and the North American belt (within the United
States) 8, being a total of 38 for the whole of America. The
poverty of the Japanese flora in pines (5 altogether) may be ex-
plained by the fact that only in some places, immediately bordering
on the coast, and on the mountains of granitic formation in the
interior, is the soil so poor and dry that no other trees but pines
can grow.

I1. TeE PRAIRIES.

The meteorological observations of the United States recorded
in the annual publications on the subject are unsurpassed in com-
pleteness by any of the reports of the Meteorological departments
of Europe. From these observations we can deduce the climatic
characteristics of the vast prairies. I mean no aspersion when I
express the wish that the meteorological stations in the West may
be considerably augmented in number, so that several new ones
may be located within the forest regions of the mountains which
possess such different climatic characteristics and lie so close to
vast prairie tracts.

On the East the moist winds from the Gulf and the Atlantic
can easily enter the continent, bringing with them sufficient mois-
ture to cause enough rainfall for an enormous belt of forests.

In the West the moist winds from the Pacific, in blowing over
the continent, impinge several times (below the 42nd parallel of
latitude), against lofty ridges running parallel to the coast, and each
time parts with a portion of their moisture.

The effect of these successive parallel mountain ranges upon the
moisture of the wind, and consequently upon the vegetation, is well
illustrated by the following facts and observations :~

The moist ocean winds ascending up the Pacific slope to the
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crests of the first range of mountains (the Coast Range) get cooled
as they ascend and give rise to a belt of uninterrupted forest.
This forest belt ceases at the average height of the passes, for the
wind having now to descend, becomes warmer as it descends, and
hence relatively drier. Fog and rain, therefore, are no longer
produced, and prairie only can exist. On the second, the Cascade
Range, the wind again becomes an ascending current, and al-
though it has already parted with some of its moisture on the first
range, still contains enough to nourish prairie growth up to the same
elevation as the passes of the first range, above which height, how-
ever, as it gets further cooled and relatively moister, it causes
forests to reappear. It is a noteworthy .fact that on the interme-
diate minor ranges there will be only prairie if they do not rise
above the height of the passes of the first range ; but if any of
their summits exceed that height, these will be forest-clad from
being inside the upper stream of moist air. On the third range,
that of the Rockies, the forest line begins at the average height
of the passes of the second range, and the forests extend upwards
until the temperature becomes too low for tree-growth. The
intermediate minor range of the Blue Mountains is covered with
forest only from the level of the passes of the Cascade Range.
Beyond the Rockies we find only prairie until we reach the west-
ernmost edge of the area under the influence of the moist winds
from the Gulf and the Atlantic ocean.

From observations made in North America, and in Europe and
Asia, we deduce the following law :— Forest growth ceases where the
relative humidity of the air during May, June, July, and August no
longer attains 50 per cent., or where the rainfall during that period
18 less than 50 mm. (2 inches), or where frost occurs in each of those:
months (a region marked by the annual isotherm of 0°C.) Regard-
ing the North American prairies in the light of this law, we observe
that the prairie situated east of 95th meridian West receives
during the four months in question more than 200 mm. (8 inches)
of rain, while the air contains more than 60 per cent. of relative
humidity, and the mean annual temperature stands well above
0°C. These characteristics are a certain indication that this portion
of the North American prairie has once been under forest ; and
that forest can again be introduced there has been fully proved.

From 95° West Longitude westward to 100° the relative humi-
dity, as recorded, is above 50 per cent., and rain and the tempera-
ture seem to be sufficient for forest growth ; but we must bear in
mind that the meteorological stations from which these data are
derived are situated in rich sheltered valleys, well-watered by

U
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rivers—circumstances which must considerably raise the relative
bumidity. More accurate knowledge of the climatic characteris-
tics of the high prairies are required before we can determine the
natural boundary of forest growth on the west.

Between the Rocky Mountains and the 100th meridian the
relative humidity falls below 50 per cent. Forest growth is
therefore impossible, and in fact most of the prairies between the
Rockies and the Cascade range suffer from want of rain and rela-
tive humidity. The Californian prairie is, however, an exception
to the rule, as the relative humidity (above 60 per cent.) is suf-
ficient for forest growth; but the amount.of rainfall during the
four summer months is less than 50 mm. (2 inches).

For practical purposes the prairies of the United States may
be divided into three regions as follows :—

I. Prarries east oF THE Rocky MounTaINs, which may be
thus sub-divided—

(a). The Northern or Grass Prairie.—It is due to the low rela-
tive humidity during the four principal months of growth. Stillit
is sufficiently well-watered. It has been, and is still being, greatly
added to on the east by fires. Agriculture is practicable through-
out ; forestry only east of 100° West Longitude.

(b). The Southern or Shrub Prairie, west of 100° West Longi-
tude.—It is unfit for forestry; for agriculture irrigation is neces-
sary.

II. THx PRAIRIES ON THE NORTH AND SOUTH BETWEEN THE
RockY MoUNTAINS AND THE CASCADE RANGE (SIERRA NEVADA).
—Owing to want of rain and deficient relative humidity of the
air forest growth is impossible. Away from the river valleys,
even agriculture, helped by irrigation, is doubtful.

III. Tae PRAIRIES BETWEEN THE SIERRA NEVADA AND THE
Coast RaNGE.—This is in the Californian valley. Rain is deficient
during the season of vegetation, although the relative humidity of
the air is sufficient for forest growth.

It may not be far from the truth to say that all grass prairie is
the locality par excellence for raising cereals, which are, after all,
nothing else but grasses. The question as to what kinds of cereals
can be profitably grown depends upon other factors.

It may be mentioned as a fact of practical value that the
height of trees does not depend solely on the quality of the soil,
as is laid down in some European text-books on forestry, but also
on the humidity of the air. In localities with an average relative
humidity of above 60 per cent., we may safely expect that forest
trees will grow to a height of 25 m. (83 feet) and more. When
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the relative humidity during the period May—August does not
exceed 60 per cent., the height of the trees, which must be planted,
will diminish in geometrical progression as the percentage sinks
to 50, the limit of tree growth. There can be no doubt that
fruit trees will grow wherever ordinary broad-leaved trees can do
80, and it is to be hoped that small-sized fruit trees may be grown
with irrigation beyond the limit of forest growth, that is, in
localities with an average relative humidity of less than 50 per cent.

Toxk1o, Dr. H. Mayr.
July, 1889.

¥

THE COMING CHANGES WITH RESPECT TO THE

TRAINING AND FIRST APPOINTMENT OF FOREST
OFFICERS SELECTED IN ENGLAND.

Frou the excellent paper read by Dr. Schlich before the Society
of Arts and published in another part of this issue, our readers
will have observed that the following changes in the training and
first appointment of our Junior Assistants have been sanctioned
by the Secretary of State, and will come into force with the entry
of the next batch of probationers into Cooper’s Hill :—

(1). Course of training extended from tweaty-six to thirty-
four months, so that no Junior Assistants will join us at the end
of 1892.

(2). Initial pay of a Junior Assistant raised from Rs. 250 to
Rs. 350.

In addition to these two changes the limits of age for entry
into Cooper’s Hill will, from 1891, be 17 and 20 years respectively,
instead of 17 and 21, and from the same year a new scheme of
subjects and marks for the competitive examination, based on that
of the “ Further Examination” for Woolwich, will be devised.

Changes (1) and (2) and the improvement of the scope and
standard of the competitive examination are a move in the right
direction, and one that has been urgently called for from the very
beginning.

It has been a common complaint on the part of those who ought
to know that, for many years past, both the number and quality
of the candidates appearing at the annual competition have fallen
off very considerably. When the European system of training
was first established, the glowing prospectuses and advertisements
scattered broad-cast over the face of the country by the Secretary
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of State, entrapped many young men into presenting themselves
for competition, who had before them far more promising careers
than the Indian Forest Department could really offer them. Thus
for the first few years the Secretary of State secured into his net
candidates most of whom had received the best education that
could be got at the Public Schools and Colleges. Such men could
not fail to acquire at the Forest Schools and in the model forests
of the Continent the knowledge and ideas which, after a few years
of Indian experience, were to make them thoroughly competent
Forest officers for this country.

But it was not long before the gilt fell off the ginger-bread.
The men of 1872 and 1873 had to remain low down on a long
supernumerary list until the beginning of 1876 ; and not only this,
but as until 1875 promotion to the 2nd grade of Assistant Con-
servators depended entirely on the occurrence of vacancies, these
officers vegetated for years in the 3rd grade, and not a single one
of them attained to the 1st grade before 1st July 1880—8 years to
become Assistant Conservator, 1st grade, on the magnificent salary
of Rs. 450 a month! ’

Add to these wretched prospects the hard work, practical
banishment from society, constant locomotion, the discomforts of
eight to ten months’ camp life in remote wild places, and exposure
to serious risks to health. No wonder, therefore, that young men,
as well as their parents, fought shy of such a career as long as
there was even a less lucrative one open elsewhere. Matters have
come to such a pass that various devices have had to be adopted
in manipulating the marks in order to secure the number of quali-
fied (?) candidates advertised for, such as grouping several subjects
under one head that used to be distinct before. Indeed, in some
cases, even after manipulating the marks, the required number of
candidates could not be brought up to the qualification standard,
and men had to be taken who had completely failed to qualify.

Merely, therefore, in order to attract more and better candidates
to the competition, it was necessary to improve the initial pros-
pects of the successful men. But since 1881 the establishment of
the Dehra Din Forest School has made this necessity still more
pressing.

The object of that School is, as all our readers are aware, to pre-
pare Executive Forest officers, viz., Rangers and Sub-Assistant
Conservators. Such officials are usually in charge of Ranges and,
in exceptional instances, even of Divisions. Now the duties of a
Range officer correspond exactly with those of a Garde Général
and Inspecteur Adjoint in France aud of an Oberfoerster in Ger-
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many, so that our Rangers and Sub-Assistant Conservators must
be thoroughly, versed in sylviculture and in the utilization and
protection of forests ; and the professors and teachers at Dehra
Din accordingly do their best to work up to this requirement.
Such being the case, the officers of the Controlling staff, the
departmental superiors of Rangers and Sub-Assistants, cannot
justify the position they hold unless they prove themselves to be the
superiors of these latter in professional knowledge and general
scientific attainments also. In order that they might do this, three
conditions are essential—(1) they must bave had a thorough gene-
ral education, (2) they must have proved themselves to possess
high natural abilities, and (3) they must be given the very best
professional education that can be provided.

We are thus naturally brought face to face with the question—
“To what extent has the present system of forest education at
Cooper’s Hill been able to replace the continental one which pre-
ceded it ?”

In dealing with this question, we must remember that Cooper’s
Hill is primarily and principally an Engineering School. In
grafting the forestry curriculum on the original one of engineer-
ing, the latter has not in any way been modified for the benefit of
the other. Hence, where the two courses run on the same lines,
the forestry one has to go too far in some respects and does not
go far enough in others. The result is inefficiency as well as loss
of time. This loss of time has more serious consequences than at
first sight appears, for it takes away from the total number of
hours which ought to be devoted to the branches of forestry
proper, gives a false importance to certain subjects, and makes the
daily programme of work seem a full one. It is, no doubt, in a
great measure due to these three circumstances that the absurdity
of having only a single Professor of Forestry has so long been
tolerated. It is perfectly impossible that one man can effectively
teach to two classes a subject so comprehensive as forestry.

Another drawback from which the Cooper’s Hill training has
suffered, and must continue to suffer for the next twenty years at
least, is the absence of model forests and model operations in the
neighbourhood. It is the opinion of all experienced teachers of
forestry that unless the teaching in the lecture room is at once
practically demonstrated in the forests, the average student is
unable to follow it in all its bearings, and will often conceive very
imperfect and misleading mental pictures of the phenomena or
operations discussed and fill his mind with totally wrong ideas.
Once such ideas formed, they are very difficult to eradicate, even
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in daily sight of examples to the contrary, to which the warped
mind has become purblind.

We cannot, therefore, but confess that the present system of
training our Jumor Assistants, so far as it is a substitute for the
system it has replaced, has been a failure, and we have great cause
to be thankful that measures are now at last to be taken to improve
it. If a sufficient number of good competitors can be attracted,
the improved scheme of entrance examination will give us the stamp
of men required ; and the addition of eight months to the period of
training and the probable appointment of a second Professor of
Forestry will afford the opportunity of remodelling and expanding
the scheme of instruction and making it more practical and
thorough. Of the thirty-four months of the course, twelve at least
should, in our opinion, be spent in Germany. A preliminary
probation of some months spent in Germany in some instructive
forest area, where the students will have an opportunity of seeing
the various principal operations carried out and the effects of those
made in preceding years, is to be recommended. Without such
probation the students will not be able to derive the full profit from
the courses of lectures held at Cooper’s Hill. In former years, the
men who went for their training to France passed a probation of
this kind for six months before joining the Forest School at Nancy,
and many of them owe to that probation the success which they
subsequently attained in their studies.

The best plan of all would, of course, be for the students to spend
the first year in England in studying book-keeping, surveying,
engineering, chemistry, mineralogy and geology, and the various
branches of botany, the remaining twenty-two months being passed
in Germany in learning forestry, forest jurisprudence and land
tenures, forest zoology, and accounts and procedure. But such a
plan would mean the abandonment of Cooper s Hill as a Forest
School.

One point in connection with the teaching of sylviculture and
the organization and management of forests we cannot insist on
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