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INTRODUOTION.

THE object of these lessons is to point out.some of
the chief principles on which the various operations
of agriculture depend for their success. It is not
intended, except in a very few instances, to give des-
criptions of the operations themselves ; and in treat-
ing of the facts on which they depend, it has been
endeavoured to use a simple language as poasible, in
order that they may be ensily understood by persons
who have no knowledge of the terms used in scientific
discussions.

A distinction is to be made between a knowledge of
the best methods of growing the different crops and a
knowledge of the reasons why these methods are the
best. The former is in India usually gained by expe-
rience, very few people knowing the reasons of the
various agricultural operationsthey practise,butbeing
content with knowing that, as a matter of fact, théy
and their fathers havealways found themsucceed. But
none the less is a knowledge of the reasons necessary
forgood agriculture. It takesalong time tofindoutim-
provements in agriculture by experiment alone, while,
ifthereasonson whichagricultural processesare found-
ed are properly understood, improvements often sug-
gest themselves without any need of experimeni what-
ever. For instance, one of theoporationsof agriculture
is to manure land, and people do it because they know
that manure improves their crops, although they do
not understand in what way it improves them. But
when it is understood that manures improve crops
because the crops feed on them exactly as we grow
by eating our food, we can discover now kinds of
manure which never would have been used otherwise.
It is known what are the different things a plant
ne eds for its food; it is known how many of them it
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can gain from the ground for itself: and manures are
in Europe now manufactured which will exactly sup-
ply the missing things, without wasting substances of
wgich the plant has no need.

A knowledge of the reasoxs of agriculture is there-
fore necessary for any large improvement, and, per-
haps, it is because these reasons are not generally
known that agriculture in India seems to have made
little or no progress, but to be in the same state now
88 it was generations and generations ago,



AGRICULTURAL PRIMER:

Lesson I.

The similarity between the growth of animals
and plants,

AGRICULTURE is the art of raising field plants
from the ground, so it is with plants that we are
chiefly concerned in treating of the principles of
agricultare.

There is a very great difference between a plant
and an animal, but perbaps not morc than be-
tween some animals and others. The difference,
for instance, between an elephant and the tiny
creatures which swim about in dirty water (so
small as scarcely to bo scen with the eye) is al-
most as great as between tho elephant and a tree.
A (distinction which people often make is that
animals can move while plants cannot move ; but
there are many kinds of small animals living in
water which are attached to sticks or stones Ly a
kind of root and cannot move themselves. On
the other hand, some kinds of plants, while very
young, are able to move about in wuter from one
place {o another, being covered with little Lairs
which are in constant guick motion and push the
plant through the water just as a fish is pushed
along by its fins. A great many plants are able
to move some portions of themselves. Some
flowers open and shut regularly at different hours
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of the daye while there is a kind of very small
babul (the chui-mui) which, if touched, instantly
closes its leaves just as if it were hurt or offended.
Although, then, there are great differences be-
tween the common sorts of plants and animals, yet
it is extremely difficult to make a rule which shall
exaclly distinguish between them. Both are alike
in being alive—that is to say, in being born, existing
for a limited time, and dying again ; and both grow
by taking in food from the outside and altering it
till it becomes in substance like their own bodies.
Few people will deny that the son of respect-
able parents, well-fed, well-clothed and properly
tanght, has a better chance of beecoming an honest,
industrious man than the son of thieves or vaga-
bonds, balf-starved and relying for subsistence
on the wickedness which is the sole lesson life
has tanght him. In exactly the same way a plant
sprung from good seed, sown in well-manured,
well-watered, and well-plonghed land, has far more
chance of bearing plentiful and good grain than
one sprung from bal sced and left to shift for it-
selt on barren, unmanured, and dry land. The
chief’ requisites for a good crop are, then, gaod
seed (which is compared to the parentage of a
boy), good manure and sufficient water (which is
compared to his food), and good eultivation (which
answers to his education) ; and these three requi-
rites will be separately noticed in these lessons.
From what was said at the commencement of
this lesson, it follows that the comparison be-
tween the bringing up of a boy and a plant is not
87 fanciful as it seems at first sight., Plants, like
animals, live and grow by the food they tako in,
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are inflaenced for good or bad by thér surround-
ings, and inherit the qualitics of the seed from
which they spring. But since it will be impos-
sible to understand this or to comprehend many
of the chief principles of agriculture without
knowing something of tho structure and life of a
plant, these will form the subject of the next
lessons.

Lesson 1I.
The different parts of a plant.

EvERY ordinary ficld plant may be considered
as made up of two parts : one growing downwards
into the soil, called the root; and the other,
growing upwards towards the light, called the
stem. The root and stem are as a rule very
different in appearance, and can be easily distin-
guished from ono another, but in their internal
structure they arc very much alike. Most of
you have probably only thought of roots or
stems as con-isting of the same kind of substance
throughout, but in reality they are made up in
the most wonderful manner of millions of little
pipes, bags, and fibres packed tightly together
and so small that they can scarcely be seen at all
without a magnifying glass. If you cut open
an orange, you will see that the inside of the
fruit is made up of a number of little pointed
bags placed side by side, each consisting of a
covering of thin skin filled with the sweet juice
which makes the orange a favourite fruit. Now
it is important to remember that every part of
a plant is made up of little bags, something lik e
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those of tle orange, only very much smaller,
The way this was found out was by the maguify-
ing glass, which is a piece of glass so shaped as
to make things, when examined through it, look
much bigger than they do to the eye. This piece
of glass, instead of being flat on both sides, is
rounded, and it is this which causes things seen
through it to secm bigger than they really are.
A drop of water will act in just the same way,
and if a drop of waler be placed on a leaf aud bo
looked through sideways, it will be noticed that
it makes the small huirs on the leaf look much
bigger than they generally do. This is because
the drop is rounded in its shape like a magnify-
ing glass, DBy mecans of these magnifying glasses
a flea can be made to look as large as a mouse,
and its mouth, eyes, and even teeth, be scen as
easily as those of a mouse. When plants were
looked at in this way, it was seen that they were
made up of little bags, just as an orange is; each
bag in young plants being filled with liquid. If
a piece of plantain stem be cut across and looked
at, a great number of tiny little holes will be seen
in it. These are the ends of little tubes which
run up and down the stem, and which are believed
to be merely rows of bags with their ends
knocked out. The green substance of which the
plantain stem is composed is made of little bags
shaped like bricks and fitted one to another like a
mass of masonry, through which these little tubes
run like water-pipes. All young and green
plants are composed, like the plantain, of these
little bags, consisting of an extremely thin skin
filled with liquid, just as we saw in the orange,
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The skin is so thin that it allows the liquid to
sonk through from one bag to another. As the
bags grow older their skius get thickened by
the formation of an inner and harder lining, and
ordinary wood is composed of bags thickened in
this way. Both root and stem are composed
of these little bags (called cells), with tubes run-
ning up and down amongst them ; but though
the root and stem are therefore much the same
in internal structure, the work they have to per-
form is very diffcrent.

The work of the root is, generally speaking,
two-fold : it kecps the plant firm in its place, just
as an anchor holds a boat, and it sucks up from
the ground the water and substances contained
in water ‘on which the plant feeds. It thus
answers to the feet and mouth of an animal.
The stem, on the other hand, sapports the leaves
and flowers and exposes them properly to the
wind, sun, and rain.  The water and watery sub-
stances sucked up by the root pass up through the
stem to the leaves and flowers.

The chief parts of every ordinary plant are the
root, stem, leaves, and flowers, each of which will
will now be noticed in turn,

The Root.

Roors may be thrown into two classes. One
kind of root possesses a main trunk continued
downwards from the stem, from which side-roots
branch off, just as branches do, from the stem.
The other kind consists in a bunch of fibres,
which break out in a sort of tuft from the bottom
of the stem and spread in a so-called “crown” all
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round it. The former are called tap-roots, the
latter crown-roots. These, like the babul, nim, or
tamarind, bave tap-roots, so also have the carrot,
cabbage, arhar, and cotton plant. Pulms have
crown-roots, and so have all plants of the grass
kind, such as wheat, barley, jowar, and maize.
Tap-roots often grow downwards to a great depth,
those of some English trecs having been found 95
feet decp. Plants with such deep roots keep green,
whether the upper soil remains moist or hot, since
their roots reach the lower eupplies of water from
which the wells are filled. An example of this is
the plant callod laisurai, which grows in large
quantities in corn-fields in the Aligaih district.
It has a long root like the lash of a whip, which
grows down to a great depth, and the plant is thus
able to keep green in the menths of May and June,
when all other small plants becume quite dried
up, unless frequently walered. The thin fibres
of which erown-roots are composed are not so
well alle to force their way into the soil as tap-
roots. Instead of driving their way straight down
mto the ground as tap-roots do, they spread them-
selves out round the plant near the surface : and
hence plauts with ercwn-roots are dependent for
their food and moisture on the surface soil, while
plants with Zap-roots are able to procure food and
moisture from a greater depth. It is therefore far
more important to have the surface soil well culti-
vated for a crown-rooted plant than for a tap-rooted
one. The finer the soil is powdered, the better it
retains moisture and the casier it becomes for the
plant roots to draw their food from it, Loose friable

“ will, as is well known, keep moist when bard
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caked soil dries up at once. This is the,reason why
so much more care is taken in ploughing the ground
for crouwn rooted plants, such as wheat aud barley,
than for tup-rooted plants, such as indigo and gram.
1t i not uncommon for cultivators to plough their
iand twelve or even fifteen times for wheat, while
one or two ploughings are held sufficient for gram.
If the surface soil were not in proper order, the
wheat roots would be altogether unable to procure
the food and moisture which the plants require ;
while tha gram roots, by sinking deeper into the
soily have a far larger area at their disposal and are
therefore more independent of the surfaco soil.

It has been mentioned that the roots at once
sapport the plant firm in its place and also act
as its mouth, sucking up water from the soil.
The parts of the root which suek water in this
way are not the thicker and larger portions, but
the tiny white hairs with which the young tops
of the root branches are covered. 1f in trans-
planting a plant these tops are Lroken off it will
die, altlloug}x otherwise the roots are unhurt, If
a wheat plant be pulled up and the roots well
ghaken, it will be seen that the tops of the roots
aro covered with a fine coating of earth which
does not drop off with the shaking. This earth
keeps in its place because it is held by these little
Fairs; which cling closely to it and suck up the
moisture and food substances it contains. The
roots can suck in this way with great strength,
especially in the spring, when they are most
active. The juico is forced upwards from the
root through the stem, passing from cell to cell
through the thin skin whick separates them, If
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the stem of ;a vine be cut in the spring, the juice
will pour out of the wound in a stream.

Most roots grow underground beneath the sur-
foce of the soil ; in some cases, however, thev
grow in water or even in the air. The roots of
the singhara live altogether in water, while the
bargad tice and the maize plant have roots which
grow out into the air.

Another work which some roots do, and which
has not yet been mentioned, is to act us a store-
house for the plant and collect and store food in
one year to be used up in the next. This is the
reason why the roots of the carrot and beat are
so large. In the first year they collect and store
food, which the plant uses up in the second year,
when it flowers. We dig up and eat the roots
when the food is stored in them, and before the
plants has time to use it.

There are certain underground stems which are
very like roots ; so like, indeed, that most people
call them roots. These are the potato, yam, and
other plants of the same sort. The rounded
bulbs which we eat arc not roots, but thickened
underground stems, and may be distinguished
from roots by their having buds, which true roots
ordinarily never produce.

Lrssox III.
The different parts of the plant.
The Stem.
TaE stem of a plant has to perform two duties ;

it bas, firstly, to support the leaves and flowers and
allow them to obtain as much sun and air as they
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need ; and, secondly, it hns to act ng a channel
of communication between the root and the leaves
and allow the liquid which the root sucks up to
prss up to the leaves and flowers. In young
plants the stem is usually green and tender, but
in older plants and trees it becomes very hard,
fince it has often a great weight of branches to
support. It is originally made up of the little
bags (or cells) deseribed in the last Lesson, but
these becorae hardened by the formation of a
woody layer inside them which in time fills them,
so that they become soiled.  But new cells, either
round the outside, just beneath the bark, or
nearer the middle of the stem, keep on forming,
and they act as water-carriers between the root
and the leaves, allowing the liquid to soak up
through their delicate skins.

But the stein is not entirely composed of these
cells ; little tubes and fibres run up and down,
and these tubes and fibres are generally collected
into bundles, there being a bundle to each bud on
the stem. In some plants (the grasses, plantains,
palms) these bundles run down every part of the
stem, the centre as well as nearer the outside.
In other plants (like the arhar, mango, and cotton
plant) they are all confined to the outside of the
stem, just beneath the bark., They serve to
keep up a connection between the buds and root,
and since every branch is derived from & bud as
well as the leaves and flowers, their use is very
important. The shape of a tree depends on the
maunner in which the buds come on the stem.
If the buds grow out in rings at certain places up
the stem, the branches will be in rings too, like the
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semul. If the bnds grow out alternately, the
branches will be alternate also : and thus the shape
of trees can be much altered by pinching off sume
of the buds when they first grow out. 1f a bud he
deprived of the proper amount of light and air, it
is killed ; and so it happens that trees become dis-
torted when they grow close together in a forest,
and their branches are often all confined to the top,
instead of growing out all down the trunk, since
the shade kills the buds which are lower down.
For the same reason, crops which are very thickly
sown grow very tall and have few branches. In
Europe flax is grown for its fibre and not for its
secd, and it is there sown very thickly, so as to
make the stems longer and less branched than
they are in India; for better fibre is got from «
long straight stem than from a short and much
branched one. In the same way, if a field of
wheat be very thinly sown, each seed, instead of
giving one or two stems, will give seven or eight,
which spreads out into a large tuft ; and in this
way as much grain can be got from one seed as
from three when they are thickly sown, although
ihe total produce of the field may be somewhat
ess.

Flax fibre has been mentioned above. This is
obtained from the outside rind of the flax plant,
called the bark. This bark is found in most
trees, to which it is useful as a sort of coat. Out-
side it is hard and rough, but inside itis very
soft and very tough. It is made up of little cells
like the rest of the plant, but the cells arve longer
and thiuner, and this makes the bark tougher
and more pliable than any other part of the plant.
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Hemp (bhang), sandi, and patsan are gll obtained
from the bark of the plants they come f‘rom.
Although stems as a rule differ from roots in
growing upwards towards the light, yet it must
be remembered that the stems or part of the
stems of some plants grow underground, just like
roots, from which they can scarcely be distin-
guished. Tho potato and yam have already been
mentioned as being really stems and not roots,
although they grow beneath the surface of the soil.

The Leaves.

JUST as the root answers to the mouth of ani-
mals through which nourishment is taken in, so
do the leaves answer to the stomach in which this
nourishment is digested. 1f a glass-shade be
placed over a plant, such as the cabbage, it will be
seen after a short time to become dim inside with
vapour, and after a little while the vapour will
form drops of water on its sides, which slowly roll
down to the ground when too heavy to keep their
places. This vapour is sent off by the leaves of
the plant, and in warm weather is always leaving
it. It has been calculated that in three months a
single plant of maize sends out water to the amount
of 36 times its own weight. Like the buds, each
leaf is the end of one of the bundles of little tubes
which run down the stem to the root. The leaf
itself is made up of two or three layers of flattish
cells covered by a thin skin, which in many
leaves can be scratched up by the finger-nail
and pulled off. All over this skin are little
openings or pores, like the pores in our skins
through which we perspire, They are shaped
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something like little mouths, the two lips being
formed by two spindle-shaped cells placed along-
side one another, but only joined by their ends, so
as to leave an opening between them. 1t is through
these openings that the vapour escapes.

These little pores are extremely sinall and are
in some plants foand in‘astonishing numbers. In
the case of many trees each leaf has as many as
1,00,000 of these little pores scatterad over its
vpper and under surfaces. They are chiefly con-
fined to the under sides of leaves, except in water
plants, like the lotus (kamal), in which case they
are on the upper surface only,

It is in the leaves that the green colour pecu-
liar to plants is chiefly noticeable. It is caused
by a vast number of little green halls inside the
cells of which the leaf is composed, and, as will
be seen further on, are not altogether for ornament,
but perform a very important part in the life of
the plant. Leaves occur of any shade of green,
and in some cases red or brown.  The young man-
go leaf is often of a beautiful purple tinge. In
these cases the balls of colouring matter are red or
purple instead of green.

Lessox IV,
The different parts of a plant.
The Flower.

WE next come to the most important part of a
plant—the flower. It is by far the most difficult
portion of the plant to understand properly, and
to make it easier I take as an example the flower
of the cotton, If possible, it will be well for the
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readers to bave cotton flowers in thejr hands at
the time they are reading this. It will also make
this explanation clearer if at the same time aro
picked four pieces of cotton plant—one with a
bud not yet opened, another with a fully opened
flower, a third with an unripe fruit, and a fourth
with the fruit burst open, showing the cotton pods
inside.

Take first of all the bud. You will see that
aronnd the bottom of the flower there are four
small green lraves, which make a kind of case to
protect it. These arc not, properly speaking, part
of the flower, but are merely leaves which serve to
cover it whilo in bud. All flowers do not have them.

Now pull off these four leaves, and inside them,
surrounding the bottom of what is generally called
the flower, you will sce a little eup of thin green-
ish yellow skin specked with black. This is
callled the cup and is a part of the flower-head.
Most flowers have it. It is sometimes divided up
into separate leaves or toothed more or less
deeply. In the cotton flower it forms a little cup
with the cdge even all round, and it is from this
shape that it is generally known as the fower-cup.

Under the cup there are the five large yellow
leaves which form the bright yellow flower. In
the bud these are curled and twisted round one
another, and the full opened flower, which was
picked, had now better been taken, since this will
show the shape of these yellow leaves best. You
will see that the greater part is of a pale yellow
colour, deepening to red on the inside round the
bottom. What is supposed to be the use of this
bright colouring will be noticed further on.
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Inside these yellow leaves again you will see a
kind of small pillar covered with little yellow
knobs, from the top of which protrudes a knob of
different shape and very much larger than the
others. Pull off the five yellow flower leaves and
split up the centre pillar with your finger-nail.

ou will see that the little yellow kuobs all come
off together, being fastened to a strip of whitish
coloured skin. This white skin forms a tube round
another thinner pillar inside it,and you will see that
the large top knob belongs to this second pillar
and remains in its place when all the small knobs
have been pulled off together with the skin they
are fastened to. Theinside leads down to a round-
ish mass, which is the unripe young cotton pod.

We have then divided our flower into the fol-
lowing five parts :—

(1) The four outside green leaves.

(2) The little yellow spotted cup inside them.

(8) The five large yellow and red flower leaves,
ocalled the flower-crown.

(4) A tube of white skin covered with little
yellow knobs (the flower-threads).

(5) A pillar inside this tube, bearing at the
top a largish kunob, and at the bottom
joined to the young cotton pod (the
Jower-column).

Now the first three of these parts are ordinarily
only intended as a protection for the last two,
which are the two essential cr necessary parts of
the flower. The use of the flower is to develope
the seed, and the seed is developed by these two
last-mentioned portious.
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1 take first of all the fourth part;—the white
skin-tube covered with little knobs. Each of these
litile knobs is a small box filled with yellow dust.
They burst when the flower opens, and the dust is
scattered about. If you open a fresh flower bnd,
you will see all the little boxes as they appear
before bursting. The skin-tube to which all these
little knobs are fastened is really made of their
stalks, which in the cotton flower are thus joined
together.

In other flowers, such as the mango, each little
knob is carried by a separate stalk of its own, and
there is no tube made round the central pillar,
Each stalk, with its koob, is called a flower-
thread.

Now look at the fifth part—the central pillar,
which is the only part which you have not
pulled off from the stalk. You will see that it
consists of a white column bearing a long knob at
the upper end and fastened to the small cotton pod
at the lower end. This pillar may be called tho
Hower-column. The kuob at the top is covered with
asticky substance, and, if the flower has been open-
ed some time before you picked it and you look
closely, you will see someo yellow dust sticking to
the knob. This is the dust which has come off the
little flower-threads out of the little yellow boxes on
the tube which surrounds the ceutral pillar., This
dust is most important, for, unless some of it falls
on the sticky knob of the flower-column, the flower
will bear no fruit. The flower-column is useless
without the flower-threads and the threads with-
out the column. Why tke contract of this dust is
necessary will be explained further on ; but it has
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been well proved that if the column of the cotton
plant be carefully covered over, so that no dust can
get to it from tbe threads, then the young pod at
the bottom withers up and dies without growing
larger. When, on the other hand, the dust is
allowed to fall on to the top of ths column, the
seed grows to its usual size and bears cotton as
usual,

In order to see how the cotton pod grows, take
the third piece of cotton plant which was picked—
that, namely, bearing the unopened cotton pod.
You will see that the yellow leaves of the Aower-
crown and the fluwer-threads have all faded and
dropped off —their work accomplished.

At the top of the pod may be seen the withered
remains of the column. The little flower-cup
and thoe outside green leaves are still in their
places, but looking rather withered. So we see
that when once the Hower has opened and the
dust from the Aower-threads reached the top of
the column, all the parts of the flower begin
to die off except the seed-pod, which goes on
growing.

Cut open the seed-pod across the middle ; you
will see that it is divided by partitions into coms
partments, in each of which there ure several seeds.
The seeds are packed in the soft cotton, which,
when the pods burst open, dries, swells out, and is
ready for picking. It is a curious fact that,
though cotton looks like a collection of soft hairs,
it really consists of the same cells which have been
so often mentioned before, merely diftering from
other cells in being extremely long and tena-

cious,
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Lessonx V.

The different parts of a plant,
The Flower—(continued).

TaE cotton flower was chosen as the example for
the preceding lesson not becanse it is the easiest
to understand, but because it is one of the easiest
flowers for you to obtain ; and unless you have a
flower in your hand while you read the descrip-
tion, it will be very difficult to you to understand
what ismeant. You will find that each other kind
of flower differs from the cotton flower in colour,
shape or size; the differences in shape being fre-
quently caused by the various parts of the flower
being joined instead of separate. A perfectly
regular flower would have the leaves of its cup and
crown, the stalks of its threads, and the compart-
ments of its seed-pod all separate, and the number
of the leaves of the cup and crown of the threads
and of the seed compartments should also corres-
pond. But in the cotton flower we have found
the cup leaves joined so as to make a kind of
collar, and the thread stalks joined into a tube,
the knobs being very numerous. 8o in the arhar
flower the crown leaves are curiously joined and
shaped so as to look something like a butterfly,
and in the til flower they are joined into a little
pivk tube.

Another point of difference is this : in the cot-
ton plant the flowers are large and each stalk
only bears one or two, so that they are easily dis-
tinguished. The mango, on the other hand, has
hundreds of little flowers on one stalk * so has the
corander and carrot ; wgile some plants, such as
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the marigold, have the top of the stalk flattened
out and crowds of little flowers squatting on it,
those on the rim of the circle being mnch larger and
flatter than those in the middle. Wheat, barley,
und jowar have their little green flowers arranged
thickly on the edge of the stalk; and, indeed, in the
grasses it would be hard to recognise the flowers
were it not for the little yellow boxes of the flower-
threads which hang from them, and for the grain
which when ripe takes their place.

But, however much flowers may differ in shape,
it is important to remember that to ripen seed they
must have flower-threads and must have columns
of some sort or other, though it is a curious fact
that in some cases the flower-threads are in one
set of owers and the columns in another set, as
is the case with maize. The blossoms at the top
of the maize stalk contain flower-threads, while the
buttas below hold the columus and seed-pods which
ripen into grain. Uunless some of the dust from
the thread-blossoms falls on the column-blossoms
the plants will produce no seed, and thus it has
sometimes been found ad visable to shake the maize
plants, to assist in this falling down of the dust on
to the delicate haijr-like columns of the buttas,
In some cases, as for instance with some kinds of
cucumber (karela and sitaphal), the thread-bearing
flowers are even on difterent plants from the column-
bearing flowers. As a rule, however, threads and co-
Jumns are both in the same flower, and the dust can
easily either fall on to the columns or be blown or
shaken bysthe wind on to them. But in some cases
the threads are so placed that the dust cannot reach
the columns in this way, and people were for gomp
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time puzzed as to how flowers like this ripened
seed. It has now been proved that the insects
which visit flowers brush their bodies against the
threads and so get covered with the dust, and then
crawling over the colamn, in search of honey,
carry the dust on to it. It must not be sup-
posed that the bees, flies, and butterflies that do
this service for flowers intend to do it or visit the
flowers for this purpose They go to the flowers
for their honey, and, while sucking the honey,
carry the dust from the threads on to the
columns, Perhaps this is the reason why flowers
have honey at all to tempt the insects to visit
them.

The bright colours of flowers are also thought
to help them, since they attract insects in hope
of honey, whether there be honey for them or
not.

Even in the case of plants which are so made
that the thread dust can reach the column of itself,
insects do much good, as it has been shown that
it is a bad thing for a flower to use its own dust,
and that to get good seed the dust should be brought
from another flower of the same kind. If the
flowers of the common pea be tied up in bags of
muslin, so that insects cannot reach them, it hos
been found that they bear very little seed. Any
one who has watched thie bees over the flowers of a
pea-field, and noted how they travel from one
flower to another, will see how well they effect
this exchange.

To go shortly over what has been said. The
object of a flower is to ripen seed. In order to
ripen seed it is neeessary that dust from the flower-
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thread should reach the top of the column. The
shape, size, and colour of the flower-cup and crown
are snited to bring about this in different ways,
either by letting the dust fall on the column or be
blown or shaken on to it, or transferred by the
help of insects,

Lzsson VL
Plants, like animals, grow by fseding.

Tae different parts of a plant having been
described, we shall now be better able to eompare
the way in which a plant lives with the way in
which an animal lives.

1t was said before that there were -many points
of great resemblance between them, and the rais-
ing of & plant from seed on cultivaled land was
compared to the rearing and education of a child.
These similarities will be even more plainly seen
when we have described the various duties which
the different parts of a plant perform and compare
them with those performed by different parts of an
animal,

Just as an animal is only able to live and grow
by taking in food, so also without food plants
immediately wither and die. But there is a very
important difference between animals and plants
both in the character of the food which is used
und in the manner in which it is taken in. Ani-
mals can only live on vegetable or animal food :
they cannot subsist on minerals, such as stone,
earth, sulphur, or iron. But plants live almost
entirely on minerals, An animal again receives
the whole of its food, either as a solid or liquid,
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through its mouth ; while a plant receives its food
partly as a liquid through its roots and partly,
extraordinary as it may seem, asa gas through its
leaves.

The plant roots suck up from the ground the
water which is contained in the earth surround-
ing them, and, together with the water, absorb
a number of other very important substances
which are dissolved in it. This liquid slowly
works its way up the stem into the leaves, where
it is exposed to the light, and the surplus water
being got rid of in the shape of vapour, the
remainder is digested much as an animal digests
in its stomach the food it has eaten. When pro-
perly digested, the liquid returns from the leaves
to the tubes and cells of the stem, going all over
the plant to the different portions which need
nourishment. But the food taken in by the plaut
roots is not so importaut as that taken in by the
leavea. Of the different substances of which a
plant is composed, the most' important exist in
the air in the sbape of a gas or vapour, mixed
with another gas. The leaves absorg this gas-
mixture, and under the influence of sunlighc the
two gases are separated, oue thrown out again by
itself and the other appropriated in a solid form.
Curious though it seems, yet it is true that the
solid parts of plants are largely composed of a
substance which is sometimes a gas and at other
times a solid, and which when a gas cannot be
seen or felt ; and it is still more wonderful that the
principal way in which this substance becomes a
gas in the air, so that the plant-leaves can absorb
it, is by the decomposition or decaying of animal
or vegetable bodies, It is also given off in great
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quantities in the breath of animals. The is
very poisonous for people to breathe, and that is
the reason why it is so unhealthy for a number of
people to sleep or live together in a small closed:
room, since the breath they breathe out is all
strongly tainted with this gas, which in time
ihfects the air of the whole room. We thus see
that one of the chief foods of plauts is a gas which
animals reject as poisonous,

It may be thought impossible that a gas would
be fixed in a leaf and become a solid body like
wood ; but it has been now proved that each of the
primary substances of which the objects in this
world are composed may exist in any one of three
forms—solid, liquid, and gaseous. A good instance
of this is water, which is generally liquid, but may
be solid in the form of ice, or, when heated above
the boiling point, gaseous in the form of steam.
S0 also lead and other metals, which are some of
the most compact of solids, can be made into
liquids by being greatly heated ; though to make
them gas requires more heat than can generally
be applied.

The food of a plant may be therefore consider~
ed as being of three kinds : firstly, gases which the
leaves absorb from the air ; secondly, water which
the roots absorb from the soil ; and thirdly, mineral
substances which are absorbed by the roots with
the water. * If we consider an ordinary plant to
be made up of 100 parts, then 48 of these parts
will be composed of gases absorbed from the air,
46 parts of water absorbed from the soil, and the
remuinder (only 6 parts) of mineral substances
taken up with the water. The gases which are
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absorbed by the plant leaves are always abun.
dantly present in the air, and the only thing,
therefore, to which the farmer need pay attention
is the supply of the water and mineral substances
whicb are to be taken up by the plant roots from
the soil.

It is important, then, to remember that plant
life depends on the supply of the requisite amount
and kind of food and exactly resembles the life
of an animal in this respect.

There is nothing which is so commonly lost
sight of as this simple fact. No one would at-
tempt to keep shecp or cattle on a piece of bare
dry land, unless grass and water were to be sup-
plied to them. 1f this were not done, they would
of course die of starvation. In precisely the
same way plants sprung from seed sown in dry
barren land perish from starvation, unless the
food which they require be supplied to them in
the shape of water and manure.

But there is this important difference between
keeping cattle and producing crops, that while
the whole of the food required by the cattle must
be supplied to them, plants need to be supplied
with only a small part of the food which they
require. If this be given them they are able to
grovide themselves with the rest from the air,

ut unless this is given them they perish.

Lesson VII.
The three chief requisites for successful cultivation.
(1) Good Seed.
In the preceling lessons a short description
has been given of the different parts of plants and
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of the functions which they perform in bringing
about growth and the production of seed. The
object of agriculture is to assist plants to grow
well or to bring forth good and plentiful seed,
and we shall now be better able to understand
the way in whieh the different operations of agri-
culture are useful to this end.

Supposing the land which is to be cultivated
is not altogether barren or useless, the three
things which are required in order to raise a good
crop on it are—firstly, good seed; secondly, suffi-
cient water and manure; and thirdly, good tilling
and weeding.

First, then, let us consider the seed. Improve-
ment may be made in seed in two ways: firstly,
if the seed is of the ordinary kinds usually sown,
such as wheat or maize, care should be taken to
ensure its being of the very best and finest quality
obtainable; and secondly, effurts should also be
made to cultivate any new kinds of crops which
have been proved to do well and give good profits
in India, although théy may not as yet have been
generally cultivated.

Cultivators seem to be in general but little sen-
sible of the advantage of getting the best possible
seed for their sowings. Too often they prefer to
sow any seed they have by them, the produce of
their own fields, to spending a little money in
the purchase of better kinde, although the more
valuable crops which the latter would produce
would repay them many times over for their out-
lay in buying it. Most cultivators could obtain
better seed than that they usually sow at any of
the ordinary village fairs, but as a rule they do
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not take the trouble to do so. For this reason
gocd kinds of wheat, maize and other crops are
often found to be only grown in one particular
village, although frequently there can be no reason
why they should not be grown in the other villages
near, if oultivators would only take the trouble to
purchase some seed instead of always keeping to
that grown rouud their own home. The village
of Jalali, in the Aligarh district, is well known for
its fine white wheat. So is the village of S8énkni,
in the Bulandshahr district, for its safflower ; and
fhany other instances could be given, The culti-
vation of these good kinds of crops is confined to
these villages merely because they happen to
have good seed, and not because the soil is much
better than in the villages near them.

In European countries far greater attention is
paid to procuring good seed than is ever the case
in India. People are willing to pay much higher
{;rices for seed grain than they pay for grain to

e used as food, and in consequcnce the produc-
tion of first class seed for sowing purposes has
become a distinet trade, and many farmers confine
their attention entirely to this, selling the seed
which they produce to the other farmers round
them. And quite apart from the undoubted ad-
vantage of procuring good seed, even if it costs a
little more to do so, there appears to be in some
cases great benefit from changing seed, i.e., using
seed which has been obtained trom some other
farm and not grown on one’s own land. Itis a fact
that almost every kind of crop is found to deterio=
rate if grown year after year from seed produced
on the same land as that on which it is cultivated:
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Many plants will only grow well from seed which
is obtained from elsewhere. Thus the most suc-
cessful indigo-planters in Behar get their indigo
seed each year from districts north-west of Allah-
abad, since it has been found that seed imported
in this way gives far better crops there than that

rown on the spot. 8o general has the practice
ﬁeoome that the export of indigo seed from Cawn-
pore to other towns in Bengal has become an im=~
portant trade of itself, amounting to over 14 lakhs
of maunds each year. This is, no doubt, very ex-
traordinary, for at first sight it would seem pro-
bable that the best seed for every place would be
that produced there, which is used to the soil and
climate. But the contrary is found to be the
case with many other things besides indigo. For
instance, the cotton produced at Hinganghat, in
the Central Provinces, is perhaps the hest in
India and sells at Rs. 22 a maund, while the price
of that usually grown in the North-Western Pro-
vinecs is only about Rs, 17. If seed be obtained
from Hinganghat and sown in these provinces, it

roduves a good and valuable crop the first year ;

ut if the seed of that crop be used as sowing
for the next year, the crops then produced will be
very little better than the ordinary cotton of the
provinces. So that, if the people of these

rovinces wish to produce cotton like that grown
in Hinganghét, they will have to got seed from
Hinganghat each year. This at first sight seems
difficult, but is not really so. If people wished for
Hinganghat cotton seed, there would be a trade
in it, and it would be imported in large quantities
each year, just as indigo seed is now sent to Behar,
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- Bat even if a eultivator is unwilling to incar
expense in purchasing seed, and prefers to use that
which was produced in his own fields, he should
at all events take great care to select the best of
his own, and he should remember that it is far
more profitable to keep his finest produce for sow=
ing than to sell it at the market rates. He should
carefully set aside the largest ears of wheat and
the best grown buttus of maize. People do not
knew what very great improvements may be made
in crops by a habit of careful selection like this,
Not only may wonderful improvements be made
in the size and quality of any kind of grain, but
in this way new kiunds of grain, fruits, and flowers
may, as it were, be created. By a system of select-
ing seed European vegetables have been brought
to great perfection, and European gardeners have
doubled the size and beauty of their garden
flowers and have often even produced new kiuds,
The average weight of a potato is certainly
not over a chittack, but by selecting each year the
largest ones for seed people have grown them as
large as 2 man’s head. The reasou why improve=
ments in crops may be made by getting good sved.
is that the qualities of a plant are more or less,
hereditary, Indeed, not only are the more impure
tant qualities of plants hereditary, but also little
difterences, which seem at first to be quite aceia
dental. For instance, if in growing the com-
mon marigold, one flower by cﬁanoe should have
some white specks on it, and the gardener should
oarefully put aside the seeds of that flower
and sow them separately in the following year,
amongst the seedlings which will grow up from
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them there will probably be some which will have
rather more white about them than the parent
flower. The seed of these is again sown sepa~
rately, and in a few years a yellow marigold with
white stripes, or perhaps one altogether white,
may be produced in this way.

&-‘hen such great differences as this may be
brought about by the selection of seed, it is evi-
dent that smaller differences, such as improve-
ments in the size and quality of grain, would
result with comparatively little trouble.

In growing seed for sowing purposes the aim
should be to produce a crop, each grain of which
is of large size, even although the total weight of
the crop may be under the average. To produce
full-sized grains of corn or bolls of cotton it is ab-
solutely necessary that each plant should receive
ample air and light, and with this object crops
grown for seed should be sown muach thinner than
ordinary crops. In Eogland it is the customn to
* dibble,” as it is called, wheat which is sown for
#sed : small holes six inches or sometimes a foot
apart are made in the ground with a piece of
stick, and one or two grains of wheat dropped into
each hole. Sown in this way four or five seers of
wheat would be sufficient for a pucka bigha of land,
and this small amount of seed could easily be
carefully cleaned and selected by the siép before
sowing,

The total weight of wheat crop gained from
land sown in this fashion may not be quite as
inuch as if sown in the ordinary manner at the
rate of three quarters of a maund to the bigha,
But the grains of wheat will be much larger and.
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heavier, and, if sown in the following year at the
rate of 25 or 30 seers to the bigha, will yield a
crop vastly superior to the ordinary in amount and
quality. X

Exactly the same course can be followed with
maize, cotton, or any other crop which is grown for
the sake of producing good seed, the general rule
being, pick out carefully the best seed which you
have and sow it thinly, so that each plant may
stand out separate from those surrounding it,
Tl})ne land used should of course be the best avail-
able,

Lesson VIIL
The three chief requisites for successful cultivation.
(1) Good Seed—({continued).

WE have scen that, in sowing the crops ordina-
rily grown in India, care should be taken to use
the very best seed procurable. But there are
mwany crops which have not yet been cultivated in
India, or in many parts of India, but which would
grow well and give profitable results if care were
taken. Therefore, besides sowing the best seed
possible of the ordinary kinds of crops, a cultiva-
tor should be ready to attempt the cultivation of
other crops, even though his father or grand-
father may not have even heard of them. Because
the orops at present grown in India are well suited
to the soil and climate, it does not follow that there
are not other kinds of crops even better suited,
although their cultivation has not yet been at«
temped. It is often said that in agriculture exs
perience is our best guide, and therefore the crops
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now grown in India are probably the best ones
yossible. But how can any one say whether a crop
will succeed or not until he has tried'it?  There
are many crops now grown profitably in India
which were never heard of in the country a han-
dred years ago. Tea is a good example ; it is now
grown very extensively in the hills which border
on these provinces, as well as those in the pro-
vince of Bengal. In the hill districts of Kumaun
and Garhwal it is estimated that over 2,50,000
seers of tea-leaf are now annually produced, and
the total value of the tea exported from the whole
of India is now nearly a crore and a half of rupees.
To show how rapidly the production of tea is in-
creasing since it was first sturted in the year 1834
by Lord William Bentinck, then Governor-Gene-
ral, it may be stated that in the year 1847 the
value of the tea exported from India to Europe
was only a little over a lakh of rupees, while in
the year 1876 it was over two crores.

Another and more familiar example of the ex-
tent to which new plants may succeed in India is
the potato. Its cuftivation in these provinces is
believed to be of comparatively recent date, and it
is known not to have been cultivated in Lower
Bengal before the year 1784 from the fact that
meution of its experimental introduction into
the Patna district is made in the records of
the Board of Revenue for that year. Its culti-
vation is now tolerably common, especially in the
Hugli district, where it was previously unknown.

Indeed, people are not generally aware how
pumerous and 1mportant are the trees and crops
mow grown in India which have been introduced
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from the outside. Even the tamarind, which ap-
pears now to have become a peculiarly Indian
tree, is known to have been originally introduced
from Africa; while the edible sugarcane, known
as paunda, as well as carrots, turnips, and onions,
are comparative recent introductions. It is a fact,
too, that maize and tobacco, now so commonly
grown, were originally introduced into this country
from America. With such examples in view, it
can eertninly never be said that it is useless to
attempt to introduce new plants into India, In
trying to cultivate a new plant, success must not
always, or nearly always, be expected. Very many
kinds of crops, which at first sight seemed suited
to the climate, have been found not to succeed,
and it frequently happens that, in order to get a
good crop, & new method of cultivation must be
adopted, which can only be discovered after nu-
merous and careful trials. Of course no ordinary
cultivator can do all this, and for this reason a
special department of Agriculture and Commerce
has been created by Government, the work of
which is to make experiments in new kinds of
crops and new implements, and decide as to those
which are likely to succeed.

The number of new crops which have as yet
been proved to succeed in the North-Western
Provinces is not very great, though some of them
appear to be of very great use to the country,

he chief of these are lucerne, Guinea-grass, and
sorgho—all fodder crops—and new varieties of
cotton and maize imported from America.

Lucerne is a plant belonging to the same family
B8 peas and gram and forms when cut green o
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excellent fodder, especially suited to horses. It
is sown in September andy if irrigated will yield
three or four cuttings during the following cold
and hot weather months, the period when green
fodder i8 most difficult to obtain. The plants do.
not die down at the end of a year, but if kept
weeded and watered will last for at least three
years, giving three or four crops of fodder each year.
Guinea-grass is a plant very closely resembling
the common patul or sarpat grass. It grows in
large tussocks, and since it lives for many years,
it drives its roots far down into the ground, and
is able therefore to thrive on much scantier irriga-
tion than than the fodder crops now grown in the
country. Like lucerne it will yield several crops
in the year, and is much more suitable than
Jucerne for horned cattle. 1f grown in moist
places, such as along the edges of canal distribu-
taries, it will require little or no irrigation,
Sorgho is a plant which is very like the ordi-
nary juar of the country and which, if grown for
fodder, yiolds about the same quantity as juar,
But it differs from juar in containing a great
deal of sugar in its stems, and is therefore much
more nourishing as cattle food. So large is the
quantity of sugar it contains that it is in some
countries grown for the sake of the sugar extracted
from it, like sugarcane, and it is possible that it
might succeed well in India if grown on this ac.
count. Another point of difference between it and
juar is that its grain is not fit for human food,
and so it can only be grown for cattle fodder.
American cotton differs from that grown in
these provinces in having a much longer and
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silkier fibre, and is much more valuable in conse-
guence. In appearance the plant more nearly
resembles the Indian variety known as nerma or
manua than the ordinary kapde, and like narma
it will last for several years, yielding a crop each
autumn if the plants are cut down to within six
inckes of the ground after each crop is cut and occa-
sionally watered during the hot season. In a vil-
lage named Rawatpur,in the Cawnpore district, a
bigha of this cotton produced in one year a crop
worth Rs. 35, which is very much in cxcess of the
dutturn yielded by kapds under the same circum-
stances.

The maize plant is a native of America, whence
it was originally introduced into India, and by
careful cultivation varieties have been produced
in that country which are far superior both in
size of grain and in quantity of outturn to any
maize grown in India. Bat American maize does
not succeed well in India if grown as a kharif
erop, and it requires several years' cultivation
before it becomes used to the great heat of the
Indian hot weather and rainy months. If sown
in September, however, some kinds of American
maize will yield an excellent crop in the cold
weather, which will be ready for cutting in Feb-
ruary, at the time when food is generally scarce.
At the Cawnpore Farm in 1880, American maize,
grown in the cold weather, yielded a crop of
25 maunds to the bigha. This is far in excess of
the outturn which could have been raised from
conntry seed.

There are numerous other plants which could
be cultivated with advnn:;age in India, the names



8 AGRICULTURAL PRIMER,

and descriptions of which can be ascertained
from the Department of Agriculture and Com-
merce; but first of all the cultivator had better
confine himself to improving as far as possible the
ordinary crops of the country, and the object of
this lesson is not so much to insist on the advan-
tage of trying new plants as to show that they ean
succeed in these provinces as well as those which
have been always cultivated; and hence no one
should consider a plant useless simply because it
is new, and was not cultivated, or even heard of,
by his father or grandfather. '

LErsson IX.

The three chief requisites for successful cultivation,
(2) Plant-food.

HaviNG got goot seed, and thus having provided
the crops we wish to grow with good parentage,
the next thing to be cousidered is (as with a child)
the nourishment and education of the young plants.
Proper nourishment is given by growing the seed
in good, well-manured and well-watered soil ; and
education, by having this soil well ploughed up,
cultivated, and weeded, First, then,of nourishment.
‘We have already seen in Lesson VI. that plants
require feeding just as animals do, bt that a great
difference exists between the two, in that animals
live entirely on solid or liquid food which they
take in by their mouth, while plants live to a great
extent on food they get from the air through their
leaves in the form of a gas, as well as on the food
they suck in by their roots. If, then, an animial ig
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not given food to eat or drink, it dies at onca. A
plant can live for a short time on what it can get
from the air, even though it be not allowed to take
in any food by its roots. For instance, if a seed
be sown in fine pure sand (in which there is no
nourishment) and be watered with perfectly pura
water, not containing in solution any of the things
on which a plant can feed, it will continue to grow
for a short time, living on the gases contained in
the air around its lenves. Very soon, however, it
will find this nourishment insufficient, and will
wither and die before coming to maturity. 1If,
however, a glass cup be placed over the plant, from
the air under which all the nourishing gases have
been extracted, the plant will not increase in weight
at all and will die almost immediately.

It will greatly assist you to understand the
nature of the food a plant requires if we shortly
consider the natures of the different things of
which the soil and air are compbsed.

It has always been evident that objects in this
world are generally combinations of a number of
different things : just as, for instance, a kachauri
is made up of flour, ddl, salt, pepper and carroway
seeds. bat the things were of which the earth,
air, and water of this world are composed was not
discovered till about 100 years ago, since they are
often so closely united that it was very difficult to
separate them. Ancient philosophers used to make
varions guesses : some said that water, others that
fire, was the chief principle in the world ; but it
has now been shown that all these guesses were
wrong, and that really this world is made up of
between 60 and 70 different things called elements,
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Most of the things we ordinarily see, such as wood
stone, or water, are made up of two or more
of these elements combined with one another ;
but the elements themselves are simple and are
not the result of the mixing of two or more
things. Thus a piece of chalk can by different
processes be separated into three very differ-
ent subslances—a white metal, a solid substance
something resembling charcoal, and a gas; and
these three things are all elements and canuot
be sub-divided. [t may seem ecuriouns that a gas,
which no ene can see, should combine with two
solid substances to make chalk ; but the follow-
ing examplo of a somewhat similar combination
can be given which every one may observe for
himself.

In extracting indigo dye from the leaves of
indigo plants, the leaves are all thrown into a vas
covered with water and left to soak, by which
menns the little particles of dye are drawn out
from the leaves inuto the water. But they do not
become of the proper blue colour till the water
has been well agitated or stirred. The blue
colour is given to these dye particles by the com-
bination with them of a gas which is present in,
the air, and it is to let this gas get near and touch
each of the particles that it is the castom to beat
or agitate the water in the vat.

A great many of the elements are metals, such
as iron, gold, tin, or silver. The metals are alinost
the only elements which can be found tolerably
pure ; the other elements are seldom fouud alone
and are nearly always mixed with something else,
trom which they have to be separated. The
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ddl of wlhich a kackauri is made contains at
least eix of these elements combined with one
another,

There are two very curious facts about these
elements, The first is that when two or more are
properly mixed, the substance which results from
their combination is quite ditferent from either of
the elements of which it is composed. Thus
water is made up of two gnses which cannot
be even seen when by themselves. The second
curious fuct is that ench of these elements can
tuke three forms : it may become solid, liquid, or
a gas, although ordinarily it appears in only one
of these forms An example of this is pure sul-
phur, which is one of the elements. Iu its ordi-
nary state it is solid ; if heated it will melt and
become liqui.l ; and if still more heated it will turn
to a yellow vapour. In the same way iron can be
heated till it becomes liquid ; but we are not able
to give heat great enongh to* turn it into va-
pour, though there is little doubt but that this
might be done, and may be done some time or
other.

To apply this description of the elements to
plant-food. An ordinary plant is composed of
—firstly, water, which often constitutes ns much
as nine-tenths of its weight ; and secondly, of ¢le-
ments which, before being taken by the plant,
are some solid and others gaseous, but which com~
bine with one another in the plant and become
solid or liquid in doing so. The water is taken up
from the soil by the plant-roots ; the other ele-
ments, solid and gaseous, are partly absorbed from
the air and partly drawn up by the roots from
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the soil together with the water they are dis-
solved in.

The elements which the plant obtains from
the air are always present in the eir, and no
cultivator ean do anything to increase or alter
them. All that the caltivator can do is concerned
with the supply of water and of the elements
which the plant has to obtain from the soil.

Water is necessary for two reasons : in the first
place it is needed for its own sake, to make up a
great part of the weight of the plant; and in the
second place it is waunted as a carrier for the solid
elements which must be dissolved in it before
the plant-roots can take them up. If a sponge
be placed on a heap of dry salt it will not
absorb any part of it, but if the salt be mixed
with water the sponge will be able to suck it
up. And water is not able to carry these solid
elements into the roots unless they are in very
small pieces, so as to be able to pass through
the tiny holes in the skin which covers the
rootlets,

With respect, then, to the food on which ecrops
are to feed, attention must be paid by the cultiva-
tor to three points: jfirstly, he must see that all
the elements for obtaining which the plant relies
on the roil are present in the soil : eecondly,
these elements must be in such small particles
as to be dissolved in water; and thirdly, there
must be sufficient water for the plant to absorb
and expand on, as well as to mix with the
solid elements aud carry them up through the
roots.
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Lesson X,
The three requisites for successful cultivation.
(2) Plant-food.

First RoLe.—The solid elements needed by the plant must
be present in the soil.

EvERY one knows that there are very different
kinds of soils, varying from the rich laud,
which can give two or even three good crops a
vear to the usar plain, which will hardly bear a
single tuft of grass. Now rich land differs from
usar in that it has all the elements required for
plant-food in proper quantity, while the usar has
only some of threm, :

A plant cannot do without any part of its
usual food and cannot repluce any missing part
with something else. A man who has aiways
lived on cakes of wheat-flour and mung pulse,
flivoured with Lahori salt, will live almost as
well on cakes of-millet, arkar, pulse, and Sam-
bhar salt, if obliged to do so. DBut a plant must
have each of and all of the kinds of its proper
food, or it cannot thrive. Rich land bears such
good crops because all the necessary elements are in
it and in their proper proportion. Those of which
the plants want most are in greatest abundance ;
those of which the plants want but little are there
but to a small amount. Now it must not be sup-
posed that even rek is altogether useless. Plants
want some reh, and no land could be extremely
fertile which had not some relk in it; but plants
require a very little rek, while in the usar plain
there is a great deal of rek, and very little of other
things which the plants need more : so that a plant
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on a rel plain is like a man who has nothing to
eat but salt.

Land may be fertile—that is to say, it may
possess all the necessary elements, either n.turally
or it may have been made so by manuring ; but
however fertile a field may be naturally, it gradu-
ally gives less and less produce, unless it be
occasionally manured. The plants eat up either all
of some necessary thing, or at all events all that
part of it which is in a fine enovgh state to ba
taken up by the roots ; and in this case the field
must either be manured, or so well ploughed and
dug that fresh portions of the necessary food-
substances may be exposed to the atmosphere and
may be made fine by the action of sun, wind, and
rain. There are fields in the Ganges khddir
which have for fifteen years borne alternate crops
of sugarcane and rice without once having been
manured ; but now they are beginning to show
signs of poverty, and cultivators have to manure
them to get the same magnificent crops.

Thus it is by manure that a cultivator is able
to feed his crops in giving them things which they
want, but which are not in the soil, and by suffi-
eient manure the most barren fields may be made
fertile. Some old brick-fields near the city of
Cawnpore were recently well dug and copiously
manured with the refuse of muunicipal latrines
buried in trenches. Before this was done the land
would not have let for 8 annas an acre; now it
bas been leased at over Rs. 60 an acre. |

In Europe great attention has been paid to the
pifferent kinds of manure, and for each kind of
soil a manure has been discovered which supplies
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exactly the food-substances which is wanting in it.
People actually send to America, across the At-
lantic Ocean, and fetch in ships the dungz of sea-
birds, which is found in great heaps by the sea-
shore. The expense of bringing it is verv great,
and its price in Europe comes to over Rs. 4 a
maund, but it is much used even at this high price.
Now the following are the chief kinds of manure
which are available in India, if people chose to use
them : the dung of men and beasts, urine, sweep-
ings, ashes, dead leaves, indigo refuse, green crops
Bloughed, in khdri earth or water, and powdered
ones. Out of these, in ordinary villages only the
four first-named are ever used, and those very
scantily and with great imprudence. In the cold
weather and hot months cow-dung is all consumed
in making fuel-cakes, and although this is a terri-
ble waste of manure, yet in the scarcity of wood
it cannot be helped. It is only in the rains that
the cow-dung is stored up as, manure, aud then
the storing merely consists in heaping it in one
corner of a yard, where it is soaked with the rain
or scorched by the sun. This exposure to the sun
and rain is bad, because snme of the most valu-
able plant-feeding substances incow-dung are either
soluble in water or liable to be evaporated off by
the heat of the sun. Exposure to rain and sun
therefore soon occusions the loss of these sub-
stances ; the former drain off with the water that
falls on the dung-heap, the latter fly off into the
air; so that by the time the dung should be carried
to the field, iustead of being, as it might be, a
most nourishing manure, it is a washed-out and
dried-up mixture of comparatively little value. It
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known that the water of the village tanks is of
more service to crops than ordinary canal or wel

water, and this is because the tank water contains
a certain amount of urine which has filtered down
into it. The bitter salt in the water of some wells
and in some soils is the product of urine which
has been allowed to soak in the ground for a long
time and has mixed with other sulstances and
changed to this form.

Wells in which there is kidri-water® (as water
containing this bitter salt is called) nearly always
oceur close to the sites of old villages or near
kheras, on which old villages formerly stood, where
the ground has been soaked for a loug time with
the urine of both men and beasts. Good culti-
vators are well aware of the valun of this Aliri-
water, and use it very extensively in tobaceo
cultivation. Often a white salt-liko rek is seen
to come out on old mud walls. If the earth of
which the walls are. built was taken from &n wsar
nlain, then this white substance is probably reh
iteelf ; but very ofien it is khdri if the earth of
which the walls were built was dug from the village
pond, into which u great deal of the urine always
filters. In some parts of India khdri-earth as
well as khdri-water is always used as a manure
for tobacca.

But of course the benefit gained from urine in
this haphazard way is very small compared with
what might be grined if it were collected in a

* ¢ Khari,”’ or * bitter,” is the term applicd in some parts
of the N..W. P, to earth and water containing certain ferti-
lizing salts which make thew bitter Lo the tuste, but extremely
useful as manure.
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svstematio manner. If in ench stable or cowshed
there were a vat in which the urine of horses and
cattle was allowed to collect, and fiom which, after
having been allowed to stand for a few days, it
could be carried out mixed with earth and spread
on the land, the improvement which would be
effected in the crops would be very marked.

Ashes and house-sweepings are as a rule used
as manure, being heaped on the manure-pile in
the corner of the cattle-yard. Dead leaves any-
where near a vijlage are nearly all swept up b
the gram-parchers instead of being collected and
stored, Even in the cotton-fields all the fallen
leaves are swept up by the gram-parchers, and
the ground is thus robbed of the manure which
the plant itself leaves as some payment for the
nourishment it has taken from the soil.

Indigo refuse is one of the best manures, but it is
ouly used by the wiser landholders, the imprudent
ones burning it in their fagctory furnaces. It
should always if possible be thrown on to the fields,
and it is said that much land in the Aligarh
district has become ruined by the landholders not
doing this, but taking large crops of indigo off
their fields with the help of the canal-water,
without putting any mapure back on to the
land.

Another way in which land is often manured
in England is by raising a crop of peas and then
not gathering the crop, but ploughing it into the
ground while green. Plants belonging to the kinds
which have long seed-pods, such as peas, gram,
indigo, or hemp, take a great deal of nourishment
from the air by their leaves and store it up. When
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they are plonghed into the ground and covered
with earth, the soil gets the advantage of all this
nourishment. Some Indian cultivators seem to
be dimly aware of this and occasionally grow a
crop of hemp in the rains, which is cut down and
allowed to rot on the ground at the end of August
and then ploughed in as manure. '[bis practice
is a most excellent one and cannot be too strongly
recommended. The substance which plants of the
pod kind extract from the air is the very one
which many Indian soils need most sorely, and if
the plants are plonghed in, this substance is of
course ploughed in with them. The expense is
small, Eeing merely the cost of ploughing and
sowing and the price of the seed; no rent can be
charged against it since the fiell, heing intended
for a rabi crop, would otherwise have lain fallow
during the kharff. To give you an idea of the
advantage which results from green soiling, as it
is termed, in this way the results of two experi-
ments made on the Cawnpore Farm during the
year 1880 are quoted. In one experiment a crop
of hemp was ploughed in and in the other a crop
of indige. The ficld manured with hemp yielded
soven maunds of wheat to the bigha, while a
portion of it which had been left unmanured onl
yielded four maunds. The field manured wit
indigo gave still more excellent results, yieldin
11 maunds to the bigha, while the unmnnureg
portion only yielded 44 maunds. Thus we see
that the expenditure of, at the most, Rs. 3-8-0
per bigha on a orop of hemp or indigo gave an
increase in the outturn amounting in one case to
Rs. 6 and in the other to Rs. 13,



AGRICULTURAL PRIMER. 47

Another most excellent manure fs the bones
of cattle or horses finely ground or powdered-
Bones, extraordinary though it may seem, con-
tain a substance which is especially necessary
for the grain of wheat, barley, maize, or indeed of
any grain crop ; and one reason why certain soils
sield crops with a great deal of bhusa, but very
fittle grain, is because they are deficient in this
substance, The boues should be ground as fine
as possible in the lever mill called dhekoli worked
by three coolies, and the preparation of a maund
of bone-dust in this way should not cost more
than 12 annas. The bone-dust should be mixed
with earth and spread on the land at the rate of
2% maunds to the bigha, and under cerain cir-
cumstances will be found to add enormously to the
produce. But since the plant-fuod contained in
bunes mixes with water very slowly, and until
it is mixed with water the plant roots cannot
absorb it, these good results must not be expected
until after a year or eighteen months. Bone-dust
when applied in this way to a crop of rice on the
Cawnpore Farm increased the produce from 6
maunds to 8 maunds per bigha, and taking the
increase in straw into account added Rs. 5 to the
value to the outturn. Deducting Rs, 2 as the
;{)st of the bone-dust, a net profit remains of

s. 3.

The plant-food in bone-dust can be made to
mix far more quickly with water if the bones be
rotted in sulphuric acid. Bat this is an expen
sive process in India from the high cost of the
acid, and is not therefore recommended. In
England sulphuric acid is cheap, and bones are



48 AGRIOULTURAL PRIMER,

generally treated with it before being used as
manure. The bones are ground and then gra-
dually mixed with the acid in the proportion of
two parts of bones to one part of acid, and are then
left to stand for two or three days, when they are
found to have become quite soft, like white paste,
and to mix very readily with water. When applied
to the land in this form they give far quicker
results than ordinary bone-dust.

It must be remembered that these manures do
not all supply the same plant-food ; some supply
one substance which plants require and others
another substance. The plant-fuod, for instance,
yielded by crushed bone is of a totally different
character from what yielded by dung, urine, green
soiling or khdri water ; while the plant-food yielded
by ashes of either dung or vegetable matter is
af;o different from that yiclded by bones or by
any of the manures last inentivned. 1In applying
manures, therefore, it must be carefully borne in
mind that only that manure need be applied to
the soil which affords the particular plant-foods in
which that soil is deficient. For instance, the
rich land of the Taurdi abounds in the plant-foods
contained in dung, urine, or green crops, and the
application of any of these as manures will give
little or no advantage. On the other hand it
is generally deficient in the plant-food yielded by
bounes or even lime, and therefore the application
of ground bones or lime may give excellent results.
The soil of the Dofib, on the cther hand, chiefly
lacks the plant-food contained in dung, urine, green
crops, and khdri water, and therefore it is these
manures which are most advantageous, Auother
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important fact about manures is that the appli-
cation of any one plant-food only produces its
full eftect when there is a sufficient store of all
other plant-foods in the soil. If, for instance, a
soil is deficient in the plant-food which crushed
bones contain and also in that contained by dung,
the application of either of these manures separ-
ately will give but poor results compared with what
may be obtained if both are applied together. On
such land the use of crushed bones alone may

ive an increase of two maunds to the bigha, while
the use of dung alone may give an increase of
4 maunds. But it both crushed bones and dung
be applied together, the increase will not be
6 maunds, but 10 or 12. If, therefore, the applica-
tion of any kind of manure to a field does not add
much to the outturn, this may be due to two
causes : either the soil is well supplied with the
particular kind of plant-food yielded by the
manure, or it is very deficient in gome other plant-
food which must be also supplied before the
manure can exert its full power. 1f, for instance,
the application of two maunds of boue-dust to an
acre of grounds adds but little to the outturn, it
may be concluded that either the soil already
contains the plant-food yielded by bones, or that
it is greatly deficient in some other plant-food.
Before deciding, therefore, that the bone-dust is
useless, it will be well to apply some dung in
company with it, or to manure the field by green
soiling before the bones are applied. 1If after this
the use of bones still shows no benefit, then it
may be finally concluded that they are not required

by the soil.
4
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. 'We see, then, that not only Indian cullivators do

not use properly the manures with which they are
acquainted, but that there are many kinds of ma-
nure of the value of which they are quite ignorant
and the use of which may be expected to add very
largely to the produce of the land. The waste of
cattle-urine and of bones is particularly objection-
able, since they are the most valuable manures
available to the ordinary cultivator, although he
makes little or no use of them.

Lrsson XIIL.
The three requisites for suceessful cultivation.
(2) Flant-food.
8xooxp Rure,—The elements wanted by the plant must be
in very minute particles, so as to dissolve in water,

‘WE have seen that a field in order to be fertile
must possess all the different elements required by
the crop that is to be grown in it, and, moreover,
must have them as nearly as possible in the propor-
tion in which they are required. But sinoe the
only way the plant can feed on these substanoces is
through its root, it is further necessary that they
should be in very fine minute particles, so as to
dissolve in water and be absorbed from the soil
with it. So long as they arein large hard blocks,
they are practically as useless to the plant as if
they were not there at all. A man might starve
wita a cake in his hand if he were not allowed to
eat it otherwise than by swallowing it whole.

A great portion of the soil which covers the
surface of all cultivable ground was once hard
rock or stone, on which no plant could grow. A
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fertile soil often only differs from the hard rock
from which it was formed in consisting of a vast
number of separate particles insted of being one
bard lump, and this difference of condition is suffi-
cient to change a barren substance into one ex-
tremely fertile. The process by which soils ara
formed from rocks and stones is always going on.
The hard rocks and stones on the earth are always
being slowly reduced to fine powder or dust by the
influence of the heat of the sun or great cold and
rain. Large masses of rock are by these means
slowly worn away or split up, and thus it is that
on the most barren rocky hills, first a few small
mosses or grasses spring up ; these are succeeded
by low shrubs, the roots of which can live in very
shallow soil ; and lastly, sufficient soil is formed to
grow fine trees or good crops of corn.

The same forces which have created this soil
out of hard rock continue to make it finer and
finer by dividing its particles, if they are properly
exposed to the air. The most powerful force
in splitting up rocks is extreme cold. If a
thin glass bottle be filled with water and the
water frozen to ice, the bottle will burst, since
ice takes up more room than water. 1f, then,
rocks be first saturated with rain and then
frozen, they sre split open in exactly the same
way as the bottle. In India there is very seldom
frost enough to cause this, and the two forces
which do most in dividing up the masses of soil
are the heat of the sun, which cracks them, and
raio, which slowly melts them away. Since, then,
the heat of the sun and the washing of rain are so
advantageous to the sil, it is important that as
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mauch of the soil as possible should be exposed to
them. As long as the ground is hard and caked
either heat or rain can do but little, since only the
upper surface is exposed to them. 1f, however,
the ground be first of all loosened by digging or
ploughing, the heat and rain can penetrate deep
into the ground and can do their work all through
it instead of only at the top. Careful cultivators
know this, and after the rali crop has been cut
give their fields a watering and plough them up,
so that the hot winds may blow over loose soil
instead of a hard caked surface, and may therefore
be better able to split up its particles.

One of the principal uses of ploughing land is,
then, to break up the soil into small fragments
and render the plant-food which it contains avail-
able for absorption by the plant roots. Plough-
ing brings this about in two ways: in the first
place by opening up the soil it enables the air
and rain-water to circulate round the soil parti-
cles and produce their full effect in splitting them
up into smaller pieces ; and in the second place it
subdivides the soil particles itself by the cutting
and grinding action of the ploogh. Floughing
land enables the air and rain-water to break up
the soil as well as breaking it up itself.

In Europe the air and water split up the soil
particles mainly by the action of frost, and the
land is therefore ploughed up and exposed before
the cold weather. But in India heat is the chief
agent, and ploughing up for an ¢ open fallow,” as it
is termed, is most efficacious if performed before
the hot weather. Crops of cotton, millets, and
pulses are very much benefited if the land be



‘"HYNONd ONINUNL-HLHVI JHOINMYD 3IHL







AGRICULTURAL PRIMER. 53

ploughed up two months before they are sown and
allowed to lie fallow during the hot months of May
and June. A fine subdivision of the soil is even
more necessary for rabi than for kharif crops, and
hence it is very important that the ploughing up
of land for rabi crops should commence as soon
as possible after the kharif crops have been sown.
It is evident that, when land is thus ploughed
up to be exposed to the action of air and rain-
water, it is important that as much soil should be
exposed as possible ; or, in other words, that the
ploughing should be a deep and not a shallow
one. Deep ploughing is only possible with the
native plough by driving it over the land a great
number of times. This is actually done in the
case of rabi crops, fields being often ploughed and
replonghed as often as 12 or 15 times during the
months of July, Angust, September, and October.

But there is seldom sufficient time to allow of
this being done for kharif crops, since it is neces-
sary that many of them be sown as soon after the
rains as possible. It is plain, therefore, that an
implement which would do in one ploughing what
the native plough does in 12 ploughings would be
a great benefit to the country. The earth-turning
plough, such as is now used in all European coun-
tries, is just such an implement. A picture of the
kind which appears best suited to India is given
on the opposite page. You will see that the body
of this plough consists of a flat broad share which
cuts the soil 5 inches below the surface and &
curved breast which turns the slice of earth cut by
the share right over : so that the earth which was
5 inches beneath the surface comes uppermost, and
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the whole soil to that depth is quite loose. The
Indian plough does not turn over the svil at all,
but merely scrapes a little trench in it. The earth
which was at the surface remains on the top, mere-
lt{ being pushed up on each side of the share, and

e furrow, which may be 24 inches broad at the
top, dwindles into a point at the bottom, since the
share is pointed. It may be said, then, that the
Indian plough only moves the soil to the depth of
24 inches, since below that depth the furrows are
quite narrow ; and though at the surface their
edges may touch one another, yet the bottoms are
wige apart, unless the field is ploughed over and
over again 8 or 10 times, instead of once only,
as is the practice in Europe ; but even then soil
is not turned orer at all. The European plough,
then, is of great advantage, since it loosens so
much more soil and exposes it so much more
effectually to the heat and rain. But besides this
it brings up to the snrface new soil, the elements
of which have not been consumed by crops, and
thus a single ploughing with a Earopean plough
is often equal to manuring a field.

Its good effects, however, are sometimes not
seen for two or three years, since the new soil
needs soms exposure to heat and rain before it
can yield good crops.

o see, therefore, that if a field contains the
substances which plants require, the best thing
we can do is to expose these substances as much
as possible to the influences of heat and rain, and
we do this best by keeping the soil as loose as
possible to as great a depth as we can. When-
ever the land lies fallow or without a crop,
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as i nearly always the case in April and May,
it is always advisable to water and plough
it, so that the hot winds of these months
may find the soil open and may be able more
thoroughly to split up and crumble it. There
is no doubt that in some cases deep ploughing
may do harm—namely, in fields where the natue
ral soil is actually bad, and the good soil is
only a orust two or three inches deep, the
result of constant surface manuring.  Deep
ploughing brings the natural soil of the field to
the surface and buries the upper crust with the
manure it contains.

The real benefit which, as a rule, results from
deep ploughing is proved by the fact that gar-
deners who wish to raise very heavy crops on a
small area always dig up the soil with mattocks
to the depth of six or eight inches., This is very
expensive if it has to be done by hired labour ;
but the effect of the English plough is very much
the same as this, and its share digs up and turns
over the earth very much as a mattock does.

‘We have seen therefore that for the purpose
of exposing the soil to the action of air and rain
the soil-turning plough is far superior to the native
plough of the country. Ploughing, however, is
meant to break up the soil itself as well as allow
the_air and rain to do so, and for this purpose
repeated ploughings with the native plough is

robably as good a process as can well be devised.
%ut bere again a great saving of time and trouble
may be effected by using the earth-turning plough,
If the ground be first of all once ploughed up with
it and then run over twice or three times with
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the native plongh, the soil will be as finely pow-
dgred as if the native plough had been used 12 or
1J times.

Lessox XIIT.
The three requisites for succesaful cultivation.
(2) Plant-food.

Tmep RoLE.—There must be water to dissolve the

particles of the necessary food substances.

WATER is necessary to plants for two reasons:
in the first place a very large portion of the
plant is actually made up of water; and in the
second place tbe roots ean only absotb the food
substances contained in the soil when they are
dissolved in water. Thus water is needed by a
plant on its own acconnt as well as on account of
the substances it contains,

It is at first difficult to believe how so large a
part of ordinary plants consists of water which
under great heat may be driven off in the form
of steam. Nearly four-fifths of the weight of
green wheat, first beginning to flower, consists of
water. Nine-tenths of the weight of a cabbage is
due to the water it contains ; while even the dr
straw of wheat and barley contains nearly one-sixt
of its weight of water. This is discovered by
first of all weighing some of the plant just as
it is when reaped or gathored, then drying it in

reat heat and weighing it again. The great
geat drives the water off, and the difference of
weight shows the amount of water which was
contained. But water is equally important to
plants as a carrier of the sybstances on which
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they feed, and which, unless dissolved in water
could not be taken np by the roots at all. The
water carries these substances up the' stem into
the leaves, where they are digested, and the
surplus water being evaporated cff, the remainder
finds its way into the different parts of the plant
which needs nourishment.

We thus see that the importance wkich culti-
vators attach to water is not exaggerated, for it is
donbly necessary to Elants. It often makes up
itself nine-tenths of their weight, and without it
a great part of the remaining one-tenth could
never be taken up from the soil.

In Europe, as a rule, the rainfall is sufficient
irrigation for the fields, and cultivators are not
put to the trouble and expense of watering like
the cultivators of this country. This is all the
“more curious because the amcant of rain which
falls during a year in many parts of England
is nearly exactly the same as that which falls’
in many parts of India (30 inches) ; yet in
England this amount is found eufficient, while
in India it requires to be supplemented by arti-
ficial waterings, at any rate for the more valuable
crops of the spring harvest. One reason, no
doubt, is the greater heat of India, which evapor-
ates the water more quickly from the ground ;
but the chief cause of the difference is that in
England the rainfall is distributed somewhat
evenly throughout the year, some rain falling in
every month, while in India it is all crowded into
three months, the remaining nine being abso-
lately or nearly without any at all. Since, how-
ever, 30 incehes of rain are found sufficient in
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England, they will be sufficient in India if they
can only be kept in the soil till wanted and
prevented from being too quickly evaporated by
the heat of the sun. 1If this could only be done,
much of the irrigation from canals and wells
would be rendered needless.

The soil loses the rain-water which falls on it
in two ways : the water either runs away off the
surface at once without sinking iuto the ground at
all, or, if it einks in, it does not go deep enough
and is evaporated away by the heat of the sun.

In the first way an enormous quautity of water
is lost to the soil, because st the time the rains full
the ground is extremely hard—so hard, indeed,
that the rain-water takes a long time to soak into
it. Insteud of being druuk up by the earth at
once, it accumulates on the surface and runs away
in channels or water-courses into the great rivers.
It is in this way that great floods ocour, which
sometimes cover a part of the country with water
to a depth of many feet, destroying all the crops
and houses and causing the death of many men
and animals. In no part of the North-Western
Provinces, except just under the Himélayan moun-
tains, does more than 48 inches of rain fall in the
year. This means that if all the rain stayed
where it fell and none sank into the ground or
flowed away, the country would be covered with
water to the depth of 48 inches. But in tnese
floods water often rises to three times this depth,
because, besides the water which has fallen at that
place, other water has come from other places.

1t should be the objeot of every good cultivator,
therefure, to ensure as far as possible ull the rain
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which falls ou his land sinking in at once and not
running away elsewhere. This can be done by
meking bands round the fields to stop the water
from draining away, and also by keeping the sur-
face of the ground soft, so that the rain will sink
into it directly it falls on to it.

But a great portion of the rain-water which
doee sink into the soil is afterwards lost by evapor-
ation. The hest method of preventing this is to
keep the surface soil loose and not allow it to
become hard and caked. At first sight it would
seem that the opposite of this would be the case,
and that the moisture in the soil would be less
likely to evaporate when there was a crust of hard
earth above it than when it was only protected
from the sun’s heat by a layer of loose mould.
But fine earth, when tightly packed, as, for
instance, a sun-burnt brick, soaks up water more
quickly than when it is in a loose coundition ; so
that when the surface of the ground is hard, it
keeps soaking up the moisture from below and
exposing it to the heat of the sun, while loose
earth cannot absorb it in this way, and therefore
leaves it below it protected from the direct action
of the heat. It is well known that trees will often
die of drought in the hot weather, unless the soil
above their roots is kept loose, and to dig up the
surface soil of a mango grove is one of the surest
ways of preventing the fruit from drying up in the
hot winds and falling off prematurely in a shri-
velled condition.

Cultivators who take the trouble to water and
plough up their fields after their crop has been cut,
even although the land will not be resown for six
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months, are therefore benefited by the leas amount
of moisture their land loses by evaporation and by
the greater amonnt of water which it will absorb
when the rain falls, as well as by the splitting
up of the soil under the hot winds which has been
noticed before. ~ When possible, lands should
always be ploughed up before the rain falls, so
as to act like a sponge and soak it up gnickly.
An excellent illustration of the advantage which
results from allowing the rain to fall on ploughed
instead of on unploughed land is afforded by a
crop of wheat gathered on the Cawnpore Farm in
the rabi season of 1881. The preceding kharif
had been one of great drought, the rainfall only
amounting to 4th of the average. A portion of a
field was ploughed with the earth-turning plongh
at the commencement of the rainy season in July,
while the remainder was left unploughed till the
end of the rains in September. The little rain
which fell was all absorbed at once on the plough-
ed-up portion, while on the unploughed portion
it was absorbed more slowly, and much was lost
either by evaporation or by running off the surface.
In October both portions were ploughed up and
sown with wheat., The portion which was
ploughed up in July gave an outturn of 10 maunds
of grain to the bigha, while the other only
yielded 6 maunds. Karly plonghing in this case
ma’:iae a difference of Rs. 11 in the profits per

It is evident that the earth-turning plough is
very much more useful in opening the soil,
80 as to absord the rainfall, than the native
implement. The trampling of the bullocks in
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ploughing year after year and the rabbing of the

lough-share have made in most fields a hard
I:zyer of tightly pressed earth 2% or 3 inches
below the surface. The rain-water cannot pene-
trate it, and although the water may rapidly soak
into the 2§ inches of soft soil, it cannot sink quick-
ly down farther than this. The result is that,
instead of the soil to the depth of 2 feet being
properly saturated with moisture, there is a sloppy
marsh of mud and water to the dopth of 24
inches, while below that the earth is as hard as
ever. The moisture, being only to the depth of
24 or 8 inches, is fully exposed to the fierce heat
ot the sun and is evaporated off in a few days,
leaving the mud behind caked into a mass as hard
as stone.

Of course it would be quite possible to remedy
this state of things and open up the soil to a
greater depth by driving the native plough over
a field a great many number of times. But this
takes a long time, and at the periods when plough-
ing is possible no time can be spared. And
besides this, the repeated pressure of the bullocks’
feet and of the plough-sole has a tendency to har-
den the soil a few inches below the surface and
counteract to some extent the loosening offect of
the ploughing. The earth-turning plough, how-
ever, in one ploughing will break up and open out
the soil to a depth of 5 or 6 inches, and with a
pair of fairly good bullocks a bigha of land can be
ploughed in this manner in one day. The advan-
tages which result from this deep ploughing have
been proved by numerous and careful experiments
in all parts of lndia, and are especially noticeable
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in a year of deficient rainfall. On the Cawnpore
Farm during the kharif of 1880 (which has already
been mentioned as a season of great drought)
unirrigated fields which had been cultivated with
the earth-turning ploagh gave an outturn of two
maunds of clean cotton to the bigha, whole fields
cultivated in the native manner only yie!'ded one
maund. There was therefore a difference in value
of at least Rs. 16 per bigha,

The adoption of the earth-turning plongh by
native cultivators is therefore very much to be
desired. Two oljections are, however, commonly
made by them to it : firstly, that it is so heavy that
the small bullocks of the country cannot draw it ;
and secondly, that it costs so much that they can-
not afford to buy it.

The earth-turning plough is undoubtedly harder
to draw than most native ploughs, as indeed must
follow from the far larger amount of work that it
does. But the increase in weight is not at all in
proportion to the increase in work, and it may be
safely said that a plough constructed on the native
system and intended to do as much work as the
earth-turning plough would be at least twice as
difficult to draw. Such a plough actually exists in
the Ndgar of Bundelkhand, which ploughs 9 inches
deep and is drawn by four pairs of bullocks. An
earth-turning plough could be made to do this
easily if worked by two pairs, since it cuts the
soil instead of tearing it, and therefore travels
lighter. But the light ploughs now made at Cawn-
pore under the Department of Agriculture and
Commerce, which ere meant to plough to a
depth of 5 inches, can easily be drawn by & pair
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of fairly good bullocks ; and if none but the
smallest bullocks are available, it will be found
profitable to work it with two pairs, since ‘one
ploughing in this way will be more effectual than
tl;ree lExl(mghin‘i;s with each pair using the native
ough.

P A good earth-turning plough can now be pro-
cured for Rs. 6 or 7, and there are very few culti-
vators who cannot afford to give this for an im-
plement which will last two or three years, and
will often more than pay for its price in the first
season by the increase in crops which will follow
on its use.

Lesson XIV.
The three requisites for successful cultivation.
(2) Plant-food.
Taiep Rore (continned.)~There must be water to dissolve
the particles of the necessary food substances,

We have explained the reason why as a rale the
rain which falls in India is not sufficient watering
for the more valuable kinds of spring-crops, such
as wheat, and we have seen how deeper ploughing
may probably remedy this. But, fortunately, a
great portion of the cultivated land in Upper
Tndin is not altogether dependent on the rainfall
for its water-supply, but can be irrigated from
canals, tanks, or wells.

The total cropped area in the North-West Pro«
vinces and Oudh is about 36 millions of acres,
Of this nearly one-half could be irrigated if wells
were dng wherever possible ; but the area actually
watered is less than one-third (11 million acres),
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the remaining 25 million acres being dependent
on the rainfull for their water-supply-

Irrigation may be derived from canals, wells, or
other sources, such as rivers and tanks. Qut of
the total 11 million acres irrigated, canals give
water to (roughly) speaking) 14 million, wells to
54 millions, while the remaining 4 million acres
are watered from other sources.

1t is often said that canal-water does harm
to land, and it is undoubtedly true that in sume
cases land has been impoverished and wsar
extended by the use of canal-water. But it has
been proved that the harm results not so much
from the canal-water itself as from the way
in which the cultivators use it. When a man
has to water his fields from a well, each drop of
water he puts on to it costs a good deal of labour
and trouble. But with canal-water the case is
difierent. All that is often necessary is to cut a
hole in a bank and the water flows over the land
without farther trouble. The result is that while
only just as much well-water is used as is abso-
lutely necessary, as much canal-water is let on to
the field as can be got, and the land becomes
swamped instead of irrigated. As has been
mentioned before, the native plough only loosens
the soil to a little depth, below which there is a
hard layer of earth. The water therefore does not
sink right down into the earth, but wmercly makes
the field a slough of mud and water to the depth
of some 2} inches, and lies till it is dried up b
the heat of the sun, when it leaves the eart
caked and as hard as a brick. Indeed, bricks
are made much in this manner., Whatever salt or
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reh there may be in the ground is dissolved by
the water, and as the water dries up is brought to’
the sorface with it, making the land quite barren.
Every one knows that it is after a good fall of
rain that »¢k comes to the surface most abun-
dantly.

An excess of water is also harmful because it
makes the land cold, since when it evaporatea
it draws the heat of land away with it. Hence
we see that too mwuch water cakes the ground,
draws reh to the surface, and chills the soil.
When canal-water is available it is generally used
in excess, and hence it is that cultivators blame
canal-water when it is only their own way of using
it which should really be found fault with.

The indiscriminate use of canal-water may harm
the land in another way. People often irrigate
with canal-water land which it would not pay to
irrigate from a well unless it were first manured.
They use water instead of manure, forgetting that,
though water may constitute nine-tenths of the
plant, it is useless without the other one-tenth—
that is to say, the food substances which should be
present in the soil and which it can dissolve, but
for which it cannot act as substitute.

At the oatset magnificent crops are often obtain-
ed from land which was previously unirrigated, but
to which eanal irrigation has been extended, though
no manure is used. The food substances of thes
soil had from lack of water been but little dis-
solved, and therefore but little consumed by
the crops. A more plentiful supply of water
dissolves more of these substances, and more of
them become available as plant-foot, giving a

5
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larger erop in consequence. But it must not be
forgotten that the water has not added anything
to the land, and in reality actually impoverishes
it for succeeding years. It is as if a man, to
whom a monthly allowance of 15 seers of flour is
given, were to eat it all up in the first 15 days
stead of keeping to 4 seer a day for the whole
80 days. Though at first he may thrive extraor-
dinarily, yet when the flour fuils and he is only
half way through the month, he will be worse off
than if he had contented himself with a more
moderate allowance.

Land becomes poor when a large proportion of
the food substances which it once possessed bave
been eaten up by successive crops. A light water-
ing from a well would not be able to dissolve
the little of them that is left, and if only well-
water were available, it would be necessary to
manure the ground before growing a crop on it.
Or if the field, instead of being cropped, had been
left to lie fallow for a year or two, it would have
recovered itself, since by the erumbling up of the
soil, food substances which were before in too
large pieces to be taken up by the plant roots
become fined down and soluble in water. Before
canals were made, the area irrigated was much
smaller than it is now. In those days, when wells
were the principal means of irrigation, nearly all
the irrigated fields were well manured, since,
being few in number, there was sufficient manure
for them,

But now the irrigated fields have become more
numerous, and there is not sufficient manare for
them all. A great portion of them is therefore
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watered without being given any manure at all,
or in anything like proper quantities.

Of course a field which is both watered and
manared gives a better crop than one which is
watered but not manured. Land watered from a
well is nearly always manured, but a great deal
of that watered {rom canals is not manured ; and
hence the average outturn from canal-irrigated
land may bo less than that of well-irrigated land
without its being any fault whatever of the canal-
water.

1t has been pointed out before that the system of
watering without manuring not ouly gives less
crops than watering with manuring, buat also in
time may impoverish the laud. The water enables
the crops to eat up more food substances than can
be prepared for them during the year by the action
of the sun, rain and air on the soil, and the plants
are therefore like & man who eats up his whole
month’s allowance of food in fifteen days and has
to starve for the remainder.

‘We have thus seen that most of the faults which
people attribute to canal-water are really only
faults in the way it is used. To see the wonderful
advantages which canal-irrigation gives, one should
look at the fields in a year in which the rains fail,
such as 1877. In that year in most distriots the
kharif crops entirely failed on all fields which
depended on rain for their watering, and many of
the wells dried up, so that crops which depended
on them mostly failed in addition. But in those
parts where canal-water was obtainable crops
flourished as usual, and the zemindars in conse-
quence made very great profits.
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The harm that an over-supply of canal-water
does can be greatly lessened by deep ploughing
or draining, Deep ploaghing loosens the soil to a
greater depth, and so enables the ground to absorb
more of the water instead of keeping it lying on
the surface till evaporated by the sun’s heat.

Draining acts in much the same way, but is too
expensive to be much used in India. The follow-
ing is the: way in which land is drained in Eng-
land :—Parellel trenches are dug about 4 feet deep
and at intervals of 8 yards, right across the fields,
all sloping in one direction towards a ditch, poud,
or river, which can carry oft the surplus water,
In these trenches are laid pipes of burnt cluyv
abouti 3 inches in diameter and 2 feet long, and
joined end to end by collars so as to make one
long pipe running down each trench. The pipes
are covered in with earth and the ground levelled
off as befora. When there is any surplus water
in the ground as after heavy rain or over-irrigation
from a canal, the excess water sinks into the
ground through the loosened earth down to the
pipes. The pipes are empty, and the water press-
ing to get inside them trickles through the tiny
holes there are always in burnt clay, or filters in
at the joint of the pipes and flows down them into
the pond or river towards which they slope.

By this process, instead of the water mixing
with the upper soil, rendering it sloppy, and then
evaporating off, bringing the salts and reh up to
the top with it, it keeps soaking down through the
soil and runs off from below the surface: it does
not make the ground too wet, because it is carried
off by the pipes before it can do this, and instead
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of bringing the salts to the top it keeps carrying
them down, since the pipes do the work of the sun
and carry off the extra water instead of letting it
rise to the surface and evaporate there. If this
‘eonld be done in India, most usar plains could pro-
bably be made fertile ; but it would cost at least
Rs. 100 an acre, and this very few landlords would
care to expend.

There is one way, however, in which much
good can boe done to usar land at a very little
expense. In the cold weather, before the rains
begin, shallow trenches shouid be dug or seooped
right across the field at about 2 feet apart. These
should all slope towards a pit which should be
dug in one corner. It is during the heat of
April and May that the rek chiefly comes to the
sutface; and when the rain falls, it will dissolve
und run down the trenches into the pit. After
a month the pit should be closed with earth, and
by degrees, in this way, the 7eh can be gradually
w:s' el of usar land aud the soil be made capa-
ble of cultivation. The reason why, unless this
be done, usar land can never improve is that
each year the rain-water carries the rehi down
into the soil with it, and brings it up again when
it evaporates, just like the bucket of a well—up
and down, up and down.

There can be no doubt thut when available
well-water is better than canal-water, and culti~
vators express this in the proverb—Md ke dudh
s¢ kya bihtar. This is a very true proverb, for
the urefulness of the water is due to its contain-
ing in solation some of the substances on which
plants feed, which it brings up from underneath
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the surface, and so gives a fresh supply of the very
substances which the crops have &’e{x removing.

Thus, tobacco drinks up saltpetre and other
khari solutions eagerly, and, if there is anything of
that kind in the soil, quickly devours it. If there
is a khari well from which to water it, the thirst
of the plant is constantly being satisfied by a
fresh supply of its favourite drink and it thrives.
If the supply of salts be not renewed, it grows
pale and yellow, as you may often have seen,

Not uncommonly cultivators ruin the quality
of their well-water by the way in which they
carry it to their field. The field may bg some
little distance from the well, and the water may
have to run across a plot of usar land. The
banks of the chaunel along which it is conveyed
are often made up of earth dug from the wusar
and containing large quantities of reh. The well-
water, as it passes, dilutes this »eh and carries it
to the field which it is irrigating. In very many
cases in which cultivators have complained that
reh is appearing in their fields, it has been proved
that it has been carried with water in this way,
although the water itself when first drawn from
the well or canal was perfectly pure.

Lesson XV.
The three requisites for successful cultivation.
(8) Careful Protection.

WE have seen that, in order to obtain a good
crop, it is first of all necessary to get good seed,
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and then care must be taken to sow this seed in
ground where it will find all the substances
which are needful for its food 5 that is to say,
in ground which has been well ploughed, well
manured (unless naturally fertile), and well water-
ed. Butthis is not sufficient. Justas s good father
is not content with merely feeding his children,
but also educates then and keep them from all
people or things which may do them harm, so a
@ood cultivator mnst keep his field clear from
weeds, keep it safe from birds or beasts which
may barm the crops, and in many cases train the
young shoots by praning or in other ways. The
different operations which are needful after the
young plants have come up are compared to the
education of a boy and form the subject of this
lesson.

The importance of proper weeding is so well
known that nothing need be said here about it.
Weeds feed on the same substances as plants, and
a cultivator who does not’ keep his fields free
from them is like a father who allows dogs to eat
part of his children’s food. Most weeds can be
got rid of by hand-picking, but there are some
kinds which are much more troublesome, and
which, from the length of their roots, it is ex~
tremely difficult to eradicade from the land. The
kéns grass, which occurs in Bundelkhand, has
made a great deal of country quite uncultivable,
since the native plough is unable to tear up its
roots, and it is necessary to dig up the whole
land with mattocks, at an expense of time, money,
or trouble which cultivators rarely like to inocur.
Deep ploughing with the earth-turning plough
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would probably, however, be successful, and has
actually been found in the Bfnda district to be
of great effect in reclaiming land infected with
this grass.

But it is not only necessary to uproot weeds
if a good crop is wanted ; it is often found useful
to thin out the crop itself by pulling up weekly-
looking plants and leaving more room for the
stronger ones to come to perfection. But weed-
ing a crop in this manner by pulling up some
of tha plants is to some extent a waste of seed.
and if especially fine plants are required, it is well
to sow less seed than is ordinarily used.

This is especially important when it is wished
to produce good seed for sowing purposes, for
which it is absolutely necessary that each plant
should not be crowded by those around it. The
good effect of “ dibbling *> wheat has been noticed
in Lesson VII., and cases have been known of
wheat-seed sown in this way producing 220-
fold instead of 11-fold, which is the return usually
obtained in the country.

Broad-cast sowing is as a rule to be avoided,
since however carefully the sced be sown it is
impossible to prevent unevenness, and in some
places the plants will be unduly crowded, while in
others they will be too thin. Great improvement
can be effected in many of the crops ordinarily
sown broad-cast (such as juar and cotton) if
they be sown in lines, leaving at least 6 inches
between the lines. Another advantage in sowing
in lines instead of broad-cast is the great assist-
ance it gives to weeding. In the North-West
Provinces, in sowing indigo, it is the custom to
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scatter the seed about the field after watering it
and then plough it in with the native plough,
This is as bad cultivation as can well be. One
ploughing with the native plough does little
more than scratch the ground, and does not even
tear up the roots of the previous crop. The
sced being sown irregularly comes up irregularly,
crowded in some places and thin in others. In
Bebar it is the custom with European indigo-
planters to use a machine for sowing indigo,
consisting of a box on wheels which is drawn
over the field. The seed is placed in the box and
runs down on the ground through a row of little
pipes fixed in the bottom of the box, By this
means the seed is sown in even parallel rows,
and the plants come up regularly, each having
its proper amount of room. But unless some
sort of implement as this be used it is difficult
to sow crops like indigo or cotton in lines, since
if sown behind the plough, like wheat or maize,
they are buried too deeply and do not germinate
properly.

In this lesson may be mentioned the method
of improving trees by budding or grafting ; that
is to say, by fixing on to one tree a bud or shoot
taken from another. If this be done in the
proper way the bud or shoot will go on growing
and will fix itself on the tree it is fastened to,
and the flower or fruit it bears will be as a rule
much better than those which are produced by
the tree from which'it was taken or by the other
branches of the tree to which it is fastened. There
are many different ways of budding or grafting
which cannot all be described here, and which as
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a rule re?uire considerable skill and practice to be
successful. It is important to remember that all
kinds of trees eannot be budded on to one another,
bat that the bud must be of the same or nearly the
same kind of tree as the one on which it is fixed.
If, for instance, a mango bud be fixed on a lime
tree, it will die because the trees are quite dissi-
milar ; but if any orange bud be fixed on a lime
tree or a rose bud on a briar they will grow, becauee
in both cases the trees are nearly alike. Bud-
ding is much used to improve the flowers of rose
trees, but the chief way in which its practice
would be useful to villagers is in the production
of good mango trees. If young trees be grown
from the seeds of the best Bombay mangoes, the
fruit they give will not be nearly as good as that
of the parent tree. To get good fruit it is neces-
sary to graft on them. When the seedlings are
a year old, they should be carefully dug up in
the raius, a small ball of earth being left round
the roots, which should be bound round with grass,
80 a8 to be prevented from falling off. The seed-
ling should then be slung on to the end of a branch
of a Bombay mango tree (or of whatever kind of
mango it is desired to make a graft of), its top
should be cut off slantingly, a slit cut off one of
the shoots of the branch it is slung upon and the
shoot tied on to the cut top of the seedling, so as
to join them firmly by their faces. They should
be tied up with string and a little mud stuck oa
round the join, so as to prevent the air getting
to it. In a short time they will be found to
bave joined firmly, when the shoot of the tree
should be cut off six inches above the join, so as to
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leave that length of it fastened to the top of the
seedling. The seedling should not be allowed to
grow any branches except from the shoot grafted
on to it, and all buds coming out from any other
place shouid be carefully picked off.

Lesson XVI.
On agricultural machinery and implements.

- In this lesson it is intended to give a short ac-
count of a few of the implements or machines
which are used in Europe and America for the
production or preparation of agricultural crops,
pointing out in the case of each one the advan-
tages or disadvantages which it exhibits when used
in Indian agriculture,

Now in the first place it must be remembered
that implements are of two kinds, aceording {i) as
they merely-take the place of human or cattle labour
and render it possible to perform a work with either
fewer men (or cattle) than would otherwise be re-
quired or without their aid at all, or (ii) as they
enable the performance of a work which without
them would be altogether impossible. Implements
of the first class are called “labour saving,” and a
good instance is the windmill, which is a machine
which, when worked by-the wind, will lift as much
water in a day as four or five coolies would be able
to do with the basket. On the other hand, a good
example of a machine which enables men to do a
thing which would otherwise be impossible is the
flour-mill for grinding gruin into flour.

So farasthe labour-saving machineis concerned,
it is plain that the cheaper the labour is which
will be saved by it, the less advantageous will the
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machine hie. Labour is extremely cheap in India.
-In Americu & farm labourer is paid one rupee eight
annas aday ; in England he is paid one rupee, while
in India he is only paid two annas. Hence we find
that America is the country in which labour-saving
machinery is most used and India the country in
which it is least used. It would be profitable to pay
Rs. 540 in America for a machine which would do
the work of four men and would thus save Rs. 6 a
day, even if the machine would not last more than
a year. But in India the saving cffected by using
this machine would be only 8 annas a day, and it
would not, therefore, be profitable to pay more than
Rs. 180 for it,

It is evident, therefore, that a large proportion
of the machinery used in Hurope and America
which has for its object the saving of labour is
totally unfitted for India. DBut there ave never-
theless some simple implements which enuble
men to do what would otherwise require a very
great amount of time and trouble which might
be usefully introduced in India.

(1) The earth-turning plough—The advan-
tages which result from the use of this plough
have been slready described in Lessons XII. and
XIII. But it must not be imagined that the
sketch facing page 53 at all resembles the plough
in use in either Kurope or America. The plongh
there figured is one which has been specially
altered so as to suit the Indian cultivator, and
those used in Europe or America differ from
it in many respects ; the most important one
being that they are not fitted with a long beam
reaching to the yoke of the bullocks, but have
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a short beam, as in the illustration, which is fast-
ened to the voke of the bullocks or the traces of
the horses by a chain or rope. This method of
attaching the plongh has great advantages over
the long fixed beam, since the plough is lighter, is
more easily managed, and runs more steadily
through the soil. But the ploughman is obliged
to be at some distance behind his bullocks, and
finds it therefore rather more difficult to drive
them.

1t is an interesting fact that 900 years ago the
plough used in England was very similar to that
now used in India, and a picture of one of these
ancient English ploughs side by side of one of
these now used in India is given opposite. If the
Bnglish plough has so vastly improved, there would
appear to be no reason why the Indian plough
should not be improved also.

(2) The harrow.—The harrow is a wooden or
iron frame bearing on the underside a number of
iron teeth or pegs, which tear up the soil to a
depth of 2 or 24 inches when the harrow is drawn
over it. A sketch of a light harrow is given
opposite page 78, and it will be seen that the iron
teeth are so placed that no one of them follows any
other one in the same line, but that each passes
over a different strip of soil when the harrow is
drawn over the ground. In Europe the harrow is
much used for colleeting together weeds and grass
which bave been uprooted by the plough, and
which, if not at once removed, would take root and
grow again. It is also used for covering in wheat
and other seed which has been sown broad-cast,
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and in this way saves a great deal of time and
trouble, since, if the barrow is drawn twiee over a
field, the seed will be covered as completely as if
it had been ploughed in with the native plough.
Anothor useful purpose which the harrow might
gerve in this country is to open the surface soil of
fields after the first fall of rain in June or July,
and so enable the ground to rapidly absorb any
subsequent rainfull. A bigha of ground which it
would take a whole day to lay open by ploughing
might be opened with a harrow in a couple of
hours. In drawing the harrow a single pair or
two pairs of bullocks are used according to its size.
It is fastened to the bullocks in the same manner
as the native clod-crusher (mai or patela). The
oost of a small harrow suited for a single pair of
bullocks would be about Rs. 15, and for a larger
one suited for two pairs about Rs. 30,

(8) The pump for raising water.—This will
of course only be useful in places where it is
necessary or advisable to use water for irrigation,
and in some cases it will be found that a cheap
form of pump will give better results than any of
the pative methods of lifting water. The prin-
cipal methods of lifting water used in upper
India are the swing basket (beri or bauka), which
can be worked for 10 hours continually by four
men ; the lever lift (dhenkli), which can be worked
for 10 hours by two men ; and the well bucket
(pur or charsa), which can be worked for 8 hours a
day by one pair of bullocks and two men. Each of
these lifts is fitted for a different depth : thus the
swing basket is only suited for lifting water from a
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depth of 5 feet or less, the dhenkli from a depth
of 8 to 15 feet, and the well bucket from 15 to 40
feet. If each litt is worked at the depth best suited
to it, the number of hours which it will take to
irrigate an acre and the cost of such irrigation
(exc%uding the cost of the implement itself) will
be as follows :—

Depth fro; Number of
surface o hours in Cost of such
Name of lift. grouund to which an o8 t: . sae
surface of acro will be fvatering.
water. watered.
Feot, Rs. a. p.
Swing basket ... 5 21 100
Dhenkli e 15 112 212 0
Well bucket ... 30 53 510 O

It will be seen that the cost of watering an acre
of land increases rapidly as the water is farther
from the surface.

Each of these lifts is most effective when used
at about the depths noted above. If, for in-
stance, it were attempted to raise water from 15
feet by the owing basket instead of the dhenkli,
the cost for irrigating an acre would be Rs. 3 in-
stead of Rs. 2-12-0; and if the well bucket were
used instead of the dhenkli for a depth of 15
feet, the cost would be Rs. 4-6 per acre instead
of Rs. 2-12-0.

For all depths more than 20 or 25 feet it is
believed that the well bucket drawn by bullocks
is the most effactive lift known, taking into con-
sideration the cost of the work done as well
as its amount. Of course there are numerous
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machines which will left six or eight times the
amount of water which a well bucket will give,
bat the cost of the machine is so great that the
work done by it is extremely expensive.

There can be no doubt, however. that for depths
between 12 feet to 20 feet neither dhenkli nor
well bucket are very satisfactory, and for depths
between these limits there appears to be some
need of a new method of faising water.

The Persian wheel (or rakat) used in the Pan-
jéb is found to work well for depths between 12
and 20 feet ; but it is a clumsy machine, consist-
ing as it does of two large wooden wheels so
fitted into one another that when one wheel is
turned round horizontally by a pair of bullocks
the other wheel is turned vertically. The water is
brought up by a long chain of earthenware or
metal jars borne by the vertical wheel and turn-
ed round by it.

Another form of lift which appears to be in
some respects well suited for this depth is the
double meth, in which two buckets are used
instead of one. The buckets are attached one to
each end of a long rope which is twisted round a
large horizontal wheel or drum, so that when
this drum is turned by a pair of bullocks or a
buffalo, one bucket is lowered down empty into
the well while the other bucket is brought up
full. The buckets too are so consiruoted as to
empty themselves when they reach the top of
the well and not to require a man to empty
them.

But the form of lift which appears to be most
advantageous in every way for depths between 12
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and 20 feet is a band pump of the kind figured
on the opposite page. It consists of (i) an iron
pipe, one end of which is on a level with the
surface of the ground, while the other end is im«
mersed in the water, (ii) a chain running through
the pipe bearing plugs or suckers at a distanco of
every 5 feet, and (iii) a wheel by which the clinin
is turned round. As the chain is turned, the
plugs which are attached to it travel up through
the pipe, each bringing up a column of water
before it. To save unnecessary friction the plugs
only fit tightly into the lower 5 feet of the pipe,
which are of rather smaller diameter than the
upper portion. The wheel is turned by two
coalies, and four men can work the pump for ten
hours a day. Its work at a depth of 15 feet is

compared Lbelow with that of the dhenkli and
well bucket : —

Dhenkli
Well bucket
Hand pump

o
v

Number of hours in
which one acre is

Cost of watering

watered. one acro.
Rs. a. p.
112 2 12 0
40 4 6 0
31 1 8 0

Not only does it irrigate much more rapidly
than either the dhenkli or well bucket, but tho
cost per acre is considerably less.

Such a pump as the ono described can be
obtained for about Rs. 45, so that its cost is
considerably less than that of a pair of good
bullocks. 6
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(4) The winnower for separating the bhusa
from the grain of corn which has been thrashed
out and also for eeparating the small grains from
the large ones.—In this country the bhusa is sepa-
rated from the grain by the simple method of
exposure to the wind. A basketful of mixed grain
and bhusa is taken and emptied out on to the
gronnd from the height of 3 or 4 feet, and the
wind blowing through it as it falls drives the
light bhusa to one side, but allow the grain to fall
straight down. If a tolerably strong wind is blow-
ing, three men can in this way clean 25 maunds
of grain in seven hours.

The wind which is required must be strong
enough to blow all the bhusa to one side, but must
not be so strong as to blow it away altogether;
and it often happens that for two or three weeks
there is either no wind at all or too strong a wind,
and the grain and bhusa has therefore to be
allowed to lie uncleaned in the threshing-floor,
exposed to the chance of rain and hail.

When there is no wind and it is necessary to
clean the grain in some way or other, cultivators
make an artificial breeze by fanning the grain and
bhusa with a sheet as they are poured out on the
ground. But this is a very tedious and expensive
process, six men being able to clean only 15
maunds in a day.

In Europe and America the machine ealled a
winnower is always used to clean the grain after
threshing. It consists (see figure opposite) of
a revolving fan, in front of which are two or more
horizontal sieves of different-sized meshes. The
fan is turned by a handle at the side, and at the
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pame time the sieves are shaken from side to side
by a rod connected with'the handlo. When the
mixed grain and bhusa is poured on to the top-
most sieve in front of the fan, it drops evenly
through the meshes and is thus exposed to the
wind which the fan creates. The cbaff is all blown
away in front, while the grain falls down on to the
lower sieve. This sieve is of too small a mesh to
allow good-sized grains to pass through it, and it
slants backwards, so that the good grain rolls down
and falls off its hinder edge into a box or sack
placed there to receive it. Small-sized or withered
grains, together with any small seeds of a differ-
ent sort, such as mustard or rape, fall through the
meshes of the lower sieve instead of running down
of it, and are in this way separated from the good
rain.

English-made w~innowers cost as much as Rs,
200 in India, but a cheaper though very cffective
kind is made up in the Government Farm Work-
shop at Cawnpore which only costs Rs. 35. Work-
ing with this two men and a boy clean 24 maunds
of wheat grain in a day, whether a wind be blow-
ing or not.

(5) The roller mill for crushing sugarcane.~—A.
picture of this is given on the opposite page. It
eonsists of two iron rollers placed side by side ina
strong wooden frame, and so fitted together that
when one is turned by a long beam from above,
the other turns with it, but in an opposite direc-
tion. The cane is placed between the rollers—
three stalks at a time—and is thoroughly well
crushed. If the rollers get loose, so that the cane
is not sufficiently well crushed, they can be screwed
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tightly togoether again. Only one bullock is
required to work the mill.

. Compared with the ordinary country kolhu this
roller mill has the following advantages :—

1t crushes the cane ovenly and does not grind
it as the kolhu does. In consequence the cane-
juice is clean, is free from vegetable acids, and
gives clearer and better granulated sugar.

It saves the labour of cutting the canes into
strips, since the stalks are put in whole ; and there
is also less danger of tho juice acidifying, since it
is not so much exposed to the air as when the
canes are cut into short strips.

It can be worked by two men and one bullock
instead of three men, two boys, and two bullocks,
which the kolhu requires.

Its price is high—Rs. 90 ; but its advantages
have heen so much appreciated that over 5,000
have been sold in Behar and 2,000 in these pro-
vinces during the last four years, and the sale is
rapidly increasing. The mill is the invention of
some English landholders in Behar, but can be
obtained on application to the Department of
Agriculture and Commerce.






