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ARBORICULTURE.

Creation, reproduction and treatment of Forests.

The creation or reproduction of a forest, by
means of sowing or planting, is called artificial
cultyation.

The faorest may depend for its reproduction on creation, regro-

duction and treat-

the seed shed by mature trees, or on the power ofmeut of Forests,
coppicing from the stool of utilized trees. This is

called natural reproduction.

The fostering and guidance of the growth of
trees by means of thinning, pruning, &c. &ec., is
termed treatment of Forests.

For literature on this subject, see “ Browne’s
Forester.”
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Drainage,

first point to be considered in a system of irrigation is-
the equal fall in the channels, so as to prevent silting
up of water-courses and destruction of embankments.

With us, the amount of fall depends mostly on
the fall in the canal and the height of the weirs
from which we receive the water. Wherever we have
had to resort to artificial watering, it was found
advisable to procure the highest possible average
fall, but it would not be judicious to have & fall of
more than 1 to 1} feet in a 100 feet. The ditches
should have the same cross cut; and to secure this, a
so-called profile pattern should be made of light wood
to serve as a guidance to the workmeu employed in
digging the ditches. It will, at the same time,
facilitate the measuring up of the work. The
excavated earth from the larger ditches is to
be divided on both sides of the water-courses,
and the soil out of the trenches is to be formed
into a ridge on the sunny side of the trench.
The water will reach by the capillary action
to the very top of the ridges. , This system of irri-
gation requires to be kept up by the annual removal
of the silt and vegetation collected in the water-
courses and trenches.

Drainege.

Though we have as yet had no opportunity
in this country of cultlvatmg boggy or marshy soil,
it isas well to add a few remarks concerning it.
The system and formation of ditches for the com-
plete drainage of such a soil is the same as that
employed for irrigation, though they aim at oppos1te :
results,
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The smallest ditchbs draw the superfluous water
from the soil within their immediate vicinity, the
larger ditches collect the water, and the head channel
or channels lead it into "the nearest river, canal or
other natural drainage. This system is to be
adopted if the boggy condition of the soil is due
to a collection of rain water which cannot percolate
through the ground on account of the nature of the
soil, nor run off, owing to the peculiar formation of
the surface.

Springs without natura] outlets are often the
cause of the marshy condition of the soil. When
this is the case, the most sensible plan will be to
lead them by means of a short water-course into the.
nearest natural drainage. It is, of course, necessary
to keep all drains as free as possible of silt and
vegetation till the trees have closed above.

‘When once a cover of trees has formed, the
danger of the soil getting boggy again has passed
away. A good forest is as active a means of drain-
age as a system of ditches.

It will be advisable to lay two of the smaller
drainage ditches close together, and to form a
ridge for cultivation between the two.

Preparation of oil.

~

The ground being thus, according to cn‘cum-s Preparation of
stances, either irrigated or drained, the next point
to observe will be the preparation of the soil.
Forests under perfect, natural conditions require no
preparation of soil whatsoever.

The leaves shed by mature trees and the
decaying wood form a vegetable mould, and there-
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with a natural seed bed. The soil is loosened
through the influence of the humus. The seed
germinates readily, and the loose soil not only affords
well decomposed nourishment to the young seedlings,
but the roots are able to penetrate it without effort.
But, as remarked above, this perfect state of soil
is but rarely attainable on places selected for arti-
ficial cultivation. On some spots, humus soil has
never. been formed, on others it has disappeared
through long exposure, or the soil is covered with
dense weeds and grass. In such cases the Forester
must endeavour to imitate nature as accurately as
possible, and create the conditions necessary to the
growth of plants by means of the preparation of the
ground.

Of importance are, the covering of the soil ; the
upper layer for germinating of the seed, and the lower
space for the formation of roots.

Covering of the ground.

Covering of the The covering of the ground may be either

ground.

beneficial or hurtful to cultivation according to the
nature of the covering and soil. A light growth of
weed on sand and limestone soil is beneficial,—such
a covering as will spring up shortly after the clear
cutting of a good forest. A covering of weeds on a
heavy loam and clay soil is extremely pernicious
on account of its quick and dense growth.

A most destructive covering of the ground
in the plains is “Saccharum” (see Nig, Changa
Manga, Compartment No. 75, and Rodeshah).

The density of the growth not only smothers
the young plants, but causes the stagnation of water,
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impedes a free circulation of air, and forms a sour

humus,—all three detrimental, even to trees that have

topped the grass. They &use the decomposition
of the sap, and thus kill the tree. (See Chapter
“ Diseases of Plants,” Botanical Pamphlet.)

On loamy soil the covering must be dug out
by the root and burned. On sandy soil a partial
thinning out and burning during the dry weather
will be sufficient.

A still greater enemy to the young seed-
lings is ‘“Salsola” (see Changa Manga, Compart-
ment No. 6). It smothers and kills the young
trees, and the only way to protect them is to dig
out the Salsola before it seeds and destroy it with
1ts roots.

When the ground is covered with Tamarix
(Jau) a total cutting and partial clearing out of the
roots will be sufficient.

Thickets of Calaminthus and Indigofera are
very detrimental, but a cutting and partial clearing
is all that is necessary.

A dense grass covering has to be cleared
entirely if the soil is to be sown ; but it is better to
have recourse to planting on such places.

A fresh govering of Calaminthus, Indigofera,
laspberries, &c., ‘and a thin growth of grasses,
necessitate no removal if the soil can be seen every-
where, but an immediate cultivation is required here.

A covering of Ferns, Polygonum, Impatiens,
&c., which has sprung up in the shade of a forest,
and which remains for some time after clear cutting,
indicates a soil ready for reception, They need not
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Preparation of & portion of the area.

. pi':e‘i’:?ti?“tﬁf In all o?her cases & partial prepa,-r‘a.tibn is pre-
area, forable. Itis not only o saving of money, labor,

time and seed, but it has proved to be the safer
method of cultivation,

Wo distinguish the following preparations of

soil :—
1. Ridges.
2, Trenches.
8. Strips.
4, DPlots.
5. Small seed plots and holes.
6. Scooped-out, hollow places.

1.—Ridge Cultivation.

|, idge Cultiva. This way of preparing the soil is only practi-
' cable on irrigated or drained land. The irrigation
or drainage trenches are made close together (average
10 feet), and the earth thrown up on the sunny side of
the trenches is formed into a ridge and beaten down
ot allowed to settle. (The entire area of the Changa

Manga Plantation has been treated in this way).

2.——T'rench Cultivation.

Trench cultivas This system was formerly in vogue in the
Hon, Panjsb Plantations. The trenches were dug, the
earth removed and filled inagain, When the soil
is hard and poor, and especially when it is covered
with weeds, this method, undoubtedly, answers well ;
but the ridge system offers the same advantages,
even to a higher degree, and at the same time facili-
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tates watering, The trench system can therefors
only he recommended in cases of roadside planting
‘on hard soil, or where it is necessary to break
through a layer of kankar or of clay impenetrable
to roots, In such cases, the goad soil only is thrown
back into the trenches or holes,

It is well to leave the earth taken out of the
trenches exposed to the influence of the climate for
a whole season. This will greatly loosen and help
ta dissolve the sail.

8.—Cultivation in Strtpa,

_ In the pla.ms, the strips should, like the trenches o Siltivation in
and ridges, run in straight parallel lines, leaving the "™

refuse on the sunny side. In the hills, the lines

should be parallel and horizontal, and the refuse

placed on the side nearest the slope.

The width and distance of the strips dependson :—

1.—The covering of the ground, and existing or
expected grass and weed growth.

2.—The moisture of the soil,

3.—The growth of the spécies, of wood to be
cultivated.

4.—The amount of seed and money available.

The width may be that of a single plough
line, or the breadth of a single hoe, if the soil i
light and the covering slight, especially if the trees
to be. cultivated court protection. The width of
the strip must be extended to 1 and 1} foot if the soil
contains much moisture, and if the growth of grass
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Cultivation of
scooped-out, hol-
low places,

In hill forests, this method can only be adopted
shortly after clear cuttings, before the ground is
covered with the more dangerous kinds of weeds.

On light saildba, the heavier species of seeds,
such as Ber, and even. Kikar seeds, which demand a
thicker covering of soil, can be sown in a still less
expensive manner by pressing a small hole in the soil
and dropping the seed into it, and closing the hole
by stamping or pressing upon it. This method
would also answer for sowing oak seeds in hill
forests. :

6. Cultivation of scooped-out, hollow places,

This method has not been tried as yet in this
country, but it has attained great success in some
of the European mountain forests in places where
neither seed-sowing nor planting succeeded before.
One-third of a strip, such as I have described
before, is dug up, and the soil formed into a ridge
close to the khad. Thus three chances are given
to the seed to grow—either on the strip, on the hol-
lowed, or on the raised portion. '

After a few years trig,l,,;thg Forester will be
able to ascertain which of the. three conditions
suits each species of tree, and can act upon this
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experience. I may, however, remark here that

this method is regarded as a kind of ‘“ Testimonium
Paupertatis” on the part of the Forester, as it entails
a certain waste of money, caused by his ignorance
as to the exact requirements of the trees he is
called upon to cultivate. Still it has succeeded,
and should be tried in this country, where we have
so little experience.

Preparation of Artificial Manure.

After the seedlings have germinated in nurseries,
it is of great importance to accelerate their develop-
ment, in order to help them over the dangers of the
first period of their lives, and also to economize time.
Manuring, as we know by experience, is the best and
quickest way to effect this. Thenatural manure
for such nurseries is, of course, good decomposed
forest humus; but asit is seldom obtainable unmixed
with seeds of weeds, burned manure is more
frequently used.

The way to prepare the ash manure is very
simple. Dry, freely burning wood is collected and
heaped up, intermixed and covered with dried grass,
leaves, humus and sods in form of a kiln. The
burning must go on as slowly as possible. Prepar-
ing the manure in autumn and covering it through
the winter with earth increases its quality. The
action of the fire frees the mineral nutriments con-
tained in the burning substances, which afterwards
afford sustenance to the plants, besides destroying the
superfluous acid in the soil, and loosening the binding
earth, 'When the soil contains heavy binding clay,
it is advisable todig up, in autumn, part of the
surface soil, mix it with the manure, and with it

Preparation of

Artificial manure,
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form small heaps over the entire area. The influence
of the climate will loosen the clay, amalgamaté the
substances well, and the work will repay itself next
spring in the shape of a miore vigorous growth of
the plants.

Collection and preservation of Lezd.

Collection and . A]l seeds must be collected when perfectly ripe ;
preservation of
Seed. but as in many mstances it 1s easier to collect the

seed on the trees before it is shed, it is necessary to
watch the progress of ripening. Care must also be
taken to collect it from mature and healthy trees,
as they alone yield really vigorous and productive
seed. The soil affects not only the parent tree,
but also theseed. It cannot therefore be expected
that the seed of a stunted or misshapen tree will
produce healthy and vigorous plants.

The seed must be collected during fine, dry
weather and in the middle of the day. Only
thoroughly dry seed will keep sound; wet seed will
get heated and ferment. The above simple rules
ought to be strictly adhered to when collecting
the seed. The preservation is more difficult. The
best way to preserve every kind of seed is to sow
it quickly ; but should thisbe impossible, the chief
means of preservation are judicious drying and
protection against moisture, heat and frost. Seeds
containing a large amount of water or oils are
difficult to preserve, even for a short time.

According to the different species of trees,
there are various signs to indicate the ripeness of
the seed. Some trees, such as the deodar, oak, &c.,
shed their seeds ; with others the husk gets woody,
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as with the Pinus longifolia, &c. The fulness of
the grain, the healthy colour, and the weight, are
external indications that the seed has attained
maturity. But even should the seed have been ripe
and good at the time of gathering, a careless or
faulty treatment may afterwards destroy the germi-
nating power. Seeds received from merchants, con-
tractors, or from other sources should always be
tested before used, however healthy the grains may
appear. The easiest, quickest, but not quite reliable,
test is to put some of the seed on a red hot iron
plate. If the grain retains still the germinating
power, it will burst. The more. reliable tests take
a little more time. The seed is put either into pots
with loose, moist soil, or between moist flannel.
Both flannel and earth must be kept moist in warm
places. The percentage of germinating grains will

gerve as a criterion as to the germinating power of
the rest.

Seeds, especially those of pine trees, though
they lose in mercantile value by being mixed with
the husks, will keep longer if not separated from
them and they will keep longest of all if left in the
cones. All seeds must be carefully guarded against
the ravages of mice, rats, birds, &c., as they either
eat, carry away, or defile it.

Different species of seed require various degrees
of dryness, but a constant renewal of air is impera-
tive. If this precaution be neglected, the seed gets
mildewed, and will be hopelessly spoiled. This is
the chief drawback against preserving in holes
under ground. Provided the seed is turned and
mildew prevented, moisture alone is not so greatly
to be apprehended as is generally supposed. DIn
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General remrks

ou rowing, plant-

ing. entting,graft-

ing and hudding.

long dry seasons it is even necessary to moisten the
seed to prevent its being dried up entirely. The
best place in which to keep seed is a shed with a.
boarded or a kankared floor, and with a sufficient
number of air holes. Seed should not be heaped up
too thickly, and, especially immediately after being
gathered, must be turned daily. Seeds containing
a great amount of oils had better be turned twice
daily. To ensure a quick germinating of imported
seed, it is advisable to soften itin water, slightly
mixed with muriatic acid. The mixture when tested
with the litmus paper must impart to it a light
claret color only. Another way is to steep the seed
for some days in lime water. This is especially to
be recommended when the seed is old.

General remarks on sowing, planting, cutting,
grafting and budding.

Before entering on the cultivation of the specific
Panjiab trees, I would make some general remarks
on the actual sowing, planting, cutting, grafting and
budding of trees. The first consideration is always
whether to sow or plant, and this is often a hotly
contested question. Though I shall return to this
point when we come to consider each kind of tree
separately, I would here point out some general
rules to guide us in the selection of a method.
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It is necessary to have recourse—

To Sowing : To Planting :

1 In the open, such species of trees 1,  Where a strong cover of weeds
as do not suffer much during prevents or endangers the
their first youth from either sowings.
frost or weeds, or such as out-
grow speedily all danger. 2. On wet, stony, or poor soil.

2, S8pecies of trees which suffer from 3. On clay and lime-stone soil,
transplanting.

4. On steep slopes,

3. When seed is cheap.

6. On south slepes.

4, If the soil is light, and not in-
clined to be covered with a 6. In arough climate.
jangle of weeds.

7. To replenish sowings.

5. In o mild climate and in shady

places, 8. When plants are tender during

their youth.

6. Where there is no danger to be .
apprehended from birds and 9. If seed is difficult to procure ‘or

insects.’ expensive,

7. Under cover, for mature treesin 10. If time is of great value, as for
a year when natural seed fall winter cultivation on irri-
has failed.. gated land.

The worst soils for sowings are clay 11. If the soil is used for cotton or
and lime soil. When the soil other agricultural purposes.
is clay, it is hardly possible
to sow without artificial irri- 12, If a certain degree of moisture
gation, especially if the spe- is wanted.
cies to be cultivated do not

strike at once deep roots. 13. On roadsides and for well plan-.

tations,
Sailaba is the best soil for sowings.

Way of Sowing.

~ The sowing is, under all circumstances, most
effectually done with the hand.

Broadcast sowing should be executed like the
sowing of grain, and in case of light seed during
calm weather only. Great care must be taken to
fill all strips and seed places with good seed, so that
half a dozen vigorous grains may lie close together.

Covering of Seed.
The covering with earth is the next step to be
considered. The amount of covering depends

Way of Suwing.

Coveringof Swed,
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Amount of Sced.

entirely on the seed and soil. Small and light seed
requires but a thin covering, and the tenth part of
an inch is sufficient, especially if the soil is heavy.

- Often a light covering of moss or leaves is enough.

Larger seed may be put half to one inch deep under
ground, and in loose or loosened soil the larger seed
will germinate if covered with two inches of earth.
A deep covering may prove injurious if the soil' is
very binding, as it is apt to form a crust under the
influence of rain or floods. In such cases, as well as
with lighter grained seed, a simple mixing of the
seed with the upper loosened soil will be sufficient.

The manner and means by which the seed is
covered vary with the depth of the sowing. One of
the best ways for deeper covering is to rake the soil
over with the hoe or rake. The lighter covering is
easily done by dragging weighted bushes lightly over
the surface. Of greater importance is the pressing
down of the soil after sowing. If the soil is either
naturally loose, or has been thoroughly worked up,
care must be taken to press it down after sow-
ing, as this will prevent the damaging influence of the
rain, which might otherwise wash the seed out of
the ground or carry it too deeply down. A well
beaten-down soil will keep moisture for a long time
in the ground, and the roots of the young plants
will acquire a firmer hold.

If a mixed cultivation of trees is contemplated
by means of sowing, it is better to sow each species
separately, as the seeds may require different thick-

ness of soil covering.

Amount of Seed.

The amount of seed to be sown depends on soil
and species, and also on the soundness of the
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geed. If the soil and seed are good and the culti-
vation small, and if it is possible to expend much
care on the preparation of the soil, as well as on the
sowing, a much smaller amount of seed will be
needed than if the soil is uncongenial, or if the
covering of weeds endanger the seedlings, or if the
seed is doubtful or unclean, or if the great extent of
the cultivation makes it difficult to attend carefully
to the preparation of the soil and the sowing.

A greater amount of seed will be wanted if it
is intended to plant out the sowings, as in such case
a more dense growth is desirable. The relative
amount of seed wanted depends much on the tenden-
cies of the trees; some prefer air in their youth,
and an open growth, while others flourish close
together. Again, the size of the seed has much to
do with the amount. The quantity required per acre

for the different methods of cultivation will be noted
further on.
Execution of Sowrng,

Execution of
wing.

The sowing itself must be executed by dailyg,
labor and under strict supervision, though the pre-
paration of soil may well be done by contract.
I would, in many cases, however, prefer daily labor
for the preparation of soil ; that is, if the places for
cultivation have to be selected, and when the final
work offers difficulties in the shape of measurements
at the time of taking over. If mixed sowings are
to be made, it is advisable to give the different
workmen each a different species of seed, and to
make them sow per acre in the proportion of the
mixture required. This will produce a more equal
mixture of trees in the new forest than when the
seed is mixed up in bags at the time of sowing, and
the different requirements of each species of seed
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can be better attended to. If the workmen are not
all skilled laborers, the work should be taken in hand
by a small gang only, to be gradually increased as
the men learn their work until the entire gang is
employed.

Period of Sowing.

in:“i"d of Sow-. ‘We have three periods of sowing-—spring, rains
and autumn,

Spring Sowing.

Spring Sowing. Spring sowings succeed in the hills, but in the
plains only with the aid of artificial watering.
Rain sowings are as successful in the plains as they
are in the hills, though not with every .species of
trees. We have recourse to autumn sowing in the
hills, and on saildba; land in the south-east of the
Province; especially where floods endanger the rain
sowings,

Autumn  Sowing.

Autemn Sowing. In high altitudes—such as Kalatop, Kiily,
Pangi, &c., &c., autumn sowings are the most natural,
because the transition from winter to summer is very
abrupt.

A greater degree of safety is ensured to autumn
sowings if the cultivation happens to be on protected
ground, under standard trees, or amongst high
weeds. The difficulty of preserving easily heated
seed is thus avoided, but mice and rats are more
dangerous to autumn than to spring sowings.

Trees which exhibit a tendency to suffer from
frost during their first growth must not be sown in
- autumn,
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In the plains, autumn sowings must be executed
in September, so that the plant germinates within
the same year, but they succeed only in places
where the winter frosts are not severe, or do not
exist at all,

Rain Sowing.

The rain sowings are the great stand-by on all
saildba lands, and succeed, of course, on irrigated
land. In the lower hills, up to 5,000 feet, where
the dry heat of May and June kills the spring sow-
ings, and where the ground uncovered by snow is
too cold for autumn sowings, rain sowings ought
always to be used in preference.

Much care must be taken with regard to the

replenishing of the sowings, and the Forester has to .

examine all new cultivations, and note all blanks
which he was unable to replenish during the year of
cultivation. Before another new cultivation is
undertaken, all repairs, carefully executed, must be
completed.

Planting.

Planting is the most important and most diffi-
cult part of artificial cultivation. As a rule, the
cultivation with transplants succeeds best if the
conditions under which the young plants have pre-
viously vegetated are disturbed and altered as little
as possible,

The healthy Plant.

The
The first object of our care is the plant itself, Flant.

‘Whether it has grown naturally in the forest, or has
been reared artificially in nurseries, it must be

thoroughly healthy, The chief characteristics of a

Rain Sowing.

Planting,

healthy
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and moist, but all older plants and all pine trees
should be carefully dug up with ‘the spade or hoe.
The removal of single plants -from amongst the
natural young growth of aforest is more difficult,
more expensive in the long run, and less safe than
rearing the plantsin a nursery, and afterwards trans-
porting them to the place of cultivation.

I give a list of some excellent instruments for
digging up plants. The first is the circular spade,
which is to be recommended for loamy humus soil

.»_:'L—..:-;:-s%(?m;:#;n

clear of stones and roots. It consists of an iron spade
forming a hollow cylinder, one quarter open, and
slightly converging towards the lower part. The
diameter of the cylinder is from 5 to 9 inches, and
alength from 6 to 12 inches. The open sides are
steeled and sharpened. The stock, which has an
iron foot-board for pressing, is about 3 feet high, and
the wooden handle for turning the spade round is of
nearly the same length. The plant is placed in the
middle of the cylinder, the spade is pressed down, .
tarned round, and the plant and earth lifted out in
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form of a flower pot. The holes for planting can be
made with the same instrument. Amnother usefuy
unplement is the hollow spade.. It is pressed into the

ground first on one side, and then on the other side of
the plant, and the earth containing the roots is lifted
in the form of a cone. Both these instruments are

only useful when the plants are 1} to 2 feet high. If"

the plants are smaller still, the hollow spade, with a

short handle, can be recommended, especially for dig--
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ging up small pine seedlings in the forest. The
common spade must be used to dig up larger seed-
lings, or to get plants out of a hard or clay soil. Tha

A~
e
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native khirpa is an excellent, though slow-working,
planting implement for a hard soil. A heavy iron
spade with iron handle is useful on stony ground.
It may algo be recommended for transplanting large
seedlings, as it does not damage the roots much.
The upper breadth of this spade is 10 inches by 4 inch
thick ; the lower breadth is 6—7 inches, and the length
of the blade up to 18 inches.

T ransport of Plants.

Tra.nsport of
plants,

Every precaution must be taken during the
process of transplantation, The seedlings must be
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guarded against every species of damage ; but, above
all, special care must be taken to prevent the drying
up of the roots. Small plants, whether transplanted
with or without earth, should always be carried by
men in baskets, or on stretchers, if the distance is not
too great. If small plants without earth have to be
transported to a great distance, it is well to dip the
roots into liquid mud made by mixing loam and
water, and cover them with wet moss. Moss should
also be stuck between the stems, and the whole
tied into bundles, which should be moistened
from time to time. Such bundles, if carefully packed,
can be sent by cart or rail. Larger seedlings with
earth round the roots may be transported on carts
by putting them upright, or slanting with the tops
towards the back of the cart. Under all circum-
stances, the spaces between the young seedlings should
be filled up with loose earth or moss, so as to prevent,
as much as possible, the soil being shaken off. Very
large seedlings for avenues can be transported with
earth round them, but it becomes necessary then to
cover the earth with matting securely tied round it.

Protection of Plants before Planting,

The plants on arrival at the place of cultiva- Protection of
tion must be kept in a shady spot, and, if not used planting. hefore
immediately, must be covered with loose earth, and
moistened with water.

Plant holes.

Before the seedlings can be put in, the plant Plant holes.
holes must be first prepared. The size of the holes
depends, of course, on the roots of the seedlings,
and also on the relative goodness of the soil.
On a poor hard soil the planting holes have to
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Pruning

plants,

be made larger than on good soil. Much care has
to be taken when making holes not to throw aside-
or bury the better soil. The surface cover and .
weeds must be carefully removed, but not so as to
displace the surface humus. The upper soil should
be well worked and mixed with the lower soil, though
without unnecessarily removing it. If the young
trees, and consequently the holes, are large, it is
well to keep the humus soil separate, so as to bring
it close to the lower roots.  The holes can be made:
either with the spade, the circular spade; the hoe, or
the khitrpa. The cheapest and quickest way is ta
dig holes with the circular spade, provided the soil
admits of its use. For reason explained in the
chapter “ Knowledge of Soil,” the cultivation will
be much benefited if the holes are made during the
preceding season.

Pruning of Plants.

Our next consideration must be whether the plant
is to be pruned, or not, before being put in its new
place. The general rule, that any kind of damage
inflicted on the plant lessens the chances of success
and interrupts the vegetation, leads us to look upon
every pruning not only as unnecessary, but as inju-
rious. Seedlings transplanted with the earth round
them should never be pruned, and pine plants under
no circumstances, as the resin closes up the pruning-
cuts and obstructs the circulation of the water.
The root of good-sized seedlings of deciduous trees.
may be pruned with advantage ; but the damaged por--
tions only should be cut off, and disproportionately -
long roots shortened. The pruning should be done
with a sharp knife, so as to ‘inflict the smallest
possible wound. The roots, which are the organs
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of reception, being thus cut, and the balance between
them and the branches, which are the organs of
utilization, disturbed, means must be taken to re-
establish that balance, and this is accomplished by
pruning the branches. They must be pruned from
below, so as to prevent dew or rain-water collecting
on the wound.

PranTING.

‘Whether the plants are pruned or not, the next Planting.
btep is the actual planting.

Planting with earth.

The simplest and safest way is to plant with Pl]imtmg with

the earth round the seedhngs and in many instances
this will also be found the cheapest way. There was
a time when it was deemed impossible in Europe to
transplant the Pinus Sylvestris (the same erroneous
idea exists here with regard to the Kikar), but this
popular delusion has passed away ; for at present
great areas of Pinus Sylvestris are transplanted
with the earth, and if they are 1—2 years old
without it.

The following are the advantages of planting
with earth : —

1. All damages connected with the digging
up, transport, and planting are avoided.

2. The roots remain in the same position, and
the surrounding soil to which they are accustomed is
retained.

3. The plants are able to resist more effectu-
ally the influence of chmate especially frost and
drought,
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4. The planting itself is done more rapidly and
cheaply. .
5. Any unskilled laborer can execute it.

The only care to be taken when planting with
earth consists in filling up with loose soil the crevices
between the lower portion, the sides of the holes,
and the earth around the plants. This must be
especially attended to if some of the earth has got
detatched from the ball round the plant.

Planting without earth.

ot nting with; Planting without earth presents more difficul-
ties ; and when the more delicate species of seedlings
have to be transplanted, much care is required, and the
work can only be done by experienced men. When
larger plants for road-sides, &c., &c., are to be trans-
planted, it even becomes necessary to observe the
same direction of the compass, and it is then advis-
able to mark the north side before digging up the
plant, and to transplant it in the same position.

I proceed to deseribe the most approved way
of planting seedlings without earth.

A heap of good earth is placed in the centre of
the hole, and the plant is put in in such a way that
the stem stands right in the middle of it. The
plant is then kept in an upright, position with the left
hand, and with the right hand the roots are placed
in the most natural position, and carefully surroun-
ded with good earth. The seedling is then slightly
shaken with the left hand, and the earth manipula-
ted with the right, so as to fill up the small crevices
between the roots, and when this is accomplished
the rest of the hole must be filled up with the residue

e T TR I ST R . b B e
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of the soil. Great care must be taken to keep the
plant in an upright position. The hole being filled
up, the earth is lightly stamped down round it with
the foot, but this should be done very gently, and not
‘close to the stem, or much harm may be inflicted by
compressing or injuring the roots.

Depth of Planting.

As a rule, all seedlings should be transplanted hg“l‘“‘ of plaite

without changing the conditions under which they
were raised, and they must therefore be planted as
deeply as they were previously growing. But much
more danger is to be apprehended from deep, than
from shallow planting, especially as regards pine
trees ; for when the roots are withdrawn from the
/influence of the air, they sicken and die. The stock
should be placed a little above ground, so that the
upper roots are only just covered with earth. The
depth is, however, slightly modified by the soil and
climate. In case the soil is dry, and has not the
power of retaining water, the plants must be put
in deeper, and may even be planted in a hollow.
But when the soil is wet, the seedlings must be
planted in a shallow position, or, better perhaps, on
raised ground. On a zonstantly moist soil, or when
it is overgrown with grass, it becomes imperative to
plant on raised ground. The process is very simple.

~In a circle of 2—3 feet, the grass is taken up
with the sod, turned and covered with- good soil on
which the seedling is planted. Another way is to
make little heaps one foot in diameter, and cover
them with turned grass sods after the seedlings have
‘been planted thereon. This is an excellent way on

~shallow binding soil, with little humus and much
F
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Further protec-
tion of Plants.

Support  and
Fencing.

Planting  of

small seedlings,

grass. On very poor or very stony soil it is advis-
able to surround the roots of the plants with a
manure of richer soil, which may either be got from
the adjacent forest or be prepared. By these
simple, but rather expensive means, the safety and
rapidity of the growth is insured.

Further protection of Plants.

The residue of soil and sods from the plant hole
is usually laid round the plants with the grasy side
towards the eartl. When the plants are small, it is
well to heap the refuse on the south side, as it will
protect the stock from the direct rays of the sun. .
Dense weeds should be removed from the immediate
vicinity of the young small plants. A good plan is
to dip the roots into a mixture of water and loam
immediately before planting. If water is to'be had
close by, the seedlings should be watered during the
process of planting. By these means the roots are
brought into closer contact with alP the particles of
earth, and the plants receive moisture at the same
time. This is especially to be recommended for
large plants on dry soil, but must be avoided for
autumn planting in positions exposed to early . and
severe frosts.

Support and Fencing.

Supporting. and fencing plants is only neces-
sary on road-sides and where grazing grounds have
to be planted.

Planting of smcll Seedlings.

If yearlings or very small plants are to be
transplanted without earth into the forest, it is not
necessary to make holes with: a spade or hoe, The
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simplest method is with a wooden peg and mallet,
or with the planting iron. The accompanying figure
will explain the instrument. The iron is driven into

the soil with one hand and drawn out, the small
plant is put into the hole with the other hand, and
the iron is again rammed into the ground at a dis-
tance of 1—2 inches from the first hole, and the soil
is pressed sideways on the plant. The second hole
is closed up in the same way. The soil should be
saft, and not much overgrown with weeds, otherwise
it must be prepared before hand. The broad side
of the ordinary pick axe may also be used, and the
weeds removed with it at the same time.

Add ing hum us.

If the soil Is very poor, it is always advisable Addinghumus,
to improve it with some gyod humus or manure.

Planting of several plants in the same hole,

This kind of planting is executed in exactly the Planting of
. "L . several plants in
same way, with the exception that a bundle of plants the same hole,
is put into a plant hole instead of a single one.

Though preference should be given to single planting,
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yet there are instances when the last-named method
may be recommended —on exposed positions, in high
mountains, for safety belts against snow and avalan-
ches, But there isno doubt that the plants thus
raised develope their roots only in one direction, and
are unable to resist storms and other inclemencies of
the weather as effsctually as single plants,

Planting with artificial manure.

m‘&}:;,“']':;u:“f,‘;' Finally, a more scientifie method should be
noted hers. I mean the planting with artificial
manure on very poor or stony soil. The preparation
of grass ashes has already been discussed in a former
chapter. The hole is made in the shape of a kiltak,
the looge soil is removed from its centre, and a hand-
ful of ashes is pressed against one side of the hole.
The plant is then placed against the ashes, and more
ashes pressed on the other side. The earth is now
put back into the hole, and the same precaution
must be obseryed as with ordinary single planting, so
as to keep the best soil nearest to the plant. This
method, though costly, repays itself in a rough climate
and on very poor sqil which has lost all the decom-
posed nourishment it gnce possessed, either throu zh
long exposure, or having been used as a grazing
ground, ' '

Distance and form of planting.

Divtance and The distance and form of planting are the last
ferm of planting. . . . .
points .under discussion. The distance depends—

" On position and soil,
Size of plants,

" Peculiarities of the plants, - -
On the object of the cultivation.

B 0 1o
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In a dry climate and on a dry poor soil, especially
in this country, it is necessary to plant close ;
also on places where weeds are apt to spring up and
suffocate the young plants. In the first instance, the
ground must be shaded as quickly as possible, and
the soil protected against the direct influence of the
sun. In the second instance, the weeds must be kept
down. A mild, moist climate, and a rich and moist
soil, admit of seedlings being planted further apart.
Large plants, or plants of trees which "outgrow
rapidly the danger of weeds, may be planted further
apart ; but trees which have an inclination to grow
bushy must be planted close together to check
this propensity, and with a view to improve their
growth. Small plants and seedlings of slow-growing
trees require a closer planting, because they take a
Jonger time to close over-head.

I proceed-to enumerate several drawbacks con-
nected with the system of planting far apart : the soil
remaining uncovered for too long a period is liable to
dry up and lose its nourishing power ; and trees. which
close late over-head are apt to degenerate and grow
into branches, and will yield not only less straight, but
actually a smaller quantity of wood. The disadvan-
tage of close planting consists, d¢ prior), in the greater
co3t of the cultivation, and secondly, in the want of
growing space for each plant. Much of the vitality
of the plants is lost in the struggzle for light and air.
Much again depends on the object of the caltivation.
If it is contemplated to force the plants up to high-
trunked timber trees, it is advisable to plant close,
50 as to obtain a quick closing over-head. This,
however, is not of the same inportance when purely
fuel plantations are contemplated. If it is intended

37
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to plant on grazing grounds, where arboriculture is
only a secondary consideration, the trees are planted
at considerable intervals; also on road-sides, and
even more so if it is contemplated to use the land
on which the trees stand permanently for agri-
cultural purposes. Little or no importance is
attached to this point in an European country, where
such considerations do not fall within the pravince
of the Forester; but in this country, wheie the
inhabitants pay no heed to the advantage of preserv-
ing trees on their own land, the District arboricul-
ture falls to the duty of either the District Officers
or the Forest Department. -If it is intended to
create or reproduce a forest, the distance of planting
should be between 4 and 10 feet, according ta cir-
cumstances ; for road-side 10-—30 feet, and on graz-
ing grounds the distance may be even greater.

Form of Planting.

The distribution of plants over the area, though . Fom of Plan.
often under-rated, is of some importance. A recrular
distribution ensures the young plants the exact
amount of growing space they require, and the
necessary amount of light and air. Parallel lines are
most frequently used in planting. The distance
between the lines must be uniform; but the space
between the plants in the lines is less than the dis-
tance between the lines. The planting in quincunx,
squares, or triangles, is only a modification of this
method.

The planting in lines has its advantages and
disadvantages, of which the former in most cases
outbalance the latter. Instead of plant holes, ditches.
may be drawn, which facilitate the irrigation or
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drainage, make the planting easier, and yield a
greater amount of loose soil ; the utilization of grass
is easier, and the cultivation of cotton, &c., between
the lines is much facilitated. The thinnings also
can be taken in hand earlier, which will lead ultima-
tely to greater regularity in the distribution of trees
in the future forest.

A drawback to this method should, however,
be here mentioned ; the plants, during the first stage
of their growth, do not develope their roots and bran-
ches with regularity on all sides, and therefore
do not at first spring up in the same uniform
manner as when the more equidistant methods are
used.

The cost of cultivation depends much on the
quantity of plants, and I subjoin the number of
plants required per acre for the different forms and
distances most in vogue,
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Line planting
X X
Y| Cic | e b
?/ c. ........... e e d

a = Area, n=number of trees.
x = Distances between plants.

y = Distance between lines.

h o= -
Xy
'
Distance Distance between plants.
between .
lines. 1 2 | 3 I 4 ] 5 ] -
1 |43.560
2 [|21,780 10,890
3 |[14,520| 7,260 4,840
4 (10,890 | 5,445 3,630 2,722
5 J| 8,712( 4,356 2,904 2,1784&?
6 || 7,260 3,630 2,420 1!815 1,452 __l_,
7 1| 6,223| 3,112 2,075| 1,666 | 1,245 | ]
8 || 5,445/ 2,722 | 1,815 1,362 | 1,089
9 || 4,840 2,420 1,614| 1,210 979
10 || 4,356| 2,178 | 1,452 | 1,089 871
11 | 3,960| 1,980} 1,320 990| 792
12 13,630| 1,815| 1,210| 908| 726
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The numbers of seedlings for planting in
squares are under-lined, and some more given below
for the planting of grazing ground.

15%=193 30%=48 45%=21
20%=109 85°=32 50%e=17
25%=69 10%=2?

The amount of plants required fo?nincunx is
exactly the same s for planting in Squares; the
distance between the plangs is measured diagonally.

For triangular planting the number of planta

3 o Ares
18 D= 5866,

For distances from 3—12 feet per ncre
8=4,191
4=2 357
b==1,509
6=<1,047
7= 793
8= 589
9= 465
10= 377
11= 311
19= 262

Artificial vearing of planting material.
The next point is the rearing of planting mate-_Artificial renfs

. ing of planting
tial, o materiak;
.
)(~ )(li
i 4 ,\, ‘§§\ , i o
S P N — . \
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Sowing

feries,

Even plants reared in the forest, to be ultimately
transplanted, gain by a previous treatment. All
round the stem, at a distance proportionate to the
size of the plant, the roots are cut off with a sharp
iron spade, and the tap-roots shortened by means of
a judicious dig of the spade. The earth is then well
stamped down again. This is done two years previ-
ous to transplanting. The plant will sicken for a
short time, but the wound will heal quickly, and
close to the cicatrice a bundle of small roots will
sprout out, so that when the tree is ultimately remov-
ed, its after-growth can be more securely counted
upon. A judicious pruning of the large branches
should accompany the cutting of the reots. This
process has the same aim as the transplanting in
nurseries, namely, that it produces the largest
amount of roots which are capable of reeeiving nutri-
tious substances within the smallest possible space.
The rearing of good planting material in nurseries is
quite an art in itself, and should form one of the
most careful studies. Plants may be either trans-
planted at once into the forest from nurseries in
which they have been reared from seed, or be trans-
planted once or twice within the nursery before
being ready for use. In the former case the nursery

is called a sowing nursery.

Sowing Nurseries.

The first question when laying out a sowing
nursery is its position and nature of soil. The gene-
ral principle to guide us in our selection is this:
the soil and position of the nursery should resemble,
as much as possible, the area about to be cultivated.
‘We should therefore endeavour to select an average
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soil, neither the best, nor a poor place. This prin-
ciple may, hewever, be modified by circumstances.
If either the dryness or .the excessive moisture of
the area impedes” the growth of plants during their
first youth, the very best place should be selected
for a nursery.

Position and soil of Nursery.

A northerly aspect on 'hill sides with side

f Nursery.

protection against FEast and South is always a
favorable position. Sowing nurseries will suffer
Jbut rarely from frost, and the north position has
the advantags that the vegetaticn begins later,
and the plants can be transplanted further on in the
season. A slope is desirable, but it must not be too
steep, or the rain will wash away the good soil, and
perhaps cover the young seedlings with earth. A soil
intermixed with sand is more easily kept clear of
weeds than a clayey soil. Loam soil containing no
lime forms a hard crust after each fall of rain, as men-
tioned in a former chapter, and must be avoided. Wet
soil is quite as bad, and old grass blanks should never
be selected. The place should, of course, be chosen as
close to the projected planting operations as possible.
In the plains, a place easily to be watered should be

selected. Spots on which trees have been newly .

cut can be recommended, and for shade-loving trees
it is well to make the nurseriesin old thinly wooded

forests. The original shady trees may be carefully .

cut in the second year, in order to accustom the plants
to the light.

Stize of Nurseries.

sition & Swil

The size of sowing nurseries depends, first, on Sz of Nurser-

the area to be planted, and, secondly, on the method
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of planting. When the seedlingsare to be transplanted
with the earth round them, it is necesary to make
‘small and nunierous nurseries to save cost of trans-
port. But here again the cost of well-watering mu.-
be taken into consideration, and if a well has to be
constructed ar worked solely for a nursery, it is advi- '
sable to make the nursery a large one.

Preparation of Soil.

¢ Jreparation of The place thus selected and the size decided on,

the next thing is the preparation of the soil. The
chief point to be considered in the preparation of a.
sowing nursery is, how to give the seed a mild, loose
soil for germinating, unencumbered by weeds. As
it is in most cases desirable to concentrate the roots
into the upper portion of the soil, great care must be
taken to loosen it well and to collect the best earth -
near the surface. If, however, the seedlings are to be
ultimately transplanted inta very dry soil, or on a very
dry position, the roots should be lengthened, which
is easily done by loosening and improving the lower

goil. ‘Fhe depth of digging asowing -nursery may

$herefore vary between five inches and one-and-half

{oot, according to circumstances ; but whatever the

depth may be, the soil must be theroughly cleared of
all weeds and their raots, This must be done
most. carefully, so as not to remove the best
poil and the dissolved nutritious substances. The
best way is to prepare it roughly a season before-
hand, and to allow the weeds to remain lying on the
surface. Heavy soils should be loosened and
improved with humus or ashes. The last work, before
the sowing actually commences, should consist in fre-
quently hoeing up the soil, forming beds and lay-

“ing out roads. The beds, especially in thehills,
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must be as level and even as possible to prevent
either soil orseed being washed away. Itis désirable
to allow the soil to settle down before sowing, and if
time does not admit of this, it will be found advanta-
geous to beat or press it down with boards.

Sowiya.
Condition of soil.

The condition of the soil at the time of sowing ,,Condition ot

must be taken into consideration, especially if it be
heavy. If the soil is immoderately wet, the seed will
germinate badly, particularly if the ground is of a
clayey description.

Time of sowing.

In the watered plantations of the plains, the
time of sowing nurseries is mostly during the early
spring. In the hills, the seedlings will prosper as
well, and often better, for having been sown late in
autumn, and Pinus Longifolia succeeds best when
sown during the rains,

Moanner of sowing.

The sowing may be done ‘either broadcast, or in_ 2

lines. Seedlings to be transplanted in the first year
may be sown broadcast, on land watered with wells,
provided the soil is free from weeds. This method

-

Time of sowingy

“*

Manuer of sowa
C

g

of sowing facilitates the removal of plants with the .

earth round them. In all other cases sowing in-
lines is preferable, because : —

1. Less seed i3 required.
2. The seedlings are more easily kept free
from grass and weeds.

8. Thereis less difficulty of removing the
plants and less risk of damaging the
roots,
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Broadcast sowings must be made with a sparing
hand, as the plants have to be taken up with the
surrounding soil, but strip sowings may be sown
more thickly. It mustbe borne in mind that a thick
sowing has the advantage of insuring the germinating
on heavy soil where single germs cannot penetrate,
and that it is more easily kept free from weeds, as
the young plants protect each other against weeds
and frost. But if it is necessary to leave the plants
for a long time in the sowing nursery without trans-
planting, or if they belong to a rapidly-growing class,
their development is decidedly impeded by a thick
growth, and therefore a thinner sowing will be neces-
sary.

In another chapter, where each tree is treated se-
parately, T will notice the quantity of seed to be sown.

The covering can, or must be, thicker than in
open sowings: the earth being loose and clean,
allows air and moisture to come into contact with the
seed.

Broadcast sowings are best covered with a rake
or by strewing earth thinly over them.

Strips may either be made with a small hoe or,
when small seéd isto be used on light sandy or
humus scil, with the ¢strip board.”

The “strip board” is about 4 feet long
and 3 feet broad, with parallel staves nailed
lengthways at a distance of 8 inches. These staves
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are about 1} to 2 inches high by £ of an inch broad,
and slightly hollowed out in the middle. The board
is put on the ground with the staves downwards. A
man steps on the board, and the strips are pressed into
the ground. By means of the hollow in the centre
of the staves an elevation is formed in the middle of
the strips, and the seed will fall on both sides of it,
which affords a decided advantage. The seed sown in
strips is again covered by spreading the soil with a
rake over it and pressing it down. A cover, however,
of loose artificial soil (amixture of humus, ashes
and soil) is most advantageous, as it is easily pene-
trated by the germinating plant. A popular mistake
exists that it has a pernicious effect on the germinat-
ing plant to assist it breaking through the upper soil.
On the contrary, this must be done if a crust has
formed on the surface. The earth must be lifted with
the hand and crushed. If the soil is liable to form a
crust, the best way would be to cover the sown strips
with moss, and only remove it when the plants have”
appeared above ground. In the plains, as well as in
the hills, a covering of shrubs is advisable before the
rains begin, especially in unwatered nurseries. The
seed before germinating has to be carefully guarded
against birds, insects and mice, and against the last.
yamed enemy even after the young plants have made

their appearance.

Future treatment of seed beds.

During the first two years, the seed beds have Futue _treat.
to be kept free of weeds, and the soil between the mentolread bods.
strips must be loose, so as to afford easy ingress to
moisture and air. In the second year the same can
be effected by covering the soil between the lines with
a thick layer of moss, Thissimple process will pro-



48

CHAPTER 1.—ARTIFICIAL CULTIVAT{ON.

Removal
seedlinge,

tect the plants in the higher hills, and at the same time
prevent their freezing down. Against this latter
danger a covering of pine branches or indigofera
in autumn will preve effectual. In spring this cover=
ing is to be removed gradually.

Removal of seedlings.

of  When the seedling is fit for transplanting, the
next question is its removal. The taking up with
earth is best done with the circular spade, or hollow
spade, or khtrpa, and has been discussed before,
More difficult is the taking up of plants without earth,
and the greatest care must be taken to keep all the
fine tender roots (indispensable to growth) undamag-
ed. The best way is to approach the strips from
the side by means of a small trench at a short dis-
tance parallel to the strip. The plants are then
pulled into the trench, helped with a spade from
behind, the earth between the roots is removed by
a gentle shaking, or, if very binding, it is picked off
with the hand. :

Damaged or weak seedlings may be transplanted
into a plantma nursery to recover or be thrown away,
but they should never be used for immediate culti-
vation. The holes made by the removal of plants$
should at once be filled up with good soil. The fine
roots, which are of the greatest importance, dry up
very quickly, and the plant becomes unserviceable.
The best protection is, of course, an immediate trans-
planting, byt if this is not feasible, they must be pro-
tected by a covering of earth, wet moss, or wet leaves,
and by dipping them into water before planting-
This is absolutely necessary if they have to be trans,
ported a considerable distance, ‘
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Phrotection of young plants.

If the seedlings cannot be planted 1mmed1ately oProtection ~ of

after reaching the place of cultivation, it is necéssary) ¢

fo cover at once the roots completely with firi¢' loose

soil. Gireat care mrust be taken to do this efficiently,

go that no air can penetrate between the rodts. For

the same reason it is necessary to untie the plants,

should they have previously been tied up mto

bundles

Cliange of nirseries.

A change of sowing nurséries aﬂ'ords ANy Change of nur-

s}dvantades, as it insures fresh active soil, shortens *™*
the transport, &c., but the disadvantages must not
Be oveilooked’; the cost of the first preparation
of the soil, cost of fencing and greater danger from
weeds, must all be taken into consideration. In
most cases therefore, especially in our hill forests,
4 sowing nursery has to' be used more than once,
but should then be artificially manured with humus
and ashes. It is not advisable to utilize manure
prepared- from decomposed weeds dnd grasses taken
out of the nurseries, ad many a germinating seed
of the weeds will ﬁgam find its may into it. All
things consider ed, it is cheaper to bring the humus
from a well-shaded part of the forést where no
weeds grow.

PiaNtING NURSERIES.
Soil and position of nursery.
The soil for the planting nursery must resemble _Soil and posi-
: . . ion of nursery.
as much as possible the soil on which the trees are

to be transplanted, but there is no necessity for its

being as mild as that selected for sowing nurseries,
: H
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as the plants to be reared here have already com-
plete roots and a complete system of digestive
organs. The plants taken out of a planting nursery
are larger, the preparation of soil is more expensive,

- as well as the fencing, &c., and therefore these

species of nurseries are but rarely changed. This
entails keeping the means of transport in view when
selecting a place for a planting nursery, and to

.choose, if possible, a place easily accessible to wagons.

8ize of nur:er-
ies,

In the plains, an easy supply of water is indispen-
sable, and even in the hills it outweighs many other
disadvantages. The nursery must be easy of access
and close to supervisiom. .

The soil should possess the necessary productive
power, and must not be poor. ©On poor, inactive soil
the plants degerrerate, and becomte perfectly unfit for
an unprotected positiom. The best vegetation is
insured on places where the forest has been newly
cut, and where the ground has a good humus cover.
Such places are far preferable to those exposed for
a considerable time to every atmospheric influence.
The condition of the soil is the primary consideration ;
it must be fresh, active, and, if possible, rich. The
position should be as elevated as is consistent with
a thriving growth of the trees to be planted. Plants
are safer there against night frosts than in dells,
and the transport is easier down hill than up hill.
The position should be as level as possible, as plants
brought up on a level place endure best the various
changes of position. A plant reared on alevel isable
to resist more sturdily the effects: of a steep North
side than one grown on a South slope.

Size of nurseries.

The size of nurseries depends of course on the

requirements of the case and the means at disposal. -
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Preparation of nurseries.

Nurseries which have to serve fora penod of Preparation of

years must be cavefully dug, to the depth of 1—-1§
feet, and cleared of all. roots, stones, &c. Roads
must be Jaid out and a durable fence put round it.
In fact, it must be altogether- prepared like garden
soil. If poar, it must be intermixed with ashes and
humus ; but it should: never be dug deeper than 1}
feet, as in most cases we purpose having the
nourishing root as close-to.the surface-as possible.

The roads depend entirely on the size of the
nursery, which should be divided into beds of a
twelfth of an acre, or even smaller.. Inlarge nurseries
situated in the plains, or wherever the planting
material can be removed on wagons, the roads
should be broad enough. te allow. the wagons to
come up to the beds.

The fences should be durable, and may be made
either of stones, wood, or wire. For large nurseries
it is advisable to Lave a small hut with lock and
door on the spot. It prevents coolies and Sub-Over-
seer leaving the work on.a rainy morning, followed,

perhaps, by a fine day, and may serve as a place for
tools, &e.

Planting under protection.

“Shade-loving plants, like the deodar, may be Plantingunder
planted under the protection of old trees, but this protection
should only be done if the plants are intended for
replenishing an insufficiently stocked forest, where
they will again receive protection.

Planting of nurseries..

- The nurseries. once prepared, the planting Paming of
material must then either be brought out of the urseries
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Second transs

planting.

forest, which is the most upcertain method with
untrained cooligs, or must be raised from seed,—a
sybject which has already been discussed.

The planting itself is executed in parallel lines
at a distance of 8 inches to 21 feet according to the
size of the plants to be grown, but depending at
the same time to a certain degrce on the species of
trees. The same reasons determipe the distance
of the trees in the lines, which may vary from 3
inches tg 2 feet, or even 23 feet,

For first planting the most customary method
is to make wjth a hoe small trenches 3 to 5 inches
deep along a rope; the plant is then put in its
place, and the soil is drawn on with the hand and
well pressed down, The use of a betfer kind of soil
for covering, or of ‘a soil mixed with ashes, is advan-
tageous, as it will not only draw the roots to the
surface, but wjll also accelerate the growth.

Very small plants may be put in like cabbages
with a planting stick, in which case, however, no
superior kind of earth can be put ronpd the roots,
and great care must be taken to press the soil well
on the roots,

Second transplanting,

A second transplanting, after the trees have
attained the height of 3 to 5 feet, makes the cultiva.

tion unnecessarily expensive, and can only be warran-

ted when it is contemplated to raise stately avenne or
garden trees, '

Pruning of roots and branches.

Pruning of roots All torn parts of the roots of plants should be

and. branches,

cut off with a sharp knife. The clear cut will admit
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water freely until such time as a new set of fine
roots have fornied above the wound. It is therefore
unnecessary to prune the roots of plants which have
been takep out so carefully as not to cause damage
to any portion of the roots.

Neither the reots nor the branches of Pines
ought to be pruned, as the resin in the tree closex
up quickly' every wound,

Pruning of the branches is necesgary to restore
the equilibrium between the roots and branches, and
in some cases to guide the growth.

A careful pruning of the roots of certain plants
often tends to concentrate them into a small space,
and thus facilitate the transplanting process, The
pruning must be executed with & very sharp instru-
inent, either pruning knife or scissors. If the roots
are to be pruned for a second transplanting in the
planting nursery, it is mecessary to cut them so
short that the newly sprouting roots, which always
grow in a circle just above the cut, can be easily
admitted into the planting holes,

Cutting down of plants.

1f the plants have suffered by drought, frost, Citting down

7 of plants.

mice, or cattle, the whole stem may be cut off, and
a fresh coppice from the root form the new stem.
This course may be pursued if the plant sickens on
poor soil, or under -cover of larger plants or trees.
If the top of aplant is to be cut off, great care should

be taken to leave a healthy bud just below the cut.’

Branches must be cut so as to produce the smallest
wound ; roots have to be cut horizontally, parallel
with the bottom of the plant hole,
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Reproduction By
means  of ¢t
tinga.-

Reproduction by means of cuttings,

 The system of reproduetion by mésns of cut-
ting is baged on the fact that the buds formed iy
auturan hold withit themselveés all' the material for
a' new specimen’ of the same species, Some species’
of trees have the power to develope these buds into’
foots below grotind, and, under the inflience of light,
nto leaves above the surface. This power is most
strongly deVeloped in the Wilfow, TPawarisk and
Poplar species. The Sissil and others péssess it to
a considerable deégree, and are therefére capable of
reproduction by plantting, or settmg of tvngs without'
roots. To obtain this end before the trees begin to’
spréut, we cut twigs: of perfectly- forﬁied wood in’
such a manner ds to have a bud or buds near both'
ends, and pla/ce them, sta.ndmg, into loose, moist soil
six inches to a foot deep. Pwigs a year old are’
best adapted for this purpese.

On very wet soil it may be necessary to plant
}a,rger cuttings ; 23 years old wood should be
selected, and ctittings 6—& feot high used. They’
should be planted 1—2 feet deep, and holes should
be’ mvide into’ the soil with an‘iron or wooden pole
‘When' the soil is vety hard, the holes: have to be’
dug, and' the youlig seedlinigs must be' surrounded’
with a superior kind of soﬂ Tt will be found'
beneficial to’ keepr good, rich edrth dround the’
seedlings above’ ground when the’ soil ig véry wet,
or when it alternates between excessive oistire and
dryness, and also oni perfectly dry soil. By tHis
tneans the buds above'the orxgmal surface will be able
to strike root in & drier place if the soil be unduly
wet. ©On very dry spots this heap of superior soil
prevents evaporation, and on alternating soil it
causes the changes to be less rapid, and prevents the
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cracking of the surface. Should it be found neces-
sary to collect cuttings before the planting opera-
tions can be undertaken, they should be taken to
the place of cultivation, dug half into the ground,
and shaded. Before planting it is well to half
immerse the cuttings in water for afew days ; this is
especially advisable if they have been brought from
a long distance. '

The sine qud non of success is, that the buds
in and above ground be perfectly undamaged, and
that the earth closes firmly around the cutting,

It is always advisable to make the hole with
a stick, or if lines of Willows have to be planted for
protection against the river, the best way is to dig
a ditch with a slanting .side, place the cuttings
on it, and re-fill the ditch. Under no condition
should the cuttings be stuck into the soil without
a hole being previously made with some kind of
instrument. It is a mistake to leave a dispropor-
tionate number of buds above the soil, and if tall
cuttings are planted, it is well to pick off some of
the lower buds. The best time to set cuttings is the
early spring, or the rains.

Reprooliwtion by means of layers.

This method is based on the same physiological' Reprodact'onby
fact. A branch of a standing tree is bent down-"*"" of eyers.
wards and buried into the ground with the ends
protruding above the surface. The branch is left
thus till roots are developed under ground, and is
then separated from the mother tree. This method,
called in French Marcottage, though hardly of
any value to the Forester, isof great use in gardenings,

or for the propagation of foreign trees which either-do
‘ I
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Reproduction by
means of grafting

and budding,

not bear, or are too young to bear seed ; or, if it be

found difficult to procure seed, the branch may be
conducted through a flower pot or box filled with
earth, which facilitates the future transplanting. The
early spring is the best time for the burying of
layers.

Reproduction by means of grafting and budding.

The object of this method is to reproduce the
good qualities of one variety, on plants of the
same species—qualities impossible to reproduce by
means of seed. Grafting is usually resorted to when
the plants cannot be raised from cuttings. It
depends also on the capability of the bud to produce a
new specimen. Success is only then ensured if heed
be taken that the different parts of the graft or bud
come into close contact with the identical parts of
the tree on which they are to be grafted,
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Particular care must be taken that the cam-
bium contained in the graft touches the cambium of
the tree, and that external air be excluded from the
wound. | If this is observed, the wood-forming sap
descending from the budding graft, or bud, will
form cells sufficient in number and size to close the
wound and to establish the normal circulation of the
ascending and descending sap.

The following are the instruments and materials’
wanted for the grafting process :—

1. A small sharp hand-saw to cnt the trees or
branches intended to be grafted.

2. The grafting knife for cutting and setting
the graft or bud ( See figure ).

3. The ligature to keep the graft or bud in its
place, The best and most elastic ligature is
coarsely-spun wool. For thicker branches or stems,
however, the bark of trees soaked in water before
being applied may be used.

4. A compound composed of several ingredi-
ents to keep the air from the wound. The simplest
is cow dung and loam, which cannot, however,
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always be recommended, as during hot, dry weather
it is liable to crack and to let in air. During the rains,
Parts of it are easily washed off, and many small
insects are attracted by it, and breed between it and
the bark. Resinous mixtures have none of these
drawbacks, but they must be made so as to be able
to resist the powerful influence of the sun.

1 annex a good recipe :—

Pitch ... ... ... 28 parts.
Resin ... ... ... 28 ,,
Bee’s wax ... ... 16
Tallow ... ... ... 14
Sifted ashes ... ... 14

This ‘mixture is made just liquid over the fire and
applied with a brush. -

Bubppine.

The setting of a sleeping bud may be either
done with one bud or with a flute-like piece of bark
with two or more buds on it. A short explanation
will suffice, as both methods are best explained by
the accompanying drawings. As a rule, trees are
budded when young, and only then when they are in
sap, either in spring or autumn.

Healthy buds in the axis of a leaf are selected
and carefully detached from the branch in form of a
shield, in such a manner as to preserve intact the
knot of cellular tissue which is found below the bud.
If this cellular tissue is not perfectly preserved, it is
useless to set the bud, as the power of development
is lost. It should be mentioned that the grafting
bud must at once be placed into wet moss. The
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bark of the tree to be budded is then cut in form of
a T down to the splint, and both sides are loosened
with the lower end of the grafting knife. The budis
placed into the incision, and the ligatureand resinous
mixture are applied. They are taken off as soon as a
swelling and the growth of the bud indicate that a
sufficient connection has been established between the
bud and the stem.

If the budding takes place in spring, the
stem is cut just above the bud, immediately after
the operation is finished; but should the budding
be undertaken in autumn, the cutting must be
deferred until the following spring. When the
operation 'is to be executed in autumn, the
leaves in the axis of which the bud has formed
must be pinched off a fortnight before the inocula-

t.on takes place, as this will facilitate the separation.

of the bud from the mother tree. When the new
shoot begins to form, care must be taken to protect
it against the influence of winds, which are apt to

T e
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tear it off. If, however, aflute-like piece of bark,
with several buds attached to it, isused for the
budding process, this danger is to a certain degree
obviated, but the method requires much practice and
care. The branches from which the buds are taken
must be of the same thickness as the tree or branch
about to be grafted. A piece of bark bearing

several buds is loosened from the graft, and a piace
of the same dimension, without buds, is detached
from the tree to be budded. The piece of bark
from the graft is accurately fitted into the wound,
the ligature is applied, and theair is kept out by
covering it with the resinous fluid. Trees or branches
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are cut above the buds in spring only, exactly as
described before when treating of the single bud.
Another way may be mentioned here. A
branch of equal dimensions as the tree to be
budded is buried for a fortnight in a shady place.
The tree is cut down, and an inch of bark is
detached allround.  An inch of bark in form of a

| 2N,
O

\
\

‘flute and bearing budsis then taken from the graft,
drawn over the stem of the tree in place of its own
bark, and the wounds closed with the resinous
mixture. This operation can only be executed
during spring, as it entails the cutting of the tree or
branch before inoculation.

G RAFTING.

We may graft either into an incision made into
the wood, or without wounding the wood portion of
a tree.

The first method may be used either in autumn or
spring, and this constitutes its chief advantage. The
graft should be about four inches long, and have a
bud on the upper end. The lower portion of the graft
is then cut slantwise, and a similar incision is made
into the tree, taking great care not to injure the
bark, The twig thus prepared is placed into the

Grafting.
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incision, so that its cambium comes into close
contact with the cambium of the tree. The ligature
and resinous fluid are applied and taken off when
the graft begins to grow. There are varieties to
this method: graft and incision may bs made
triangular, or in form of a zigzag, as shown in the
drawings, but the execution remains the same.

.

Grafting without making an incision in the wood
can only be executed when the vegetation is far
enough advanced to admit of an easy separation of
the bark from the wood. The branchesor tree to
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be grafted are cut, the bark is laid open vertically
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down to the cambium, and - the sides of the incision
are loosened. The graft mustbe cut slantwise, so
that it terminates in bark only ; it is then placed
into the incision in such a way that the wounded
side touches thaweridbiym of the tree. The
ligature ame employed ton is then applied.

The g_I}erially reduc

1 ee: %6 set on a side root of the
tree from Whi':dvll% zsr&kl-rgfl. A new specimen of the

%‘%

] ' e M

same tree may thus be produced, ?houg'h other

varieties of the same species may not be obtainable.
K



66

CHAPTER I.—ARTIFICIAL CULTIVATION.

Systematic plan
of cultivation,

The last method to be mentioned here is. the
joining together of two standing trees of the same
species by wounding both in a precisely similar man-
ner and tying the wounds together.

SYSTEMATIC PLAN OF CULTIVATION.

Before cultivation is undertaken, all prelimi-
naries should be settled and a system for the cultiva-
tion drawn up. Safety belts must at once be laid out
wherever they are required, and draining or watering
arrangements must be completed before the actual
work is taken iu hand. Sowing and planting nur-
series ought them to.be laid out on the most suitable
spots, and every thmg arranged with foresight and
prudence. C

Nothing endangers future success of cultivation
so much as undue hur -. even if the increased cost

be not taken into acc . When very small plants
are used, in order to s 8 year or two, or when,
for the same reason ‘vuide - ~dlings’ are taken
out of the fores:, . i «#g twill be to
retard the entirecu. .. g3 . 4 repairs and
replenishings will be o erot Beedlings are

more susceptible to the uuemency of the weather
than stronger plants. Provision for the immediate

- replenishing of the cultivation oughtto be made

in the beginning of the . operations, and this is
accomplished by growing the plants dense enough on
good selected places to yield planting material.

A combination of sowing and planting is often
advisable, as well as a combination of either, or both,
with natural reproduction. I cannot warn too stren-
wously against the rigid adherence to one method,
and especially against a repetition on the same spot
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where that method has failed. The error of this
proceeding will be most apparent where sowings have
been executed ; for here the soil gets covered with
weeds and grass and generally deteriorates, and with
every new altempt the success of the cultivation be-
comes more uncertain.

Cost Q/ cultivation.

A point of great importance is tﬁe cost of cul- iogomf cultiva-
tivation. After the manner has been decided upon,

a plan of operation for the actual cultivation has to
be made. The Executive Officer has to decide when
he intends to begin work, and in what direction he
will work. He must also make up his mind how.
many laborers he intends to epploy for each branch
of the operation; for it is wit hultlvatlon as with any
other kind of work—its cl~ ;pess depends on the
proper division of labor. i, ., the removal, transport
and planting of material i ) cpmbmed that all the
workmen are employed tep :er.fhe cost of labor
will be materially reduceql i 111 the Executive in
direct charge will recel\ql et ,yh kudos.

The utmost thriftinest’ ;ﬁ the execution of cul-
tivation should be observed, but not to such a
degree as to retard or impede the work in any way.
In fact, the work must always be our first considera-
tion, and the cheapest labor is that which turns out
a success. Annexed is a list of different deserip-
tions of works and the cheapest way to execute them.

1. The most economical \\ay to have carth-
work done is by contract ; but if it is found neccs-
.sary to have it cxecuted by daily labor, strong and
able-bodied lahorers should be employed. When
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nurseries are to be prepared, it is always advisable
to have it done by daily labor.

2. Sowing of seed in lines or places is best
done by grown-up boys or women. Not so broadcast
sowings, which require strength and a certain mani-
pulation ( daily labor to be employed ).

3. The actual digging up of plants, as well as
the pruning, should always he entrusted to expert
and strong laborers (daily labour to be employed).

4: Wagons are, of course, the cheapest car-
riage for transplants ; but when this is not feasible,
strong Jaborers ought to be employed, or the trans-
port may be given in contract.

5. The carriage of single plants to their respec-
-tive places is cheapest done by boys.

6. "The planting, especially of plants without
earth, is best done by women, as it does not require
much strength, but only care and gentle manipula-
tion. This is the most important portion of the cul-
tivation work, and should always be done by daily
labor. Another point must not be omitted. Good
implements will considerably lessen the cost of cul-
tivation. If they are not properly steeled and sharp-
ened, much time, labor and money are lost, and in
the end it will repay Government to buy proper tools
and to pay for keeping them in good working order.

Before the beginning of the new official yesr,
accurate proposals of all intended -cultivations
should be sent to the Conservator for approval, to-
gether with an estimate of cost. This should be done
inan easily revised tabular form. To facilitate this
proceeding, I give, in conclusion, a useful form and
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tables of costs of the most common methods of culti-
yation.

To dig one acre of nursery 1’ 6” deep, and to
- prepare it like garden land costs:—

For barland ... ... Rs. 113 0 O
For moist soil ... ... Rs. 66 14 2

On sailaba land a plough may be used with advan-
tage, and the preparation of one acre will cost only
Rs. 12.

One coolie can sow 500-600 square feet of
nursery per day.

To dig 1,000 running feet of trenches one
foot deep by one foot broad, and to throw the earth
up as a ridge for sowing, costs Re. 1-12-0 to Rs. 2.

One laborer can prepare for sowing 800 running
feet of this ridge per diem, and one man can sow
1,650 feet.

Statement showing the number of holes of different dimensions
in dry and moist soil that can be dug by one coolie per diem.

ON BAR LAND, ON SAILABA LAND.

Motst soil. Dry soil. Moist soil. Dry soil.

g o g s || e o @ &
SEAESEIRAEARNE I POE A RNE APRE RPN

8 k=i A g g g = g

© © 2 © © © © ©
- - ey - -« - - ey + -~ - + - - -~
Sl3l|g|&8 8|28 (88|88 |8|8|2 8|8
- -t N N - - N N — ~ N N - il N oN
90|60 (20 (10{ 60|30 |15 | 7|{100| 761380 (15| 65|35 (2810
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Statement showing the number of trees of different dimensions
with and without earth that can be dug out by one coolie per diém.

ON BAR LAND.

ON SAILABA LAND.

With earth.

Without

earth. With

earth.

Without earth.

76 | 40

]

28 |24 |700 |500

250‘200\00\65

40 |25 |500

300 {100 | 50

Statement of trameport of plants with and without earth by
basket, hand-barrow, and whesl-barrow.

Description of | S 'g ‘E 'E 'g 'E, 'é. i i
Remarks.
()
carriage. g .
HHBEHHBEEE
Ft Inc l
a With earth
Basket 1 0 194 96 63 48] 45 B0 24 q5f WLLEH
" 16 .. . " o »
" 2 0 168 88| 7] 42 36 30 18 12| ,
" 2 6 . " o»
i With earth
Hand-barrow | 1 O 216) 108 70| 60| 43 8O 2y oy Lo
Y 16 R I » n
. 2 0 144| 72| 48] 36| 29 19 14 oH w
" 2 6 .. . . o » ”
With earth
Wheel-barrow | 1 0 128 70 48| 36| 20 200 16 13 T Al
» 16l 90 6ol 45 sl w18 17 8,
. )
. 200 64 40 20 1 12 48 . .
" 26 82 18 19| o 7 & 8 o ., .
|
|
i rt
Basket 1 016,000, 7,000 4,500] 4,000 8,500| 8,000 2,000 r.oooiwé‘;:?“;i‘.‘.."
" 1 6[12,000| 6,500 4,000 3,200/ 2,200 1,600 1,200 800} ,
" 2 0 7,800 3,900| 2,600 1,950 1,620 1,800| 1,040 780 n »
" 2 6| 4,500] 2,250| 1,500{ 1,200 90| 600 450( 300, .
i th
Hand-barrow | 1 0|25,000|12,800 8,250| 6,260| 5,100 3,000 2,000] 1,500 Without ear
" 1 622,500/ 11,250, 7,500] 5,500 4, 3,600| 2,700| 1,800 » »
" 2 '0/12,000 6,000{ 4,000] 3,000 2,400 1,600] 1,200 800, »oon
" 2 6| 9,000 4,500 3,000 2,250, 1,800 1,200 800/ 500 0o
) .
t earth
Wheel-barrow | 1 0 Same [as basiket. | | | | W e
” 1 § Ir " ! I ’ ) » »
” 2 0 ,, ' ! i ! i
| ! . | \ '
2 6 . . 4
7 | | i l \ ! ! !

Flants without earth ar¢ usually tied in bundles and carri

ed on the head.
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Statement showing the nwmber of jolwnts of different sizes
a cart will hold, and the number of times it can go the
© distance of one mile.

ao;
4 3

]
=) <~
(=} -E =
©o ©
- + - -2
)
S 3 & 8
- - N N

Without | earth,
14,000 | 12,000 ( 10,000 6,000
With | earth.
600 400 225 169 |)

i Four journeys.

Statement showing the number of plants of different sizes
 that can be planted by one man per diem with earth.

On BAR LAND, ON- MOIST SAILABA,
] o ] o
g R 4 g
© © © ©
- > + 2 +» -« + +
g | & | & E | & | & | 8 | &
- ' N N — - N N
49 37 28 19 80 50 34 20

With the peg on previously irrigated land one

man can plant 130 transplants without earth per

diem.

One laborer can prepare 700 cuttings per day,
and one man can plant in moist soil 400 of them in

a day.

One Bhisti can water between 500 and 600
transplants per day if the water is on the spot.
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CHAPTER II.

—_—

Natvrarn REepropucTION.
Definition of the term “Natural Reproduction.”

Natural reproduction includes all reproduction thfef;‘ri,‘,fm“ —
by means of seed shed by mature trees in the forest, fural, Reproduc-
or by means of coppicing from the roots of cut

trees, or by a combination of both.

Instances when natural reproduction 18 advisable.

Trees which require much protection during ng;‘:f:l“f:;rgfg
their youth, such as Cedrus deodara, may be tionis advisable,
reproduced with advantage ina natural way. The
same course may be adopted with other trees in
exposed positions, and if the cuttings are executed
by selection. It may also be recommended on steep,
stony and rocky slopes; further, where labor is
scarce, and on places where a good young growth 18

already standing.

Instances when natural reproduction vs tmpossible.

Natural reproduction is impossible on extensive ngﬁ;‘}“ﬁ;ﬁ:g
blanks, or where the species of trees forming the tionisimpossible,
mature forest are to be changed, or where the trees
. are too old to bear seed or to coppice. or where the
condition of the ground or nature of its covering
does not admit of the germination of seed and the
growing of small seedlings. The soil may be too
wet or too dry, too hard or too densely covered with
weeds,

Management of naturally reproduced forests.

Management of
The management of naturally reproduced forests > 58* " o

is divided into two great classes. The first is called duced forests.
L ,
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High  Forest

Treatment,

Preparatory cut-

ting,

the High Forest Treatment, when the forest is repro-
duced by means of seed ; the second is called the
Coppice Forest Treatmen!, when the reproduction
depends on the coppicing of the stock. A combi-
nation of both methods, that is to say, when reproduc-
tion is achieved partly by seedlings, partly by
coppice, is called coppice under standard trees.

High Forest Treatment.

The first condition to insure reproduction by
means of naturally shed seed is to allow the trees
to grow up to maturity until they will yield produc-
tive seed. A ““preparatory cutting” to strengthen
the trees, or to prepare the ground, should then be
made ; and when this has been accomplished, a
second cutting must bz made, in order to admit
enouzh light and air into the forest to allow the
seed on the ground to germinate. After the young
seedlings have sprung up, one or more new cuttings
may be made to encourage and strengthen the young
growth by a further admission of light. -As soon as
the young growih seems strong and dense enough to
expand into a new forest, the rest of the old forest
must be cut down.

Preparatory cutting.

The trees in a forest may be full grown but
still bear no seed on account of their close growth ;
and if sucha forest is to be reproduced, a judicious
thinning out, or preparatory cutting is advisable, as
it will promote the formation of seed.

The formation of roots in a demse forest is
not sufficiently vigorous to afford the necessary
support should the forest be severely thinned, and
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the trees suddenly deprived of their mutual support.
It is therefore always dangerous (and on exposed
positions impossible) to begin at once with a cutting
severe enough to allow the germination of seed.
Not only would the standing forest be endangered,
but natural reproduction would be rendered impos-
sible after the regularity of the old farest had been
destroyed. A “preparatory cutting” is required here
to strengthen the power of resistance of each indivi-
dual tree. :

The soil in a dense forest is often covered
with a thick layer of leaves and mosses which some-
times prevent the small roots of the seedlinos to
penetrate the soil. Here, again, a preparatory cutting
must precede the cuttirg necessary to promote
germination. The free admission of air, light and
moisture will accelerate the decomposition “of the
obstructing layer. -

Further use of preparator Y cutting,

Trees of a less valuable species are often found Further use of

intermixed with those we wish to cultivate. In
such cases, many of the inferior trees are removed by
means of a preparatory cutting, and the more valuable
ones are left in the forest as parent trees.

If the seed crop of a year fails, the cutting
for germination of seeds must be omitted ; but as we
have still to supply the markets and depdts with
timber, the preparatory cuttings of a forest, which
will be the next for reproductlon must yield the
necessary material.

Rules for preparatory cutting.

The severity of the preparatory cutting
depends on various conditions. For instaace, if by

preparatory cuts
ting,

Rules for Pres

paratory cutting,
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I Direction of

cutting,

means of preparatory cutting we wish to promote
the formation of seed in backward trees, we must cut
severely, less so if the trees have already begun to
bear fruit. We must also have recourse to a more
severe cutting if we purpose to decompose a cover of
leaves and mosses. If we only want to loosen a soil
which has deteriorated and hardened through the
removal of leaves and humus (streunutzung), a more
lenient cutting will suffice. Under any circumstances
the clearing should never be so severe as to cause the
formation of a grass cover.

The preparatory cutting should never extend
over a greater area than may easily be put under
natural reproduction, otherwise it will lead to the
deterioration of the soil.

In weak and very irregular forestsa repeated
lenient preparatory cutting may be advisable.

An indispensable condition to the success of
natural reproduction by seed is the careful protection
of the leaves, moss and humus cover in the forest, for
some years at least, betore the natural reproduction
begins and during the whole period of reproduction.

(GeNERAL RULES FOR CUTTING TO PROMOTE THE GERMIN-
ATION OF SEED.

I, Direction of cutting.

a. All cutting in a forest must begin on the
sides protected agamst the prevailing storms. We
must, so to say, cut against the wind, and the most
exposed portion must be taken in hand last of all.
This precaution is especially to be observed in coni-
ferous forests, as the pines, with their tall trunks,
perennial leaves and shallow formation of roots are:
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more susceptible to the ravages of storms than
deciduous trees. The precaution is, however, equally
necessary as regards canal-irrigated or inundated
forests.

b. A protective belt should be left (or even
created before the cutting begins) on spots exposed
to the hot, parching winds in the plains, or to the
frosty breezes and avalanches in the hills.

¢. The cutting must be executed in such a
way as to facilitate the entire covering of the soil
with seed, which can only be achieved by an equal
distribution of the seed trees.

d. The line of cutting must proceed in such a
direction as not to endanger the seedlings which
have already sprung up during the removal of tim-
ber. In hill forests, we must therefore not begin
our cutting close to the river-side, as all the timber
of future cuttings would necessarily have to be trans-
ported through the young growth of the previous
years.

II. Amount of cdtiing. ,

In a regular mature forest, the crowns of trees ; =ow* of
form a dome under which little or no vegetation is to
be found. When natural reproduction is contem-
plated here, we must cut, over the entire area to be
reproduced, enough trees to admit everywhere light
and dew sufficient for the germination of the seed
and the first growing of the young plant. Different
species of trees and different soils and situations

should also determine the amount of cutting.

a. The young seedlings of the generality of
trees require more or less protection against sun,
wind, cold and drought ; the amount of cutting must
therefore vary according to their different require-
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III. Manner
of cutting,

ments. Some plants, like the Deodar and Tin,
will often wither away if suddenly exposed to
the influence of the sun and drought ; others, like
the Pinus longifolia, may spring up in a shaded
torest, but disappear again during the first year of
their lives.

b. The cutting must be somewhat lenient
on soils which have a tendency to be overgrown
with grass or weeds, or which are inclined to dry up
rapidly.

- ¢. In arough climate, where frost is apt to
endanger the young growth, the cutting must not
be as severe as in milder regions.” Thus it is neces-
gary to cut leniently on North and East slopes, and
more severely on south slopes. There is another
reason why a larger amount of trees should be cut
on a South slope : a dense growth overhead prevents
the dew and rain-fall, which is especially wanted on
the warmer south side.

III. Manner of cutting.

Sound trees, with regular but small crowns,
should be left as seed trees. They must be distri-
buted as equally as possible over the entire area, and
should be selected with the greatest care and by a
responsible officer, as the whole success of the
natural reproduction may depend on this selection.
Trees whose very dense crowns overshadow the
ground ought to be cut, as well as very large trees,
which would destroy during the process of felling a
larger amount of young growth than trees of a smal-
ler size would. In deciduous forests the selection
should take place when the trees are in leaf. The
time of cutting must be regulated in such a manner
that the whole forest is cleared of timber before the,
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seed-fall. The soil recently disturbed by the cut-
ting, logging and transport of timber will form an
admirable receptacle for the falling seed. The
removal of the stock of felled trees increases the sus-
ceptibility of the soil, and is always to be recom-
mended, except in positions much exposed to storms,
as the roots of standing trees are often inadvertently
cut off with those of the old stock, and the trees lose
by this means some of their power of resistance.
Artifical help, such as scratching in of seed, loosen-
ing the soil, driving in of sheep, rooting up of weeds
here and there, are always advisable and often
necessary.

Cutting to strengthen the plants.

In the course of their growth and development, Cuting  to
the young plants require an increased amount of light plants, hen the
and dew. In opposition to this want, the crowns of
trees in opened-out forests exhibit a tendency to
close overhead ; and if the axe is not made use of to
succour the young growth, the seedlings would soon
lose their dark green color, turn yellow, the buds
would grow thin and small, and probably the plant

would perish altogether.

The second cutting should never be delayed
until the appearance of these symptoms. If on
account of one or more of the above-named reasons
the first cutting has to be executed in a lenient man-
ner, it must be followed up by repeated and careful
cuttings with a view to strengthen the young growth
and accustom it to an unprotected situation. This
method of reproduction may extend over 20 and
more years. One cutting to strengthen the plants
is often sufficient, and the entire reproduction will
be accomplished in about 10 years, Other trees

-
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Clear cutting,

Young growth,

can, under favorable conditions, be thinned out at
once so severely, that a further cutting before the
clear cutting is unnecessary, or the forest may at
once be cut clear in small narrow strips adjacent to
the mature forest. Natural reproduction of great,
broad clear cuttings cannot be expected.

Clear cutting.

After a certain time the young growth is able
to resist without further protection the influence of
sun, drought and frost, especially after the plants
have grown above the line of dew. Thickets now
begin to close, and the blanks which may still be
found on the area will be so overgrown with weeds
and grasses that no further natural reproduction can
be expected. This is the time when the last rem-
nant of the parent forest must fall, to allow the new
forest perfectly free scope for its development.

Necessary precautions to be observed during cut-
ings for strengthening the plants, and during
clear cuttings.

The young growth which has sprung up after
the first cuttings ought to be protected against des-
truction during subsequent cuttings. For this pur-
pose the branches of the trees about to be felled
must be previously cut, and the time for felling
carefully selected. The best time is when the
entire ground and the plants themselves are covered
with snow, and the temperature is mild. Very cold
days, especially if little snow lies on the ground,
are to be avoided, as the plants are brittle, and
suffer with each touch. The early spring, too, when
the plants are beginning to shoot, must be avoided.

All material must be brought as quickly and
as carefully as possible on the nearest road, ride ox
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slide ; delay only increases the unavoidable destruc-
tion.

Treatment of the area after clear cutting.

- Allblanks have to be filled up with transplants Treatmentof ihe
to secure a complete forest, and not a spot should be cutting.
omitted on which a plant can- grow. The more
valuable species of trees have at once to be protected
and fostered, and seedlings of minor value must be
pulled out, especially-if they impede or endanger the

growth of the-superior species..

Conclusion.
During the whole period of reproduction, from conclusion.

the time the first seedling sprouts, till a complete
thicket has formed, the forest must be closed against
cattle-grazing, cutting of grass, and collection of
all other minor produce. In fact, an absolute exclusi-
on of every disturbing influence must be strictly
maintained.

Treatment. of incomplete and irreqular forests.

‘We have discussed in former paras. the treat- c'g:;l‘;‘:"f”f& in-
. ment of regular high forests under reproduction, regular furests.
In irregular forests, we find on the same area trees.

of all ages and sizes interspersed with blanks.. Most

of our Panjab hill forests present this aspect.

To restock such a forest, we have to manage it with

a view to future reproduction, long before the time

for such reproduction has actually arrived.
The preparatory treatment consists:—

1. In fostering the superior species of trees,
especially those of the age required. for reproduction.

2. Patches of younger trees of the fostered
species should be forced to maturity by means of

severe thinnings.
M



.

CHAPTER IL.—NATURAL REPRODUCTION.

3. A closing overhead should be attempted,
and when this cannot be done with the means at
our command, the ground must be preserved from
deterioration by artificial cultivation, even of inferior

‘trees.

4. Anirregular forest should be closed against
cattle at the time when the first preparatory step is
taken, and the prohibition must not cease until the
whole reproduction is a fait accompli.

5. Humus and leaves should never be removed
till the whole forest forms a thicket of a more uni-
form age.

6. Preparatory cuttings have to be executed
with special care and the recultivation of all consider-
able blanks must be taken in hand at the same time ;
weeds have to be removed on places where there is
sufficient light to admit of natural reproduction, and
the soil must be prepared with hoe and rake for the

“ready reception of the seed.

Cutting for ger-
mination of seed.

In fact,” nature has to be assisted in every
possible way.

Cutting for germination of seed.

On plots of mature trees, or where mature
trees prevail, a separate cutting for the germination
of seed should be executed. This cutting however
must not be as severe as in a regular forest, for these
groups standing separately, admit side light in pro-
portion to their dimensions; each group in an irregu-
lar forest requires the same precaution against
storms, dry or cold winds and sun as already men-
tioned for the protection of regular forests.

As a rule, the stronger trees in a group should
be cut down in preference to the smaller-crowned
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trees, as the removal of a few of them admits a
greater amount of light and air than the removal of
double the number of small ones would. The smaller
trees left standing will increase more rapidly in bulk
than the large timber if left on the ground. -

More vigorous efforts must now be made to
insure a total covering of the ground; hoe and rake
must be in constant requisition, and wherever the
natural reproduction does not come up, sowing and
planting have to replace it. Our sole aim must be
to cover the soil and to prevent further deterioration.
No young trees, even if undersized or stunted, should
be removed if we are not certain to be able to replace
them immediately by young growth.,

Cluttings to strengthen the growth.

The same rules which apply to a regular forest stronainey e
_under that heading, are applicable here to every growth.
isolated plot of trees. 'We must now have recourse
to planting and sowing of quick-growing, albeit less

valuable trees.

Clear Cutting.

As soon as a thicket has formed, though it may (iear cutting,
not be of an equal height or age, the parent trees
have to be cut, and every blank must be filled up.

It is decidedly wrong to sacrifice a certain
reproduction for the  sole purpose of attaining a
greater equality of age in the newly-created forest,
as it is perfectly easy to procure the desired regu-
larity in the second rotation.

Mixep Forests uNpDER HieH Forest TREATMENT.

Nature undisturbed by human interference
created almost invariably mixed forests. Exceptions
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are only found inithe far North, or on considerable
elevations where ‘the great wariety .of vegetation
ceases, or where the peculiarities of the .soil allow
the thinning of particular species only.

We must not fail to profit by naturé’s own
teaching ; and though forests -of one species 'have
many advocates, the advantages of mixed forests are
undeniable.

1. Mixed forests are sdfer from destruction by
insects.

2. The formation of ‘the-roots of different trees
varies, -and -a mixed forest has therefore a greater
power of resistance against storms.

-8. The reproduction of mixed forests is, as a
rule, much easier ; for when one species of tree fails,
the other is sure to spring up, and such trees as
require protection during the earlier .stage of their
lives find it in the young growth of -other species
growing up with them.

4. As the soil is apt to deteriorate under trees
with thin foliage, an intermixtureis always attended
with happy results. The soil is not only protected
and better adapted for re-cultivation, but the growth
of the individual tree is much more considerable.

5. In many cases fires are prevented by inter-
mixture, or, if they break out, they are much easier
extinguished. '

6. 'The out-turn of material is very often greater
as well as more varied.

Mixed trees, in order to grow up together with
advantage in one forest, must—

1. Flourish in the same climate and on the
same soil, ‘
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2. 'Grow to maturity at the same period.

3. Require a similar treatment.

4. And, if possible, grow roots of different for-
mation.

. Rules of treatment.

The general rules for the treatment of mixed mcules of treat-
forests are the same as those for regular pure forests,
except that the trees of the more valuable species be
fostered in preference to others.

Standard trees.

A certain number of old trees per acre may be Standand trecs,
left standing on the ground when the rest of the
parent forest is cut. These trees are allowed to
grow up with the next rotation, and are called
standard trees. The climate and soil must suit the
trees intended for preservation; the position must be
protected against storms, and the trees must be
sound, and ought not to have large crowns. Trees
with thin foliage, such as Pinus longifolia, are par-
ticularly adapted for standard trees, and species that
do not suffer much from shade over head, such as
Deodar, are best grown under standard trees.

CuTTING BY SELECTION.
Description of cutting by selection.

_Cutting by selection isthe oldest and most pescription of
natural way of utilizing a forest. The method, if it Juiing ™ selec-
may be called so, consists in cutting those trees which
are required for the nonce. As long as the forest
has only to supply the wants of a small forest popu-
lation, the disadvantages of such treatment are little
felt, or do not exist; but when markets have to be

supplied and depdts to be stocked, the consequences
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begin soon to exhibit themselves. The strongest
timber, generally of the most valuable kind, is cut
down ; the reproduction is left to accident; and the
care of the Forester consists solely in getting the
wood as cheaply as possible to the market, and selling
it at the greatest profit. Such was, within the last
few years, the treatment most of our Panjab forests
were subjected to, and, I believe, are still subjected
to in some places ; and we observe incomplete,
irregular, devastated forests with only partial repro-
duction. Such forests belong, according to our defini-
tion, to the high forest class. They are reproduced
by means of naturally-shed seed ; but the trees of
different ages are mixed up on the same areas, and
blanks overgrown with weeds abound.

The disadvantages of cutting by selection.

The disadvan- The reproduction being left to nature, a failure
t. £ tting .«
byselection.  —in the seed crops causes often blanks. Places where

trees have been cut get over-grown with grasses and
weeds, and the seed of subsequent years, though
abundantly shed, falls amongst weeds and thorns, and
does not germinate. The young plants may be in
the middle of a great blank, and have no protection
whatever, or they may be smothered by the old trees.
The cutting and transport of old trees destroys
unavoidably great numbers of young seedlings, be-

sides damaging small trees. The roads and slides
must be more numerous than in a regular forest,
whereby much space is lost. Cattle which endanger
a regular forest only during the time of reproduction,
perpetrate the utmost mischief in a forest cut by
selection, and must be kept out altogether, or they
will destroy much of the young growth. Supervision
of utilization, as well as of artificial cultivation, is in
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such forests much more difficult, and it is impossible
to ascertain accurately the yield of a forest under
this treatment.

In some cases an uninterrupted protection of the
soil is required to prevent landslips, or a forest cannot
be cut, as it protects fields and forests below against
avalanches, or serves as a belt againstfrequentstorms.
Under such conditions alone must we adhere to the
method of cutting by selection. Forests requiring
such a treatment are generally of small extent; the
reproduction is here the first question, and little or
no heed is taken of the out-turn.

We begin by felling trees in the middle of the
forest, and do not proceed with the utilization before
the reproduction is secured by natural or artificial
means. The branches of adjacent trees are often
cut long before the trees are felled, to give light and
air to young growth, and all .possible precautions
are taken to prevent damage while the trees are
being felled.

Necessity of regularity in, and changing of, cutting by
selection.

When (as is the case in this country ) great’ Necessity of re-

forests are still subjected to the treatment of cutting Shmmuig o, moc
by selection, it must be executed with a view to "8 b selection.
establish a uniform and simultaneous reproduction.
The first step in this direction is to divide the area
of the forest into working compartments in accord-
ance with the average age of the prevailing class of
trees. The compartments which contain the oldest
and strongest trees are utilized first, and the others
are only cleared of decaying timber and diseased
trees. The annual utilization should be restricted
to the smallest area possible, and should be concen-
trated to ong-portion of the forest,
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Definition.

All rules enumerated under ‘“Regular and Irregu-
lar High Forest Treatment” should be most carefully
observed. Groups of mature trees on good soil ought
to be thinned when a seed year is indicated, so as to
allow the germination of seed ; young growth is to
be fostered, and old trees must be removed where
they oppress it, and. thickets thinned. Preparatory
cuttings, cuttings for the germination of seed, cuttings
to strengthen the young growth, clear cuttings,
and thinnings, are therefore executed on the same
area with a view to equalize the character of the- forest.
The other rules as regards protection against storms,
care in felling and removal of material, are the same
as mentioned above under High Forest Treatment..

No grazing must be allowed till the forest has
gone through the entire process of reproduction, and
all blanks should be filled up with artificial cultiva-
tion. In spite of all these efforts, even if every
compartment be treated in the above described
manner, we cannot expect at once a regular forest,
though an improvement in the entire aspect must soon
be apparent. The result will be a close forest, corn-
posed, no doubt, of trees of various ages, but which,
nevertheless, may be reproduced in the form of a
regular and complete High Forest. All our hill
forests should be treated according to this plan.

CorricE FoRESTS,
Definition.

All trees with thin, watery sap, and complete
spiral tissue, have the power to coppice, after cut-
ting from the roots or stock, and on this capacity the
coppice treatment is based. The power of repro-
duction varies in the different deciduous species, and
also with the age of the tree. In a young or grow-

————
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ing tree it is developed most powerfully, and is lost
again in old age. Some species of trees reproduce only
from the stock left above ground ; others reproduce
from the roots as well. The latter” will nearly
always re-coppice throughout the entire period of
their existence, whereas the former coppice only for
a certain time.

Sun, light and heat are absolutely necessary for
reproduction. In spring, as soon as the sap in the
roots begins to move, it must necessarily ooze out
of the cut, but under the influence of sun and heat
it will soon dry up and form a crust in the upper
portions of the cut stem. The still moving sap,
charged with the material for the formation of wood,
searches for an outlet, and forms buds and branches
on the sides of the stock. This is the reason why
in an open position the power of coppicing is more
strongly developed than under shade, and also more
strongly in a hot dry country than in a mild, moist

climate. Rich soil will increase the power of cop- -

picing ; poor soil, on the contrary, reduces it until it
disappears entirely.

Trees best adapted f01 the coppice treatment
are those which possess the power of reproducing from
the stock and the roots. The time of cutting exercises
much influence on the reproduction, but this fact
has, up to the present, been quietly ignored in this
- country. The best time is during the early spring,
just before the leaves begin to sprout, and when the
sap is moving.

The length of rotation depends on the species of
trees ; but if it be unduly prolonged, it is always to be
apprehended that the trees will lose the power
of coppicing. Experience has proved that coppice
forests, though the returns are quicker, yield never

N
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trees derive no beunefit whatsoever from them. As
soon as the young trees can dispense with protection,
it becomes obnoxious to them. Only those coppices,
however, which grow right under the crown of the
standard trees are materially affected, as the depriva-
tion of dew and rain checks their growth. The shade
thrown on the young plants in an opened-out forest is
not so hurtful to them as we imagine, as it changes
continually with the position of the sun.

The soil under standard trees will be found drier
than amongst the surrounding coppice, and the
plants below them are therefore more or less deprived
of one of their principal nutriments, which tends to
retard their growth. This is of less consequence in
irrigated or inundated forests than in those depending
solely on natural rain-fall, as shade alone is only then
hurtful when it is dense and continuous. A maderate
shade prevents evaporation, and is rather beneficial
than otherwise.

From the foregoing it may be concluded that
standard trees with short stems and a strong forma-
tion of branches are more hurtful te the growth of
coppices than trees with thin crowns and high stems.

The following is a list of some species of trees,
chosen withi a view to their relative value as stand-
ard trees. I begin with the names of trees capable
of affording a slight and beneficial protection, and
end with those which, by reason of theirdense crowns,
impede the descent of dew and rain :—

Pinus longifolia, Acacia Arabica, Alnus,
Tamarix orientalis, Acacia stipulata, Acacia spe-
ciosa, Acacia laeta, Acacia modesta, Acacia
leucophlea, Dalbergia sisst, Abies Smithiana, Cedrus
deodara, Qucrcus sp., Cedrela tina. X
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Thbe last-named trees, having a thick foliage,
suffer less from protection overhead during their
infancy than trees with thin foliage.

These are the disadvantages connected with the
treatment under discussion. We must now weigh
its advantages. The stocks, as they lose their power
of coppicing, are replaced by plants raised from
naturally shed seed. The coppice by covering the
ground protects it from drying up, and further
improves it by the shedding of its leaves, thus benefit-
ing the standard trees which again shade the .soil
after the cutting of the coppice. The standard trees
rarely obtain the same height as if they had been
raised in a High Forest ; but as they enjoy an unli-
mited amount of light and air, they prodace nearly
always a larger amount of wood, and frequently of a
superior quality, A forest under this treatment
requires less assistance by means of artificial cultivation
than under clear coppice treatment. The coppice
under standard treatment facilitates also the foster-
ing of the superior species of trees, and can easily be
changed into High Forest Treatment.

Selection of standard trees.

The most valuable species of wood are selected Selection of

or raised for standard trees. In the plains, I should
always prefer Acacia Arabica and Dalbergia sisst,
in the hills, Pinus longifolia and Kukar. On places
where deodar, oaks, walnut trees, and the other
high hill pines grow, I would leave the coppice
forest treatment quite out of the question. In such
localities this manner of reproduction is, as a rule,
unnecessary, and there is no market whatever for the

small produce, except perhaps within the immediate
vicinity of hill sanitaria.

standard trees,
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Lengih of rotation.

ylevgthofrotd ffih g Jength of rotation for the coppice is subJected
to the same rules mentioned under simple coppice
treatment, that for the standard trees depends on
the size of the miaterial we wish to produce. In the
plams of this Province, the usual periods for coppice
cutting vary between 10—15 years, and three or four
of such periods will suffice to produce a strong
timber tree of either Kikar or Sisst.

In the lower hills, the time of rotation must be
longer, and a Pinus longifolig standard tree requires
at least four to five rotations of twenty years each to
attain the size of a good timber tree:

Number of standard trees pér acre.

o umber of stan- 1t is impossible to fix a theory for this thoroughly -
acre, perpra:dbical question, which depends entirely on the

fertility of the sofl, the amount of meisture in the
ground, the fornration of the species i genersl, as
well as that of individual trees. A general rfule,
however, should be followed. At theend of a coppice
rotation, not more than one-third of the area should be

. under the immediate cover of the erowis of standard
trees. The standa¥d trees of the more recent periods
must exceed the old onres in numbers.

1 give here an example for one aere before and
after cutting :—

) Before cutting,
8§ standard :l\;lees,
. 60 years old.
Coppice, 15 years. , 16 standard trees, :
45 years old.

Old.

. oo — _

32 dard ‘trees,|
l 80 years old.
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" 16 standard trees.

82 standard trees,)
18 years old. After cutting. -
—————
8 standard trees,
45 years old.
382 years old.

No coppice.

Rules for reproduction,

The standard trees to be felled are cut simul- , Riesfor repro-
taneously with the coppice and at the time of
the year mentioned under coppice treatment. The
cutting and removing of all material must be executed
as rapidly as possible, and the area must be clear
when the leaves sprcut. The selection of standard
trees for the last period is the most difficult task
connected with this treatment, and a mistake once
made is irreparable. It is therefore advisable to
gelect and mark twice or three times the number of
standard trees required, and to make a second selec-
tion from these trees after the cutting has been
completed. Trees grown from seed should be selected
in preference, and if they are not to be had,
coppice of young stocks may be chosen. The strongest
trees should invariably be selected, but an equal
distribution over the area must always remain the
first consideration.

Standard trees with very large and low branches
may be pruned with advantage. Ifitis found that
the natural reproduction by seed is not sufficient to
supply -standard trees for the next rotation, the
gpecies chosen for standard trees must be artlﬁclally
caltivated by means of transplants,

-
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CHAPTER IIL

TREATMENT OF FORESTS AND SINGLE TREES.

Definition.

Definition, ‘We promote and guide the growth of forests and
single trees by means of “ stopping, thinning and
pruning.” This is called ¢ Treatment of Forests.”

Promotion of the growth of young forests by establish-
ing a close growth, otherwise called * stopping.”

Promotion  of I mentioned in the preceding chapter that a
the growth of .
voung_ forests by reproduced forest must be made to close overhead
estabiishing a . .
close * growth, a8 rapidly as possible, the branches must touch each

lft:‘tf,mfg;?’md other, and the soil underneath must be in perpetual
shade. If the young forest does not close within a
short time, weeds spring up, the soil loses its nourish-
ing power, and if it has been originally of an inferior
quality, the young forest will waste away (see Tera
Plantation). If this has occurred, the cultivation of
corn, potatoes, or cotton between the sickening trees
will have a beneficial effect on them, provided the
soil be clear and not overgrown with weeds. A small
quantity of earth is heaped round the stock of the
ailing trees, and if they be of a deciduous nature,
and have stopped growing, they must be cut off close
above the ground. The new shoot from the roots
will, for the greater part, prove more vigorous than
the already-diseased plant. Scissors should be used
for cutting down small plants, as the roots are likely
to be torn or loosened if a knife, and especially a
blunt one, is used. The cultivation of crops be-
tween the young growth is only practicable in forests

of a regular character, planted in lines or squares,
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Should the soil in a young forest get covered
with weeds, they must be speedily exterminated
to preveuntits deterioration. The following is the
most effectualand the cheapest way to get rid of them
Theupper layer of soil is pared off at a distance of two
to four feet from the plants, and turned over on top of
the weed cover in the immediate vicinity of thesicken-
ing seedlings, so that the weed-covered side of the sod
rests on the weeds close to the stem. The covered
and the covering weed will decompose and form a
humus close to the roots of the ailing plant. In this
manner we not only neutralize the pernicious effects
of the weeds, but utilize them for the nourishment
of the seedlings. Plantations grown in a regular form
are again the only forests in which we are able to
execute this plan on a large scale. When such dan-
gerous weeds as Saccharum and Salsola have taken
possession of a soil intended for a forest, the quickest
and ‘easiest remedy, in my opinion, is to dig up all
the weeds with the roots, burn them on the ground,
and recultivate wherever we find blanks or weedy
plants,

A deteriorating soil may be improved and a
weak young growth saved by closing a forest quickly,
by means of interplanting and intersowing hardier
and quicker-growing species of trees. -

Plants specially adapted for the soil under
treatment should be selected. If we have the slight-
est reason to apprehend that the forest will not grow
close enough, we must have recourse to an early
intermixture of quick-growing trees, as they will soon
protect the soil against the influence of the sun.

Beneficial effect of undergrowth on old forests. . ’
'We often find, especially in this country, forests of  Deneficial effect
old trees of such irregular growth and so far dispersed oo old forests.
o
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be found sufficient even during the most intense
heat. The evening is the best time for watering. If
possible, the covering of the ground should always be
combined with the watering. The evaporation will
be less rapid, and a weekly watering will then be quite
sufficient.

The covering of the ground round isolated trees
is of the greatest importance, and even the growth
of well-established andstrong trees can be accelerated
by this means. On light and sandy soil this method
18 of the utmost utility, but- may be found use-
ful on soils of every description. Dry leaves and
grasses or weeds are deposited all round the trees
about three inches deep,and fixed with small branches
of Malla (Zizyphus nummalaria) or Jhau (Tamarix
Gallica), or Kothi- (Indigofera heterantha), or any
other small bush procurable.: This cover net only
impedes the evaporation and prevents the drying up
of the soil, but also checks the growth of dangerous
weeds, and by its decomposition yields material for
the nutrition of the tree. Itis advisable to open
out these covers for some time during the winter
months ta prevent mice and rats taking up their
abode in them, and to expose the insects and larvee,
which are alwaysfound in them, to the cold and frost,
and thus kill them. s
The third method consists in ‘turning up the sur-
face soil round the tree with a shovel or hoe, and then
crumple it up. This has to be done about two inches
deep. These two inches of loose soil will of course
dry up almost immediately, but the connection
between thedry pulverized earth and the lower soil is
interrupted, and serves as a protection against -the
direct influence of the sun. This proceeding, however,
is not withoutits disadvantages, Dust storms often .
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carry away the loose soil, and the operation has to be
repeated after each shower of raiu, which re-estab-
lishes the former connection of the soil. On very
binding “and hard soil, especially if combined with
cover, it yields the most excellent results. -

- Protection against the rays of the sun.

Young trees grown in a nursery under the
shade of mature trees, or even under a thatched roof,
are necessarily affected by the unchecked rays of the
sun when transplanted into an open position. The
soft bark of their stems hardens suddenly, loses its

-elasticity, and stops the growth of the trees by imped-
ing the circulation of the sap. This is ¢alled “ hide-
bound. ” To prevent this we must diminish the evapo-
ration through the bark of the stem till the tree has
gotfirmhold of the soiland becomesaccustomed to the
different conditions of existence. The ugual way is
tq wrap straW round the trunk ; but insects almost
invariably take up their quarters in this covering, and
destroy the bark we try to protect. It is a sufficient
protection to apply a layer of lime and clay soil to the
stem. The mixture should consist of three parts of
lime and one part of clay. It will be found
cohesive enough to resist the action of the rain,
Eucalyptus, andall such trees as are decidedly affected
by the sun and dry heat, should have this mixture
applied to their stems immediately after being
planted. .

Protection against ‘dccidents.

Trees along roads and canals are naturally sub-
Jjected to frequent accidents ; their branches are eaten
off by cattle, or their bark is loesened from the stem.
The protection against mischief, such as tearing of

Protection
against the rays
of the sun,

Protection
against accidents,



10:

CHAPTER III.—TREATMENT.

branches for fodder, &c., cannot be discussed in this
chapter, but will be treated in another pamphlet—
“ Protective administration of Forests. ” At present
we have only to do with the protection against bond
JSide accidents. The orthodox Indian mud-wall
circles, if provided with air and drainage holes,
answer the purpose exceedingly well; and if a few
handsful of dry leaves and grass are thrown into
the enclosure, they will keep the moisture for a long.
time, and a good soil will form near the roots of the
trees. They must be made large enough to prevent.
cattle reaching any portion of the young tree.
Their appearance is certainly not very elegant, but.

-they can be réplaced on station roads and ‘“malls”

by a sort of crate made of bamboo or any other
wood. The best protection for trees on station
roads are continuous fences and hedges. The former
may consist of either simple posts-and rails, or wire
fencings, or stone walls. If the fences’are made of
wood, a green thorn hedge, which will look well and
save the renewal of the wooden railings, should be
cultivated. Hedges should always be pla'nted and the
ordinary precautions already mentioned in the chap-
ter of artificial cultivation must be observed. Trees’
or shrubs provided with thorns should alway be
chosen for protective hedges in preference to others,
and we could not find better material than Jand,
Rerl,, and Phuléi for the Panjab plains. The best:
and safest method is to raise the hedge on a ditch,
drawn 2—3 feet deep, with very radually sloping
banks. The young plants are putin in four parallel
lines at a distance of 8 to 12 inches. In the second
year-the branches must be interwoven and the top-
shoots cut off, and in the third year the hedge will
be impenetrable. Cactus Indica, Aloe perfoliata,
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Agave Americana, &c., will make good protectlve
hedges. -

Thinning.

One square foot of ground is énough for a young
plant, whereas 200 square feet are hardly sufficient
for a mature tree ; thus upwards of 40,000 trees have
to perish before a completely-stocked acre of young
growth has reached maturlty An incessant
struggle for light and air 1s therefore the inevitable
consequence of the progressing growth. The plants
areso dense that they cannot throw out side branches,
and their whole vigour is expended in the increase
of height. The stronger plants naturally grow
quickest,. and assoon as they have outstripped their
less robust neighbours, they extend in breadth over
the heads of the smaller trees. The newly-formed
side branches soon encounter those of other vigorous
trees, and form a cover above the heads of the more
back-wardgrowth, which consequently dies from want
of light and moisture, and decomposes. But the strug-
gle is again renewed as the space becomes too limited
for all the trees which now occupy the ground, and
does not cease until they attain their full growth.
The lower branches of the predominant trees die off
when their new-forming higher crowns close over-
head and withdraw the influence of light and mois
ture, This process of extermination proceeds in a
young forest rapidly, and excites a vigorous growth
in height ; but after a certain age, when the trees
have increased in bulk and strength, they are not so
quickly stifled. A forest left altogether to its own
resources expends much of its vigour in this perpe-
tual struggle. 'We therefore must thin out.

Thinning.
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Definition of the term thinning.

Definition of the Thinning consists in cutting out all suppressed

term thinning.

General rules.

trees, or such weak ones which would soon be sup-

pressed if left on the ground. We thin with a view

to accelerate the growth of the trees left standing.
General rules.

The seedlings grow often so close together
(especially in artificial sowings ) that the evil effects
thereof exhibit themselves in the earliest stages of
the growth, which slackens perceptibly, To obviate
this mischief, the superfluous plants should gradually
be removed, that is to say, as soon as the seedlings
begin to impede each other. It is decidedly wrong
to wait till they show signs of ill health, as many
plants are quite unable to outgrow the damages
sustained in their youth. The plants to be thinned
may be dug out for transplants, or be cut down to
the ground with the knife or scissors. They should
be cut in the beginning of the summer after the first
spring growth is over. If this is neglected, and they
are cut too early, the more vigorous coppices will
renew the struggle with the trees left on the ground.
The operation should proceed as gradually as possi-
ble, and always with the necessary precaution not

to allow weeds to take possession of the soil. Arti- .

ficial sowings on irrigated land frequently require
thinnings in the second year. On saildba land they
need not be undertaken before the third or fourth
year. Natural reproduction requires but rarely such
early thinnings, and artificial planting never. -The
second thinning we may be called to execute con-
gists in the removal of inferior trees and coppice
growth with a view of fostering seedlings of a supe-
rior description. As a rule, we must thin in such
a manner a8 to give the better species of trees the
necessary amount of air and light without interrupt-

e — ¢ =
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ing the cover overhead. An inferior tree, or one
grown from coppice, even should it top a tree of a
superior species, should be cut down, provided the
latter has vigour enough to recover, and the removal
does not cause a blank in the forest. This kind of
thinning must also be done carefully and gradually, for
the worst tree is better than a blank, and we can only
gain our purpose ( to foster one species in preference
to another ) by repeated and continuous cuttings.
A quicker covering of the soil may be counted
upon if the trees to be cut down possess the power
of coppicing, in which case we may thin more vigor-
ously. Sprlno‘ is again the right time for this cut-
ting. The remaining trees, having obtained an
increased amount of light and air, will rapldly spread
during the same season, whereas the coppice from
the stocks will be less vigorous than if the trees had
been cut in winter. The young forest has by this
time grown into a thicket, and the struggle for exist-
ence begins in real earnest. We must now thin
with a view to accelerate the growth of the forest.
'The first and principal rule here is not to disturb
the connection of the crowns overhead, and we must

therefore only remove suppressed and badly-grow-.

ing trees. However severe the thinnings may have
been, the longest branches of the neighbouring trees
ought still to “touch each other with their tops ; and
if the thinning has been lenient, they may be allowed
to remain interlaced some two feet.

Ssvere t,’zinniny.y are admissible— Lenient thinnings are advisable—
1. On good soil, in a mild and 1. On bad. poor soil, wherc every
moist climate, on North and West thing depends on an efficicnt cover
positious. of the ground, in arough climate

2, When the ravages of snow or
wind are to be apprchcnded (an
early thinning with a view to streng-
then the formation of branches
and roots is required here ).

~-3. For trees requiring an open
position ( Pinus longifolia ).

4. During the earlier stage of
the forest, as long as the trees grow
n‘rolouﬂy in helght

5. Where fuel is the only kind
of wood we purpose to grow,

and a South position.

2. In adry climate.

3. For shade-loving trees ( Cedrus
deodara. )

4. When the trees have nea.rly
attained the normal height.

5. On exposed places in the
forests near the open country.

6. When we propose growing high
timber.

7. In incompletc and irregular

forests near blanks or in plots of trees.

8, If the first thinning has been
made so late thal the trecs have had
time to grow lanky,
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A too sudden and severe thinning exposes the
trees to all the inclemencies of the climate. Browne,
in his “ Forester, ” reckons it equal to the removal
of a few degrees morth, and there is no doubt that
an injudicious thinning can ruin irretrievably a
forest grown ona poorsoil. The sudden exposure
causes the bark to lose its elasticity, the circulation
of the sap is impeded, and the tree becomes “ hide-
bound. ” Omitting the thinning altogether is still
more hurtful, especially as regards hill forests. The
trees grow up lanky, and when thinned late in life
are easily knocked over by snow or wind. When
once the trees in a pine forest have been allowed to
grow up into weedy, thin poles, no recovery is possi-
ble. One of the first considerations when we thin
a forest is the equal distribution of the remaining
trees over the entire area. In a young forest we
can only depart from this routine in a case of dis-
eased trees. Trees grown from coppice should always
be cut in preference to those grown from seed. It
depends entirely on the growth of the forest at what
time the thinning should be repeated. The most
natural way would be to cut out every year the
trees which have been overtopped. But there are
reasons why this is not feasible : labor and mate-
rial would be dispersed over the whole forest, and
supervision would be rendered difficult, if not impossi-
ble. A periodical repetition of the thinning (as
soon as a considerable quantity of suppressed trees
are found ) must replace the annual cutting out.
It is immaterial at what season the thinning of old
or hill forests is undertaken, but not so as regards the
younger forests in the plains, especially those on irri-
gated land. They are in full, active life, and are still
growing when night frosts begin to set in. The thin-
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ning renders them susceptible tothe vicissitudesof the
climate, and many of the trees freeze down to the
ground. I had a warning example of this at Changa
Manga Plantation, where I lost a whole compart-
ment by one injudicious thinning. A Forest Ranger
accustomed to the work shoyld mark the trees to be
thinned, and the workmen employed should be
strictly supervised. ~As the forest grows up, we must
expect to eneounter more difficulty in the selection
of trees to be thinned out ; they increase in size, and
the number we have to select from diminishes, These
latter selections should always be made by European
Officers, at least until we have trained natives. The
material must be brought at once to the roads and
slides, and should be sold and removed as soon’as pos-

sible, or burnt, if we have. no sale for it, to prevent

insects breeding in it. A few stacks left inadver-
tently at Changa Manga were found to be alive
with insects of the Bostrichus species,

Pruning and Lopping.

I quote here an abstract of Professor Lmdley §_ Praning  and

“Theory and Practice of Horticulture,” which 1
found in Browne’s ¢ Forester ”;:—

“ The quantity of timber that a tree forms, the
amount and quahty of its secretions, the brllhancy
of its colours, the size of its flowers, and, in short,
its whole beauty, depend upon the action of its
branches and leaves, and their healthiness. The
object of the pruner is to diminish the number of
leaves and branches, whence it may be at once under-
stood how delicate are the operations he has to prac-
tise, and how thorough a knowledge he ought to
possess of all the laws which regulate the action of
the organs of vegetation, If well directed, pruning

opping.
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Lopping

Forests,

is one of the most useful, and, if ill directed, it is
amongst the mast mischievous operations that can
take place upon a plant. The object of pruning is
either to influence the production of flowers and fruit
or to augment the quantity of timber,

‘“ Pruning is nothing less than the removal of
leaves. To cut off a branch in summer is evidently
so; and if the branch is naked, still its removal is
the destruction of the part from which leaves would
have been produced had it been permitted to remain.

“Prune not at all’ should therefore be the maxim
of the Forester. ¢Plant thickly, thin constantly,
stop carefully, and leave the rest to nature.” But
unfortunately it does not happen that he who plants
well always thins constantly; it is still more rare
that stopping is thought of ; and so a maxim, one of
the soundest in the whole system of Forestry, cannot
be observed. Hence pruning may be regarded as a
necessary evil, to which the wise must submit
because of the ignorant ; the careful to cure the evils
inflicted by the careless,”

Lopping tn Forests,

in I fully endorse Doctor Lindley’s maxim, but da

not follow his reasoning why a systematically worked
forest, supervised by an intelligent European or
trained Native officer, should not be carefully replen-
ished and judiciously thinned. Forests ought and
must be raised in such a way that the trees can get
rid of the lower branches of their own accord ( so ta
say prunc themselves ), and grow stems as tall as
their species will allow. Only in rare instances is lop-
ping admissible in a forest. Some of these instances
have already been mentioned under natural reproduc-
tion, Trees may be lopped to encourage the young
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growth beneath them ; but probably in this case
their early removal has already been contemplated,
and we may cut without reference to the future well-
being of the trees. If the removal of a tree would

create too considerable a blank, the branches may

be lopped during any of the cuttings for reproduc-
tion, provided circumstances require it. Young
standard trees in coppice may be lopped, with the
double view of encouraging the coppice and of pro-
moting their growth in height. These loppings,
however, have to be carefully executed. Pine trees
ust only be lopped when absolute necessity com-
pels us to do so for the reproduction of forests
which have to be kept intact for protection against
avalanches and storms.

Pruning at the time of transplanting has already
been discussed in the chapter on ‘¢ Artificial cultiva-
tion. ”

Lopping of single trees.

Single trees along canals or avenues or in fields
do not enjoy the same advantages which predisposes
a2 tree grown in a compact forest to form a tall and
valuable timber trunk. The lower branches derive
as much benefit from light and moisture as the
crown, and their growth remains unchecked. They
absorb a great amount of sap, which in a forest

Lopping
single trees,

would have accelerated the growth of the trunk in - -

height ; and in the same proportion as these side
branches increase in size, the growth in height
"decreases. The result of this unchecked open
growth is a division into side branches at a very
inconsiderable height above ground.; these divide
again into smaller branches and twigs, and form a low
broad crown, Such trees are only fit for fire-woed ;

of
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witted to this process for the sake of fodder. The
stem is covered with nodes, and young shoots abound
round the scars of the old wounds. The wood is
only fit for fuel. ‘

A too severe lopping, by which I mean the
cutting of all lateral branches, leaving only the top
oncs, must always prove disastrous. The tree grows
slowly in circumnference, and the trunk gets covered
with nodes and young shoots. A too lenient cutting,
on the contrary, will cause the trunk to increase in
bulk below the strong lateral branches, and to
decrease in circumference immediatly above them in
proportion to the strength of the branches. As it
18 our purpose to grow trees of the greatest possible
height and circumference, we must take the middle

- course between the two just-described methods. If

Wwe concentrate the greatest amount of leaves above
the middle of the height of a tree, we divide the
derivable advantages equally between the growth in
height and bulk. It may -therefore be considered
a general rule to lop all branches which are situatel
on the lower half of the tree.
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Under certain cricumstances, however, some of
the branches forming the crown must also be lopped
or shortened.

If two branches forming the top of the tree
struggle for superiority, the less vigoreus of the two
must be cut back, as shown in the accompanying
sketch, or the trunk will divide here, or at least grow
an unsighty elbow.

Exceptionally strong branches have to be cut
back (see sketch), or they will lead to the forma-
tion of elbows and other deformities in the trunk,
and absotb'an undue amount of sap as they
grow stronger. If they are not kept back early, they
will have to be cut subsequently, and the severe
wound will be dangerousto the well-being of the tree,
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When two branches grow out of the same
place, as shown in the sketch, one has to be
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reinoved as early as possible. If this is not done at
once, the future pruning of such a double branch will
hardly be possible on account of the size of the
wound the lopping would necessitate. For thesame

reason we have to cut some of the branches which
sometimes grow in a circle round a tree as soon as

they make their appearance. They must be cat
sooner or later, and delay would only cause a number
of considerable wounds close together, which would, -
surely tend to the formation of nodes, or even cancers.
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Young branches consisting as yet only of
green unformed wood must not be entirely pruned,
but only cut back. Ifwe were to cut them entirely»
the half-formed tissue would soon be affected by the
atmosphere, and deformities, and cancers would be
the result. If, on the other hand, by an oversight, a
branch has been allowed to grow ta such a size that it
eannot be pruned without endangering the health of
the tree, itis cut back to retard the vigor ofitsgrowth.
The branch should be cut just above a small side
twig, and may be repeatedly cut until its growth
is arrested ; when it is: ultimately pruned, the size
of the wound decreases in proportion to the increase
of bulk in the trunk, and heals Wlth comparative
ease (see drawing).

(.

[N

The cutting back of large branches should be
executed in such a manner that the line of the cut,
if prolonged, would form an acute angle with the
tree. This will prevent rain-water collecting in the
wound, when the sides have begun to swell, during
the process of healing.
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A common, but entirely wrong, practice when
lopping is to leave a stump a few inches long, which
dries up and dies (see drawing). This produces a

cancer in many species of trees (observe Acacia
laeta and Siris on all our roads). Other more
vigorous and hardy species overgrow a portion of the
dead wood ; but even then the value of the timber
is lost, and internal wet or dry rot, ensues, as I have
frequently observed in Kikar, Sissd, and more so in
mulberries.

It is equally pernicious to cut too near the stem
(see drawing). The surface of the wound is dispro-

portionately large (much larger than the basis of
the branch itself), and heals therefore slowly. It
follows that the sap-wood remains exposed for an
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undue length of time, and begins to show signs of
decomposition and rot before it is quite overgrown.
This is the reason why so many of our station trees
are hollow.

The correct method to lop trunk branches is
best explained by the following sketch, showing the
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necessity of cutting the branches in such a way as to
inflict the smallest possible wound. The cut must be
vertical and parallel to the axis of the tree to
prevent rain-water or other moisture from collecting
when the sides of the healing wound begin to swell.
All larger branches have to be shortened before they-
are lopped, and an incision must be made from below
before the branch is cut from above. It is only
possible by means of this precaution to protect the
. bark and sap-wood against lape_arat,ions (see sketch).
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All pruning and lopping should be executed with
good, sharp and steeled instruments, and not with
the ordinary iron country hatchet. Small twigs on
young plants should be cut with a pruning knife
or pruning scissors; larger branches with either
handsaw or light hatchet; but the former is less
dangerous in unpractised hands, and should therefore
be preferred in this country.

Should we be forced, in spite of all care, to
inflict large and dangerous wounds, we must protect
them against moisture by covering them witha
mixture of pitch and resin till they are completely
healed. This is made just warm enough to be liquid
when applied a few days after the cutting, and after
the surface of the wound has slightly dried wp.

Season for lopping.

pingsson forlop- The circulation of the sap is partially inter-

rupted through the lopping of branches; we must
therefore take heed at what season we undertake the
operation, We may lop either at the end of winter
or the end of summer. Each time has its advocate.
If we prune in winter, the wounds will be exposed
for a shorter time before healing; but if the
lopping takes place at the end of the summer,
before the annual growth is quite finished, we
deprive the tree of less nourishing sap (see Phy-
siology of Plants), anda smaller number of newshoots
will form round the wounds.

Removal of new shoots called water-shoots.

new shoots calleq The vital action of the tree causes a great
water shoota, quantity of wood-forming sap to collect in the
vicinity of the wounds, and the consequence is
frequently a formation of numerous buds and new



CHAPTER 11I,—TREATMENT,

19

shoots.” These have to be removed as soon ag they
have grown a few inches in length and before they

have had time to form wood, or else much sap wiil be-

lost, and their removal at a subsequent time will
cause the formation of nodes.

Frequency of lopping.
-\ lenient and therefore frequent pruning is

always preferable to a few but severe operations.’
Much vital power isexpended in the formationof large

branches which are cut away during severe lopping.

This power, if properly husbanded by means oflenient
~ cuttings, might be directed towards the formation
of a more bulky trunk. The removal of large
branches not- only causes large and more hurtful
wounds, but it destroys the necessary balance in the
vegetation.

The physiology of plants teaches us that large
roots form on the same side of the tree on which
- we find large branches, and if the latter are suddenly
removed, the functions of the corresponding roots
are suspended. It may often be observed that after
the removal of alarge branch, the treeceasesto increase
in bulk on the side from which the branch has been
removed. It takes years to re-establish the balance
in the process of vegetation, and it-is only possible
to restore it entirely by means of a severe re-action and
- the formation of other large branches, which have
again to be lopped. The vital force is, so to say,
thrown backwards and forwards by injudicious prun-
ing, causing every time the formation of new elbows,
distortions, and cancers. The only means to prevent
such revolutions in the growth of a tree consist in
an annual, or at least bi-annual, pruning of small
branches.

Frequency of
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When the trees have accomplished their first
vigorous growth in height, we must prune at longer
intervals, and the operation must cease altogether .

* before the trees have reached their total height.

In a province like the Panjdb, exhibiting so many
modifications of climate, the length of these periods
varies considerably. On rich, irrigated soils in the
Plains their duration .is short, and in the Hills 1t 18
longer.  On poor soil we must not prune at all.

I exhibit here a sketch of'a Sissd tree five years,
old and about 18 feet high, grown on a rich, moist

-8oil.  This sketch shows how we have to prune

under all the conditions of growth enumerated in
the foregoing paras. All the branches printed in
red must be removed.
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Formation of & new top of a tree.

Formation of a

new top of & tree, In spite of all precautions, it may happen that

the top of a tree standing along a road-side is eaten off
by cattle, or destroyed by some other accident. If
this happens, the strongest side branch near the top
should be selected, placed in an upright position,

and.-tied to the stump of the old top, as shown in the
sketch.

The growth of the other neighbouring branches
is arrested by cutting them back. The young
branch will soon form into a new stem, and whena
year or two afterwards the old stump is amputated,
the wound will soon heal,
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CHAPTER 1V.

Cultivation, reproduction and treatment of
Panjdbd trees.

Tn the preceding pages I laid down the general cuivation, re-
principles of artificial cultivation, natural repro-Pegictior #n¢
duction, and treatment of forests and district Pariéb trees.
plantations. I now proceed to discuss the more
important trees of this Province in detail, with a
view of showing how far the rules enumerated above
may be applied to them. It is, however, impossible
to describe the cultivation, &c., of every tree worth
planting in this Provinece, and I have therefore
restricted myself to those which have proved a
success. The trees follow each -other according to
their importance, and not, as in my Botanical
Pamphlet, according to natural orders, i

I divide them into—

1st.—Trees growing in the plains and lower
hills up to 4,000 feet. '

2nd.—Trees belonging to mountainous regions.
The former I sub-divide again into—
«.—Trees requiring fresh and good soil.
b.—Trees growing on arid and dry soil.
1 a.—Dalbergia Sisst,
Acacia Arabica.
,, elata,
»  Speciosa.
» stipulata.
Cedrela toona,
Morus alba.
Zizyphus jujuba. .
Salix babylonica and Salix tetrasperma,
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These trees are as useful for district arboriculture
as they are for forest cultivation; whereas the
following are only adapted for road-side planting
and wells and topes :—

Azidirachta Indica.

Melia azedarach.
Zizygium jambolanum.
Mangifera Indica.
Tamarindus Indica.

Ficus Indica and religiosa.

1 b.—For arid soils the most useful treeg
are—
Acacia modesta.
. leucophlea.
Prosopis spicigera.
Tamarix orientalis.

2. In the hills, the -cultivation of Cedrus
deodara is the most important, and next to it that

- of Pinus longifolia. I must also mention the

cultivation of Pinus excelsa, Abies Smithiana and
Picea Webbiana.

The most 1mportant deciduous trees are the
Quercus and Acer s %pemeq the Juglans regia, Pavia
Indica, Pistacia integerrima,

S . Dalbergia Sissi.

Dalbergia Sigsh.

" This tree, already descrlbed In mv Botanical
Pamphlet, seems to prefer the moister climate in
the immediate vicinity of the great rivers, where it
grews spontaneously,

General habits of the Sissi as regards soul.

General habits 1 3
o e it The tree shows, in an uncultivated state, a

regards soil,

preference for a light and even sandy soil, and




CHAPTER IV.—CULTIVATION, ETC, OF PANJAB TREES.

125

grows freely in the Kéchi, near Midnwéli, on the
Indus, on almost pure river sand, and may also be
found on sandy ‘islands in all rivers from Oudh to
the Indus. I have not changed my opinion since
writing my first memorandum on plantations in
the Panjab, namely, that a very stiff soil does not
suit the nature of the tree, and that it is useless
to attempt its cultivation on a clay soil, orifan impene-
trable strata of clay or kankar is deposited close,
below the surface of the soil. In proof thereof I give
the adjoining sketches and measurements taken
by myself from trees dug out of our different
plantations. '

Fig. 1, Fig. 2,
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Figure 1 gives an accurate representation of a

young Sissti grown at Ludidnah on a sandy loam

(half sailiba ), and figure 2 one of the same size
grown on very stiff clay soil at Rodeshah, near
Lahore,

These are only examples, but serve to show the
character which the tree assumes in different soils.

It is a sure indication of unsuitable soil when
a young tree inclines to grow like No. 2. ‘
The chgracter of roots, as exemplified in the

Nawshera plantation on the Bids, which is a saildba
goil, may now be noticed.

Fig, 3.

. Tree. Root.
5 6" 31"

48 30

The t¢rees here form a tap-root, which in most
cases is of very great length, only sending out side
roots at 1}’ to 2’ below the surface. The same
formation is noticed at Jugidn on the R4vi, only
there are more side roots.

We find a similar formation of roots on the

- sandy soil of Jdlandhar, where the moisture lies
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more than a foot below the surface; but I am
sorry to say that in this case I can only give the
figures taken from one specimen.

Fig. 4. i
: !
Tree. Root. .’ B ?: :

2/ 1/ 8»

-

Figure 5 shows the formation on the sandy
loam of Ludidnah,

Fig. 5,
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Sl Al 6 35
T R 58. &
. oy {
.‘?; \ ~ N

and Figure 6 that on the sandy loam of Philloui—s
— Fig. 6, ‘ |
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The stiff and very stiff soils of Ndg, 11 miles
from Amritsar, Rodeshih, and Tera, show a forma-
tion more or less inclined to keep all the secondary
branch roots on the surface, according to the degree
of stiffness of the soil, see Figures 7 and 8. g

Fig. 7. Fig. 8.

o~
/ .
Tree. Root.
810" V7
6/ 7" 2[ 7”

The specimens were taken from the stiffest and
average soil in the worst part of Rodeshah.

Tera shows more or less the same form, and
it is therefore unnecessary to give other figures—

Tree. Root.
8" 8" 2’3"
66 26

Figure 9 is a représentation of the growth in |
Saréi Amanat Khan Plantation. This is the stiffest

kind of soil we have attempted to cultivate,
- Fig. 9,
ot T
) pa ree. Root,
S T 6’ 1’6"
) 59" 16"
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Two curious formations are shown in figures
10 and 11.

Fig. 10,
i 1 ’
L
i
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Figure 10 is a tree grown in Tera, the root
of which had originally penetrated the kankar,
but afterwards died off below the strata. The tree
was 12’ 4" high, and the remaining living root only

127

Fig. 11.
j . N—— '
. —s
- S B
N e
’ T 7

Figure 11 was grown at N4g on a well-watered,

heavy but rich soil with impenetrable sub-soil.
S
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Figures 12 and 13 show the growth on Changa

Manga—
Fig. 12, | Fig. 13.
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Tree. Root.
6’2" 3 1
579" 210"

The influence of the water-supply can to a
great extent be determined by examining the forma-
tion of the roots.

In Tera, which is dependent on natural rain-fall
or artificial watering, the trees procure their supply
of moisture more from the surface, and have
accordingly the secondary side roots higher up the
main root than those which have to go deeper down
for their nourishment, and are dependent on per-
colation from below,
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The Sissi trees at Rodeshdh and Tera, now
5, 6 and 8 years old, die whenever the roots touch-
the impenetrable strata after one or two years’ sicken
ing. The following are the first outward signs of
decline the young tree exhibits: the top- branches
grow together in form of a broom ; the leaves curl
up and feel dry to the touch ; the bark has a dried up
appearance and peels off from the cambium. The
roots, when dug up, show deformities and signs of
dry decay. A small Bostrichus attacks the diseased
tree, only few leaves reappear in spring, and the
tree lives but rarely through the third year.
Watering does not cure the disease ; it only changes
its character, and we observe a decomposition of
the sap instead of dry rot. The leaves of the ap-
parently healthy trees turn suddenly yellow; the
bark round the lower parts of the trunk begin-
to detach itself ; the skin of the roots when dug up .
can easily be removed with the finger ; and a pungent
smell may be perceived when they are cut through.
Soon after these symptoms have set in, fungi begins
to grow on the roots and on the lower portions of
the trunk, and the tree dies within a short time.
The disease has been watched in all its stages “at
Changa Manga, where it attacked two compart-
ments. These two compartments have a stiffer loam
soil than the rest ; they are low and much overgrown
with Saccharum. We were able to combat the disease
by stopping the irrigation, and by eutting down the
Saccharum and allowing a free circulation of air. I
have never observed either of the two above-descri-
bed diseases on trees grown in a light sandy loam
or sand soil. KExtreme poverty of a light soil is
only indicated bya slow and stunted growth, but
not by the destruction of the organism of the tree.
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Sisst will grow on any soil, provided it has the
necessary degree of looseness—soil with salt efflores-
cences not excepted. The tree grows equally well
on sand (Kéchi on the Indus), loamy sand (Jugidn
on the Ravi), sandy loam (Ludisnah Plantation and
Meerut), and loam (the Changa Manga Planta-
tion), provided the soil is fresh and contains sub-soil
moisture. This moisture in the sub-soil is of greater
importance than rain-fall. At the Ludidnah Planta-
tion we have a strong percolation of water, and we
observe here a more vigorous growth of young Sissti
than at Ambdlah, though the soil is poorer and the
average rain-fall less,

Stagnant moisture, especially in heavy soil, is
hurtful to the tree. The Sissti decidedly requires
much air and light in its maturity, and must have
room for its branches to develope a strong timber
trunk ; but the seed germinates readily in the shade
of the parent tree, and the young plant grows well
for some time under cover.

High weeds, such as Saccharum and Salsola, are
hurtful to the young plant, as exemplified at Nég
-plantation and in some compartments at Changa
Manga. ‘

Artificial cultivation of Sissi.

Artificial cultis The tree can be cultivated either by sowing,
vation of 8isei. 1lanting, or setting of cuttings.

The seed ripens in December and January, and
may be preserved without difficulty till the end of the
rains, which is the best period for sowing. If the
geed is quite ripe, the pods are smooth and of a dark
straw colour, the grains fill the pod, and, when
cut through, they will be found to be of a greenish
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white colour. It is, however, well to test .the -

percentage of productive seed. The seed should
be taken out of the bags in which it has been
brought and spread out in seed houses. Turning it
twice a week with a wooden shovel is quite sufficient
to prevent heating, and it may keep good even if
this is not done at all.

The Sisst developes on loose saildba soil a tap
root 3 feet long, which has to be cut if the seedling
is transplanted ; this undoubtedly checks the growth
of the plant, which depends to a great extent on the
sub-soil moisture of the light soil.

On irrigated land the ridge cultivation is to be
preferred, as it affords numerous advantages. The
first and greatest of all is the facility with which the
water-supply can be regulated, but there are many
more, The soil, and especially the heavier kinds,
have a tendency, when flooded, to form a hard baked
crust, which prevents the admission of air. Not so
with ridges, where the water percolates from below,
and does not flood the cultivated soil. The filling
of the deep trenches allows the water to percolate
more -freely and at a greater depth through the soil,
and the tap roots are drawn deeper down with it.
- Weeds are checked more easily, as few will grow
in the trench ; the ridge covers an additional foot of
land, and the area between the lines of trées is not
watered at all, as the weeds alone would benefit
by it. The bottom of the trench, especially if grass
and young trees grow on the side, will be less ex-
posed to the sun, and will thorefore keep moist for
a longer time. The only drawback is the expense,
which is rather considerable, Rs. 2 per 1,000
running feet. For Sissit sowings the best distance
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between the trenches is 10 feet. A greater distance
has been advocated, but I have found that the
replenishing of blanks and the removal of weeds
more than outweigh the original profit, especially
as the water-rate is the same. The ridges are thrown
up as described in Chapter I, and the soil is beaten
down and dressed.

About three inches above the side ot the trench
a small furrow is drawn with a tent peg, the seed
is dibbled in, and the soil is drawn over it and pres-
sed down. The water is then let into the trenches, and’
allowed to remain until the moisture has reached the
very top of the ridges. The ridge must be kept
moist till the seed germinates, which varies with
the season. In March and April, a month may
elapse before the seedling appears above ground,
whereas 5—6 days suffice for the germination during
June and July. If the first watering is not effec-
tive or prolonged enough, the seed will only half
germinate and rot in a short time. When the
voung plants have appeared above ground, repeated
waterings will be conducive to a healthy growth,
but they should become less frequent, till they cease
altogether, in the beginning of October.  The
second and the subsequent waterings after germi-
nation must never be so copious as to submerge the
young plants, nor remain long enough to allow the
ground to get slushy. Assoon as this happens, the soil
becomes inactive, and the young plant dies.

We can sow broadcast on saildba land, but
only on fresh saildba, and on places where the natural
rain-fall is sufficient to germinate the seed and keep
the plant alive till the young roots have penetrated
to the moist strata of the soil, which lies seldom
deeper than 12—18 inches.
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‘The soil must be fresh and slightly binding for
this ‘cultivation, or else the seed will be laid bare by
the action of'the rain and winds, and the surface soil
will dry up during the short breaks between the
rains. The covering of weeds must be removed
with their roots and burnt on the ground, and the
whele area is then ploughed up like a field. In the

‘beginning of the rains the land is sown broadcast,
as evenly as possible, and the soil is dragged over
the seed with rakes or thorn-bushes by way of
covering. The sced will germinate within 10—18
days. If the area is annually flooded, the time
of sowing must be postponed to the eund of the
rains, when the high floods have subsided, or else the
very young Sisst plants will die if they are flooded
immediately after germination, and if they have not
germinated, the seed will rot in the ground. If the
area to be cultivated is not regularly flooded, but
liable to inundation, the sowing should be executed
in the beginning of the rains, thus risking the loss
of the cultivation. A sufficient amount of seed should
be kept in hand to repeat the sowing, if it has been
lost through floods, as soon as they have subsided.

Should the first cultivation succeed, the seed-
lings will have a two months’ start, and suffer less
from the drought in the beginning of the following
hot weather. The spare seed should be thrown
broadcast on waste belas, or destroyed, so as not to be
sold again the following year. Broadcast sowing
requires one to one-and-a-half maunds of seed per
acre. The great advantage of this method lies in
the. thorough destruction of dangerous weeds and
grass coverings.

If the soil is not binding enough for broadcast
sowings, or if the land is free from high grasses, it
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is preferable to cultivate on strips. This method is
more economical, requires less seed, receives protec-
tion from the weeds between the strips, and che seed
18 not so liable to be laid'bare by winds.

The cheapest way is to draw 3—4 plough fur-
rows close together, then leave a space of some 5 feet,
and begin again with the furrows. The seed is dibbl
ed in and pressed down after being slightly covered
with soil. The furrows should be ready before the
beginning of the rains, and the seed should be sown as
soon as possible after the first rain-fall, as all plants
raised from seed sown in the beginning of the rains
are found to be several inches higher and more regular
than those sown at a later period. If the ground is
liable to be flooded, the same precaution must be
taken as mentioned under broadcast sowings.

The grass, especially if it be short ¢ dhib”
grass, should not be sold or removed for the first
year of cultivation. The price realized would not
compensate for the damage done to the young plants.
If the land is overgrown with high grasses of the
Saccharum species, which must be removed, the fur-

rows should be made by coolies. But land so over-

grown is nearly always of a poor description, and a
cultivation by sowing is not quite certain to succeed.
Two-thirds of a maund of seed per acre will be
required. Ths cultivation of seed places is the least

‘expensive method, as already described in Chapter I.
The amount of seed required will be ‘only one-third

of a maund.

We may cultivate in trenches on land depend-
ing on rain-fall alone. This is, however, a costly

‘manner, and should only be made use of in exception-

able cases—for instance, when a layer of hard binding
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elay 12—18 inches thick overlies. the moist, loose soil
of saildba'land. This layer must be broken through
by digging trenches a foot broad. The original soil
is left in the trenches, mixed with the loose sub-soil,
which will enable the young plants to semd their
foots into the moist soil below, and to take a firm
footiig. The strata must be thbroughly broken
through; an uiddmplete penetration is waste of
money. The séed is sown with the ha.nd aiid lightly
covered with soil. The time of sowinig is during the
rains, and the aniount of seed required is half a
méind per acre. But wherever jlsnting material is
procurable, we should tra.nspia.nt:

Clultivation of sewing rivirseries;

Cidltivation of

Bisst nurseries are, of &ourse, only wanted, sowing nurseries,

whien young planting material is not otherwise pro-
curdble. On active and fresh sailaba, plaiititig
material can be grown without going to the expense
of making a fiirsery{ and where cultivation on the
tidge and artificial irrigatioh are in vegiie, a suffi-
eient numbet of seedlings of a. good description eati
be got from the ridges.

For ciiltivation which depends on tain-fall, or
cultivation on higher saildba, where the -plants
depend partly oft raii-fall and partly on percolation.
turseries are indisperisable, They are also wanted
for road-side, well and grove planting. The soil has
to be dug 12 inches deep and prepared carefully,
a8 described in the general remarks on artifisial
cultivation. The seed which has to be sown in
March' can either be sown broadecast in lines a foot
or 18 inches apart, or on ridges, a foot or 18 inches
spart. The distance of lines and ridges depends -on
the length of time we intend to leave the seedlings

T
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in the Bursery. Wells'have to be used for waterig
the land: If the wateris far below the surface,
we must work Persian wheels with bullocks; but
a tread-wheel worked by a'¢oolie is cheaper, provided
the witer is neai. 'The seedlings are fit for trans-
planting inr the -rains ‘of the samé year, but can
-setve ‘for Winter transplants'or ‘rairr transplants in
the following year. Road:side transplants-should
be ‘alfowed to rémain in the mursery +ill the ‘second
winter. Their ‘roots should be cut dowir i ‘the
mevond -spring to-about nine inches lonig by & few
-digs with a sharp ‘spade. This will facilitate the
transplanting and ensute suctess.(see Chapter 1.)

%‘ansplantmg.

Trausplentiig.  The Sissti bears transplan’omg well mth -Or w:th-

out earth, accordmg to circumstances. )

"The tree miust ‘be it rest, thatis to :say, it
must not ‘be in leaf, and the soil musé be :meist -to
allow transplantmg without earth, Tt succeeds best
on very fresh saildba or on irrigated land, -and with
young plants without side-shoots to their roots. ‘The

“riost > favorable ‘tinis *for pla.ntlng on Sa.lltiba is
‘duifing the winter rains, a4t on itrigated lind, durihg

-Fanvary-and Fébriiary.

It is-dtecuted, ‘a8 described i Chapter <1, on
préviously-watered soil. - ‘Fhe utmost care-must be

_ taken-to fix the whele length: of the root ‘with leose

goil-in such?a wayras to-establish the plant: ﬁrmly
The seedlings’ must-bewatered in early spring,-and
it will befound -that they: : grOW “Inore : rapxdly ‘than
the seedhngs -of ’shb +same " age ‘whioh ‘Wére -never
-moved, ‘
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With proper watering hardly a plant is lost
in this way. I would recommend this exceedingly
economical method for the cultivation of Sissi round
wells. The distance must be five feet apart in the lines.

On saildba land holes must be dug about a foot
diameter and 18 inches deep. The plants are placed
therein, and fixed with loose soil, as described in the
chapter, “ General remarks on artificial cultivation.”
Plants of a year and half old are preferable to
younger ones on such soil. The best distance is five
feet quincunx.

Transplanting with earth may be executed
either during the rains or in winter. On irrigated
land the planting of Sissii with the earth is waste of
money ; but for road-side planting, or when the
land is entirely depending on rain-fall and dew, it is
the only cultivation from which a certa.m success
can be expected.

The process of transplanting with earth is the
same with all trees, and has already been discussed
in Chapter I. The best distance is five feet quincunx.

‘Winter transplants are benefited by a single
watering at the time of transplanting.

On saildba, or on moist light soil, a second
watering is not required, but on a more binding soil
and for all road-side planting the seedlings should
be watered throughout the spring till the rains set
in. A watering twice a week is quite sufficient.
‘In the second spring they should, even on road-sides,
be only watered when they show signs of distress.
Rain transplants on road-sides should be watered
throughout the following spring if the soil is dry and
binding. On places where the trees require a second
year's watering, and canal water is not obtainable,
Kikar should be cultlva,ted instead of Sisst,
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“Natural repro-
duction,

If the conditions of soil and moisture are the
same as described in the preceding pages, the Sissi is
one of the most valuable trees for the planting of
road-sides, groves and grazing grounds. The shade of
the trees is too intense for cultivations in- fields.
Though the tree can be cultivated by means of
cuttings, the above-named methods are so easy, safe,
and cheap, that there is no need to discuss that point.

Natural reproduction.

As remarked somewhere else, Sissti seed will
germinate under the protection of parent trees, and
the young seedlings will flourish in their shade if
only the soil is loose enough and sufficiently moist.
This fact, and the natural reproduction of the tree
on the Kéchi and on the Ganges islands, furnish -
ample proofs that it is possible to reproduce the
Sissti in a natural way as a “ High Forest.” The
mature trees bear nearly every year a good crop
of seed, which facilitates reproduction.

Dense forests, such as our plantations will be,
must be thinned for the admission of light and air.
The entire process of this reproduction has been
described in Chapter II. After the reproduction
has been completed, a few of the seed trees may be
allowed to remain standing to expand into strong
timber trees during the next rotation,

If the rotation is fixed on twenty years and up-
wards, it is advisable to dig up the roots of the felled
trees, as they will have lost much of their power
of coppicing. The working of the soil is an
additional preparation for the reception of the seed.
If the forestis to be cut at a shorter rotation (for
fire-wood only), the roots should be left in the ground.
They will soon produce a crop of coppice ; and a
seedling here and there will form the new farest
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under the standard trees left (coppice under standard
trees, see Chapter II). Onirrigated land and on fresh
saildba, I recommend the first-named method with a
higher rotation. On land depending on rain-fall only,
the last method will be found to answer better ; on
such soil, and under such climatic conditions the cut-
ting of the forest should proceed gradually, allowing
seedlings to spring up under protection against the
direct influence of the sun. As soon as the ground
begins to be covered with grass and weeds, the
recultivation must be completed by artificial means.
The seed of the Sissti is broad and light, and
cannot reach the soil through a cover of weeds and
grasses ; it is therefore necessary to assit with artificial
cultivation as soon as such a cover begins to form.

Intermixing other species of trees.

On fresh saildba, the real home of the Sissii, Intermixingother

the intermixture of any other species is unnecessary,
and it will be found that, if not severely thinned out,
the Sissi is apt to overgrow and suppress nearly all
others, the Kfkar not excepted. Of this we have
several examples., At the Government plantations,
Jugidn and Ludidnah, Kfkar and Sissti were cul-
tivated together, and we find now clear Sissti forests
only. The Kikar did not die of frost, as in some
of the other plantations, but was fairly choked.
Jband, Rerti, Phuldi and other slower-growing
trees have no chance at all on such a soil.

On a bindiug and irrigated soil an intermixture
of other trees succeeds, and may be recommended, as
it ensures a more equal covering of the ground on
places not quite suited to the Sissd, and such will be
found on the best of b4r lands.

The trees I would propose for intermixture on
irrigated land are the Jhand, Rerti, Phuldi, Bér

species of trees.
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Further treat-
ment of Sissi

forests,

and Fardsh. I recommend the intermixture of Kikar
and Mulberry only when the soil and climate suit
exactly. The change of temperature in an irrigated
plantation is too severe for the Acacia Arabica, and
the tree is certain to die down to the roots. A group
of trees may escape here and there, but the dry wood of
the dead trees serves as breeding places for a small,
most obnoxious, and already often-mentioned insect
of the genus Bostrichus, which attacks after a time
the healthy Sissi. At Changa Manga Plantation
this insect has as yet only been found in “compart-
ments which were intermixed with Kikar, and which
are in consequence annually filled with dry sticks.

The danger accruing to the rest of the forest
through the intermixture of Kikar is far greater
than the advantage we would derive from it if it
escaped the frost. The intermixture of the Mul-
berry tree should also be avoided, because it requires
a severer amount of watering than the Sissd. On
land depending, or partly depending, on rain-fall,
(South of the Sutlaj), the conditions alter again,
Here the Kikar and Bér are the best trees to be
intermixed. The Kfkar grows more rapidly here
than the Sisst, and, being satisfied with a smaller
amount of water, its cultivation is less expensive.

Further treatment of Sissii Forests.

During the first four or five years no thinnings
are required in SissG forests cultivated by trans-
plants at five feet apart, as the trees have enough
space and draw each other up; but the thinning
must begin in the second year if cultivated by
means of sowings. The average scale of distance
for Sissti thinnings, as calculated by me, is 2} feet for
trees from 5—10 feet high; 5 feet when the trees
are 10—20 feet high ; and 10 feet when above 20,
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The first thinnings should always be executed
in sprmg, after the plants have sprouted, for reason
already given in Chapter III. In case of natural
reproduction, coppiced plants should always be cut
out in preference to seedlings.

Sisst trees in groves, on road-sides, and on graz-
ing ground may be pruned with benefit to their for-
mation and growth, but the pruning should always
be done with a saw, and in accordance with the
rules laid down in Chapter II11.

Acacrta Arabica.

The Kfkar requires a great amount of hght an
air, and covers a considerable area if grown in the
open. It sends its tap-roots much deeper down than
the Sisst. Dr. Stewart, in his “Panjib Plants,”
states that he has seen the tree nowhere indigenous
except in Sindh, but it grows well in the Panjib
plains as far north as Rdwalpindi. The tree thrives
best on a sandy loam and loamy sand ; also on a sandy
soil, provided it has a certain amount of sub-soil
moisture. On heavy loam soils too, it grows well, but
only when the soil has been thoroughly worked and
loosened, at least during the first youth of the tree.
Abrupt changes between heat and cold are most
hurtful to it.

The Kikar germinates and grows by means of
rain-fall only, but at the same time resists a flooding
better than the Sisst, provided the tops of the
young trees are not under water.

The Acacia Arabica flowers in March, and
its seed ripens in June,

d Acacia Arabica,

Cultivation.
If the seed is healthy, the grains fill up the seed Cultivation,
places in the pod, and have a round and full appear<
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ance; their colour is a shining dark brown. The seed
is of a dry description ; it is easily preserved in seed
houses, but must be carefully guarded against mice
and rats. If the seed has to be kept for the next
spring’s cultivation, it must be turned from time to
time, as a small insect will be found to attack it
(curculio).

The seed germinates easily under the influence
of rain-water, percolation, or irrigation. Seed which
has passed through goats, or has been mixed with
wet manure before sowing, germinates more readily.

On irrigated land the cultivation is easy enough,
sown like the Sisst on the side of the ridge. The
Kikar requires much less water after it has
once germinated, but it suffers much from frost.
None of our cultivations on #rigated land have suc-
ceeded, though all of them came up well, and reached
a height of 12 feet and more ; they freeze every year
down to the ground, and though their roots coppice

readily, and a group of trees escapes here and there,
the majority succumbs at last. The cultivation

requires about half a maund of seed per acre. '

Gn saildba land, the Kikar may be sown either
on strips or seed places like the Sissti, but the seed
should be covered more thickly with earth, which
ought to be pressed down on it. The width, dis-

tance and manner of preparing these strips or placeg -

depend on the same external circumstances as
mentioned under the general rules of artificial culti-
vation. Under ordinary circumstances, we sow in
the beginning of the rains. The young seedling wil}
appear above ground about 15—20 days after sowing,
and reach in the same year a height of 18 inches to
two feet. On ground liable to be flooded, we must

sow at the end of the rains for reasons explained in
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Chapter 1. The plants will soon germinate, but

only reach a height of 5—-6 inches before the cold
weather sets in,

The Kikar suffers on saildba land much less
from frost than on irrigated land, but it is advisable

to protect the young: plants through the first winter,. -

especially those raised from seed sown during the
end of the rains. If the grass surrounding the seed-
lings is high enough, the easiest way is to tie it
together above the young plants; but if the grass
is too, short, the best way is to take a good handful
of long grass, tie the top together, and put it over the.
plants in the shape of & conical hat. This can be
done at a cost. of 4—5 anas per acre.

The grass must be taken off in the beginning-
of March, when the night frosts have ceased. The
trees will grow 4—5 feet high till the next winter,
and no danger from frost is then to. be- apprehended..
Ewven as far South as Dehli, young Kikar sown during:
the end of the rains suffer tfrom night frost. during-
the first winter. _

Many saildba lands get muddy and slushy during:
the rains, and in consequence inactive. The seed
will germinate, but rots at once in the soft warm
mud. The sowing, in such instance, must be- put
off till the end of the rains. The Dehli Plantations,
where such conditions of spil prevail, afforded me-
an opportunity of ascertaining the value of autumn
sowings. In the first year, we sowed during the
rains, and succeeded only partly on the higher
and drier parts of the plantations. A portion of  the.
Kikar seed, however, was left, and as we had
no further use for it, we sowed in strips during the
first days of September on some soft, but not xmuddy,

soil. This succeeded admirably, and further experi-
U
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ments have convinced me that autumn is the right
time for sowing on such land. On very light soil
the Kikar seed should be covered more thickly ;
little holes two inches deep may be pressed into the
ground with the end of a stick, and the seed dropped
into them. The hole is then closed by scraping
soil in it with the foot, and the earth is pressed down
with the heel. A ground only slightly covered with
weeds and grasses is required for this cultivation.

On light soil the young Kikar suffers much from
the ravages of rats, which gnaw their roots. I have
observed that these animals burrow along the lines of
trees and cut every root as they proceed. To pre-
vent this to some extent, I prefer sowing on seed
places. The rats have then to dig through a consider-
able amount of soil before they reach the root of the
next tree, and extensive blanks caused by them are
more easily prevented, '

In the more moist 1st and 2nd class Districts
of the Panjab plains, Kikar germinates and
flourishes on land depending on rain-fall without irri-
gation, provided the soil is fresh and contains sub-
soil moisture. The ground may be ploughed up,
the seed sown broadcast, harrowed, and, if possible,
rolled befare the agtual summer rains set ip ; strips
may be ploughed up and the seed sown in lines,
or places dug and sown. But with all these dif-
ferent methods the chief point is to press the soil
well down. The Kikar shows a natural tendency
to grow on well-worked and slightly-raised ground,
The best method therefore is to draw shallow
trenches six inches deep, forming the soil into a ridge,
and sow on the side of it. In our plantations,
the Kikar sown on the-side of the boundary ditch
show by far the most lively growth. I recommend
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a distance of 15 feet between these trenches, and
would plant Sissi transplants at 74 feet apart
between the ridges, with a view to the future
improvement of the forest soil. An unmixed Kfkar
forest should be sown at 7} feet, but such a forest
hardly produces a humus soil on account of its open
growth and the inconsiderable leave-fall. Even in
a closed Kikar forest the ground is covered with
grass and weeds, as may be seen in the Ludiinah
Plantation,

On low ground where water is hkely to col-
Ject, the raising of the soil for the seed is"of special
- value, and here little heaps of soil one to two feet
high may be thrown up and the seed sown on the
top of them. As on account of its open and little
shading growth, neither cerealia nor  grasses suffer
beneath the shade of the Kikar, 1t is therefore
especially adapted for cultivation in fields and on
grazing grounds,

Sowing in nurseries.

The same method is pursued here as with Sissd.
The sdil is throewn up in little ridges on which the
seed is sown. The young seedlings, when they
have appeared above ground, must be less frequently
watered than Sissi. On irrigated land the seed is
sown in March, and the plants will be ready in
the rains ; but if the seedlings are to be raised with-
odf watering, we sow during the rains and plant in
the following rains. The young plants should be
covered with grass during the winter months,

T'ransplanting.

Sowing in nurs
ries,

It is a fallacy to believe that Kikar cannot be Transplaitiiig:

transplanted. I have tried it myself on a small scale
at the Dehli Plantation with complete success,
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Natural repro»
duction,

Transplants with the earth can be put out during
the rains, as well as in the winter months, if care
be taken to preserve the whole of the tap-root
intact. I have observed that winter transplants
benefit by being cut two inches above ground. A
covering of these plants is under such circumstances
not necessary. As yet, I am not prepared to give
an opinion whether Kikar can be transplanted with-
out earth, '

Natural reproduciion.

The Xikar naturally reproduces itself by
means of seed and coppice. All the innumerable
young Kikar we see on so many fields in this Pro-
vince owe their existence to natural reproduction.
The seed is heavy, and falls straight down
from the tree. The young trees we find at a dis-
tance must therefore have been carried abroad by
birds, or must have passed through animals.

As mentioned above, the soil in a clear Kikar
forest is mostly overgrown with grass, and the
natural reproduction of such a forest without' assist-
ance can only be partial and slow. It will be found
useful to loosen the soil after cutting a small num-
ber of trees and to scratch the seed in and cover
it, thus combining artificial cultivation with na-
tural reproduction. By this means alone we can
count on a rapid reproduction. If Kikar trees are
old, it will be as well to stub the roots out and to
sow round the hole ; this will always succeed. In
young Kikar forests, with the - power of coppicing
still strongly developed in their roots, the stumps
may be left in the ground and cut repeatedly. If
some of the old trees are kept as seed trees, and
artificial means are .sparingly employed, the most
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satisfactory lepmductio;l may be expeoted.ﬁ (Bee ~
general rules, coppice under standard)

Further treatment qf the Isilm
Naturally reproduced Kikar forests will, in Further treat.

this province, hardly ever need an artificial thirning Kikar, & ¢
out. But when they are created, or artificially.
reproduced, they grow up very dense, and require

an early thinning. I cut them in their second year

to a distance of 2% feet to 3 feet apart, and in

the third year to a distance of 5—6 feet, and again

after two years to 10—12 feet, at which distance theyx

should remain till they can further be thmned for

fire-wood.

The first thinnings, when the whole tree is
overgrown with thorns, are difficult to execute. The
easiest way is to cut the young plants with heavy
garden scissors, and to pull them out of the lines
with short iron hooks.

April and May are the ‘months for thinning.
If thinned in the cold weather, the coppice will
spring up and grow as tall as the preserved trees,
‘Where the soil is too dry for the Sissd, the Kikar
makes an admirable road-side tree.

The tree stands pruning well, but as the
wounds heal slowly, the operations must be carefully
performed , though torn branches and uneven
wounds do not decay rapidly on it.

Acccia elata,—saféd Siris. . Acacia clata,—
The tree is not indigenous in the Panjib, but "4 S
we find it cultivated. - I have constantly observed
that it grows best on a light, loam soil, such as we
find in the Jéalandhar District, and on very old
saildba. It is one of the quickest-growing trees
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Caultivation,

Planting,

in the Panjib plains, and as the wood is very useful,
it should be largely cultivated. The tree suffers
from frost in the more northern parts of the Panjab
plains, especially if grown on irrigated land, on heavy
cold soil, or within forests. The roots of the tree are
of a soft description, and kankar or clay beneath
the surface of the soil destroysit.

Cullivation.

The seed ripens in April  On drrigated
lund the seed sown on the ridge in the months of
April, May, and June germinates readily. It
takes about 15 days to germinate in April, and half
of that time in hotter months. The seed requires
about the same amount of watering to germinate
as the Sissii, and the young plant a little less than
the young Téli. The tree grows from 5—7 feet in
the first year, but on bar land it escapes but rarely
the effects of the frost. When killed down to theroot,
the tree will coppice again, and in the second season
some young trees may escape. On saildba, the seed
if sown in the rains will germinate readily, but, it
should be sown on old saildba only which is not
liable to be inundated, the tree not having the same
power of resisting floods as the Dalbergia Sisst and
Acacia Arabica. The tree suffers less from frosts
on such lands. On land depending on rain-fall, the
soil must be of a very superior description, either
a sandy loam, or loamy sand, and must be very
fresh. The rain-fall too must be very considerable
to secure success. The time for sowing is during
the rains.

Planting. _
The tree when grown in nurseries ( which ought
to be laid out, sown and treated like Siss{i nurseries)
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can be transplanted with earth either during the rains
or in winter. Thus transplanted, the tree is especially
‘adapted for road-side trees. On all other but
very fresh soil it requires. a further watering.
Winter transplants ought to be watered till the rains
begin, and rain transplants ought to get an occasional
watering till October, when the vegetation
begins to rest. It depends entirely on the condition
of soil if the transplants have to be watered again in
the next year. Single trees on the road-side do not
suffer so much from frost. On' irrigated and moist
sailaba land they can be transplanted without
earth, like the Sisst.

Cutting.

The tree grows readily from cuttings ; but as
the plants grown from seed are, as a rule, stronger
and healthier than those reared from cuttings, it is
unnecessary to discuss this way of cultivation.

A CACIA SPECIOSA, SIRIS,

The tree grows wild in nearly all the lower hills,
and we find it cultivated all through the province.
Its entire habitus is very much the same as that of
the preceding tree. It prefers light loam soil,
thrives moderately well on sandy soils, and succeeds
but badly on bar land, The changes of heat and
cold on uncultivated bar land are too severe for this
tree, and in an irrigated Dodb plantation only a
small proportion of the seedlings live through the
winter.

The natural home of the tree is the terai, wrup
the frost is certainly severer than in the plains, but
nothing like so abrupt.

Cutting.



152

CHAPTER lV.-—-('.'UL:l‘IYATION, ETC. OF PAXJAB TREES.

Cultwsation and Reproduygtion.

Rg;ltgi"::g’;‘nf“d. The seed ripens in January. The cultivation
18 the same as that of the Acacia elata, and like
that tree the Siris is one of the best species for
road-side planting.

Trectment.
Treatment,

Both trees are very much injured by injudicious
and careless lopping, which inevitably causes dry
rot and encourages destructive insects to attack the
tree.

Acacia Strevrata, Onr.

The natural home of this tree too, is in Iower
Himalayas. It suffers from the rapid elimatic
changes in the plains, especially in a bér or desert
climate, In Changa Manga, where it germinates.
readily and grows rapidly, we have not succeeded
as yet to keep it alive through the winter, though
there is no doubt that it grows well in better-cuktivated
parts of the Panjib plains, where the climate is
milder.

The Ohi seems to dislike a very heavy seil.
The cultivation is the same as that of the two
preceding trees.

The three last-named trees are especially
adapted for district arboriculture in the districts
underlying the hills, such as Gujrat, Sidlkét,
Gurdaspir, Hoshidrpir, XKéngra, Jélandhar,

. Ludifnah, and Ambélah. In Kéngra, Gurdéspir,

and in some of the other districts they might be
grown with advantage in forest plantations, provided
good soil is selected.
CepRELA ToONA, TUN.
This handsome and useful tree is indigenous
in the lower hills up to 2,000 feet. It was
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formerly cultivated throughout the Panjéb and
strictly preserved ; under the British rule, however,
it has bsen greatly neglected, and there are but few
good-sized trees left. Within the few last years
many efforts have been made to re-establish 1it.
The formation and foliage of the tree indicate that
it stands a considerable amount of shade. In the
earlier stage of growth, the young plants not only
tolerate shade, but actually require protection from
the sun. The frost kills them in the first year,
especially in the bar and on irrigated land; but
when they have attained the age of two or three
years they are hardy enough to withstand the
effects of the frost. The Tvn requires a rich soil ;
but, as the more lateral growth of the roots indicates,
it is not necessary that the layer of good soil should
be more than a few feet deep. The tree wants a
good supply of water, and will grow even on an
inferior soil if kept moist enough. It is very liable
to the attacks of a lepidopterous insect, which
consumes the pith of the young shoots.

Cultivation.

The seed ripens in June, and the fulness of the
grain indicates its healthy condition. Throughout
the province the tree requires a great amount of care
during the first year of its life. The young seedling
wants protection against the direct rays of the
sun in summer, and against frost in winter. Sowing
in the open is therefore, if not impossible, at
any rate impracticable, and would entail useless
expenditure. Transplanting would seem to be the
best and cheapest method. The transplants can be
raised either in pots or in nurseries, but 1 find nur-
series produce the better material. The best position

for such a nursery is under old trees, or between two
\4

Cultivation,
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lines of Sissi, Kikar, or Mulberry, which have not
«closed overhead. The soil should be a rich black
humus, such as we find in old forests or old native
-gardens. It must be well worked and cleared of

roots. The seed should be sown in the beginning
of June, as the spring sowings would hardly be
strong enough for summer transplants, and they
would grow of too large a size in the nursery to
be easily protected against frost. The seed may
be sown broadcast, but I prefer sowing it on small
ridges on account of the watering. The seed, which
must be covered lightly, will germinate after 8 to
10 days, and in the beginning of November the young
plant will be about. a foot-and-a-half high. At this
time the seedlings must be covered, and remain so
up to the end of February. Transplanted either in
March or during the rains they will reach a height
of 7 and 5 feet, respectively. On bér land, the trees
must again be protected during the winter, especially
if grown in a plantation. Singly, on road-sides, or
fields, the tree has a greater power of resistance on
account of the free circulation of air. In the third
year it will be tall enough to be beyond the reach of
night frosts ( see Book I, Climate ).

‘When the surface soil is not quite fresh, the
Tén tree, owing to the more lateral formation of its
roots, requires in nurseries, or as transplants, a
greater amount of watering than the Dalbergia Sisst,
and road-side trees must be watered another season.
The tree, though valuable on road-sides, round wells,
and within villages, causes great harm in fields,
owing to its intense shade.

Natural reproduction.

Naturl repro- The seed germinates well under mature trees,

daction,

and I am convinced that natural reproduction, if
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eombined with artificial cultivation, will answer
well, but it has not been tried as yet.

Purther treatment.

I recommend a very lenient and late thinning Further treat-
to prevent the tree from separating close above ment. |
ground and forming branches. In the open it is
difficult to prune it into a high trunked timber tree,
though wounds caused by lopping heal quickly.

Morvus ALsa, &c., Tur, MULBERRY.

These trees are cultivated all over the Panjdb
plains and in the hills up to 5,000 feet. The wood
of good old Mulberry trees is most useful both as
timber and fuel ; but as they are seldom quite healthy,
they produce but rarely timber of gnad shape. On
a good loam soil the Mulberry grows well and fast,
not so readily on saildba, and on bar land only with
considerable watering. The tree wants more mois- -
ture than the Dalbergia Sissd, and the young plants
are easily affected by drought. I have observed
that they died off on heavy soil in July and August
as soon as they sprung up, if not constantly watered.
The trees, after reaching a certain age, become
diseased, especially on saildba and bér land. I
maintain, however, that the climate of the plains is
* the chief cause of their decay. Careless pruning
is exceedingly hurtful to this tree. I recommend its
cultivation in the districts underlying the hills.
The clay soil of the Peshdwar valley, intermixed as
it is with micaceous sand, seems to suit the nature
of the tree, and we see it there healthier, though
smaller, than in other parts of tho Panjéb plains.

Cultivation.

The different species of the tree ripen in May quivation,
and June, On irrigated land they succeed best if
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sown on the ridge like the Sissi. Up to 20th of
July they may be sown, and if well watered they
will hold their own against Sissii of earlier sowing.
They require to be watered till the end of October,
as even November sun is dangerous to them without
a moist ground. ,

- When sown on moist sailiba they will germi-
nate, but not so well as the SissG. Sowingg will
not succeed on land solely depending on rain-fall,

Planting.

Planting. It is easy to raise Mulberry plants in nurseries
and to transplant them, and in this respect the tree
is even hardier than the Sissi. Provided the soil is
moist enough, plants with half-destroyed roats will
bud and grow readily. With the exception that a-
Mulberry nursery is sown in June or beginning of
July, the preparation and treatment are the same as
that of a Sissit nursery. The transplants may be
put out either in the rains, or in December, January
and February, and, like the Sissi, with or without
earth. The tree can be grown from cuttings. For
road-side planting it is not of much value, as it is
much affected by lopping and browsing. It gets
diseased at an early age, loses its leaves by attacks
of insects, and dies soon under such circumstances,

Zizypaus JujuBa AND Lorus, BERL

This tree is useful for timber and fire-wood ; the
leaves are much valued as fodder for cattle, and, if
grafted, the fruit is highly prized. The tree is
common throughout the Panjab, though Dr. Stewart
doubts its being really indigenous in this province.

~ It grows mostly on cultivated land or on sandy loam,
but not like its congener, the small scrubby malla
nummalaria, in the hard and arid soil of the ‘“Bar.”
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It succeeds on a saline loam on which Sissé, Tin
and Mulberry do not answer, and requires much less
water than Sissd. It is nearly as bhardy in this
respect as the Kikar, and at the same time suffers
less from frost than this tree.” On bédr land, even
this hardy tree freezes often down to the ground
during the first winter.

Cultivation.

Towards the end of May, when the fruit begins
to get quite soft, the seed is ripe.

On irrigated land,the tree succeeds well if sown
in June on the ridge. The seed germinates after
10—15 days, and the plants will attain a height of
1—2 feet during the first season.

On saildba, the best time for sowing is during the
rains ; and if the soil is loose, the seed must be sown
deep. The best way is to make a hole in the ground
with a stick about two inches deep to drop the seed
in and to press the earth down on it with the heel.

Seed sown in shallow places or lines is
constantly scratched up by the jackals. When
germinated, the seedlings will grow 8—12 inches
high during the season, and suffer in rare instances
only from frost on such lands.

If land depending on rain-fall is fresh and the
rain-fall considerable, the trees can be grown directly
from seed as on sailaba land, but a safer way is to
transplant them. The seedlings are reared in
nurseries watered by wells. Sown in June the
young plants can be transplanted in December,
January, or February, or during the following rains.
The tree does not seem in favor for road-side cultiva-
tion, but we see it frequently near wells, in fields and
near houses and villages. For district arboriculture

Cultivation,
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Natural repro-
duction,

it must be reared in nurseries, if it is to be planted
in unirrigated fields, or on road-sides; but for well-
cultivation, or as boundary trees inirrigated fields,
it must be raised from seed. The tree in its varieties
should be cultivated in all parts of the Panjib plains,
except in the arid portions of the lower hills and
such parts of the bar as cannot be irrigated.

Natural reproduction.

The tree coppices vigorously, and yields a dense
shade as coppice wood. It will be of great value
for coppice under standard.

It can be grafted as described in the general
rules of artificial cultivation.

SaLix, WiLLow.

‘We have as yet cultivated only two species of
this tree in our plantations in the plains, Salix
babylonica and Salix tetrasperma.

Without irrig;a,tion they grow only on very
moist saildba in the immediate vicinity of rivers;
but with canal irrigation and close to ditches and
water-cuts they are easily cultivated. The best time
to plant the willows on irrigated land is January,
February, and March, and the best way is to plant
them with a peg. A hole is first made into the
previously-irrigated soil 5—10 inches deep, and the
cutting put into it, as described in the general parts
of this pamphlet.

On saildba land the cuttings can be put in
either in December and January, or during the
beginning of the rains. Extensive willow plantations
on low saildba land are the best protection against
the washing away of the soil. The following is the
most effectual way to make such protective planta-
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tions : a hole some 15 inches square and 12 inches
deep is dug, and about eight or ten cuttings are

placed in it close to the sides. Another hole of the

same dimensions is dug at a distance of 3—4 feet,
and the first hole is filled up with the earth of
the second. The soil is then pressed down with the
foot, care being taken not to damage the cuttings.
In this way the work proceeds till the area is filled
up. The best cuttings are made of wood from 2—4
years old. On very wet soil 4-—6 years old wood is
used. '

The many jhils we have in this province should
gradually be planted with willows and tamarix, and

thus a great amount of useless ground would be

reclaimed for arboricultural purposes. A previous
drainage, especially of heavy and binding soil, is of
course a great help to arboriculture, but much can
be done without it by forming ridges, or little
mounds and plant on them.

Salix alba and some of the other hill willows
should be much more cultivated near water-courses,
as it fixes and secures their banks.

AzapiracaTa Inpica, N

A tree commonly planted in the South-East of
the Panjib. Phillour seems the last place, North-
‘West, where it succeeds well. At the Ndg Plan-
tation, Changa Manga, and even on milder saildba
plantations, the tree dies of frost. It prefers a loam
" soil, and we have not been successful on light and
moist saildba soils.

Cultivation.
The seed ripens in July and August.

We have so many better timber and fuel trees
in our province, that the Nfm has little interest for

Cultivation,
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Cultivation,

us as a forest tree, more so, as the other trees grow
quicker, and their general habditus, as regards forest
growth, is better adapted to the rougher climate of
the Panjib. On account of its intense shade, how-
ever, and for other good qualities, the tree is worth
planting on roads, near villages and wells, and in
Plots on grazing ground.

The easiest way is to raise the seedlings in small
nurseries, and transplant them with the earth either
during the rains or in December. The transplants
require but little watering, and only till the beginning
of the rains.

MEeLiA AzEpARACH, BACKAIN.

This hardier congener of the preceding tree
flourishes in the North and North-West of our pro-
vince. The tree prefers a loam soil, but grows and
prospers on any soil, with the exception of the
unirrigated bar land.

Bakéin wants less water than most of the other
trees recommended for district arboriculture, and
does not require as much care. In a plantation or
forest, the tree is considered a weed only fit to
cover the ground till we have been able to cultivate
other trees ; but its hardy growth, its few require-
ments, and the luxurious shade it yields, make it a
favourite tree for well-cultivation and for shady
topes on grazing grounds.

Cultivation.

The seed ripens in January and February, and
remains on the tree till the leaves reappear and the
new seed begins to form. It may be sown in March,
but must then be watered, or it can be sown during
the beginning of the rains. The young plants may
be transplanted either in December, January and
February or during the rains. -
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As the tree is only cultivated along road-sides,
wells, &c., the best way is to plant them with earth.

S1zvaivM JAMBOLANUM JAMAN.

The tree is cultivated in the districts underly-
ing the hills, and eminently adapted for well and
village cultivation. It attains a large size, and the’
- wood is far better than that of the Bak4in, or even
Nim tree, though not equal to that of the Sisst and
Kikar. It yields an excellent shade, and the fruit
is highly valued by the natives. ‘

The Jaman does not require a deep soil ; it
succeeds well on aloam soil with boulders and gravel
below the surface. On bér land this tree suffers
from frost, like most of the inhabitants of the Terai.
In the Nég Plantations the seedlings sprung up
readily enough, but froze down every winter. In
the plains proper of the Panjéb the tree is certainly
not a forest tree; but if Teréi Plantations were
initiated, this would be one of the trees worth
selecting.

Cultivation.

The seed ripens in June. For district arbori-
culture young plants ought to be raised in the
district nurseries, and be transplanted during Feb-
ruary with earth.

MaxcirerA Inpica, Mancoe,

This is decidedly a tree belonging to the more
southern provinces, and is apt to deteriorate in
. most parts of the Panjib as regards growth, fruit,
and wood. The tree courts a rich, light, fresh loam
soil, and a mild and even climate. Nowhere in this
province can it be grown without protection against
frost for at least two or three years. The natives

protect and cherish this tree on account of its fruit,
w

Cultivatiou,
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Cultivation,

Cultivation,

and the cultivation may be safely left to them.
Government, however, should import grafts and
establish grafting nurseries in each district.

Cultivation.

The seed ripens in June. The pulp of the fruit
is rémoved and the seed washed in water and sown
in a box filled with rich soil. The seed must be well
watered, and will germinate after 15—20 days. In
September the plants are put out singly, and should
be watered every two or three days. In the begin-
ning of November the young plant must be covered
with grass to protect it against frost. This cover is
removed in the beginning of March, and the tree
must again be watered till the rains set in, and
covered again through the winter. The following
February the tree oughtto be grafted or budded,
which has been described under the general remarks
on arboriculture,

Tamarispvs Inpica, Imwn

This tree is really an inhabitant of the more
southern parts of India, and can only be cultivated
successfully -in the Dehli, Ambélah, Karnal, and
Multén Districts.

Cultivation.

The tree must be raised in small well-protected
and watered nurseries, covered during the winter
months, and transplanted with the earth during
. February.

Ficcs Inpica, Bor.

This tree is cultivated throughout the Panjihb
plains, and, when once established, is satisfied with
nearly any descriptions of land,
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Cultivation.

The Boér is easily grown from cuttings, which
are planted in July. It is necessary towater them
after the rains cease till the beginning of the cold
weather. Cuttings of 8—10 feet length will take
root. Another way is to plant out in the rains the
natural seedlings which are found in abundance near

old trees, and which have mostly been planted by
birds.

It is difficult to raise young plants in nurseries
and not worth the trouble, as natural-grown planting
material can be got in abundance.

[ ]
Ficus rELIGIOSA, PIpAL.

This tree is found cultivated over the entire
Panjib plamns, and, like the Boér, is valuable as a
shade-giving tree near tanks and rest-places.

Cultivation.

Like the Ficus Indica it is cultivated by means

of naturally-grown seedlings, and can be reproduced

by cuttings, but they are less certain of success

than the Ficus Indica. The time for both ways of
cultivation is during the rains.

Acacia Mobesta, PruLArL

The tree is indigenous in the Salt Range and
in all the low hills East of the Satlaj. In anunclu-
tivated state it prefers a rocky and. arid soil, but it
grows well on canal embankments in the bar. In
its natural state it has hardly ever had a fair chance
of growing into a tree, as throughout the rakhs
where it is found it has been constantly cut and
broken down, or browsed by camels, goats and cattle.

Cultivationes

Cultivabion,
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Cltivation,

There are, however, good-sized trees near Jhelam in
the Tilla and Pubbi Rakhs, and in the N4ag Planta-
tion all along the canal embankments. The tree
flowers in June, and the seed ripens by the end of
December and in January.

Cultivation.

The seed, when ripe and healthy, has a green-
ish-brown, polished appearance. It is a dry seed,
and its germinating qualities are easily preserved.
It must be carefully guarded against rats and mice ;
but its greatest enemy is a little grey insect, a
species of ‘curculio.” When these insects have
once got into the seed, they destroy great quantities
of it in a short time.

On irrigated land the tree grows but slow.
Dr. Stewart mentions in his “Panjab Plants” a
tree in the Sahdranpir gardens, about 30 years old,
which has only 5} feet girth by 30 feet height.
On account of this slow growth it would be an
unremunerative speculation to raise unmixed forests
of it on land requiring a considerable outlay for
watering ; but sown on the ridge intermixed with
Sissii and other trees, it affords a greater security
to the cultivation, especially on the more arid and
binding places. We have largely intermixed it at,
Changa Manga Plantation. In rakhs which can,
only be occasionally watered, the tree sown on seed
places or on strips will be found to answer well
and still more so if intermixed with Jhand, Reri
and Fardsh. The best time for sowing is March
and April.

On saildba the tree is after a very short time
suprressed by the quicker-growing Sisst and Kikar,
and it is not worth while to cultivate it.
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If land depending on rain-fall is of a superior
quality, where Sissi and Kikar can be grown, it
would not pay us to sow Phuldi; but as it is one of
the few trees capable of restocking arid and rocky
lands with a forest, and improves the soil for the
cultivation of the quicker-growing species of trees,
we must not neglect its culture. On such arid land
the soil should be worked in deep seed places, and
the seed must be well stamped down inthe begin-
ning of the summer rains, which should be abundant
to enable the seed to germinate. The entire Pubbi
Range, near Jhelam, and all the low arid hills of
the Peshdwar, Rédwalpindi, and other districts at
the foot of the Himalayas, might be restocked with
forests, if Phuldi were carefully cultivated.

Planting.

The tree when transplanted young succeeds well

on fresh soil, but I am not prepared to state how it
would succeed on arid land. Experiments must teach
us this, as well as the best time for transplanting.
I believe the summer rains to be the most favorable
time, and would certainly recommend that nurseries
-of this tree be made; for, as a rule, planting succeeds
better on arid and poor soils than sowing. Even
on the most arid soil a portion of the seedlings
are sure to succeed if mixed with Rert and Jhand.
The cultivation ought to be repeated till a portion
of the land is under cover ; and when this is accom-
plished, the next area should be taken in hand.
The cultivation and re-stocking of the arid lower hills
mentioned above is one of the most important
arboricultural questions, and should be taken in hand
as soon as the more pressing plantations for the
supply of Railway fuel are finished.

Planting.
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Natural repro-
duction,

. Cultivation,

Natural reproduction.

The Phuldi will coppice readily when cut down ;
and as it coppices from the roots as well as from
the stock, this way of reproduction will last for a
long time. For treatment of the coppice forest, as

well as time of cutting, see general rules in
Chapter I1.

Our coppice rakhs under present conditions
are, without exception, ruined by rights and grazing
I believe that any one of them situated on toler-
ably good soil would grow in 50 years into a dense
forest if shut up against grazing, grass-cutting
and other uses and misuses. To accelerate reproduc-
tion and to shorten this period, we must combine
artificial with natural reproduction.

ACACIA LEUCOPHLAEA, RERC.

This tree grows like the Phuldi in the more
arid parts of the Panjab plains, but prefers the east-
ern portion of the province. Like the preceding
tree it is but rarely allowed to reach its natural size,
being browsed down by camels and goats. The
largest trees are found in the vicinity of canals or
other water. |

Cultivation.

The seed ripens in April and May;it is of a
greenish brown color, and has a polished appearance
when ripe. Being a dry seed, it keeps its germinat-
ing power for years, but is very liable to the attacks
of insects, which destroy large quantities of it
if we do not take the utmost precaution.

The manner and season of cultivation are pre-
cisely the same as described for the Acacia
modesta. Like the former tree it produces freely
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by means of coppicing, and is as useful for the recul-
tivation of our arid rakhs as the Phulai for the
re-stocking of the lower hills.

Prosopis SPICIGERA, JHAND.

This is another of the modest children of the
soil. It prefers a dry bér land, and sends its roots
deep down in search of water. I have followed the
roots of a Jhand tree in rakh Changa Manga to the
depth of about 60 feet. It is lopped and browsed
down more than any other tree I know; and only
its great vital power enables it to resist thisill-treat-
ment and reproduce.

I understand that Méla Ram, the great Fuel
Contractor, causes the roots of all the trees in the
extensive private rakhs between Miin Mir and
Okars to be stubbed out, and it remains to be seen
if he"will succeed in exterminating even the long-
suffering Jhand and Karil. Whenever the tree is
left undisturbed it grows to a considerable height.
It is one of the very few trees able to penetrate a
soil mixed with kankar.

Cultivation.

The seed ripens in June, and is easily preserved
if protected against mice, rats and insects.

On irrigated soil it germinates readily, and may
be sown any time during the summer ; but here we
cultivate it only as an intermixture in plantations.
It does not suffer from frost, and covers the soil.

On sailaba land it thrives; but there is no
necessity for its cultivation.

On lands depending on rain-full the tree grows
without difficulty, and the cultivation is the same as
that of Rerd and Phuldi,

Cultivation,



168 CHAPTER IV.—CULTIVATION, ETC. OF PANJAB TREES,

Natural reproduction.
In no other useful tree is the power of coppicing

Natural repro” more strongly developed than in the Jhand, and

duction,

Cultivation and

reproduction.

“ coppice treatment,” aided by artificial cultivation, is
the best way to reproduce it.

TaMarIX ORIENTALIS, FARASH.

This tree grows throughout the Panjab plains
from Dehli to Peshdwar and Multdn. Its growth
is rapid, and it attains a considerable size. It prefers
a loamy soil, but is also found on hard clay soil and
on sand.

The Farash grows a thick tap-root, is very
hardy, and does not seem to suffer from either frost,
drought, or excessive moisture. I have seen it
growing in the Montgomery bér, on saildba land on

the Révi, on swampy soil near jhils, and on saline
“kallar ” land.

Cultivation and reproduction.

The seed ripens in January; it is very small and
downy, and for this reason difficult to collect. As
soon as it is quite ripe, the wind carries it away. It is
therefore necessary to avatch the ripening of the seed
carefully, and to shake it into bags before it flies off.

On rrigated lands the cheapest method to cul-
tivate the tree is by means of cuttings ( for execution
see Chapter 1), which may be planted in January
and February, and again in June and July. The
seedlings require a good watering for the first few
months till they strike root. I prefer planting them
in February. At Changa Manga we have put out
over 500,000 cuttings during that month, and they
have all succeeded.

On saildba land also, cuttings will grow readily
if put out in June, and even on land depending on
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rain-fedl they take root if the rains are severe enough.
On such lands, however, it is safer to plant seedlings:
Thousands of seedlings spring up after the winter
rains, behind embankments, in water-courses, in Rail-
way cuts, &c., in fact, wherever the seed collected
and the wind was unable to dislodge it. These
plants can be put out either in December, January,
and February, or in the rains ; and though it is safer
o transplant them with the earth, they can be put
out with naked roots, and in the driest districts.
require to be watered for a short time only..

If such seedlings are mnot procurable: they carr
be grown from cuttings in an irrigated nursery.
Small nallahs, a foot deep, are made about 2 feet
apart, and the soil is thrown up in a ridge between
these trenches. Cuttings of young wood about 18
inches long are planted at a distance of 12 inches
apart, and the whole plantation is watered. They
are planted in February, and may already be utilized
during the following rains, but it is better to wait
till the next winter. Seedlings can also be raised
from seed, but many precautions must be taken on

account of the lightness of the seed. The sowing:

nursery has to be carefully prepared in beds 3 feet
broad, with a small trench running on either side.
The seed is collected as described above, mixed with
sand, loam and water, and by this means the woolly
or downy parts of the seed are removed. The seed
is then sown with the sand and beaten into the soil
with a flat wooden shovel . The land should not be:
flooded, but watered by percolation.

Natural reproduction by means of seed as light
as that of the Fardsh, can never be completely success.
ful. Young trees will only spring up on’ entirely

X
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protected places, and numberless seedlings may be
found on one spot and none on another. Itis therefore
always advisable to combine the natural reproduc-
tion with artificial cultivation. Much can, however,
be done by digging trenches at right angles to the
direction of the winds prevailng during the winter
rains, wherever Fardsh trees are found. The seed
will be caught in these nallahs, germinate, and blanks
may be filled up during the following rains from the
abundant seedlings.

Ceprus DeopARA, Diar.

This splendid tree, already described in the
Botanical Pamphlet, grows in all our Panjab hills
from 4,000 to 9,000 feet. It prefers a well decom-
posed gneiss or lime-stone soil, and, though it grows
on the steepest and rockiest slopes, flourishes best
on old levelled fields. The tree exhibits a decided
preference for the North and West slopes of the
hills, and only on the highest elevations above 8,000
feet changes to the South and East side.

The young plant thrives best on a rich brown
humus soil, and succeeds but indifferently when the
soil is poor and dry. Many of the failures of our arti-
ficial cultivation are mainly due to the fact that we dis-
regarded this point and tried to cultivate the tree on
a ruined soil with seedlings grown on the rich humus
soil of a forest, and under the protection of their
parent trees. The Deodér requires only a very thin
layer of good soil, and keeps its roots always near
the surface. In a natural forest the roots of a plant
in its fourth year reach rarely deeper down than 1
foot or 18 inches,
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I give here sketches taken in the forest of the
young tree from its first to its third year, together
with the measurement. _
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cutting is required before the seedlings can strike
root. The cutting for germination must be lenient,
as the seed germinates as soon as a little light has been
let into the forest. The Forester must now carefully
watch the forest under reproduction. The trees must
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Nurseries,

hardier, and does not require the same amount of
protection. The forest plant is quite useless for
open positions if not artificially protected against sun
and frost. The best age for transplanting is in the
third year, when the plants have reached a height
of 12—18 inches. They can be transplanted either
during November, or March and April. Rain trans-
plants will also succeed.

The greatest care must be taken not to injure
the tips of the tender roots when the seedling is taken
out, transported, or planted. 1t can be transplanted
either with or without earth. The best distance for
an unmixed Deodar plantationis three feet (horizontal
measurement ), but this distance may be greater if,
on account of the scarcity of Deodér plants, seedlings
of Abies Smithiana and Picea Webbiana are inter-
mixed.

If we cultivate deteriorated soils, or more so

grass blanks, the young plants must be manured. A
few handfuls of good humus will often secure the

whole success of a cultivation. The plants will also"

benefit by a protection overhead. Shrubs are tied

together and put over them in form of an inverted

kilta. This protection should be put on when the

rains cease, and removed the following spring.
Nurseries.

A nursery should be on a rich soil of decom-
posed gneiss or lime-stone intermixed with humus.
In Chapter I, the fullest instructions for the estab-
lishment of nurseries will be found. The soil must

be worked 12 to 18 inches deep, hoed, raked, and,
if necessary, manured.

The seed may be sown either in autumn or
spring ; but as the preservation of the exceedingly
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oily seed is very difficult, autumn sowings are, as a
rule, preferred. The seed should be sown in drills
about 12 inches apart. The sowing board should be
used for this purpose. Success will be more certain
if the nursery beds are covered with moss and
branches till the next spring.

General remarks. ~
All efforts should be made to grow the Deod4r geperal remarks,
nearer our markets, close to the river banks, and
on hills nearer the plains. The Deodar will thrive
at a much lower elevation than we find it now,
though for physiological reasons I doubt if the
timber would turn out so well.
In Abbottdbdd a number of Deodara were
planted five years ago by Captain Ommanny, one of
the best and most active district arboriculturists, and
they are now 12 feet high, and grow rapidly.

Pinvs ExceLsa,

This tree, next to the Deodér, is the best timber
tree in our Himalayas, and thrives from 5,000 to
11,000 feet. It grows to a considerable size, prefers
good forest soil, but thrives, even as a young plant,
on worse soil than the Deod4r. We do not
often find the tree in pure forests, but mixed with
Cedrus Deodara, Abies Smithiana, and Picea
‘Webbiana,

Natural reproduction.
When the tree is intermixed with Deod4r, we , Natural xepro-
must cut as though we had to deal with a pure
Deoddr forest ; but in pure Pinus excelsa forests, or
where it is intermixed with Picea Webbiana and
Abies Smithiana, the cuttings must be more severe,

as the seedling requires a greater amount of light
than the young Deodér.
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Artificial cul-

tivation.

Natural repro-
duction,

Artificial cultivation.

The seed ripens in autumn, and can be preserved
in the cone.

It may be sown in the open, on strips, or
places, but requires a good humus soil, and will
succeed whether sown in autumn or spring. The
safer method, however, is to transplant seedlings.
reared in a nursery. They are not so susceptible
to the evil effects of an exposed position, but the
same precautions must be taken as with Deodir
planting. ’

Pinus excelsa nurseries are treated exactly like
those of Deodar. It should never be artificially
cultivated as a pure forest, but as an intermixture
of Deodar, planted at 6 feet quincunx, it is very
valuable. All these intermixtures will end, of
course, in a nearly pure Deoddr forest.

ABIES SMITHIANA.

This tree grows in most parts of the Panjib.
Himalayas between 5,000 and 10,000 feet. It
attains a large size, and though it is at present not.
highly valued, will, without doubt, yield excellent
timber when impregnated. It thrives best on a
humus soil, but is satisfied with a poorer soil, and
reproduces naturally in clumps even on deteriorated
soil and grass blanks. For this reason it is the best.
tree to re-stock ruined forest ground by intermixing
it with the artificial Deoddr cultivation.

Natural reproduction.

The rules arethe same as for the Deoddr. Only
the cutting must be more severe, as the young
plant does not stand the same amount of shade.
‘We must, however, bear in mind that in a mixed
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forest the cuttings must be executed to suit the
requirements of the Deodér.

Artificial cultivation.

The seed ripens in autumn, but remains for Artificiai culti~
3 : . . . ti .
some time in the cone, in which it may be preserved ™"

if the cone is picked before the seed has fallen.out.

Sowings can be executed in spring or in
autumn on good, rich forest soil. Like the Deodar
it should be grown in nurseries, and transplanted
during the spring or autumn. Transplants out of
the forest are hardier than those of the Deodéar ;
but as we cultivate the Abies Smithiana only
artificially, as a protection for- the Deoddr on
inferior soil and exposed positions, nursery plants
are preferable.

Picea WEBBIANA.

This tree grows all over our Panjdb Himalayas
from 5,500 to 10,000 feet. 'We find it in pure forests
and intermixed with Abies Smithiana, near the
highest belt of arboreous vegetation. The wood is
not without value as timber, but will improve by
impregnation.

Natural reproduction.

The cuttings for reproduction may be more Natural repro-
lenient than the Abies Smithiana cuttings and the cto™

young seedlings require as much shade as those of
the Deodér.

Artificial cultivation.

If the same precautions- are observed as with Artificial culti-
the Deod4r, the cultivation is sure to succeed. The "™
natural seedling stands transplanting better than
that of the Cedar. In all higher altitudes the

Y
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intermixture of this tree is advisable for the protection
of the Deodar.

Pixvus rLoNGIFOLIA.

This pine is satisfied with the poorest soil. It
grows all through the Siwaliks from 2,000 to 6,000
feet, Its timber has the greatest carrying power
of all the Panjib conifers; the roots yield tir
and turpentine ; it has the great advantage to grow
nearer our markets than any other hill tree. I
am convinced that this tree will yield the greatest
net money return when we once begin to impregnate
with kreosotic fluids. Satisfied with very poor soil,
its open and wide-spread growth does not tend to
improve the soil ; and fires which occur frequently
and spread rapidly over the ground covered with

.dry resinous leaves and twigs, destroy often the little

Forest trees.

Natural repro-
duction and Arti-
ficial cultivation,

humus which has formed.

Natural reproduction and Artificial cultivation.

The - Pinus longifolia forest reproduces from
seed if only strictly guarded against cattle, and more
s0 against fires. An abundance of flowers indicate
a seed-year, 14 months before the seed ripens. The
forest on the area to be reproduced should then be
cut down, with the exception of some 8 or 10 good,
healthly seed trees per acre.

Before the shedding of seed in April, all bushes
should be dug out, all stocks removed, as well as
plots of suppressed young growth, which, unlike the
Deodar, never recovers. The soil should be worked
on seed places with hoe and rake. These severe
cuttings should only be executed when a seed-year
is expected. Should this fail, for some unforeseen
reason, seed must be sown over the area before the
rains set in. It ripens in October, but the-cones
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only open in April and May. The best time to
collect seed is to pick the cones from December till
March. Really good seed years are rare, but there
is no doubt that the constant occurrence of such
failures is due to the frequent forest fires and other
misuses of the forest. After the cones have been
gathered, they must be put under shelter till April
or May. The cone is then exposed to the sun till it
opens, and the seed is shaken out, The cone is then
pressed in a cone-cracker made of wood, in the
shape of a big nut-cracker, with handles three to
four feet long, one of which is fixed to the
ground. The seed which did not all fall out of the
cone of its own accord is then plcked out. The
clean seed has to be kept in a cool, airy place to
prevent heating,

The seed must be sown either in the beginning
of March, when it will germinate during the spring
rains, or before the rains begin. The spring sowing
often dries up in the hot months of May and June.
The seed is but thinly covered with earth, even
on the lightest soil not more than } of an inch.
Nurseries are laid out on somewhat poor
humus soil, and the ground is prepared not
more than 12 inches deep, and ‘the seed is sown
in March or in the beginning of the rains.

Twenty-five seers of seed are required per acre.

The seedlings can be transplanted as yearlings

or as plants two years old ; but to ensure success they

must be planted with the earth around their roots.

Amongst all our coniferous trees the Chil
alone grows a tap-root in its early youth, and care
must be taken not to injure it when the seedling is
taken out, which is best done with the hollow spade.
The season for transplanting is during the spring or
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'The Pistacia integine, “ Kakar,” growsin our
hills between 1,500 and 5,000 feet, and should be
largely cultivated.

Next in value comes the Frawinus. - It grows
from 4,000 to 18,500 feet, and I recommend its
cultivation. It thrives, however, only on the best
description of soil. '

Acer and Ulmus, too should be intermixed, and
the artificial cultivation of oak trees, especially of
Quercus tncana and Quercus tlex, will facilitate the
recultivation of arid grass blanks with the Deoddr.
The safest method is transplanting, and the re-stock-
ing of such arid places is well worth the outlay.

‘Nurseries should be sown in March, and
seedlings put in planting nurseries 18 months later,
and the tap-root be cut at the same time. After
a lapse of two years they can be transplanted into
the open. Under favorable conditions a dibbling
of seed in prepared places will suceed.

Foreign trees.

As regards foreign trees, the best method is
always to sow the seeds in boxes filled with a mild,
rich forest soil, and to water them with watering
pots, till they have reached the height of about
two inches. They are then separated and planted
into single pots, and put out into the open on placeg
well manured with humus.

As a rule, forest plants prefer a light, loam soil;

poor or binding soils must be enriched or
loosened with humus or ashes.

Gmelina arborea. can be grown in the plains,
but must be protected against frost.

Foreign trees,
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Some species of Eucalyptus will, with care,

grow in the plains, but their roots and stock must
be protected against the hot-weather sun. They
grow better if richly manured with ashes, or even
animal manure. If the soil is binding, it must be
loosened round the stem. On good, moist soil, just
below, or in the low hills, they grow rapidly without
these precautions.

.Custanea vera should be grown om a good
fresh humus soil in the hills and in a sheltered
position. The young seedlings must for years be
protected against frost. If once established, the
tree is easily contented as regards soil.

Casuarina grows well in the plains on light

soil,
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