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PART I

General Principles Underlying Plant Culture

THE FIRST BOOK OF FARMING

PART I

General Principles Underlying Plant Culture

CHAPTER I

INTRODUCTION TO PLANTS

Our object in reading and studying this book is to find out some facts that will help those
of us who are thinking of going into farming and gardening as a business or recreation 
to start right, and will also help those of us that are already in the business to make our 
farms and gardens more productive.

In order to make the book of greatest value to you, I would urge you not only to read 
and study it, but also to make the excursions suggested and to perform the 
experiments.  In other words, it will be of much greater value to you if you will make the 
observations and investigations and find out for yourselves the important facts and 
principles rather than simply take statements of the book unquestioned.
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Page 6
A very good time to begin this work is during the latter part of the summer, when the 
summer crops are ripening and the fall and winter crops are starting into growth.  So 
suppose we begin our study with a visit to some farm in early September, to bring to 
mind the many things a farmer works with, the many things he has to think about and 
know about.

As we approach the farm we will probably see first the farm-house surrounded by shade
trees, perhaps elms or maples, with the barns and other buildings grouped nearby.  As 
we pass up the front walk we notice more or less lawn of neatly clipped grass, with 
flower beds bordering the walk, or we may find a number of chickens occupying the 
front yard, and the flower beds, placed in red half-barrels, set upon short posts.  In the 
flower beds we may find petunias, nasturtiums, geraniums, rose bushes and other 
flowering plants.  Going around the house, we come upon the dairy, with its rack of cans
and pans set out for the daily sunning and airing.  Nearby is a well with its oaken 
bucket; at the barn we find the farmer, and he very kindly consents to go with us to 
answer questions.  In the barn and sheds we find wagons, plows, harrows, seed drills, 
hoes, rakes, scythes and many other tools and machines.  Passing on to the fields, we 
go through the vegetable garden, where are carrots, parsnips, cabbages, beets, celery, 
sage and many other vegetables and herbs.

On the right, we see a field of corn just ready to harvest, and beyond a field of 
potatoes.  On the left is the orchard, and we are invited to refresh ourselves with juicy 
apples.  In the field beyond the hired man is plowing with a fine team of horses.  In the 
South we would find a field of cotton and one of sweet potatoes, and perhaps sugar 
cane or peanuts.  We have not failed to notice the pig weeds in the corn field nor the rag
weed in the wheat stubble, and many other weeds and grasses in the fence corners.

Perhaps we may meet the cows coming from pasture to the stable.  All the way we have
been trampling on something very important which we will notice on our way back.  In 
this field we find a coarse sandy soil, in the next one a soil that is finer and stiffer.  The 
plow is turning up a reddish soil.  In the garden we find the soil quite dark in color.

But these are only a few of the things we have found.  If you have used your notebook 
you will discover that you have long lists of objects which you have noticed, and these 
may be grouped under the following headings:  Animals, Plants, Soils, Buildings, Tools, 
etc.

The farmer, then, in his work on the farm deals with certain agents, chief among which 
are Soils, Plants, Animals, Tools and Buildings.  Other agents which assist or retard his 
work according to circumstances are the air, sunlight, heat, moisture, plant food, 
microscopic organisms called bacteria, etc.  These agents are controlled in their 
relations to one another by certain forces which work according to certain laws and 
principles of nature.  To work intelligently and to obtain the best results the farmer must 
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become familiar with these agents and must work in harmony with the laws and 
principles which control them.
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Let us take up the study of some of these groups of agents, beginning with the most 
important or central one on the farm.

Which do you think is the most important group?  Some will say “tools.”  The majority 
will probably say, study the soil first, “because we must work the soil before we can 
grow good crops.”  Some few will mention “plants.”  This last is right.  The farm animals 
are dependent on plants for food.  We till or work the soil to produce plants.  Plants are 
living, growing things, and certain requirements or conditions are necessary for their 
growth and development; we cannot intelligently prepare the soil for plant growth until 
we know something about the work of plants and the conditions they need to do their 
work well.

For our first study of plants let us get together a number of farm and garden plants.  
Say, we have a corn plant, cotton, beet, turnip, carrot, onion, potato, grass, geranium, 
marigold, pigweed, thistle, or other farm or garden plants.  In each case get the entire 
plant, with as much root as possible.  Do these plants in any way resemble one 
another?  All are green, all have roots, all have stems and leaves, some of them have 
flowers, fruit, and seeds, and the others in time will produce them.

Why does the farmer raise these plants?  For food for man and animals; for clothing; for
ornamental purposes; for pleasure, etc.

[Illustration:  Fig. 1.—Specimen plants for study.]

[Illustration:  Fig. 2.  The first effort of a sprouting seed is to send a root down into the 
soil.]

[Illustration:  Fig. 3.  Germinating seeds produce roots before they send a shoot up into 
the air.]

Which part of any or all of these farm plants is of greatest importance to the plant itself?

I am sure that you will agree that the root is the part most important to the plant itself, for
if any part of a plant be separated from the root, that part ceases growth and will soon 
die, unless it is able to put out new roots.  But the root from which the plant was cut will 
generally send up new shoots, unless it has nearly completed its life work.  When a slip 
or cutting is placed in water or in moist sand it makes a root before it continues much in 
growth.  When a seed is planted its first effort is to send a rootlet down into the soil.

Experiment to see if this is true by planting slips of willow, or geranium, or by planting 
corn or beans in a glass tumbler of soil, or in a box having a glass side, placing the 
seeds close to the glass; then watch and see what the seed does.  Figs. 2 and 3.

25



Page 8
Which of the parts of the plant is of greatest importance to the farmer or any plant 
grower, or to which part of a plant should the plant grower give his best attention?  You 
will probably mention different parts of the different plants in answering this question.  
For instance, some will say, “The seed is the most important part of the wheat plant to 
the farmer, for that is what the wheat is grown for.”  “The fruit is the most important part 
of the apple plant for the same reason.”  “The leaves and grain of the corn, the leaves of
the cabbage, are the important parts of these plants and should have the best attention 
of the grower, because they are the parts for which he grows the plants.”  But you must 
remember that all of these parts are dependent on the root for life and growth, as was 
brought out in the answer to the last question, and that if the farmer or plant grower 
desires a fine crop of leaves, stems, flowers, fruit or seeds, he must give his very best 
attention to the root.  Judging from the poor way in which many farmers and plant 
growers prepare the soil for the plants they raise, and the poor way they care for the soil
during the growth of the plants, they evidently think least of, and give least attention to, 
the roots of the plants.

Then, in studying our plants, which part shall we study first?  Why, the roots, of course:  
To find out what they do for the plant, how they do this work, and what conditions are 
necessary for them to grow and to do their work well.

CHAPTER II

ROOTS

USES OF ROOTS TO PLANTS

Of what use are roots to plants, or, what work do they perform for the plants?

If the reader has ever tried to pull up weeds or other plants he will agree that one 
function of the roots of plants is to hold them firmly in place while they are growing.

=Experiment.=—Pull two plants from the soil, shake them free of earth, and place the 
roots of one in water and expose the roots of the other to the air.  Notice that the plant 
whose roots are exposed to the air soon wilts, while the one whose roots were placed in
water keeps fresh.  You have noticed how a potted plant will wilt if the soil in the pot is 
allowed to become dry (see Fig. 4), or how the leaves of corn and other plants curl up 
and wither during long periods of dry weather.  It is quite evident roots absorb moisture 
from the soil for the plant.

=Experiment.=—Plant some seeds in tumblers or in boxes filled with sand and in others 
filled with good garden soil.  Keep them well watered and watch their progress for a few 
weeks (see Fig. 5).  The plants in the garden soil will grow larger than those in the 
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sand.  The roots evidently must get food from the soil and those in the good garden soil 
get more than those in the poorer sand.  Another important function of plant roots then 
is to take food from the soil for the plant.
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You know how thick and fleshy the roots of radishes, beets and turnips are.  Well, go 
into the garden and see if you can find a spring radish or an early turnip that has sent up
a flower stalk, blossomed and produced seeds.  If you are successful, cut the root in two
and notice that instead of being hard and fleshy like the young radish or turnip, it has 
become hollow, or soft and spongy (see Fig. 6).  Evidently the hard, fleshy young root 
was packed with food, which it afterwards gave up to produce flower stalk and seeds.

A fourth use of the root, then, is to store food for the future use of the plant.

=Experiment.=—Plant a sweet potato or place it with the lower end in a tumbler of water
and set it in a warm room.  Observe it from day to day as it puts out new shoots bearing 
leaves and roots (see Fig. 7).  Break these off and plant them in soil and you have a 
number of new plants.  If you can get the material, repeat this experiment with roots of 
horse-radish, raspberry, blackberry or dahlia.  From this we see that it is the work of 
some roots to produce new plants.  This function of roots is made use of in propagating 
or obtaining new plants of the sweet potato, horse-radish, blackberry, raspberry, dahlia 
and other plants.

[Illustration:  Fig. 4.  To show that plant-roots take water from the soil, the plants in A are
suffering from thirst. B has sufficient water.]

[Illustration:  Fig. 5.  To show that plant roots take food from the soil.  Both boxes were 
planted at the same time.]

[Illustration:  Fig. 6.  A radish root, from which the stored food has been used to help 
produce a crop of seeds.  Notice the spindle shaded seed-vessels.]

[Illustration:  Fig. 7.  A sweet-potato root producing new plants.]

We have now learned five important things that roots do for plants, namely: 

Roots hold plants firmly in place.

They absorb water from the soil for the plants.

They absorb food from the soil for the plants.

Some roots store food for the future use of the plant.

Some roots produce new plants.

How do the roots do this work?  To answer this question it will be necessary to study the
habit of growth of the roots of our plants.
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HABIT OF GROWTH OF ROOTS

The proper place to begin this study is in the field or garden.  So we will make another 
excursion, and this time we will take with us a pick-axe or mattock, a shovel or two, a 
sharp stick, a quart or half-gallon pitcher, and several buckets of water.  Arrived in the 
field, we will select a well-developed plant, say, of corn, potato or cotton.  Then we will 
dig a hole about six feet long, three feet wide, and five or six feet deep, close to the 
plant, letting one side come about four or five inches from the base of the plant.  It will 
be well to have this hole
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run across the row rather than lengthwise with it.  Then with the pitcher pour water 
about the base of the plant and wash the soil away from the roots.  Gently loosening the
soil with the sharpened stick will hasten this work.  In this way carefully expose the roots
along the side of the hole, tracing them as far as possible laterally and as deep as 
possible, taking care to loosen them as little as possible from their natural position. (See
Figs. 8 and 9.) Having exposed the roots of one kind of plant to a width and depth of five
or six feet, expose the roots of six or eight plants of different kinds to a depth of about 
eighteen inches.  As this may require more time than we can take for it in one day, it will 
be well to cover the exposed roots with some old burlaps or other material until we have
them all ready, in order to keep them from drying and from injury.

When all is ready we will study the root system of each plant and answer these four 
questions: 

In what part of the soil are most of the roots?

How deep do they penetrate the soil?

How near do they come to the surface of the soil?

How far do they reach out sidewise or laterally from the plant?

To the first question, “In what part of the soil are most of the roots?” you will give the 
following answers:  “In the upper layer.”  “In the surface soil.”  “In the softer soil.”  “In the 
darker soil.”  “In the plowed soil.”

These are all correct, but the last is the important one.  Most of the roots will be formed 
in that part of the soil that has been plowed or spaded.

The second question, “How deep do the roots penetrate the soil?” is easily answered.  
Roots will be found penetrating the soil to depths of from two to six feet or more. (See 
Fig. 8.) The author has traced the roots of cowpea and soy bean plants to depths of five
and six feet, corn roots four and five feet, parsnips over six feet.  The sweet-potato roots
illustrated in Fig. 8 penetrated the soil to a depth of over five feet.  The roots of alfalfa or
lucern have been traced to depths of from thirteen to sixteen feet or more.

How near to the surface of the soil do you find roots?  Main side or lateral roots will be 
found within two or three inches of the surface, and little rootlets from these will be 
found reaching up as near the surface as there is a supply of moisture.  After a 
continued period of wet weather, if the soil has not been disturbed, roots will be found 
coming to the very surface and even running along the top of the soil.
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As to the fourth question, How far do roots reach out sidewise or laterally from the 
plant? you will find roots extending three, four, five and even six or more feet from the 
plant.  They have numerous branches and rootlets, which fill all parts of the upper soil.  
Tree roots have been found thirty or forty feet in length.
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We started on this observation lesson to find out something about the habit of growth of 
roots, so that we could tell how the roots do their work for the plant.  But before going on
with that question, let us stop right here and see whether we cannot find some very 
important lessons for the farmer and plant grower from what we have already seen.  Is a
knowledge of these facts we have learned about roots of any value to the farmer?  Let 
us examine each case and see.

Of what value is it to the farmer to know that the larger part of the roots of farm plants 
develop in that part of the soil that has been plowed or spaded?  It tells him that plowing
tends to bring about the soil conditions which are favorable to the growth and 
development of roots.  Therefore, the deeper he plows, the deeper is the body of the 
soil having conditions best suited for root growth, and the larger will be the crop which 
grows above the soil.

Of what value is it to the farmer to know that the roots of farm plants penetrate to depths
of five or six feet in the soil?  To answer this question it will be necessary for us to know 
something of the conditions necessary for root growth.  So we will leave this till later.

Of what value is it to the farmer to know that many of the roots of his farm plants come 
very near the surface of the soil?  It tells him that he should be careful in cultivating his 
crop to injure as few of these roots as possible.  In some parts of the country, 
particularly in the South, the tool commonly used for field cultivation is a small plow.  
This is run alongside of the row, throwing the soil from the crop, and then again throwing
the soil to the crop.  Suppose we investigate, and see how this affects the roots of the 
crop.

[Illustration:  Fig. 8.  Sweet potato roots.  The great mass of the roots is in the plowed 
soil.  Many of them reach out 5 to 7 feet from the plant.  Some reach a depth of more 
than 5 feet, and others come to the very surface of the soil.]

[Illustration:  Fig. 9.  Soy-bean roots showing location, extent and depth of root-growth.]

Let us visit a field where some farmer is working a crop with a plow, or get him to do it, 
for the sake of the lesson.  We will ask him to stop the plow somewhere opposite a 
plant, then we will dig a hole a little to one side of the plow and wash away the soil from 
over the plow (see Fig. 10), and see where the roots are.  We will find that the plow-
point runs under many strong-feeding lateral roots and tears them off, thus checking the
feeding power of the plant, and consequently checking its growth.  Now, if we can get a 
cultivator, we will have that run along the row and then wash away the loosened soil.  It 
will be found that few, if any, of the main lateral roots have been injured.

Is it of any value to the farmer to know that roots extend laterally three to six feet and 
more on all sides of the plant, and that every part of the upper soil is filled with their 
branches and rootlets?  This fact has a bearing on the application of manures and 
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fertilizers.  It tells the farmer that when he applies the manure and fertilizers to the soil 
he should mix the most of them thoroughly all through the soil, placing only a little 
directly in the row to start the young plant.
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To find out how quickly the roots reach out into the soil, wash the soil away from some 
seedlings that have been growing only a few days, say, seven, ten and fifteen. (See Fig.
11.)

From our observations, then, we have learned the important lessons of deep, thorough 
plowing, careful shallow after-cultivation, and that fertilizers should be well mixed with 
the soil.

We are now ready to go back to our study of the habit of growth of roots, and can 
perhaps tell something of how the root does its work for the plant.

It is very easy to see how the roots hold the plant firmly in place, for they penetrate so 
thoroughly every part of the soil, and to such distances, that they hold with a grip that 
makes it impossible to remove the plant from the soil without tearing it free from the 
roots.

It is also on account of this very thorough reaching out through the soil that the roots are
able to supply the plant with sufficient moisture and food.

We have doubtless observed that most of these roots are very slender and many very 
delicate.  How did they manage to reach out into the soil so far from the plant?  Or 
where does the root grow in length?  To answer this question I will ask you to perform 
the following experiment: 

=Experiment.=—Place some kernels of corn or other large seeds on a plate between 
the folds of a piece of wet cloth.  Cover with a pane of glass or another plate.  Keep the 
cloth moist till the seeds sprout and the young plants have roots two or three inches 
long.  Now have at hand a plate, two pieces of glass, 4 by 6 inches, a piece of white 
cloth about 4 by 8 inches, a spool of dark thread, and two burnt matches, or small 
slivers of wood.  A shallow tin pan may be used in place of the plate.  Lay one pane of 
glass on the plate, letting one end rest in the bottom of the plate and the other on the 
opposite edge of the plate.  At one end of the piece of cloth cut two slits on opposite 
sides about an inch down from the end and reaching nearly to the middle.  Wet the cloth
and spread it on the glass.  Take one of the sprouted seeds, lay it on the cloth, tie 
pieces of thread around the main root at intervals of one-quarter inch from tip to seed.  
Tie carefully, so that the root will not be injured.  Place the second pane of glass over 
the roots, letting the edge come just below the seed, slipping in the slivers of wood to 
prevent the glass crushing the roots.  Wrap the two flaps of the cloth about the seed.  
Pour some water in the plate and leave for development. (Fig. 12.) A day or two of 
waiting will show conclusively that the lengthening takes place at the tip only, or just 
back of the tip.  Is this fact of any value to the farmer?  Yes.  The soft tender root tips will
force their way through a mellow soil with greater ease and rapidity than through a hard 
soil, and the more rapid the root growth the more rapid the development of the plant.  
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This teaches us again the lesson of deep, thorough breaking and pulverizing of the soil 
before the crop is planted.
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We have learned that the roots grow out into the soil in search of moisture and food, 
which they absorb for the use of the plant.  How does the root take in moisture and 
food?  Many people think that there are little mouths at the tips of the roots, and that the
food and moisture are taken in through them.  This is not so, for examination with the 
most powerful microscopes fails to discover any such mouths.  Sprout seeds of radish, 
turnip or cabbage, or other seeds, on dark cloth, placed in plates and kept moist.  Notice
the fuzz or mass of root hairs near the ends of the tender roots of the seedlings (Fig. 
13).  Plant similar seed in sand or soil, and when they have started to grow pull them up
and notice how difficult it is to remove all of the sand or dirt from the roots.  This is 
because the delicate root hairs cling so closely to the soil grains.  The root hairs are 
absorbing moisture laden with plant food from the surface of the soil particles.  The root 
hairs are found only near the root tips.  As the root grows older, its surface becomes 
tougher and harder, and the hairs die, while new ones appear on the new growth just 
back of the root tips, which are constantly reaching out after moisture and food.  The 
moisture gets into the root hairs by a process called osmose.  The following interesting 
experiment will give you an idea of this process or force of osmose.

[Illustration:  Fig. 10.  A plow stopped in the furrow, to show what it does to the roots of 
plants when used for after-cultivation.  Notice the point of the plow under the roots.]

[Illustration:  Fig. 11.  A corn-plant ten days after planting the seed.  To show how quickly
the roots reach out into the soil.  Some of the roots were over 18 inches long.]

=Experiment.=—Procure a wide-mouthed bottle, an egg, a glass tube about three 
inches long and a quarter-inch in diameter, a candle, and a piece of wire a little longer 
than the tube.  Remove a part of the shell from the large end of the egg without 
breaking the skin beneath.  This is easily done by gently tapping the shell with the 
handle of a pocket-knife until it is full of small cracks, and then, with the blade of the 
knife, picking off the small pieces.  In this way remove the shell from the space about 
the size of a nickel.  Remove the shell from the small end of the egg over a space about
as large as the end of the glass tube.  Next, from the lower end of the candle cut a piece
about one-half inch long.  Bore a hole in this just the size of the glass tube.  Now soften 
one end of the piece of candle with the hole in it and stick it on to the small end of the 
egg so that the hole in the candle comes over the hole in the egg.  Heat the wire, and 
with it solder the piece of candle more firmly to the egg, making a water-tight joint.  
Place the glass tube in the hole in the piece of candle, pushing it down till it touches the 
egg.  Then, with the heated wire, solder the tube firmly in place. 
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Now run the wire down the tube and break the skin of the egg just under the end of the 
tube.  Fill the bottle with water till it overflows, and set the egg on the bottle, the large 
end in contact with the water (Fig. 14).  In an hour or so the contents of the egg will be 
seen rising in the glass tube.  This happens because the water is making its way by 
osmose into the egg through the skin, which has no openings, so far as can be 
discovered.  If the bottle is kept supplied with water as fast as it is taken up by the egg, 
almost the entire contents of the egg will be forced out of the tube.  In this way water in 
which plant food is dissolved enters the slender root hairs and rises through the plant.

=Experiment.=—This process of osmose may also be shown as follows (Fig. 15):  
Remove the shell from the large end of an egg without breaking the skin, break a hole in
the small end of the egg and empty out the contents of the egg; rinse the shell with 
water.  Fill a wide-mouthed bottle with water colored with a few drops of red ink.  Fill the 
egg-shell partly full of clear water and set it on the bottle of colored water.  Colored 
water will gradually pass through the membrane of the egg and color the water in the 
shell.  Prepare another egg in the same way, but put colored water in the shell and clear
water in the bottle.  The colored water in the shell will pass through the skin and color 
the water in the bottle.  Sugar or salt may be used in place of the red ink, and their 
presence after passing through the membrane may be detected by taste.

CONDITIONS NECESSARY FOR ROOT GROWTH

We have learned some of the things that the roots do for plants and a little about how 
the work is done.  The next thing to find out is: 

What conditions are necessary for the root to do its work?

We know that a part of the work of the root is to penetrate the soil and hold the plant 
firmly in place.  Therefore, it needs a firm soil.

We know that the part of the root which penetrates the soil is tender and easily injured.  
Therefore, for rapid growth the root needs a mellow soil.

We know that part of the work of the root is to take moisture from the soil.  Therefore, it 
needs a moist soil.

We know that part of the work of the root is to take food from the soil.  Therefore, it 
needs a soil well supplied with plant food.

We know that roots stop their work in cold weather.  Therefore, they need a warm soil.

Another condition needed by roots we will find out by experiment.
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=Experiment.=—Take two wide-mouthed clear glass bottles (Fig. 16); fill one nearly full 
of water from the well or hydrant; fill the other bottle nearly full of water that has been 
boiled and cooled; place in each bottle a slip or cutting of Wandering Jew (called also 
inch plant, or tradescantia, and spiderwort), or some other plant that roots readily in 
water.  Then pour on top of the boiled water about a quarter of an inch of oil—lard oil or 
cotton-seed oil or salad oil.  This is to prevent the absorption of air.  In a few days roots 
will appear on the slip in the hydrant water, while only a very few short ones, if any, will 
appear in the boiled water, and they will soon cease growing.  Why is this?  To answer 
this question, try another experiment.  Take two bottles, filled as before, one with 
hydrant water and the other with boiled water; drop into each a slip of glass or a spoon 
or piece of metal long enough so that one end will rest on the bottom and the other 
against the side of the bottle, and let stand for an hour or so (Fig. 17).  At the end of that
time bubbles of air will be seen collecting on the glass or spoon in the hydrant water, but
none in the boiled water.  This shows us that water contains more or less air, and that 
boiling the water drives this air out.  The cutting in the boiled water did not produce roots
because there was no air in it and the oil kept it from absorbing any.

=Experiment.=—Into some tumblers of moist sand put cuttings of several kinds of plants
that root readily (Fig. 18), geranium, tradescantia, begonia, etc.  Put cuttings of same 
plants into tumblers filled with clay that has been wet and stirred very thoroughly, until it 
is about the consistency of cake batter.  Keep the sand and puddled clay moist; do not 
allow the clay to crack, which it will do if it dries.  The cuttings in the sand will strike root 
and grow, while most, if not all, those in the clay will soon die.  The reason for this is that
the sand is well ventilated and there is sufficient air for root development, while the clay 
is very poorly ventilated, and there is not sufficient air for root growth.

These experiments show us that to develop and do their work roots need air or a well-
ventilated soil.

We have found the conditions which are necessary for the growth and development of 
plant roots, namely: 

A firm, mellow soil.

A moist soil.

A soil supplied with available plant food.

A warm soil.

A ventilated soil.

These are the most important facts about plant growth so far as the plant grower is 
concerned.  In other words, these conditions which are necessary for root growth and 
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development are the most important truths of agriculture, or they are the foundation 
truths or principles upon which all agriculture is based.  Having found these conditions, 
the next most important step is to find out how to bring them about in the soil, or, if they 
already exist, how to keep them or to improve them.  This brings us, then, to a study of 
soils.
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[Illustration:  Fig. 12.  To show where growth in length of the root takes place.  Forty 
hours before the photograph was taken the tip of the root was 1/4 inch from the lowest 
thread.  The glass cover was taken from this in order to get a good picture of the root.]

[Illustration:  Fig. 13.  Radish seeds sprouted on dark cloth.  To show root hairs.]

[Illustration:  Fig. 14.  To show how water gets into the roots of plants.  Water passed up 
into the egg through the skin, or membrane, and forced the contents up the glass tube 
until it began to overflow.]

[Illustration:  Fig. 15.  To show osmose (see page 19).]

CHAPTER III

SOILS

The soil considered agriculturally, is that part of the earth’s crust which is occupied by 
the roots of plants and from which they absorb food and moisture.

RELATION OF SOIL TO PLANTS

We have learned that plant roots penetrate the soil to hold the plant in a firm and stable 
position, to absorb moisture and with it plant food.  We learned also that for roots to do 
these things well, the soil in which they grow must be mellow and firm, and must contain
moisture and plant food, air must circulate in its pores and it must be warm.

How can we bring about these conditions?  To answer this question intelligently it will be
necessary for us to study the soil to find out something about its structure, its 
composition, its characteristics; also, how it was made and what forces or agencies 
were active in making it.  Are these forces acting on the soil at the present time?  Do 
they have any influence over the conditions which are favorable or unfavorable to plant 
growth?  If so, can we control them in their action for the benefit or injury of plants?

We will begin this soil study with an excursion and a few experiments.

Go to the field.  Examine the soil in the holes dug for the root lessons, noticing the 
difference between the upper or surface soil and the under or subsoil.  Examine as 
many kinds of surface soils and subsoils as possible, also decayed leaf mould, the 
black soil of the woods, etc.  If there are in the neighborhood any exposed 
embankments where a road has been cut through a hill, or where a river or the sea 
water has cut into a bank of soil, visit them and examine the exposed soils.
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=Experiment.=—Place in separate pans, dishes, plates, boxes, or on boards, one or two
pints each of sand, clay, decayed vegetable matter or leaf mould or woods soil, and 
garden soil.  The soil should be fresh from the field.  Examine the sand, clay and leaf 
mould, comparing them as to color; are they light or dark, are they moist or not?  Test 
the soils for comparative size of particles by rubbing between the fingers (Fig. 19), 
noticing if they are coarse or fine, and for stickiness by squeezing in the hand and 
noting whether or not they easily crumble afterwards.
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=Experiment.=—Take samples, about a teaspoonful, of sand, clay and leaf mould.  Dry 
them and then place each in an iron spoon or on a small coal shovel and heat in stove 
to redness.  It will be found that the leaf mould will smoke and burn, and will diminish in 
amount, while the sand and clay will not.

=Experiment.=—Take two wide-mouthed bottles; fill both nearly full of water.  Into one 
put about a teaspoonful of clay and into the other the same amount of sand; shake both 
bottles thoroughly and set on table to settle (Fig. 20).  It will be found that the sand 
settles very quickly and the clay very slowly.

As the result of our three experiments we will find something as follows: 

Sand is light in color, moist, coarse, not sticky, settles quickly in water, and will not burn.

Clay is darker in color, moist, very fine, quite sticky, settles slowly in water, and will not 
burn.

Leaf mould or humus is very dark in color, moist, very fine, slightly sticky, and burns 
when placed in the fire.

=Experiment.=—We now have knowledge and means for making simple tests of soils.  
Repeat the last three experiments with the garden soil.  We will find, perhaps, that it is 
dark in color and some of it burns away when placed in the fire, therefore it contains 
organic matter or decaying vegetable matter or humus, as it is called.  This sample has 
perhaps fine particles and coarse particles; part of it will settle quickly in water while part
settles very slowly, and it is sticky.  Therefore we conclude that there are both clay and 
sand in it.  If we shake a sample of it in a bottle of water and let it settle for several days,
we can tell roughly from the layers of soil in the bottom of the bottle the relative amounts
of sand and clay in the soil.  Also if we weigh a sample before and after burning we can 
tell roughly the amount of organic matter in the soil.  Test a number of soils and 
determine roughly the proportions of sand, clay and organic matter in them.

=Experiment.=—Take the pans of soil used in our first soil experiment and separate the 
soils in the pans into two parts by a trench across the centre on the pan.  Now wet the 
soil in one side of the pan and stir it with a stick or a spoon, carefully smooth the surface
of the soil in the other side of the pan and pour or sprinkle some water on it, but do not 
stir it.  Set the pans aside till the soils are dry.  This drying may take several days and in 
the meantime we will study the classification of soils.

[Illustration:  Fig. 16.  To show that roots need air.  Bottle A was supplied with fresh 
water, and bottle B with water that had been boiled to drive the air out and then cooled.]

[Illustration:  Fig. 17.  Bottle A contains fresh water, bottle B contains boiled water.  
Notice the air bubbles in bottle A.]
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[Illustration:  FIG. 18.  Tumblers A and C contained moist sand, B and D contained 
puddled clay.  Cuttings in B and D died, because there was not sufficient ventilation in 
the clay for root-development.]
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CLASSIFICATION OF SOILS

Soil materials and soils are classified as follows: 

Stones.—Coarse, irregular or rounded rock fragments or pieces of rock.

Gravel.—Coarse fragments and pebbles ranging in size from several inches in diameter
down to 1/25 inch.

Sand.—Soil particles ranging from 1/25 of an inch down to 1/500 of an inch in diameter. 
Sand is divided into several grades or sizes.

  Coarse sand 1/25 to 1/50 of an inch. 
  Medium sand 1/50 to 1/100 of an inch. 
  Fine sand 1/100 to 1/250 of an inch. 
  Very fine sand 1/250 to 1/500 of an inch.

These grades of sand correspond very nearly with the grains of granulated and soft 
sugar and fine table salt.

Silt.—Fine soil particles ranging from 1/500 to 1/5000 of an inch in diameter.  It feels 
very fine and smooth when rubbed between the fingers, especially when moist.  A good 
illustration of silt is the silicon used for cleaning knives, a small amount of which can be 
obtained at most any grocery store.  By rubbing some of this between the fingers, both 
dry and wet, one can get a fair idea of how a silty soil should feel.  Silt when wet is 
sticky like clay.

Clay.—The finest of rock particles, 1/5000 to 1/250000 of an inch in diameter, too small 
to imagine.  Clay when wet is very soft, slippery and very sticky.  Yellow ochre and 
whiting from the paint shop are good illustrations of clay.

Humus, or decaying vegetable and animal matter.  This is dark brown or almost black in
color—decaying leaves and woods soil are examples.

Soils composed of the above materials: 

Sands or Sandy Soils.—These soils are mixtures of the different grades of sand and 
small amounts of silt, clay and organic matter.  They are light, loose and easy to work.  
They produce early crops, and are particularly adapted to early truck, fruit and bright 
tobacco, but are too light for general farm crops.  To this class belongs the so-called 
Norfolk Sand.  This is a coarse to medium, yellow or brown sand averaging about five-
sixths sand and one-sixth silt and clay and is a typical early truck soil found all along the
eastern coast of the United States.
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“It is a mealy, porous, warm sand, well drained and easily cultivated.  In regions where 
trucking forms an important part of agriculture, this soil is sought out as best adapted to 
the production of watermelons, canteloupes, sweet potatoes, early Irish potatoes, 
strawberries, early tomatoes, early peas, peppers, egg plant, rhubarb and even 
cabbage and cauliflower, though the latter crops produce better yields on a heavier soil.”

A very similar sand in the central part of the country is called Miami Sand and, on the 
Pacific Coast, Fresno Sand.  These names are given to these type soils by the Bureau 
of Soils of the United States Department of Agriculture.
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Loams or Loamy Soils, consist of mixtures of the sands, silt and clay with some organic 
matter.  The term loam is applied to a soil which, from its appearance in the field and the
feeling when handled, appears to be about one-half sand and the other half silt and clay
with more or less organic matter.  These are naturally fine in texture and quite sticky 
when wet.  They would be called clay by many on account of their stickiness.  They are 
good soils for general farming and produce good grain, grass, corn, potatoes, cotton, 
vegetables, etc.

Sandy Loams, averaging about three-fifths sand and two-fifths silt and clay.  These soils
are tilled easily and are the lightest desirable soil for general farming.  They are 
particularly adapted to corn and cotton and in some instances are used for small fruits 
and truck crops.

Silt Loam consists largely of silt with a small amount of sand, clay, and organic matter.  
These soils are some of the most difficult to till, but when well drained they are with 
careful management good general farming soils, producing good corn, wheat, oats, 
potatoes, alfalfa and fair cotton.

Clay Loams.—These soils contain more clay than the silt loams.  They are stiff, sticky 
soils, and some of them are difficult to till.  They are generally considered the strongest 
soils for general farming.  They are particularly adapted to wheat, hay, corn and grass.

Gravelly loams are from one-fourth to two-thirds coarse grained; the remaining fine soil 
may be sandy loam, silt or clay loam.  They are adapted to various crops according to 
the character of the fine soil.  Some of them are best planted to fruit and forest.

Stony Loam.—Like the gravelly loam the stony loams are one-fourth to three-fourths 
sandy, silty or clay loam, the remainder being rock fragments of larger size than the 
gravel.  These fragments are sometimes rough and irregular and sometimes rounded.  
The stones interfere seriously with tillage, and naturally the soils are best planted with 
forest or fruit.

Clay Soils.—Clay soils are mixtures of sand, silt, clay and humus, the clay existing in 
quite large quantities, there being a greater preponderance of the clay characteristics 
than in the clay loams; they are very heavy, sticky, and difficult to manage.  Some clay 
soils are not worth farming.  Those that can be profitably tilled are adapted to wheat, 
corn, hay and pasture.

Adobe Soils.—These are peculiar soils of the dry West.  They are mixtures of clay, silt, 
some sand and large amounts of humus.  Their peculiar characteristic is that they are 
very sticky when wet and bake very hard when dry and are, therefore, very difficult to 
manage, though they are generally very productive when they are moist enough to 
support crops.
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Swamp Muck is a dark brown or black swamp soil consisting of large amounts of humus
or decaying organic matter mixed with some fine sand and clay.  It is found in low wet 
places.
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Peat is also largely vegetable matter, consisting of tough roots, partially decayed leaves,
moss, etc.  It is quite dense and compact and in some regions is used for fuel.

HOW WERE SOILS MADE?

As a help in finding the answer to this question collect and examine a number of the 
following or similar specimens: 

Brick.—Take pieces of brick and rub them together.  A fine powder or dust will be the 
result.

Stones.—Rub together pieces of stone; the same result will follow, except that the dust 
will be finer and will be produced with greater difficulty because the stones are harder.  
Some stones will be found which will grind others without being much affected 
themselves.

Rock Salt or Cattle Salt.—This is a soft rock, easily broken.  Place on a slate or platter 
one or two pieces about the size of an egg or the size of your fist.  Slowly drop water on 
them till it runs down and partly covers the slate, then set away till the water dries up.  
Fine particles of salt will be found on the slate wherever the water ran and dried.  This is
because the water dissolved some of the rock.

Lime Stone.—This is harder.  Crush two samples to a fine powder and place one in 
water and the other in vinegar.  Water has apparently no effect on it, but small bubbles 
are seen to rise from the sample in vinegar.  The vinegar which is a weak acid is slowly 
dissolving the rock.  The chemists tell us water will also dissolve the limestone, but very 
slowly.  There are large areas of soil which are the refuse from the dissolving of great 
masses of limestone.

We find that the rocks about us differ in hardness:  they are ground to powder when 
rubbed together, some are easily dissolved in water, others are dissolved by weak 
acids.

Geologists tell us that the whole crust of the earth was at one time made up of rocks, 
part of which have been broken down into coarse and fine particles which form the 
gravel, sand and clay of our soils.  The organic matter of our soils has been added by 
the decay of plants and animals.  Several agencies have been active in this work of 
breaking down the rocks and making soils of them.  If we look about we can perhaps 
see some of this work going on now.

Work of the Sun.—Examine a crockery plate or dish that has been many times in and 
out of a hot oven, noticing the little cracks all over its surface.  Most substances expand 
when they are heated and contract when they are cooled.  When the plate is placed in 
the oven the surface heats faster than the inner parts, and cools faster when taken out 
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of the oven.  The result is that there is unequal expansion and contraction in the plate 
and consequently tension or pulling of its parts against each other.  The weaker part 
gives way and a crack appears.  If hot water is put into a thick glass tumbler or bottle, 
the inner surface heats and expands
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faster than the outer parts and the result is tension and cracking.  If cold water be 
poured on a warm bottle or piece of warm glass, it cracks, because there is unequal 
contraction.  In the early part of a bright sunny afternoon feel of the surface of exposed 
rocks, bricks, boards, or buildings on which the sun has been shining.  Examine them in
the same way early the next morning.  You will find that the rocks are heated by the sun 
just as the plate was heated when put into the oven, and when the sun goes down the 
rocks cool again.  This causes tension in the rocks and little cracks and checks appear 
in them just as in the heated plate, only more slowly.  This checking may also be 
brought about by a cool shower falling on the sun heated rocks just as the cool water 
cracked the warm glass.  Many rocks if examined closely will be found to be composed 
of several materials.  These materials do not expand and contract alike when heated 
and cooled and the tendency for them to check is greater even than that of the plate.  
This is the case with most rocks.

[Illustration:  FIG. 19.—COMPARING SOILS.]

[Illustration:  FIG. 20.—WATER TEST OF SOILS.  Bottle A contains sand and water, 
bottle B clay and water.  The sand settles quickly, the clay very slowly.]

Work of Rain.—Rain falling on the rocks may dissolve a part of them just as it dissolved 
the rock salt; or, working into the small cracks made by the sun, may wash out loosened
particles; or, during cold weather it may freeze in the cracks and by its expansion chip 
off small pieces; or, getting into large cracks and freezing, may split the rock just as 
freezing water splits a water pitcher or the water pipes.

Work of Moving Water.—Visit some neighboring beach or the banks of some rapid 
stream.  See how the waves are rolling the sand and pebbles up and down the beach, 
grinding them together, rounding their corners and edges, throwing them up into sand 
beds, and carrying off the finer particles to deposit elsewhere.  Now visit a quiet cove or 
inlet and see how the quiet water is laying down the fine particles, making a clay bed.  
Notice also how the water plants along the border are helping.  They act as an immense
strainer, collecting the suspended particles from the water, and with them and their 
bodies building beds of soil rich in organic matter or humus.

The sun, besides expanding and cracking the rocks by its heat, helps in another way to 
make soils.  It warms the water that has been grinding soil on the beach or along the 
river banks and causes some of it to evaporate.  This vapor rises, forms a cloud and 
floats away in the air.  By and by the vapor forms into rain drops which may fall on the 
top of some mountain.  These rain drops may wash loosened particles from the surface 
or crevices of exposed rocks.  These drops are joined by others until, by and by, they 
form a little stream which carries its small burden of rock dust down the slope, now 
dropping
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some particles, now taking up others.  Other little streams join this one until they form a 
brook which increases in size and power as it descends the mountain side.  As it grows 
by the addition of other streams it picks up larger pieces, grinds them together, grinds at
its banks and loads itself with rocks, pebbles, sand and clay.  As the stream reaches the
lower part of the mountain where the slope is less steep, it is checked in its course and 
the larger stones and pebbles are dropped while the sand and finer particles are carried
on and deposited on the bottom of some broad quiet river farther down, and when the 
river overflows its banks, are distributed over the neighboring meadows, giving them a 
new coating of soil and often adding to their fertility.  What a river does not leave along 
its course it carries out to sea to help build the sand bars and mud flats there.  The rain 
drops have now gotten back to the beach where they take up again the work of grinding
the soil.

The work of moving water can be seen in almost any road or cultivated field during or 
just after a rain, and particularly on the hillsides, where often the soil is loosened and 
carried from higher to lower parts, making barren sand and clay banks of fertile hillsides 
and destroying the fertility of the bottom lands below.

We have already noticed the work of freezing water in splitting small and large 
fragments from the rocks.  Water moving over the surface of the earth in a solid form, or
ice, was at an earlier period in the history of the earth one of the most powerful 
agencies in soil formation.  Away up in Greenland and on the northern border of this 
continent the temperature is so low that most if not all of the moisture that falls on the 
earth falls as snow.  This snow has piled up until it has become very deep and very 
heavy.  The great weight has packed the bottom of this great snow bank to ice.  On the 
mountains where the land was not level the masses of snow and ice, centuries ago, 
began to slide down the slopes and finally formed great rivers of solid water or moving 
ice.

The geologists tell us that at one time a great river of ice extended from the Arctic region
as far south as central Pennsylvania and from New England to the Rocky Mountains.  
This vast river was very deep and very heavy and into its under surface were frozen 
sand, pebbles, larger stones and even great rocks.  Thus it acted as a great rasp or file 
and did an immense amount of work grinding rocks and making soils.  It ground down 
mountains and carried great beds of soil from one place to another.  When this great ice
river melted, it dropped its load of rocks and soils, and as a result we find in that region 
of the country great boulders and beds of sand and clay scattered over the land.
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Work of the Air.—The air has helped in the work of wearing down the rocks and making 
soils.  If a piece of iron be exposed to moist air a part of the air unites with part of the 
iron and forms iron rust.  In the same way when moist air comes in contact with some 
rocks part of the air unites with part of the rock and forms rock rust which crumbles off 
or is washed away by water.  Thus the air helps to break down the rocks.  Moving air or 
wind picks up dust particles and carries them from one field to another.  On sandy 
beaches the wind often blows the sand along like snow and piles it into drifts.  The 
entire surface of sandy regions is sometimes changed in this way.  Sands blown from 
deserts sometimes bury forests which with their foliage sift the fatal winding sheet from 
the dust-laden winds.

The Work of Plants.—Living plants sometimes send their roots into rock crevices; there 
they grow, expand, and split off rock fragments.  Certain kinds of plants live on the 
surface of rocks.  They feed on the rocks and when they die and decay they keep the 
surface of the rocks moist and also produce carbonic acid which dissolves the rocks 
slowly just as the vinegar dissolved the limestone in our experiment.

Dead decaying roots, stems, and leaves of plants form largely the organic matter of the 
soil.  When organic matter has undergone a certain amount of decay it is called humus, 
and these soils are called organic soils or humus soils.  The black soils of the woods, 
swamps and prairies, contain large amounts of humus.

Work of Animals.—Earth worms and the larvae of insects which burrow in the soil eat 
soil particles which pass through their bodies and are partially dissolved.  These 
particles are generally cast out on the surface of the soil.  Thus these little animals help 
to move soil, to dissolve soil, and to open up passages for the entrance of air and rain.

SOIL TEXTURE

We have seen that the soil particles vary in size and that for the best development of 
the plant the particles of the soil must be so arranged that the delicate rootlets can 
readily push their way about in search of food, or, in other words, that the soil must have
a certain texture.  By the texture of the soil we mean the size of its particles and their 
relation to each other.  The following terms are used in describing soil textures:  Coarse,
fine, open, close, loose, hard, stiff, compact, soft, mellow, porous, leachy, retentive, 
cloddy, lumpy, light, heavy.  Which of these terms will apply to the texture of sand, which
to clay, which to humus, which to the garden soil, which to a soil that plant roots can 
easily penetrate?  We find then that texture of the soil depends largely on the relative 
amounts of sand, silt, clay and humus that it contains.
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CHAPTER IV

RELATION OF SOILS TO WATER
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IMPORTANCE OF WATER TO PLANTS

We learned in a previous paragraph that plant roots take moisture from the soil.  What 
becomes of this moisture?  We will answer this question with an experiment.

=Experiment.=—Take a pot or tumbler in which a young plant is growing, also a piece of
pasteboard large enough to cover the top of the pot or tumbler; cut a slit from the edge 
to the centre of the board, then place it on top of the pot, letting the stem of the plant 
enter the slit.  Now close the slit with wax or tallow, making it perfectly tight about the 
stem.  If the plant is not too large invert a tumbler over it (Fig. 21), letting the edge of the
tumbler rest on the pasteboard; if a tumbler is not large enough use a glass jar.  Place in
a sunny window.  Moisture will be seen collecting on the inner surface of the glass.  
Where does this come from?  It is absorbed from the soil by the roots of the plant and is
sent with its load of dissolved plant food up through the stem to the leaves.  There most 
of the moisture is passed from the leaves to the air and some of it is condensed on the 
side of the glass.

By experiments at the Cornell University Agricultural Experiment Station, Ithaca, N.Y., it 
has been found that during the growth of a sixty bushel crop of corn the plants pump 
from the soil by means of their roots, and send into the air through their leaves over nine
hundred tons of water.  A twenty-five bushel crop of wheat uses over five hundred tons 
of water in the same way.  This gives us some idea of the importance of water to the 
plant and the necessity of knowing something of the power of the soil to absorb and 
hold moisture for the use of the plant.  Also the importance of knowing if we can in any 
way control or influence the water-holding power of the soil for the good of the plant.

SOURCES OF SOIL WATER

From what sources does the soil receive water?  From the air above, in the form of rain,
dew, hail and snow, falling on the surface, and from the lower soil.  This water enters the
soil more or less rapidly.

ATTITUDE OF THE SOILS TOWARDS WATER

Which soils have the greater power to take in the rain which falls on their surface?

[Illustration:  FIG. 21.  To show what becomes of the water taken from the soil by roots.  
Moisture, sent up from the roots, has been given off by the leaves and has condensed 
on the glass.]

[Illustration:  FIG. 22.—PERCOLATION EXPERIMENT.  To show the relative powers of 
soils to take in water falling on the surface. A, sand; B, clay; C, humus; D, garden soil.]
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=Experiment.=—Take four student-lamp chimneys. (In case the chimneys cannot be 
found get some slender bottles like salad oil bottles or wine bottles and cut the bottoms 
off with a hot rod.  While the rod is heating make a shallow notch in the glass with the 
wet corner of a file in the direction you wish to make the cut.  When the rod is hot lay the
end of it lengthwise on the notch.  Very soon a little crack will be seen to start from the 
notch.  Lead this crack around the bottle with the hot rod and the bottom of the bottle 
will drop off.) (Fig. 23.) Make a rack to hold them.  Tie a piece of cheese cloth or other 
thin cloth over the small ends of the chimneys.  Then fill them nearly full respectively, of 
dry, sifted, coarse sand, clay, humus soil, and garden soil.  Place them in the rack; place
under them a pan or dish.  Pour water in the upper ends of the tubes until it soaks 
through and drips from the lower end (Fig. 22).  Ordinary sunburner lamp chimneys may
be used for the experiment by tying the cloth over the tops; then invert them, fill them 
with soil and set in plates or pans.  The sand will take the water in and let it run through 
quickly; the clay is very slow to take it in and let it run through; the humus soil takes the 
water in quite readily.  Repeat the experiment with one of the soils, packing the soil 
tightly in one tube and leaving it loose in another.  The water will be found to penetrate 
the loose soil more rapidly than the packed soil.  We see then that the power of the soil 
to take in rainfall depends on its texture or the size and compactness of the particles.

If the soil of our farm is largely clay, what happens to the rain that falls on it?  The clay 
takes the water in so slowly that most of it runs off and is lost.  Very likely it carries with 
it some of the surface soil which it has soaked and loosened, and thus leaves the farm 
washed and gullied.

What can we do for our clay soils to help them to absorb the rain more rapidly?  For 
immediate results we can plow them and keep them loose and open with the tillage 
tools.  For more permanent results we may mix sand with them, but sand is not always 
to be obtained and is expensive to haul.  The best method is to mix organic matter with 
them by plowing in stable manures, or woods soil, or decayed leaves, or by growing 
crops and turning them under.  The organic matter not only loosens the soil but also 
adds plant food to it, and during its decay produces carbonic acid which helps to 
dissolve the mineral matter and make available the plant food that is in it.

Clay soils can also be made loose and open by applying lime to them.

=Experiment.=—Take two bottles or jars, put therein a few spoonsful of clay soil, fill with
water, put a little lime in one of them, shake both and set them on the table.  It will be 
noticed that the clay in the bottle containing lime settles in flakes or crumbs, and much 
faster than in the other bottle.  In the same manner, lime applied to a field of clay has a 
tendency to collect the very fine particles of soil into flakes or crumbs and give it 
somewhat the open texture of a sandy soil.  Lime is applied to soil for this purpose at 
the rate of twenty bushels per acre once in four or five years.
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Which soils have the greater power to absorb or pump moisture from below?

=Experiment.=—Use the same or a similar set of tubes as in the experiment illustrated 
in Fig. 23.  Fill the tubes with the same kinds of dry sifted soils.  Then pour water into 
the pan or dish beneath the tubes until it rises a quarter of an inch above the lower end 
of the tubes (Fig. 24).  Watch the water rise in the soils.  The water will be found to rise 
rapidly in the sand about two or three inches and then stop or continue very slowly a 
short distance further.  In the clay it starts very slowly, but after several hours is finally 
carried to the top of the soil.  The organic matter takes it up less rapidly than the sand, 
faster than the clay, and finally carries it to the top.  By this and further experiments it 
will be found that the power of soils to take moisture from below depends on their 
texture or the size and closeness of their particles.

We found the sand pumped the water only a short distance and then stopped.

What can we do for our sandy soils to give them greater power to take moisture from 
below?  For immediate results we can compact them by rolling or packing.  This brings 
the particles closer together, makes the spaces between them smaller, and therefore 
allows the water to climb higher.  For more lasting results we can fill them with organic 
matter in the shape of stable manures or crops turned under.  Clay may be used, but is 
expensive to haul.

Which soils have greatest power to hold the water which enters them?

=Experiment.=—Use the same or similar apparatus as for the last experiment.  After 
placing the cloth caps over the ends of the tubes label and carefully weigh each one, 
keeping a record of each; then fill them with the dry soils and weigh again.  Now place 
the tubes in the rack and pour water in the upper ends until the entire soil is wet; cover 
the tops and allow the surplus water to drain out; when the dripping stops, weigh the 
tubes again, and by subtraction find the amount of water held by the soil in each tube; 
compute the percentage.  It will be found that the organic matter will hold a much larger 
percentage of water than the other soils; and the clay more than the sand.  The tube of 
organic soil will actually hold a larger amount of water than the other tubes. (See also 
Fig. 25.)

In the experiment on page 40 we noticed that the sand took in the water poured on its 
surface and let it run through very quickly.  This is a fault of sandy soils.

What can we do for our sandy soils to help them to hold better the moisture which falls 
on them and tends to leach through them?  For immediate effect we can close the pores
somewhat by compacting the soil with the roller.  For more lasting effects, we can fill 
them with organic matter.
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Which soils will hold longest the water which they have absorbed?  Or which soils will 
keep moist longest in dry weather?
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[Illustration:  FIG. 23.  To show how bottles may be used in place of lamp chimneys 
shown in Figs 22 and 24.]

[Illustration:  FIG. 24.—CAPILLARITY OF SOILS To show the relative powers of soils to 
take water from below.]

[Illustration:  FIG. 25.—WATER-ABSORBING AND WATER-HOLDING POWERS OF 
SOILS.]

=Experiment.=—Fill a pan or bucket with moist sand, another with moist clay, and a 
third with moist organic matter; set them in the sun to dry and notice which dries last.  
The organic matter will be found to hold moisture much longer than the other soils.  The 
power of the other soils to hold moisture through dry weather can be improved by 
mixing organic matter with them.

We find then that the power of soils to absorb and hold moisture depends on the 
amount of sand, clay, or humus which they contain, and the compactness of the 
particles.  We see also how useful organic matter is in improving sandy and clayey 
soils.

THE EFFECT OF WORKING SOILS WHEN WET

By this time the soils we left in the pans (see page 26), sand, clay, humus and garden 
soil, must be dry.  If so, examine them.  We find that the clay which was stirred when 
wet has dried into an almost bricklike mass, while that which was not stirred is not so 
hard, though it has a thick, hard crust.  The sand is not much affected by stirring when 
wet.  The organic matter which was stirred when wet has perhaps stiffened a little, but 
very easily crumbles; the unstirred part was not much affected by the wetting and 
drying.

The garden soil after drying is not as stiff as the clay nor as loose as the sand and 
humus.  This is because it is very likely a mixture of all three, the sand and the humus 
checking the baking.  This teaches us that it is not a good plan to work soils when they 
are wet if they are stiff and sticky; and that our stiff clay soils can be kept from drying 
hard or baking by the use of organic matter.  “And that’s a witness” for organic matter.

The relation of the soil to moisture is very important, for moisture is one of the greatest 
factors if not the greatest in the growth of the crop.

The power to absorb or soak up moisture from any source is greatest in those soils 
whose particles are smaller and fit closer together.
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It is for this reason that strong loams and clay soils absorb and hold three times as 
much water as sandy soils do, while peaty or humus soils absorb a still larger 
proportion.

The reason why crops burn up so quickly on sandy soils during dry seasons is because 
of their weak power to hold water.

The clay and humus soils carry crops through dry weather better because of their power
to hold moisture and to absorb or soak up moisture from below.  It is for this reason also
that clay and peaty soils more often need draining than sandy soils.

When rain falls on a sandy soil it enters readily, but it is apt to pass rapidly down and be,
to a great extent, lost in the subsoil, for the sand has not sufficient power to hold much 
of it.
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When rain falls on a clay soil it enters less readily because of the closeness of the 
particles, and during long rains or heavy showers some of the water may run off the 
surface.  If the surface has been recently broken and softened with the plow or cultivator
the rain enters more readily.  What does enter is held and is not allowed to run through 
as in the case of the sand.

Humus soil absorbs the rain as readily as the sand and holds it with a firmer grip than 
clay.

This fact gives us a hint as to how we may improve the sand and clay.

Organic matter mixed with these soils by applying manures or plowing under green 
crops will cause the sand to hold the rain better and the clay to absorb it more readily.

CHAPTER V

FORMS OF SOIL WATER

Water which comes to the soil and is absorbed exists in the soil principally in two forms: 
Free water and capillary water.

FREE WATER

Free water is that form of water which fills our wells, is found in the bottoms of holes dug
in the ground during wet seasons and is often found standing on the surface of the soil 
after heavy or long continued rains.  It is sometimes called ground water or standing 
water and flows under the influence of gravity.

Is free water good for the roots of farm plants?  If we remember how the root takes its 
food and moisture, namely through the delicate root hairs; and also remember the 
experiment which showed us that roots need air, we can readily see that free water 
would give the root hairs enough moisture, but it would at the same time drown them by 
cutting off the air.  Therefore free water is not directly useful to the roots of house plants 
or farm plants, excepting such as are naturally swamp plants, like rice, which grows part
of the time with its roots covered with free water.

[Illustration:  FIG. 26.—CAPILLARY TUBES.  To show how water rises in small tubes or 
is drawn into small spaces.]

[Illustration:  FIG. 27.—CAPILLARY PLATES.  Water is drawn to the highest point where
the glass plates are closest together.]
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[Illustration:  FIG. 28.  A cone of soil to show capillarity.  Water poured about the base of 
this cone of soil has been drawn by capillary force half-way to the top.]

[Illustration:  FIG. 29.  To show the relative amounts of film-moisture held by coarse and 
fine soils.  The colored water in bottle A represents the amount of water required to 
cover the half pound of pebbles in the tumbler B with a film of moisture.  The colored 
water in bottle C shows the amount required to cover the soil grains in the half pound of 
sand in tumbler D.]

CAPILLARY WATER
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If you will take a number of glass tubes of different sizes, the largest not more than one-
fourth of an inch in diameter, and hold them with one end of each in water or some 
colored liquid, you will notice that the water rises in the tubes (Fig. 26), and that it rises 
highest in the smallest tube.  The force which causes the water to rise in these tubes is 
called the capillary force, from the old Latin word capillum (a hair), because it is most 
marked in hair-like tubes, the smaller the tube the higher the water will rise.  The water 
which rises in the tubes is called capillary water.

Another method of illustrating capillary water is to tie or hold together two flat pieces of 
glass, keeping two of the edges close together and separating the opposite two about 
one-eighth of an inch with a sliver of wood.  Then set them in a plate of water or colored
liquid and notice how the water rises between the pieces of glass, rising higher the 
smaller the space (Fig. 27).  It is the capillary force which causes water to rise in a piece
of cloth or paper dipped in water.

Take a plate and pour onto it a cone-shaped pile of dry sand or fine soil; then pour water
around the base of the pile and note how the water is drawn up into the soil by capillary 
force (Fig. 28).

Capillary water is the other important form of water in the soil.  This is moisture which is 
drawn by capillary force or soaks into the spaces between the soil particles and covers 
each particle with a thin film of moisture.

FILM WATER

Take a marble or a pebble, dip it into water and notice the thin layer or film of water that 
clings to it.  This is a form of capillary water and is sometimes called film water or film 
moisture.  Take a handful of soil that is moist but not wet, notice that it does not wet the 
hand, and yet there is moisture all through it; each particle is covered with a very thin 
film of water.

Now this film water is just the form of water that can supply the very slender root hairs 
without drowning them, that is, without keeping the air from them.  And the plant grower 
should see to it that the roots of his plants are well supplied with film water and are not 
drowned by the presence of free water.  Capillary water may sometimes completely fill 
the spaces between the soil particles; when this occurs the roots are drowned just as in 
the case of free water as we saw when cuttings were placed in the puddled clay (see 
Fig. 18).  Free water is indirectly of use to the plant because it serves as a supply for 
capillary and film moisture.
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Now I think we can answer the question which was asked when we were studying the 
habit of growth of roots but was left unanswered at the time (see page 14).  The 
question was this:  Of what value is it to the farmer to know that roots enter the soil to a 
depth of three to six feet?  We know that roots will not grow without air.  We also know 
that if the soil is full of free water there is no air in it, and, therefore, roots of most plants 
will not grow in it.  It is, therefore, of interest to the farmer to see that free water does not
come within at least three or four feet of the surface of the soil so that the roots of his 
crops may have plenty of well ventilated soil in which to develop.  If there is a tendency 
for free water to fill the soil a large part of the time, the farmer can get rid of it by 
draining the land.  We get here a lesson for the grower of house plants also.  It is that 
we must be careful that the soil in the pots or boxes in which our plants are growing is 
always supplied with film water and not wet and soggy with free water.  Water should 
not be left standing long in the saucer under the pot of a growing plant.  It is best to 
water the pot from the top and let the surplus water drain into the saucer and then 
empty it out.

Which soils have the greatest capacity for film water?

=Experiment.=—Place in a tumbler or bottle one-half pound of pebbles about the size of
a pea or bean; pour a few drops of water on them and shake them; continue adding 
water and shaking them till every pebble is covered with a film of water; let any surplus 
water drain off.  Then weigh again; the difference in the two weights will be 
approximately the weight of the film water that the pebbles can carry.  Repeat this with 
sand and compare the two amounts of water.  A striking illustration can be made by 
taking two slender bottles and placing in them amounts of colored water equal to the 
amounts of film water held by the pebbles and sand respectively.  In the accompanying 
illustration (Fig. 29), A represents the amount of water that was found necessary to 
cover the pebbles in tumbler B with a film of moisture. C is the amount that was 
necessary to cover with a film the particles of sand in D.  The finer soil has the greater 
area for film moisture.  It has been estimated that the particles of a cubic foot of clay 
loam have a possible aggregate film surface of three-fourths of an acre.

CHAPTER VI

LOSS OF SOIL WATER

LOSS OF SOIL WATER AND MEANS OF CHECKING 
THE LOSS

We noticed in previous paragraphs that soil might at times have too much water in it for 
proper ventilation and so check the growth of the roots of the plant.  Now is it possible 
that soil water may be lost or wasted and if so can we check the loss?
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In the experiment to find out how well the soils would take in the rainfall (page 40) we 
noticed that the clay soil took in the water very slowly and that on a field of clay soil part 
of the rain water would be likely to run off over the surface and be lost.  Free water may 
be lost then, by surface wash.
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We noticed methods of checking this loss, namely, pulverizing the soil with the tillage 
tools and putting organic matter into it to make it absorb the rain more readily.

We noticed that water poured on the sand ran through it very quickly and was apt to be 
lost by leaching or percolation.  This we found could be checked by rolling the soil and 
by putting organic matter into it to close the pores.

We learned that roots take water from the soil for the use of the plant and send it up to 
the leaves, which in turn send it out into the air, or transpire it, as this process is called.  
We learned also that the amount transpired is very great.  Now water that is pumped up 
and transpired by the crops we are growing we consider properly used.  But when 
weeds grow with the crop and pump and transpire water we consider this water as lost 
or wasted.

Water may be lost then by being pumped up and transpired by weeds.  And this is the 
way weeds do their greatest injury to crops during dry weather.  The remedy is easily 
pointed out.  Kill the weeds or do not let them get a start.

There is another way, which we are not apt to notice, by which water may be lost from 
the soil.  When the soil in the pans in a previous experiment (page 26) had been wet 
and set aside a few days it became very dry.  How did the water get out of this soil?  
That at the surface of the soil evaporated or was changed into vapor and passed into 
the air.  Then water from below the surface was pumped up by capillary force to take its 
place just as the water was pumped up in the tubes of soil.  This in turn was evaporated
and the process repeated till all of the water in the soil had passed into the air.  Now this
process is going on in the field whenever it is not raining or the ground is not frozen very
hard.

Water then may be lost by evaporation.

How can we check this loss?

Suppose we try the experiment of covering the soil with some material that cannot 
pump water readily.

=Experiment.=—Take four glass fruit jars, two-quart size, with straight sides.  If you 
cannot get them with straight sides cut off the tops with a hot iron just below the 
shoulder; tin pails will do if the glass jars cannot be had.  Fill these with moist soil from 
the field or garden, packing it till it is as hard as the unplowed or unspaded soil.  Leave 
one of them in this condition; from two of them remove an inch or two of soil and replace
it in the case of one with clean, dry, coarse sand, and in the case of the other with chaff 
or straw cut into half-inch lengths.  Stir the soil in the fourth one to a depth of one inch, 
leaving it light and crumbly.  Now weigh the jars and set them aside.  Weigh each day 
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for several days.  The four jars illustrated in Fig. 30 were prepared in this way and 
allowed to stand seven days.  In that time they lost the following amounts of water: 

Amounts of water lost from jars of prepared soil in seven days.
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No. 1 packed soil—lost 5.5 oz. equal to about 75 tons per acre.

No. 2 covered with straw—lost 2 oz. equal to about 27 tons per acre.

No. 3 covered with dry sand—lost 0 oz. equal to about tons per acre.

No. 4 covered with crumbled soil—lost 2.5 oz., equal to about 34 tons per acre.

Why did not 2, 3 and 4 lose as much water as No. 1?

The soil in jar No. 1 was packed and water was pumped to the surface by capillary force
and was evaporated as fast as it came to the surface.

In No. 2 the water could rise rapidly until it reached the straw, then it was stopped 
almost entirely.  But the straw being coarse, the air circulated in it more or less freely 
and there was a slow loss by evaporation.  In jar No. 3 the water could rise only to the 
sand, which was so coarse that the water could not climb on it to the surface, and the 
air circulated in the sand so slowly that there was not sufficient evaporation to affect 
scales weighing to one-quarter ounce.  No. 4 lost less than No. 1 because, as in the 
case of the sand, the water could not climb rapidly to the surface on the coarse crumbs 
of soil.  The loss that did take place from No. 4 was what the air took from the loosely 
stirred soil on the surface with a very little from the lower soil.  Simply stirring the 
surface of the sod in No. 4 reduced the loss of water to less than half the loss from the 
hard soil in No. 1.

This experiment gives us the clew to the method of checking loss of water from the soil 
by evaporation.  It is to keep the water from climbing up to the surface, or check the 
power of the soil to pump the water to the surface by making it loose on top.  This loose 
soil is called a soil mulch.  Everything that we do to the soil that loosens and crumbles 
the surface tends to check the loss of water by evaporation from the soil below.

[Illustration:  FIG. 30.—TO SHOW THE EFFECT OF A SOIL MULCH 1.  Packed soil, 
lost in 7 days 5.5 ozs. water, equal to 75 tons per acre. 2.  Packed soil, covered with 
straw, lost in 7 days 2 ozs. water, equal to 27 tons per acre. 3.  Packed soil, covered 
with sand, lost in 7 days 0 ozs. water, equal to tons per acre. 4.  Packed soil, covered 
with soil mulch, lost in 7 days 2.5 ozs. water, equal to 34 tons per acre.]

CHAPTER VII

SOIL TEMPERATURE

We learned that roots need heat for their growth and development.  Now what is the 
relation of the different kinds of soil toward heat or what are their relative powers to 
absorb and hold heat?
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=Experiment.=—Some days before this experiment, spread on a dry floor about a half 
bushel each of sand, clay and decayed leaf mould or black woods soil.  Stir them 
occasionally till they are thoroughly dry.  When they are dry place them separately in 
three boxes or large flower pots and keep dry.  In three similar boxes or pots place wet 
sand, wet clay, and wet humus.  Place a thermometer in each of the soils, placing the 
bulb between one and two inches below the surface (Fig. 31).  Then place the soils out 
of doors where the sun can shine on them and leave them several days.  If a rain 
should come up protect the dry soils.  Observe and make a record of the temperatures 
of each soil several times a day.  Chart the average of several days observations.  Fig. 
32 shows the averages of several days observations on a certain set of soils.

It will be noticed that the temperature of the soils increased until the early part of the 
afternoon and after that time they lost heat.

[Illustration:  FIG. 31.—SOIL TEMPERATURE EXPERIMENT.  Thermometer in pot of 
soil.]

HOW SOILS ARE WARMED

=Experiment.=—Hold your hand in bright sunlight or near a warm stove or radiator.  
Your hand is warmed by heat radiated from the sun or warm stove through the air to 
your body.  In the same manner the rays of the sun heat the surface of the soil.

=Experiment.=—Take the stove poker or any small iron rod and hold one end of it in the 
fire or hold one end of a piece of wire in a candle or lamp flame.  The end of the rod or 
wire will quickly become very hot and heat will gradually be carried its entire length until 
it becomes too hot to hold.  This carrying of the heat from particle to particle through the
length of the rod is called heating by conduction.  Now when the warm rays of the sun 
reach the soil, or a warm wind blows over it, the surface particles are warmed and then 
pass the heat on to the next ones below, and these in turn pass it to others and so on till
the soil becomes heated to a considerable depth by conduction.

A clay soil will absorb heat by conduction faster than a sandy soil because the particles 
of the clay lie so close together that the heat passes more readily from one to another 
than in the case of the coarser sand.

If the soil is open and porous, warm air and warm rains can enter readily and carry heat 
to the lower soil.

You have noticed how a pile of stable manure steams in cold weather.  You doubtless 
know that manure from the horse stable is often used to furnish heat for hotbeds and for
sweet potato beds.
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Now the heat which warms the manure and sends the steam out of it, and warms the 
hotbed and sweet potato bed, is produced by the decaying or rotting of the manure.  
More or less heat is produced by the decay of all kinds of organic matter.  So if the soil 
is well supplied with organic matter, the decay of this material will add somewhat to the 
warmth of the soil.
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HOW SOILS LOSE HEAT

Wet one of your fingers and hold your hand up in the air.  The wet finger will feel colder 
than the others and will gradually become dry.  This is because some of the heat of your
finger is being used to dry up the water or change it into a vapor, or in other words to 
evaporate it.

In the same manner a wet soil loses heat by the evaporation of water from its surface.

=Experiment.=—Heat an iron rod, take it from the fire and hold it near your face or 
hand.  You will feel the heat without touching the rod.  The heat is radiated from the rod 
through the air to your body and the rod gradually cools.  In the same way the soil may 
lose its heat by radiating it into the air.  A clay soil will lose more heat by radiation than a
sandy soil because the clay is more compact.

CONDITIONS WHICH INFLUENCE SOIL 
TEMPERATURE

It will be noticed that the dry soils are warmer than the wet ones.  Why is this?  
Scientists tell us that it takes a great deal more heat to warm water than it does to warm
other substances.  Therefore when soil is wet it takes much more heat to warm it than if 
it were dry.

It will be seen that of the dry soils the humus is the warmest.  Why?

=Experiment.=—Take two thermometers, wrap the bulb of one with a piece of black or 
dark colored cloth and the bulb of the other with a piece of white cloth, then place them 
where the sun will shine on the cloth covered bulbs.  The mercury in both thermometers
will be seen to rise, but in the thermometer with the dark cloth about the bulb it will rise 
faster and higher than in the other.  This shows that the dark cloth absorbs heat faster 
than the white cloth.  In the same manner a dark soil will absorb heat faster than a light 
colored soil; therefore it will be warmer if dry.

Why was the dry clay warmer than the dry sand?

Because its darker color helped it to absorb heat more rapidly than the sand, and, as 
the particles were smaller and more compact, heat was carried into it more rapidly by 
conduction.

Why were the wet humus and clay cooler than the wet sand?

70



As they were darker in color and the clay was more compact than the sand, they must 
have absorbed more heat, but they also held more water, and, therefore, lost more heat 
by evaporation.

[Illustration:  FIG. 32.  Charts showing average temperature of a set of dry and wet soils 
during a period of five days. H, humus; C, clay; S, sand.]

[Illustration:  FIG. 33.  To show the value of organic matter. 1 contains clay subsoil; 2, 
clay subsoil and fertilizer; 3, clay subsoil and organic matter.  All planted at the same 
time.]
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Of the dry soils, then, the humus averaged warmest, because, on account of its dark 
color, it absorbed heat more readily than the others.  The dry clay was warmer than the 
sand on account of its color and compact texture.  Of the wet soils the sand was the 
warmest, because, on account of its holding less moisture, less heat was required to 
raise its temperature and there was less cooling by evaporation, while the other soils, 
although they absorbed more heat than the sand, lost more on account of greater 
evaporation, due to their holding more moisture.  Why are sandy soils called warm soils 
and clay soils said to be cold?

How may we check losses of heat from the soil?

If we make a mulch on the surface of the soil evaporation will be checked and therefore 
loss of heat by evaporation will be checked also.  The mulch will also check the 
conduction of heat from the lower soil to the surface and therefore check loss of heat by
radiation from the surface.

VALUE OF ORGANIC MATTER

Figure 33 illustrates a simple way to show the value of organic matter in the soil.  The 
boxes are about twelve inches square and ten inches deep.  They were filled with a clay
subsoil taken from the second foot below the surface of the field.  To the second box 
was added sufficient commercial fertilizer to supply the plants with all necessary plant 
food.  To the third box was added some peat or decayed leaves, in amount about ten 
per cent. of the clay subsoil.  The corn was then planted and the boxes were all given 
the same care.  The better growth of the corn in the third box was due to the fact that 
the organic matter not only furnished food for the corn but during its decay prepared 
mineral plant food that was locked up in the clay, and also brought about better 
conditions of air and moisture by improving the texture of the soil.  The plants in the 
second box had sufficient plant food, but did not make better growth because poor 
texture prevented proper conditions of air and moisture.  “And that’s another witness” for
organic matter.  Decaying organic matter or humus is really the life of the soil and it is 
greatly needed in most of the farm soils of the eastern part of the country.  It closes the 
pores of sandy soils and opens the clay, thus helping the sand to soak up and hold 
more moisture and lessening excessive ventilation, and at the same time helping the 
roots to take a firmer hold.  It helps the clay to absorb rain, helps it to pump water faster,
helps it to hold water longer in dry weather, increases ventilation, favors root penetration
and increases heat absorption.  We can increase the amount of organic matter in the 
soil by plowing in stable manure, leaves and other organic refuse of the farm, or we can 
plow under crops of clover, grass, grain or other crops grown for that purpose.
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CHAPTER VIII

PLANT FOOD IN THE SOIL
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We learned in previous paragraphs that the roots of plants take food from the soil, and 
that a condition necessary for the root to do its work for the plant was the presence of 
available plant food in sufficient quantities.

What is plant food?  For answer let us go to the plant and ask it what it is made of.

=Experiment.=—Take some newly ripened cotton or cotton wadding, a tree branch, a 
cornstalk, and some straw or grass.  Pull the cotton apart, then twist some of it and pull 
apart; in turn break the branch, the cornstalk and the straw.  The cotton does not pull 
apart readily nor do the others break easily; this is because they all contain long, tough 
fibres.  These fibres are called woody fibre or cellulose.  The cotton fibre is nearly pure 
cellulose.

=Experiment.=—Get together some slices of white potato, sweet potato, parsnip, 
broken kernels of corn, wheat and oats, a piece of laundry starch and some tincture of 
iodine diluted to about the color of weak tea.  Rub a few drops of the iodine on the cut 
surfaces of the potatoes, parsnip, and the broken surfaces of the grains.  Notice that it 
turns them purple.  Now drop a drop of the iodine on the laundry starch.  It turns that 
purple also.  This experiment tells us that plants contain starch.

=Experiment.=—Chew a piece of sorghum cane, sugar cane, cornstalk, beet root, turnip
root, apple or cabbage.  They all taste sweet and must therefore contain sugar.

Examine a number of peach and cherry trees.  You will find on the trunk and branches 
more or less of a sticky substance called gum.

=Experiment.=—Crush on paper seeds of cotton, castor-oil bean, peanuts, Brazil nuts, 
hickory nuts, butternuts, etc.  They make grease spots; they contain fat and oil.

=Experiment.=—Chew whole grains of wheat and find a gummy mucilaginous 
substance called wheat gum, or wet a pint of wheat flour to a stiff dough, let it stand 
about an hour, and then wash the starch out of it by kneading it under a stream of 
running water or in a pan of water, changing the water frequently.  The result will be a 
tough, yellowish gray, elastic mass called gluten.  This is the same as the wheat gum 
and is called an albuminoid because it contains nitrogen and is like albumen, a 
substance like the white of an egg.

If we crush or grate some potatoes or cabbage leaves to a pulp and separate the juice, 
then heat the clear juice, a substance will separate in a flaky form and settle to the 
bottom of the liquid.  This is vegetable albumen.

[Illustration:  FIG. 34.  Soy-bean roots.  Showing nodules of tubercles, the homes of 
nitrogen-fixing bacteria.]
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[Illustration:  FIG. 35.  Garden-pea roots, showing tubercles or nodules, the homes of 
nitrogen-fixing bacteria.]

=Experiment.=—Crush the leaves or stems of several growing plants and notice that the
crushed and exposed parts are moist.  In a potato or an apple we find a great deal of 
moisture.  Plants then are partly made of water.  In fact growing plants are from 65 to 95
per cent. water.
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=Experiment.=—Expose a plant or part of a plant to heat; the water is driven off and 
there remains a dry portion.  Heat the dry part to a high degree and it burns; part passes
into the air as smoke and part remains behind as ashes.

We have found then the following substances in plants:  Woody fibre or cellulose, 
starch, sugar, gum, fats and oils, albuminoids, water, ashes.  Aside from these are found
certain coloring matters, certain acids and other matters which give taste, flavor, and 
poisonous qualities to fruits and vegetables.  More or less of all these substances are 
found in all plants.  Now these are all compound substances.  That is, they can all be 
broken down into simpler substances, and with the exception of the water and the 
ashes, the plants do not take them directly from the soil.

The chemists tell us that these substances are composed of certain chemical elements, 
some of which the plant obtains from the air, some from the soil and some from water.

The following table gives the substances found in plants, the elements of which they are
composed, and the sources from which the plants obtain them: 

-------------------------------------------------------
---+
S u b s t a nc e s  foun d   |   Ele m e n t s  of w hich   |   So u rc e s  fro m   |
in  pl a n t s.       |     t h ey  a r e  m a d e.    |   w hich  pl a n t s   |
|                      |   ob t ain  t h e m.   |
-------------------+ - --------------------+ - ---------------+
Cellulos e  o r       |                      |                 |
woody fib r e      |  Ca r bo n               |  Air            |
S t a r c h             |---------------------+ - ---------------+
S u g a r              |                      |                 |
Gu m                |  Oxyge n               |  Wate r           |
Fa t  a n d  Oil       |  Hyd rog e n             |                 |
-------------------+ - --------------------+ - ---------------+
|  Ca r bo n               |  Air            |
+ - --------------------+ - ---------------+
Albu minoids        |  Oxyge n               |  Wate r           |
|  Hyd ro g e n             |                 |
+ - --------------------+ - ---------------+
|  Ni trog e n           |                 |
|  S ulph u r              |                 |
|  P hos p ho r us           |                 |
-------------------+ - --------------------|  Soil           +
|  Phos p horus         |                 |
|  Potassiu m          |                 |
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Ashe s              |  Calciu m            |                 |
|  M a g n e siu m            |                 |
|  I ron                 |                 |
-------------------+ - --------------------+ - ---------------+
Wate r              |  Oxyge n               |  Soil           |
|  Hyd ro g e n             |                 |
-----------------------------------------+ - ---------------+
/p r e >

H e r e  is a  b ri ef d e s c rip tion  of t h e s e  c h e mical el e m e n t s.

Oxyg e n,  a  colo rles s  g a s,  for m s  on e-fifth  of t h e  air.

Hyd rog e n,  a  colo rles s  g a s,  for m s  a  p a r t  of w a t er.

Ca r bon,  a  d a rk  solid,  for ms  n e a rly on e-h alf of all
o r g a nic  m a t t e r ;  c h a rco al  is on e  of it s  for m s.  
The  lea d  in you r  p e n cil is a no t h e r  exa m ple.
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Nit rog e n,  a  colo rle s s  g a s ,  for m s  fou r-fifths  of t h e
air.  Foun d  in all alb u minoids.

S ulph ur, a  yellow solid.

P hos p ho r u s ,  a  yellowis h  w hi t e  solid.

Pot a s siu m,  a  silve r  w hi t e  solid.

Calciu m,  a  yellowis h  solid.   Foun d  in lim es to n e.

M a g n e siu m,  a  silve r  w hi t e  solid.

Iron,  a  silve r  g r ay  solid.

Of t h e s e  el e m e n t s  t h e  ni t rog e n,  s ulph ur, p hos p ho r u s,
po t a s siu m,  c alciu m,  m a g n e siu m,  a n d  iron  m u s t  no t  only
exis t  in t h e  soil b u t  m u s t  also  b e  t h e r e  in s uc h  for m
t h a t  t h e  pl a n t  c a n  u s e  t h e m.   The  pl a n t  do e s  no t
u s e  t h e m  in t h ei r  si m ple  el e m e n t a ry  for m  b u t  in  va rious
co m po u n d s.   Thes e  co m po u n d s  m u s t  b e  soluble  in
w a t e r  o r  in w e a k  a cids.

Of t h e s e  s eve n  el e m e n t s  of pla n t  food  t h e  ni t ro g e n,
p hos p ho r u s ,  a n d  po t a ssiu m  a n d  c alciu m  a r e  of p a r t icul a r
impor t a nc e  to  t h e  fa r m er, b ec a u s e  t h ey do  no t  alw ays
exis t  in t h e  soil in s ufficien t  availabl e  q u a n ti ti es
to  p ro d uc e  p rofi t a bl e  c rops .   P rofesso r  Rob e r t s ,
of Cor n ell U nive r si ty, t ells  u s  t h a t  a n  ave r a g e  a c r e
of soil eigh t  inch e s  d e e p  con t ain s  t h r e e  t hou s a n d
po u n d s  of ni t rog e n.   The  ni t ro g e n  exis t s  la rg ely
in t h e  h u m u s  of t h e  soil a n d  it  is only a s  t h e  h u m u s
d ec ays  t h a t  t h e  ni t rog e n  is m a d e  availabl e.   H e r e
is a no t h e r  r e a so n  for  ke e ping  t h e  soil w ell s u p plied
wi th  o r g a nic  m a t t er.  The  d e c ay of t his  o r g a nic
m a t t e r  is h a s t e n e d  by wo rking  t h e  soil; t h e r efo r e  good
tillag e  h elps  to  s u p ply t h e  pl a n t  wit h  ni t rog e n.

If t h e  ni t ro g e n  b e co m e s  availabl e  w h e n  t h e r e  is no
c rop  on  t h e  soil it  will b e  w a s h e d  ou t  by  r ain s  a n d
so  los t.   The r efo r e  t h e  soil, e s p eci ally if it
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is s a n dy, s hould  b e  cove r e d  wi th  a  c rop  t h e  ye a r  t h ro u g h.  
M a ny land s  lose  la rg e  a m o u n t s  of pl a n t  food  by b eing
lef t  b a r e  t h ro u g h  t h e  fall a n d  win t er, e s p e ci ally
in t hos e  p a r t s  of t h e  cou n t ry w h e r e  t h e  lan d  do e s
no t  fr e ez e.   The  p hos p ho r u s ,  po t a s siu m  a n d  c alciu m
also  exis t  in m os t  soils  in co nsid e r a ble  q u a n ti ti es,
b u t  oft e n  a r e  no t  available; t ho ro u g h  tillag e  a n d
t h e  a d di tion  of o r g a nic  m a t t e r  will h elp  to  m a k e  t h e m
av aila ble,  a n d  n e w  s u p plie s  m ay  b e  a d d e d  in t h e  for m
of fe r tilize r s.   Calciu m  is foun d  in n e a rly all
soils  in s ufficien t  q u a n ti tie s  for  m os t  c rops ,  b u t
so m e ti m e s  t h e r e  is no t  e no u g h  of it  for  s uc h  c rop s
a s  clover, cow p e a,  alfalfa, e t c .  I t  is a l so
u s e d  to  imp rove  soil t ex t u r e .   The  e n ti r e  s u bjec t
of co m m e r cial fe r tilize r s  is b a s e d  al mos t  e n ti r ely
on  t h e  fac t  of t h e  lack  of t h e s e  fou r  el e m e n t s  in
t h e  soil in s ufficien t  availabl e  q u a n ti ti es  to  g row
p rofit a ble  c ro ps.   The  pla n t  g e t s  it s  p hos p ho r us
fro m  p hos p ho ric  a cid,  it s  po t a s siu m  fro m  po t a s h,  a n d
its  c alciu m  fro m  lim e.

The r e  is a  cl a s s  of pl a n t s  w hich  h av e  t h e  po w e r  of
t aking  fre e  ni t rog e n  fro m  t h e  air.  The s e  a r e
t h e  legu minous  pl a n t s;  s uc h  a s  clover, b e a n s,  cow p e a s ,
alfalfa,  soy b e a n,  e t c .  They do  it  t h rou g h
t h e  a cid  of mic roscopic o r g a nis m s  c alled  b a c t e ria
w hich  live  in no d ule s  o r  t u b e rcle s  on  t h e  roo t s  of
t h e s e  pla n t s  (Figs.  3 4-3 5).  Collec t  roo t s  of
t h e s e  pla n t s  a n d  find  t h e  no d ule s  on  t h e m.   The
b ac t e ri a  t ak e  ni t rog e n  fro m  t h e  ai r  w hich  p e n e t r a t e s
t h e  soil a n d  give  it  ove r  to  t h e  pl a n t s .   H e r e
is a no t h e r  r e a so n  for  good  soil ven tila tion.
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This  las t  fac t  b ring s  u s  to  a no t h e r  ve ry im po r t a n t
p ro p e r ty of soils.  Soils  h av e  exis ting  in t h e m
m a ny  ve ry s m all pl a n t s  c alled  b a c t e ri a.   They
a r e  so  ve ry s m all t h a t  it  wo uld  t ak e  s eve r al  h u n d r e d
of t h e m  to  r e a c h  a c ross  t h e  e d g e  of t his  s h e e t  of
p a p er.  We c a n no t  s e e  t h e m  wit h  t h e  n a k e d  eye
b u t  only wi th  t h e  m os t  pow e rful mic roscop e s .   So m e
of t h e s e  mi n u t e  pl a n t s  a r e  g r e a t  frie n ds  to  t h e  fa r m er,
for  i t is la r g ely t h rou g h  t h ei r  work  t h a t  food  is
m a d e  av ailable  for  t h e  high e r  pl a n t s .   So m e  of
t h e m  b r e a k  dow n  t h e  o r g a nic  m a t t e r  a n d  h elp  p r e p a r e
t h e  ni t ro g e n  for  t h e  la r g e r  pl a n t s.   Ot h e r s  h elp
t h e  legu minous  pl a n t s  to  fee d  on  t h e  ni t rog e n  of t h e
air.  To do  t h ei r  wo rk  t h ey n e e d  w a r m t h,  m ois t u r e ,
air, a n d  so m e  min e r al  food; t h e s e  con di tions  w e  b rin g
a bo u t  by imp roving  t h e  t ext u r e  of t h e  soil by m e a n s
of t ho ro u g h  tillag e  a n d  t h e  u s e  of o r g a nic  m a t t er.

CHAPTER IX

S EE D S

CONDITIONS NECESSARY FOR SEEDS TO SPROUT

In  t h e  s p ring  co m e s  t h e  g r e a t  s e e d-pla n ting  ti m e  on
t h e  fa r m,  in t h e  ho m e  g a r d e n  a n d  in t h e  sc hool g a r d e n.  
M a ny ti m es  t h e  q u e s tions  will b e  a sk e d:   Why didn’t
t hos e  s e e d s  co m e  u p?   H ow  s h all I pl a n t  s e e d s  so
a s  to  h elp  t h e m  s p ro u t  e a sily a n d  g ro w  in to s t ro n g
pla n t s?   To a n s w e r  t h e s e  q u e s tions,  p e rfo r m  a
few exp e ri m e n t s  wi th  s e e d s ,  a n d  t h us  find  ou t  w h a t
con di tions  a r e  n ec es s a ry  for  s e e d s  to  s p ro u t ,  o r  g e r min a t e .  
For  t h e s e  exp e ri m e n t s  you  will n e e d  a  few t e a c u p s,
gl a s s  t u m ble r s  o r  tin  c a n s,  s uc h  a s  to m a to  c a n s  o r
b aking-pow d e r  c a n s;  a  few pla t e s ,  ei t h e r  of tin  o r

80



c rock e ry; so m e  wid e-m o u t h  bo t tle s  t h a t  will hold  a bo u t
h alf a  pin t,  s uc h  a s  pickle,  olive,  o r  ye as t  bo t tl e s
o r  d r u g gis t s’ wid e-m o u t h  p r e sc rip tion  bo t tl e s;
a n d  a  few piec e s  of clo th.   Also s e e d s  of co r n,
g a r d e n  p e a s  a n d  b e a n s.

= E x p e ri m e n t . =—P ut  s e e d s  of co r n,  g a r d e n
p e a s ,  a n d  b e a n s  (abou t  a  h a n dful of e a c h)  to  so ak
in bo t tl e s  o r  t u m ble r s  of w a t er.  N ex t  d ay, t wo
ho u r s  e a rlie r  in t h e  d ay, p u t  a  d u plica t e  lot  of s e e d s
to  so ak.  Whe n  t his  s eco n d  lot  of s e e ds  h a s  so ak e d
t wo ho u r s ,  you  will h av e  t wo  lot s  of so ak e d  s e e d s
of e a c h  kind,  on e  of w hich  h a s  so ak e d  t w e n ty-fou r
ho u r s  a n d  t h e  o t h e r  t wo  ho u r s .   N o w  t ak e  t h e s e
s e e d s  fro m  t h e  w a t e r  a n d  d ry  t h e  s u r plu s  w a t e r  fro m
t h e m  by g e n tly p a t ting  o r  r u b bin g  a  few a t  a  t im e
in t h e  folds  of a  pi ec e  of clo th,  t akin g  c a r e  no t  to
b r e ak  t h e  skin  o r  ou t e r  co a ting  of t h e  s e e d .  
Pl ac e  t h e m  in d ry  bo t tl e s,  p u t ting  in  e no u g h  to  cove r
t h e  bo t to m s  of t h e  bo t tl es  a bo u t  t h r e e  s e e d s  d e e p;
co rk  t h e  bo t tl e s.   If you  c a n no t  find  co rks,  ti e
p a p e r  ove r  t h e  m o u t h s  of t h e  bo t tl e s.   Lab el  t h e
bo t tl es  “S e e ds  so ak e d  2 4  ho u r s ,” “Se e d s
so ak e d  2  ho u r s ,” a n d  le t  t h e m  s t a n d  in a  w a r m
plac e  s eve r al  d ays.   If t h e r e  is d a n g e r  of fr e ezing
a t  nigh t,  t h e  bo t tl es  of s e e d s  m ay b e  ke p t  in t h e
kitc h e n  o r  living  roo m  w h e r e  it  is w a r m,  u n til t h ey
s p ro u t .

Obs e rve  t h e  s e e d s  fro m  d ay to  d ay.  The  s e e d s
t h a t  so ak e d  t w e n ty-fou r  ho u r s  will s p ro u t  r e a dily
(Fig.  3 6), w hile  m o s t ,  if no t  all, of t hos e  t h a t  so ak e d
only t wo  ho u r s  will no t  s p ro u t .   Why is t his? 
It  is b e c a u s e  t h e  t wo-ho u r  so ak e d  s e e d s  do  no t  r ec eive
s ufficien t  m ois t u r e  to  c a r ry  on  t h e  p roc e s s  of s p ro u ting.
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Ou r  exp e ri m e n t  t e a c h e s  u s  t h a t  s e e d s  will no t  s p ro u t
u n til t h ey r e c eive  e no u g h  m ois t u r e  to  so ak  t h e m  t h ro u g h
a n d  t h rou g h.

This  also  t e a c h e s  t h a t  w h e n  w e  pl a n t  s e e d s  w e  m u s t
so  p r e p a r e  t h e  soil for  t h e m  a n d  so  pl a n t  t h e m  t h a t
t h ey  will b e  a bl e  to  g e t  s ufficien t  m ois t u r e  to  s p ro u t .

= E x p e ri m e n t . =—So ak  so m e  b e a n s,  p e a s  o r
co r n,  t w e n ty-fou r  ho u r s;  c a r efully d ry  t h e m  wit h  a
clo th.   In  on e  h alf-pin t  bo t tl e  pl ac e  e no u g h  of
t h e m  to  cove r  t h e  bo t to m  of t h e  bo t tl e  t wo  o r  t h r e e
s e e d s  d e e p;  m a rk  t his  bo t tle  A. Fill a no t h e r  bo t tl e
t wo-t hi r d s  full of t h e m  a n d  m a rk  t h e  bo t tl e  B (Fig.
3 7).  Co rk  t h e  bo t tl es  a n d  le t  t h e m  s t a n d  for
s eve r al  d ays.   Also le t  so m e  s e e d s  r e m ain  so aking
in t h e  w a t er.  The  few s e e d s  in  bo t tl e  A will
s p ro u t ,  w hile,  t h e  la r g e r  n u m b e r  in bo t tl e  B will
no t  s p rou t ,  o r  will p ro d uc e  only ve ry s ho r t  s p ro u t s.  
Why do  no t  t h e  s e e d s  s p ro u t  e a sily in t h e  bo t tl e  w hich
is m o r e  t h a n  h alf full?

To a n s w e r  t his  q u e s tion  t ry t h e  following  exp e ri m e n t:  

= E x p e ri m e n t . =—Ca r efully loos e n  t h e  co rk
in bo t tl e  B (th e  bo t tl e  con t aining  poo rly s p rou t e d
s e e d s), ligh t  a  m a t c h,  r e m ove  t h e  co rk  fro m  t h e  bo t tl e
a n d  in t rod uc e  t h e  ligh t e d  m a t c h .   The  m a tc h  will
s top  b u r nin g  a s  soon  a s  it  is h eld  in t h e  bo t tl e,
b ec a u s e  t h e r e  is no  fr es h  ai r  in  t h e  bo t tl e  to  ke e p
t h e  m a t c h  b u r ning.   Tes t  bo t tl e  A in t h e  s a m e
w ay.  Wh a t  h a s  b e co m e  of t h e  fre s h  ai r  t h a t  w a s
in t h e  bo t tl es  w h e n  t h e  s e e d s  w e r e  p u t  in t h e m?  
The  s e e d s  h ave  t ak e n  so m e t hin g  fro m  it a n d  h ave  left
b a d  ai r  in i ts  pl ac e;  t h ey n e e d  fre s h  ai r  to  h elp  t h e m
s p ro u t ,  b u t  t h ey  h ave  no t  s p ro u t e d  so  w ell in  bo t tle
B b ec a u s e  t h e r e  w a s  no t  fr e s h  ai r  e no u g h  for  so  m a ny
s e e d s.   The  s e e d s  in t h e  w a t e r  do  no t  s p ro u t  b e c a u s e
t h e r e  is no t  e no u g h  ai r  in  t h e  w a t er.  No w  t ry
a no t h e r  exp e ri m e n t .
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[Illus t r a tion:  FIG. 3 6.   To s how  t h a t  s e e d s
n e e d  w a t e r  for  g e r min a tion.   The  b e a n s  in bo t tl e
A  w e r e  so ak e d  2  ho u r s ,  t hos e  in bo t tl e  B
w e r e  soak e d  2 4  ho u r s .   They w e r e  t h e n  r e m ove d
fro m  t h e  w a t e r  a n d  p u t  in to  d ry  bo t tl e s.]

[Illus t r a tion:  FIG. 3 7.   To s how  t h a t  s e e d s
n e e d  ai r  for  g e r min a tion.   The  b e a n s  in  bo t h  bo t tl e s
w e r e  soak e d  2 4  ho u r s ,  a n d  t h e n  w e r e  p u t  into  d ry bo t tl e s
Bot tl e  A  co n t ain e d  s ufficien t  ai r  to  s t a r t
t h e  few s e e d s.   Bot tl e  B  h a d  no t  e no u g h.  
The  w a t e r  in t h e  t u m ble r  C  did  no t  con t ain  s ufficien t
ai r  for  g e r min a tion.   S e e  exp e ri m e n t ,  p a g e  7 2.]

[Illus t r a tion:  FIG. 3 8.   To s how  t h a t  s e e d s
n e e d  ai r  for  g e r min a tion.   Co r n  pla n t e d  in p u d dled
clay in t u m ble r  A  could  no t  g e t  s uffice n t  ai r
for  s p ro u ting.   The  m ois t  s a n d  in  t u m ble r  B
a d mi t t e d  s ufficien t  ai r  for  g e r min a tion.]
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= E x p e ri m e n t . =—Fill so m e  t u m ble r s  o r  t e a c u p s
o r  tin  c a n s  wi th  w e t  s a n d  a n d  o th e r s  wi th  cl ay t h a t
h a s  b e e n  w e t  a n d  t h e n  t ho ro u g hly s ti r r e d  till it  is
a bo u t  t h e  consis t e ncy of c ak e  b a t t e r  o r  fr e s h  mixe d
m o r t ar.  Take  a  t u m ble r  of t h e  w e t  s a n d  a n d  on e
of t h e  w e t  clay a n d  pla n t  t wo  o r  t h r e e  ke r n el s  of
co r n  in e a c h,  p r e s sing  t h e  k e r n els  do w n  on e-h alf o r
t h r e e-q u a r t e r s  of a n  inch  b elow t h e  s u rfac e;  cove r
t h e  s e e d s  a n d  c a r efully s moot h  t h e  s u rfac e.   In
o th e r  t u m ble r s  pl a n t  p e a s,  b e a n s ,  a n d  o t h e r  s e e d s .  
Cove r  t h e  t u m ble r s  wi th  s a uc e r s ,  o r  pi ec e s  of gl a s s
o r  bo a r d  to  ke e p  t h e  soil fro m  d rying.   Watch
t h e m  for  s eve r al  d ays.   If t h e  clay t e n d s  to  d ry
a n d  c r ack,  m ois t e n  it, fill t h e  c r a cks  a n d  s m oot h
t h e  s u rfac e.   The  s e e d s  in t h e  s a n d  will s p ro u t
b u t  t hos e  in t h e  clay will no t  (se e  Fig.  3 8). 
Why is t his?   Wate r  fills t h e  s m all s p a c e s  b e t w e e n
t h e  p a r ticle s  of clay a n d  s h u t s  ou t  t h e  fre s h  ai r  w hich
is n ec es s a ry  for  t h e  s p ro u ting  of t h e  s e e d s.

This  t e a c h e s  u s  t h a t  w h e n  w e  pla n t  s e e d s  w e  m u s t  so
p r e p a r e  t h e  soil, a n d  so  pl a n t  t h e  s e e d s  t h a t  t h ey
will g e t  e no u g h  fr es h  ai r  to  e n a ble  t h e m  to  s p ro u t ,
or, in o t h e r  wo r ds ,  t h e  soil m u s t  b e  w ell ven tila t e d.

= E x p e ri m e n t . =—Pla n t  s e e d s  of co r n  a n d  b e a n s
in e ac h  of t wo  t u m ble r s;  s e t  on e  ou t  of doo r s  in a
cold  pl ac e  a n d  ke e p  t h e  o t h e r  in a  w a r m  plac e  in  t h e
ho us e.   The  s e e d s  ke p t  in t h e  ho us e  will s p ro u t
q uickly b u t  t hos e  ou t sid e  in  t h e  cold  will no t  s p ro u t
a t  all.  This s how s  u s  t h a t  s e e d s  will no t  s p ro u t
wi tho u t  h e a t .

If t h e  w e a t h e r  is w a r m  plac e  on e  of t h e  t u m ble r s  in
a  r ef rige r a tor.

Why do n’t  w e  pla n t  co r n  in Dece m b e r?

Why no t  pl a n t  m elons  in Janu a ry?

Why no t  pl a n t  co t ton  in  Nove m b e r?
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The  s e e d s  of fa r m  c ro ps  m ay b e  divide d  in to  t wo  cla s s e s
a c co r din g  to  t h e  t e m p e r a t u r e s  a t  w hich  t h ey will g e r min a t e
o r  s p rou t  r e a dily a n d  c a n  b e  s afely pl a n t e d .

Cla ss  A. Thos e  s e e d s  t h a t  will g e r min a t e  o r  s p ro u t
a t  a n  ave r a g e  t e m p e r a t u r e  of for ty-five  d e g r e e s  in
t h e  s h a d e,  o r  a t  a bo u t  t h e  t im e  t h e  p e a c h  a n d  plu m
t r e e s  blosso m: 

Ba rley           Be e t             Pa r sley
O a t s              C a r ro t           Pa r s nip
Rye              Ca b b a g e          Onion
Whe a t             Ca uliflow e r      Pe a
Re d  Clove r        E n dive           R a dis h
Crimso n  Clove r    Kale             Tur nip
Gr as s e s           Let t uc e          S pin ac h

The s e  c a n  b e  pl a n t e d  wi th  s afe ty in t h e  s p rin g  a s
soon  a s  t h e  g ro u n d  c a n  b e  p r e p a r e d ,  a n d  so m e  of t h e m,
if pl a n t e d  in t h e  fall, live  t h ro u g h  t h e  win t er.

Cla ss  B. Thos e  s e e d s  t h a t  will g e r min a t e  o r  s p ro u t
a t  a n  ave r a g e  t e m p e r a t u r e  of sixty d e g r e e s  in  t h e
s h a d e,  o r  w h e n  t h e  a p ple  t r e e s  blosso m: 

Alfalfa           Soy Bea n         S q u a s h
Cow Pe a           Pole  Be a n        Cuc u m b e r
Cor n              S t rin g  Be a n      P u m pkin
Cot ton            M elon            Tom a to
E g g  Pla n t         Ok r a             Pep p e r

We a r e  now  r e a dy to  a n s w e r  t h e  q u e s tion:   Wh a t
con di tions  a r e  n ec es s a ry  for  s e e d s  to  s p ro u t  o r  g e r min a t e?  
The s e  con di tions  a r e :  
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The  p r e s e n c e  of e no u g h  m ois tu r e  to  ke e p  t h e  s e e d  t ho rou g hly
so ak e d.

The  p r e s e n c e  of fr e s h  air.

The  p r e s e n c e  of m o r e  o r  les s  h e a t .

This  t e a c h e s  u s  t h a t  w h e n  w e  pla n t  s e e d s  in t h e  window
box o r  in  t h e  g a r d e n  o r  on  t h e  fa r m  w e  m u s t  so  p r e p a r e
t h e  soil a n d  so  pla n t  t h e  s e e d s  t h a t  t h ey  will b e
a ble  to  ob t ain  s ufficien t  m ois t u r e ,  h e a t ,  a n d  ai r
for  s p ro u ting.   The  m ois t u r e  m u s t  b e  film w a t er,
for  if i t is fr e e  w a t e r  o r  c a pilla ry w a t e r  filling
t h e  soil po r e s ,  t h e r e  c a n  b e  no  ven til a tion  a n d,  t h e r efo r e ,
no  s p ro u ting.

SEED TESTING

In  a  p r evious  exp e ri m e n t  (pa g e  7 3)  t h e  s e e d s  pl a n t e d
in t h e  w e t  clay did  no t  s p ro u t  (s e e  Fig.  3 8). 
In  a n s w e r  to  t h e  q u e s tion,  “Why is t hi s?”
so m e  will s ay t h e  s e e d s  w e r e  b a d.   I t  of t e n  h a p p e n s
on  t h e  fa r m  t h a t  t h e  s e e d s  do  no t  s p ro u t  w ell a n d
t h e  fa r m e r  a cc u s e s  t h e  s e e d s m a n  of s elling  him  poo r
s e e d,  b u t  do e s  no t  t hink  t h a t  h e  hi m s elf m ay b e  t h e
c a u s e  of t h e  failu r e  by  no t  p u t ting  t h e  s e e d s  u n d e r
t h e  p ro p e r  con ditions  for  s p ro u ting.   H ow  c a n
w e  t ell w h e t h e r  o r  no t  ou r  s e e d s  will s p ro u t  if p rop e rly
pla n t e d?   We c a n  t e s t  t h e m  by p u t ting  a  n u m b e r
of s e e d s  fro m  e a c h  p ack a g e  u n d e r  p rop e r  con di tions
of m ois t u r e ,  h e a t  a n d  air, a s  follows: 

For  la r g e  s e e d s  t ak e  t wo  pl a t e s  (se e  Fig.  3 9)  a n d
a  pi ec e  of clo th  a s  wid e  a s  t h e  bo t to m  of t h e  pl a t e
a n d  t wice  a s  long.   Cou n t  ou t  fifty o r  on e  h u n d r e d
s e e d s  fro m  a  p a ck a g e,  w e t  t h e  clo th  a n d  w ring  it ou t .  
Pl ac e  on e  e n d  of t h e  clot h  on  t h e  pl a t e ,  pl ac e  t h e
s e e d s  on  t h e  clot h  a n d  fold t h e  o t h e r  e n d  of t h e  clot h
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ove r  t h e m.   On  a  slip  of p a p e r  m a r k  t h e  n u m b e r
of s e e d s  a n d  d a t e ,  a n d  pl ac e  on  t h e  e d g e  of t h e  pl a t e .  
N o w  cove r  t h e  w hole  wi th  a no t h e r  pl a t e ,  o r  wi th  a
p a n e  of gla s s  to  ke e p  fro m  d rying.   S e t  t h e  pla t e
of s e e d s  in a  w a r m  roo m  a n d  ex a min e  occ a sion ally for
s eve r al  d ays.   If t h e  clo th  t e n d s  to  d ry, m ois t e n
it  fro m  ti m e  to  t im e.   As t h e  s e e d s  s p ro u t  t ak e
t h e m  ou t  a n d  k e e p  a  r e co rd  of t h e m.   Or  leave
t h e m  in t h e  pl a t e  a n d  af t e r  fou r  o r  five  d ays  cou n t
t hos e  t h a t  h ave  s p rou t e d .   This  will give  t h e  p ro po r tion
of good  s e e d s  in t h e  p a ck a g e s.

For  s m all s e e d s  fold t h e  clo t h  fir s t  a n d  pl ac e  t h e
s e e d s  on  top  of i t.

Anot h e r  good  t e s t e r  for  s m all s e e ds  is m a d e  by r u n nin g
a bo u t  a n  inc h  of fr e s hly mixe d  pl a s t e r  of Pa ris  in to
a  s m all dis h  o r  p a n  a n d  m o ulding  fla t  c aviti es  in
t h e  s u rfac e  by s e t ting  bo t tl es  in to  it.  The  di sh
o r  p a n  a n d  bo t tl es  s ho uld  b e  sligh tly g r e a s e d  to  p r eve n t
t h e  pl a s t e r  s ticking  to  t h e m.   Wh e n  t h e  c a s t  h a s
h a r d e n e d  it s ho uld  b e  t u r n e d  ou t  of t h e  m o uld  a n d
s e t  in a  la rg e  dis h  o r  p a n .   On e  h u n d r e d  s m all
s e e d s  a r e  t h e n  co u n t e d  ou t  a n d  p u t  in to  on e  of t h e
c avities,  o t h e r s  a r e  p u t  in to  t h e  o th e r  c avities.  
Wate r  is t h e n  po u r e d  in to  t h e  p a n  till it  r i s e s  h alf
w ay u p  t h e  side  of t h e  pl a s t e r  c a s t  o r  po ro us  s a uc er. 
The  w hole  t hing  is t h e n  cove r e d  to  ke e p  in t h e  m ois t u r e
(Fig.  4 0).

Anot h e r  m e t ho d  is to  g e t  boxes  of finely p ulve rize d
s a n d  o r  soil a n d  c a r efully pla n t  in  it  fifty o r  on e
h u n d r e d  s e e d s  of e a c h  kind  to  b e  t e s t e d .   The n
by cou n ting  t hos e  t h a t  co m e  u p,  t h e  p ro po r tion  of good
s e e d s  c a n  e a sily b e  foun d.
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In  eve ry c a s e  t h e  t e s t e r s  s ho uld  b e  k e p t  a t  a  t e m p e r a t u r e
of a bo u t  s eve n ty d e g r e e s  o r  a bo u t  t h a t  of t h e  living
roo m.

HOW THE SEEDS COME UP

Plan t  a  few s e e d s  of co r n,  b e a n s  a n d  g a r d e n  p e a s  in
boxes  o r  t u m ble r s  e ac h  d ay for  s eve r al  d ays  in s ucc e s sion.  
The n  p u t  s e e d s  of co r n,  b e a n s  a n d  g a r d e n  p e a s  to  so ak. 
Afte r  t h e s e  h ave  so ak e d  a  few ho u r s ,  ex a min e  t h e m
to  find  ou t  ho w  t h e  s e e d  is cons t r uc t e d .   No t e
fir s t  t h e  g e n e r al  s h a p e  of t h e  s e e d s  a n d  t h e  sc a r
(Fig.  4 1-4) on  on e  sid e  a s  in  t h e  b e a n  o r  p e a  a n d
a t  on e  e n d  o r  on  on e  e d g e  in  t h e  co r n.   This  sc ar,
al so  c alled  hilu m,  is w h e r e  t h e  s e e d  w a s  a t t a c h e d
to  t h e  s e e d  vess el.

Cu t  in to  t h e  b e a n  a n d  p e a ,  t h ey  will b e  foun d  to  b e
p ro t e c t e d  by a  tou g h  skin  o r  coa t .   Within  t his
t h e  con t e n t s  of t h e  s e e d  a r e  divide d  in to  t wo  bodie s
of e q u al  size  lying  clos e  to  e a c h  o th e r  a n d  c alled
s e e d  leaves  o r  co tyledo ns  (Fig.  4 1-5).  Be tw e e n
t h e m  n e a r  on e  e n d  o r  on e  side  will b e  foun d  a  p ai r
of ve ry s m all w hi t e  leaves  a n d  a  lit tle  r o u n d  poin t e d
p rojec tion.   The  p a r t  b e a rin g  t h e  t iny leaves  w a s
for m e rly, a n d  is so m e ti m e s  now, c alle d  t h e  plu m ule,
b u t  is g e n e r ally c alled  t h e  e pico tyl, b e c a u s e  it  g ro ws
a bove  o r  u po n  t h e  co tyledo ns.   The  ro u n d  poin t e d
p rojec tion  w a s  for m e rly c alled  t h e  r a dicle,  b u t  is
now  s poke n  of a s  t h e  hypoco tyl, b e c a u s e  it g row s  b elow
or  u n d e r  t h e  co tyledons.

Exa min e  a  d ry ke r n el  of co r n  a n d  no tic e  t h a t  on  on e
side  t h e r e  is a  sligh t  oval-s h a p e d  d e p r e s sion  (Fig.
4 1-1).  N o w  t ak e  a  so ak e d  ke r n el  a n d  c u t  it in
t wo  piec e s  m a kin g  t h e  c u t  len g t h wis e  fro m  t h e  top  of
t h e  ke r n el  t h ro u g h  t h e  c e n t r e  of t h e  oval d e p r e s sion
a n d  ex a min e  t h e  c u t  s u rf ac e .   A m o r e  o r  les s  t ri a n g ula r-s h a p e d
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body will b e  foun d  on  t h e  conc ave  side  of t h e  ke r n el
(se e  Fig s.  4 1-2  a n d  4 1-3).  This is t h e  on e  co tyledon
of t h e  co r n.   Besides  t his  will b e  foun d  q ui t e
a  m a s s  of s t a r c hy m a t e r ial p ack e d  in t h e  cove rin gs
of t h e  ke r n el  a n d  in clos e  con t a c t  wi t h  on e  side  of
t h e  co tyledo n.   This  is so m e tim e s  c alled  t h e  e n dos p e r m.

Within  t h e  co tyledo n  will b e  foun d  a  li t tle  g rowin g
s hoo t  poin t e d  tow a r d  t h e  top  of t h e  ke r n el.  This
is t h e  e pico tyl, a n d  a no t h e r  g rowin g  tip  poin t e d  tow a r d
t h e  low e r  e n d  of t h e  ke r n el; t hi s  is t h e  hypoco tyl
o r  t h e  p a r t  w hich  p e n e t r a t e s  t h e  soil a n d  for m s  roo t s.

N o w  ex a min e  t h e  s e e d s  t h a t  w e r e  pla n t e d  in s ucc e ssion.  
So m e  will b e  jus t  s t a r ti ng  a  g ro win g  poin t  dow n  in to
t h e  soil.  So m e  of t h e m  h av e  p ro b a bly co m e  u p
a n d  o th e r s  a r e  a t  in t e r m e di a t e  s t a g e s .

H ow  did  t h e  b e a n  g e t  u p?

Afte r  s e n din g  dow n  a  roo t  t h e  hypoco tyl b e g a n  to  d evelop
into  a  s t ro n g  s t e m  w hich  c rooke d  it self u n til it r e a c h e d
t h e  s u rfac e  of t h e  soil a n d  t h e n  p ulled  t h e  co tyledo ns
o r  s e e d-leaves  af t e r  i t (Fig.  4 2).  Thes e  t u r n
g r e e n  a n d  af t e r  a  ti m e  s h rink  a n d  fall off.

The  p e a  co tyledons  w e r e  lef t  do w n  in t h e  soil, t h e
e pico tyl alon e  p u s hing  u p  to  t h e  s u rf ac e .   The
co r n  p u s h e d  a  sle n d e r  g ro wing  poin t  to  t h e  s u rfac e
leaving  t h e  co tyledon  a n d  e n dos p e r m  b e hind  in t h e  soil
b u t  s till a t t a c h e d  to  t h e  lit tl e  pl a n t  (Fig. 4 3).
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USE OF COTYLEDONS AND ENDOSPERM

= E x p e ri m e n t . =—Pla n t  so m e  b e a n s  in a  po t
o r  box of soil a n d  a s  soon  a s  t h ey  co m e  u p  c u t  t h e
s e e d-leaves  fro m  so m e  of t h e m  a n d  w a tc h  t h ei r  g row t h
for  s eve r al  d ays.   I t  will soon  b e  s e e n  t h a t  t h e
pla n t s  on  w hich  t h e  s e e d-leaves  w e r e  lef t  inc r e a s e
in size  m u c h  m o r e  r a pidly t h a n  t hos e  fro m  w hich  t h e
s e e d-leaves  w e r e  r e m ove d  (se e  Figs .  4 3  a n d  4 4). 
S p ro u t  so m e  co r n  in t h e  s e e d  t e s t er.  Wh e n  t h e
s e e dlings  a r e  t wo  o r  t h r e e  inc h e s  long, g e t  a  wide-m o u t h e d
bo t tl e  o r  a  t u m ble r  of w a t e r  a n d  a  pi ec e  of p a s t e bo a r d
la rg e  e no u g h  to  cove r  t h e  top.   Cu t  a  sli t  a bo u t
a n  eig h t h  of a n  inch  wid e  fro m  t h e  m a r gin  to  t h e  c e n t r e
of t h e  p a s t e bo a r d  disk.   Take  on e  of t h e  s e e dlings,
ins e r t  i t in t h e  sli t, wi th  t h e  ke r n el  u n d e r  t h e  p a s t e bo a r d
so  t h a t  it jus t  touc h e s  t h e  w a t er.  Take  a no t h e r
s e e dling  of t h e  s a m e  size,  c a r efully r e m ove  t h e  ke r n el
fro m  it  wi thou t  inju ring  t h e  roo t ,  a n d  plac e  t his  s e e dling
in t h e  sli t  b e sid e  t h e  fi r s t  on e  (Fig. 4 5).  Watch
t h e  g ro wt h  of t h e s e  t wo  s e e dlings  for  a  few d ays.  
Re p e a t  t his  wi t h  s p ro u t e d  p e a s .   In  e a c h  c a s e
it  will b e  foun d  t h a t  t h e  r e m oval of t h e  s e e d-leaves
o r  t h e  ke r n el c h e cks  t h e  g row t h  of t h e  s e e dling.  
The r efo r e ,  it  m u s t  b e  t h a t  t h e  s e e d-leaves  w hich  a p p e a r
a bove  g ro u n d,  a s  in t h e  c a s e  of t h e  b e a n,  o r  t h e  ke r n el
of t h e  co r n  w hich  r e m ains  b elow t h e  s u rfac e  of t h e
soil, fu r nis h  t h e  lit tle  pla n t  wi th  food  u n til it s
roo t s  h ave  g ro w n  s t ro n g  e no u g h  to  t ak e  s ufficien t
food  fro m  t h e  soil.

[Illus t r a tion:  FIG. 3 9.   A s e e d-t e s t er,
con sis ting  of t wo  pl a t e s  a n d  a  m ois t  clo th.]

[Illus t r a tion:  FIG. 4 0.—A SEED-TESTER. 
A pl a s t e r  c a s t  wi t h  c avities  in  t h e  s u rf ac e  for  s m all
s e e d s.]

[Illus t r a tion:  FIG. 4 1.  1 .   Cor n-ke r n el
s howing  d e p r e s sion  a t  z . 2 .   S e c tion  of
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s a m e  af t e r  so aking.  3 .   Cor n-ke r n el  af t e r  g e r min a tion
h a s  b e g u n.   The  s e e d-coa t  a  h a s  b e e n  p a r tly
r e m ove d.  4 .   Be a n  s howing  sc a r  o r  hilu m  a t  h .
5 .   The  s a m e,  s pli t  op e n.  6 .   Be a n  wi t h  on e
co tyledon  r e move d,  af t e r  s p ro u ting  h a d  b e g u n.  a ,
S e e d-co a t;  b , co tyledo n;  c , e pico tyl;
d , hypoco tyl; e , e n dos p e r m.  (Dr a win gs
by M.E.  Fel th a m.)]

CHAPTER X

S EE D  PLA NTI NG

HOW DEEP SHOULD SEEDS BE PLANTED?

= E x p e ri m e n t . =—Pla n t  s eve r al  ke r n els  of
co r n  in m ois t  soil in a  gl a s s  t u m ble r  o r  jar. 
P u t  on e  ke r n el  a t  t h e  bo t to m  a n d  a g ains t  t h e  sid e  of
t h e  gl a s s,  pl ac e  t h e  n ex t  on e  a  h alf inch  o r  a n  inch
hig h e r  a n d  a n  inch  a n d  a  h alf to  on e  side  of t h e  fi r s t
s e e d  a n d  a g ains t  t h e  gl a s s .   Con tinu e  t his  till
t h e  top  of t h e  gla s s  is r e a c h e d  (Fig. 2).  Leave
t h e  las t  s e e d  no t  m o r e  t h a n  on e-fou r t h  inch  b elow
t h e  top  of t h e  soil.  The  soil s ho uld  b e  m ois t
a t  t h e  s t a r t  a n d  t h e  s e e d s  s ho uld  all b e  a g ain s t  t h e
gla ss  so  t h ey  c a n  b e  s e e n .   This  c a n  b e s t  b e  do n e
by pl a n ting  a s  you  fill t h e  gl a s s  wi th  soil. 
Pl an t  p e a s  a n d  b e a n s  in t h e  s a m e  w ay.  Do no t
w a t e r  t h e  soil af t e r  pl a n ting.   S e t  a side  in a
w a r m  plac e  a n d  w ai t  for  t h e  s e e d s  to  co m e  u p.
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Anot h e r  m e t ho d  of p e rfo r ming  t his  exp e ri m e n t  is to
m a k e  a  box h aving  on e  side  gl a s s  (Fig.  4 6).  The
len g t h  a n d  t h e  d e p t h  of t h e  box will d e p e n d  u po n  t h e
size  of t h e  gl a s s  you  u s e .   Fill t h e  box n e a rly
full of m ois t  soil a n d  pla n t  s e e d s  of co r n  a n d  b e a n s
a n d  p e a s  a t  d e p t h s  of on e-q u a r t e r  inch,  on e  inch,
t wo  inc h e s ,  t h r e e  inch e s ,  a n d  fou r  inch e s .   Thes e
s e e d s  c a n  b e s t  b e  p u t  in  a s  t h e  box is b eing  filled.  
H old  e a c h  individu al s e e d  a g ain s t  t h e  gl a s s  wit h  a
s tick so  t h a t  w h e n  pl a n t e d  t h ey m ay  b e  s e e n  t h ro u g h
t h e  gl a s s.   P ro t ec t  t h e  s e e d s  a n d  roo t s  fro m  ligh t
by u sing  a  s h e e t  of c a r d bo a r d ,  tin  o r  w r a p ping  p a p e r
o r  a  pi ec e  of bo a r d ,  a n d  s e t  in a  w a r m  plac e.

M a ny of t h e  s e e d s  pl a n t e d  only on e-q u a r t e r  inch  d e e p
will no t  s p ro u t  b e c a u s e  t h e  soil a bo u t  t h e m  will p rob a bly
d ry  ou t  b efo r e  t h ey  t ak e  fro m  it e no u g h  m ois t u r e  to
s p ro u t .   The  on e  a n d  t wo-inch  d e e p  s e e d s  will
p ro b a bly co m e  u p  all ri gh t .   Of t h e  t h r e e  a n d  fou r-inc h
d e e p  s e e d s ,  t h e  co r n  a n d  p e a s  will p ro b a bly m a k e  t h ei r
w ay to  t h e  s u rfac e  b e c a u s e  t h ey s e n d  u p  only a  sle n d e r
s hoo t ,  w hich  c a n  e a sily forc e  it s  w ay t h ro u g h  t h e
soil.  The  d e e p-pla n t e d  b e a n s  will m a k e  a  s t ro n g
effo r t  b u t  will no t  s ucc e e d  in  forcing  t h ei r  w ay to
t h e  s u rfac e  b ec a u s e  t h ey a r e  no t  a bl e  to  lift  t h e
la rg e  s e e d-leaves  t h ro u g h  so  m u c h  soil, a n d  will finally
give  u p  t h e  s t r u g gle.   If a ny of t h e  d e e p e r  b e a n s
do  g e t  u p,  t h e  s e e d-le aves  will p ro b a bly b e  b roke n
off a n d  t h e  li t tl e  pl a n t  will s t a rve  a n d  b e  d w a rf ed.  
This  exp e ri m e n t  t e a c h e s  u s  t h a t  w e  s ho uld  pla n t  s e e d s
d e e p  e no u g h  to  g e t  s ufficie n t  m ois t u r e  for  s p ro u ting
a n d  ye t  no t  so  d e e p  t h a t  t h e  youn g  s e e dlings  will
no t  b e  a bl e  to  forc e  t h ei r  w ay to  t h e  s u rfac e .

S e e d s  w hich  r ai s e  t h ei r  co tyledons  a bove  t h e  soil
s ho uld  no t  b e  pl a n t e d  a s  d e e p  a s  t hos e  w hich  do  no t .  
La r g e,  s t ro n g  s e e d s  like  co r n,  p e a s ,  e t c ., w hich
do  no t  lift t h ei r  co tyledons  a bove  t h e  s u rfac e,  c a n
b e  pl a n t e d  wi th  s afe ty a t  a  d e p t h  of fro m  on e  to  fou r
o r  five  inch e s .
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[Illus t r a tion:  FIG. 4 2.   To s how  how  t h e
b e a n  pl a n t  g e t s  u p .   N o tice  t h e  c u rve d  hypoco tyls
p ulling  t h e  s e e d-le aves  o r  co tyle do n  ou t  of t h e  soil.]

[Illus t r a tion:  FIG. 4 3.   To s how  how  t h e
co r n-pl a n t  g e t s  ou t  of t h e  soil.  A sl en d e r  g rowing
poin t  p u s h e s  s t r aigh t  u p  t h rou g h  t h e  soil, le aving
t h e  ke r n el  b e hin d.]

[Illus t r a tion:  FIG. 4 4.   To s how  t h e  u s e
of t h e  co tyledo ns.   Thes e  a r e  t h e  pl a n t s  s how n
in t u m ble r  2 ,  Fig  4 2,  for ty-eig h t  ho u r s  af t e r  r e m oving
t h e  co tyledo ns  fro m  pla n t  B.  Pla n t  B ,
a l t ho u g h  fir s t  u p,  h a s  b e e n  h a n dic a p p e d  by t h e  loss
of it s  co tyledons.]

S e e d s  of c a r ro t ,  c ele ry, p a r sl ey, p a r s nip  a n d  e g g
pla n t  a r e  w e ak  a n d  r a t h e r  slow in g e r min a ting.  
I t  is c u s to m a ry to  pl a n t  t h e m  r a t h e r  t hickly in o rd e r
t h a t  by t h e  u ni t e d  s t r e n g t h  of m a ny  s e e d s  t h ey m ay
m o r e  r e a dily co m e  to  t h e  s u rfac e.   This  poin t  s ho uld
b e  obs e rve d  al so  in pl a n ting  s e e d s  in h e avy g ro u n d
t h a t  is liable  to  p a ck  a n d  c r u s t  ove r  b efo r e  t h e  s e e d s
g e r min a t e.

S e e d  s ho uld  alw ays  b e  sow n  in fr e s hly s ti r r e d  soil
a n d  m ay  b e  pl a n t e d  by h a n d  o r  wi t h  a  m a c hin e.
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For  t h e  ho m e  g a r d e n  a n d  t h e  s chool g a r d e n,  a n d  w h e n
only s m all q u a n ti ti es  of a ny on e  va rie ty a r e  pl a n t e d ,
a  m a c hin e  is h a r dly d e si r a ble  a n d  h a n d  pl a n tin g  is
p r efe r a ble.

The  ro w s  a r e  m a r k e d  ou t  wi t h  t h e  g a r d e n  m a rk er, o r
t h e  e n d  of a  ho e  o r  r ak e  h a n dle  (Fig. 4 7), u sin g  a
line  o r  t h e  e d g e  of a  bo a r d  a s  a  g uide .   The  s e e d s
a r e  t h e n  c a r efully a n d  eve nly d rop p e d  in t h e  m a rk  o r
fu r row.

The  cove ring  is don e  wi th  t h e  h a n d  o r  a  r a k e  o r  ho e,
a n d  t h e  soil is p r e s s e d  ove r  t h e  s e e d s  by p a t ting
it  wi t h  t h e  cove ring  tool o r  w alking  on  t h e  ro w  a n d
p r e s sin g  it  wi t h  t h e  fee t .   This p r e s sin g  of t h e
soil ove r  t h e  s e e d s  is to  b ring  t h e  p a r ticles  of soil
clos e  to  e a c h  o t h e r  a n d  to  t h e  s e e d  so  t h a t  film w a t e r
c a n  climb  u po n  t h e m  a n d  m ois t e n  t h e  s e e d  s ufficie n tly
for  s p ro u ting.

A conve nie n t  w ay of dis t ribu ting  s m all s e e d s  like
t hos e  of t u r nip  a n d  c a b b a g e,  is to  t ak e  a  s m all p a s t e bo a r d
box o r  tin  s pic e  o r  b a king-pow d e r  box, a n d  p u n c h  a
s m all hole  in t h e  bo t to m  n e a r  on e  e n d  o r  side .  
Th ro u g h  t his  t h e  s e e d s  c a n  b e  sif t e d  q ui t e  eve nly.

For  t h e  la r g e r  op e r a t ions  of t h e  fa r m  a n d  m a rk e t  g a r d e n,
h a n d  a n d  ho r s e-pow e r  d rills  a n d  b ro a dc a s t e r s  a r e  g e n e r ally
u s e d,  t hou g h  so m e  fa r m e r s  s till pl a n t  la rg e  fields
by h a n d.

The  g r a s s e s  a n d  clove r s  a r e  g e n e r ally b ro a dc a s t e d
by h a n d  o r  m a c hin e,  a n d  a r e  t h e n  ligh tly h a r row e d
a n d  a r e  g e n e r ally rolled.

The  s m all g r ains  (wh e a t ,  oa t s ,  e t c .) a r e  b ro a dc a s t e d
by m a ny  fa r m e r s ,  b u t  d rilling  is conside r e d  b e t t er. 
With  t h e  g r ain  d rill t h e  s e e d  is d e posi t e d  a t  a  u nifo r m
d e p t h  a n d  a t  r e g ul a r  in t e rvals.  In  b ro a dc a s tin g,
so m e  of t h e  s e e d s  a r e  pl a n t e d  too  d e e p,  a n d  so m e  too
s h allow, a n d  o th e r s  a r e  lef t  on  t h e  s u rfac e  of t h e
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soil.

F ro m  exp e ri m e n t  it h a s  b e e n  foun d  t h a t  t h e r e  is a
loss  of a bo u t  on e-fifth  of t h e  s e e d  w h e n  b ro a dc a s t e d
a s  co m p a r e d  wi th  d rilling.

As in t h e  c a s e  of g r a s s  s e e d ,  t h e  g r ains  a r e  g e n e r ally
rolled  af t e r  sowing.

Cor n  is pl a n t e d  by h a n d,  o r  by h a n d- a n d  ho r s e-co r n-pl a n t e r s ,
w hich  d ro p  a  c e r t ain  n u m b e r  of s e e d s  a t  a ny r e q ui r e d
dis t a n c e  in t h e  row.

The r e  a r e  a  n u m b e r  of s e e d  d rills  m a d e  for  pla n ting
veg e t a ble  s e e d s  w hich  a r e  good  m a c hin e s.

The  m ain  poin t s  to  b e  conside r e d  in s e e d  d rills  o r
s e e d  pl a n ting  m a c hin e s  a r e:  

Si m plici ty a n d  d u r a bili ty of s t r uc t u r e .

E a s e  of d r af t .

U nifor mity in q u a n ti ty of s e e d  pl a n t e d,  a n d  in  t h e
dis t a n c e s  a p a r t  a n d  d e p t h  to  w hich  t h ey a r e  pl a n t e d .

The  dis t a nc es  a p a r t  a t  w hich  s e e d s  a r e  pl a n t e d  va ry
a c co r din g  to  t h e  ch a r ac t e r  of t h e  pl a n t.   Bus hy,
s p r e a ding  pl a n t s  a n d  t all pl a n t s  r e q ui r e  m o r e  roo m
t h a n  low a n d  sle n d e r-g rowing  pl a n t s.

Visit  t h e  n eigh bo rin g  h a r d w a r e  s to r e s  a n d  fa r m s  a n d
exa min e  a s  m a ny s e e d-g rowing  tools  a s  possible  to
s e e  how  t h ey a r e  cons t r uc t e d  a n d  how  p ro p e rly u s e d .  
P r a c tice  pl a n ting  wit h  t h e s e  tools, if pos sible.

Illus t r a tions  of g r ain  d rills  a n d  o t h e r  s e e d-pla n ting
m a c hin e s  will b e  foun d  in s e e d  c a t alog u e s,  h a r d w a r e
c a t alog u es ,  a n d  in t h e  a dv e r tising  colu m n s  of a g ric ul t u r al
p a p e r s .
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SEED CLASSIFICATION

In  o r d e r  to  b e co m e  fa milia r  wi th  t h e  fa r m  a n d  g a r d e n
s e e d s,  ob t ain  s a m ples  of a s  m a ny of t h e m  a s  possible.  
P u t  t h e m  in s m all bo t tl es—ho mo eop a t hic
vials  for  ins t a nc e—or  s tick  a  few of e a c h
kind  on  s q u a r e s  of c a r d bo a r d .   Arr a n g e  t h e m  in
g ro u p s  a cco r din g  to  r e s e m bl a nc es  o r  r el a tions hip s,
co m p a rin g  no t  only t h e  s e e d s  b u t  t h e  pla n t s  on  w hich
t h ey g r ew.  If you  c a n no t  r e c all t h e  pl a n t s,  a n d
t h e r e  is no  collec tion  availabl e,  s t u dy t h e  illus t r a tions
in s e e d  c a t alog u e s  w hich  c a n  b e  ob t ain e d  fro m  s e e d s m e n.  
The  following  g ro u ps  con t ain  m o s t  of t h e  fa r m  a n d
g a r d e n  s e e d s,  exc e p tin g  flow e r  s e e d s:  

GRASS FAMILY:           M U STARD FAMILY:        NIGHTS HADE FAMILY: 
Cor n,                   M u s t a r d ,               Pot a to,
Whe a t ,                  Ca b b a g e,               Tom a to,
O a t s,                   C a uliflow er,          E g g  Plan t ,
Rye,                   Colla r d s ,              Pep p er. 
Ba rley,                Brus s els  S p ro u t s,
So r g h u m,                Kale,                  GOOSE FOOT FAMILY: 
Orch a r d  Gr a ss,          Kohl R a bi,            Bee t ,
Re d  Top Gr a ss ,          R a dis h,                Ch a r d ,
Timothy,               Ru t a  Bag a,             S pin a c h,
Kent ucky Blue  Gr a ss.     Tu r nip s,               M a n gle  Wurzel. 
Wate r c r e s s.  
GOURD FAMILY:                                 PEA OR LEGUME FAMILY: 
Ca n t eloup e,             THISTLE FAMILY:        Ga r d e n  Pe a,
Cit ron,                 Artichok e,             Ca n a d a  Field  Pe a,
Cuc u m b er,              Ca r doon,               Cow Pea,
Gou r d,                  Chico ry,              Soy Be a n,
M u sk m elon,              Dan d elion,             Bus h  Bea n,
P u m pkin,                E n dive,                Lim a  Be a n,
S q u a s h,                 Le t t uc e ,               Velve t  Be a n,
Wate r m elon,            S alsify,              Vetch,
Cymling.                 S u nflow er,            Clover,
Tansy.                 Alfalfa.  
PARSLEY FAMILY: 
Ca r a w ay,               LILY FAMILY:           MALLOW FAMILY: 
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Ca r ro t ,                 Aspa r a g u s,             Ok r a ,
Cele ry,                Ga rlic,               Cot to n.  
Co ria n d er,             Leek,
Cu min,                  Onion.  
Fe n n el,
Pa r sley,
Pa r s nip.

[Illus t r a tion:  FIG. 4 5.   To s how  t h e  u s e
of t h e  ke r n el  to  t h e  youn g  co r n-pl a n t .   The  ke r n el
w a s  c a r efully r e m ove d  fro m  t h e  pl a n t  on  t h e  righ t
w h e n  bo t h  pl a n t s  w e r e  of t h e  s a m e  size.   The  r e s ul t
is a  d w a rfing  of t h e  pl a n t .]

[Illus t r a tion:  FIG. 4 6.   To s how  how  d e e ply
s e e d s  s ho uld  b e  pl a n t e d.   S e e d s  1  a n d  5  did  no t
s p ro u t  b e c a u s e  t h ey  w e r e  no t  d e e p  e no u g h  to  g e t  s ufficie n t
m ois t u r e .   The  co r n-pl a n t s  fro m  s p ro u ting  s e e d s
2,  3  a n d  4  all p u s h e d  t h ei r  sle n d e r  g rowing  poin t s
to  t h e  s u rf ac e .   Of t h e  b e a n s ,  No. 6  s ucc e e d e d
in p ulling  t h e  co tyledons  to  t h e  s u rf ac e,  a n d  h a s  m a d e
a  good  pl a n t .   N os.  7  a n d  8,  al t ho u g h  t h ey m a d e
a  h a r d  s t r u g gle,  w e r e  no t  a bl e  to  r ai s e  t h e  co tyledons
t h ro u g h  so  g r e a t  a  d e p t h  of soil, a n d  finally g ave
u p  t h e  s t r u g gle.]

TRANSPLANTING
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The  s e e d s  of so m e  c ro ps—c a b b a g e,  to m a to,
le t t uc e,  for  ex a m ple—a r e  pl a n t e d  in window
boxes,  ho t-b e d s,  cold  fr a m e s  o r  a  co r n e r  of t h e  field
o r  g a r d e n.   Wh e n  t h e  s e e dlings  h ave  d evelop e d  t h r e e
o r  fou r  leaves  o r  h av e  b e co m e  la rg e  e no u g h  to  c row d
on e  a no t h er, t h ey a r e  t hinn e d  ou t  o r  a r e  t r a n s pla n t e d
in to  o t h e r  boxes,  fr a m e s  o r  plo t s  of g ro u n d,  o r  a r e
t r a n s pla n t e d  in to  t h e  field  o r  g a r d e n.

The  tim e  a n d  m e t hod  of t r a n s pla n tin g  d e p e n d  la r g ely
on

The  con di tion  of t h e  pl a n t .

The  con di tion  of t h e  soil.

The  con di tion  of t h e  a t m os p h e r e .

For  b e s t  r e s ul t s  in field  pl a n tin g  t h e  pl a n t  s ho uld
b e  w ell g row n,  s t ron g  a n d  s tocky, wi th  w ell d evelop e d
roo t s  a n d  t h r e e  o r  fou r  s t ro n g  le aves.

The  soil s ho uld  b e  t ho ro u g hly p r e p a r e d,  m ois t  a n d
fre s hly s ti r r e d .   A m ois t  d ay  jus t  b efo r e  a  ligh t
s how e r  is t h e  b e s t  ti m e.   Thes e  con di tions  b ein g
p r e s e n t ,  t h e  pl a n t s  a r e  c a r efully lifte d  fro m  t h e
s e e d  b e d  wi th  a s  li t tl e  dis t u r b a nc e  of t h e  roo t s  a s
pos sible  a n d  c a r r ie d  to  t h e  field o r  g a r d e n.  
So m e  pl a n t s ,  like  c a b b a g e ,  will s t a n d  conside r a ble
ro u g h  t r e a t m e n t ,  w hile  o t h e r s ,  like  t h e  e g g pla n t ,  r e q ui r e
g r e a t e r  c a r e .

In  t h e  field  o r  g a r d e n  a  hole  is m a d e  for  e a c h  pl a n t
wi th  t h e  h a n d,  a  s tick  o r  dibb e r  o r  a ny conve nie n t
tool, t h e  roo t s  of t h e  pl a n t  a r e  c a r efully pl ac e d
in it  a n d  t h e  soil is p r e s s e d  a bo u t  t h e m.   If t h e
soil is m ois t  a n d  fre s hly s ti r r e d ,  n e w  roo t s  will g e n e r ally
s t a r t  in a  ve ry s ho r t  ti m e.

Plan t s  t h a t  h av e  b e e n  g ro w n  in po t s ,  s m all boxes  o r
tin  c a n s ,  a s  to m a to e s  a n d  e g g pla n t s  a r e  so m e ti m e s
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g row n,  m ay  b e  q uickly t r a n s pla n t e d  in t h e  field  in
t h e  following  m a n n e r :   Op e n  t h e  fu r row  with  a
s m all plow, knock  t h e  pl a n t s  ou t  of t h e  po t s  o r  c a n s
a n d  pl ac e  t h e m  alon g  t h e  lan d  sid e  of t h e  fu r row  a t
t h e  p ro p e r  di s t a nc e s,  t h e n  t u r n  t h e  soil b a ck  a g ain s t
t h e m  with  t h e  plow.

Whe n  t h e r e  is a  la rg e  n u m b e r  of pl a n t s  to  b e  s e t ,
a s  in pl a n tin g  c a b b a g e,  sw e e t  po t a to es ,  e t c .,
by  t h e  a c r e ,  it  is no t  alw ays  conve nie n t  to  w ai t  for
a  cloudy d ay o r  to  d efe r  op e r a tions  t ill t h e  s u n  is
low in t h e  af t e r noon.   In  s uc h  c a s e s  t h e  roo t s
of t h e  pla n t s  s ho uld  b e  dipp e d  in w a t e r  o r  in  t hin
m u d  jus t  b efo r e  s e t tin g  t h e m,  o r  a  lit tle  w a t e r  m ay
b e  po u r e d  in to  e a c h  hole  a s  t h e  pl a n t  is p u t  in. 
The  soil s ho uld  alw ays  b e  w ell fi rm e d  a bo u t  t h e  roo t s.  
The  firmin g  of t h e  soil a bo u t  t h e  roo t s  of a  n e wly
s e t  pl a n t  is a s  impor t a n t  a s  fi rmin g  it  ove r  pl a n t e d
s e e d s.   The  soil s hould  b e  p a ck e d  so  tigh tly t h a t
t h e  individu al le aves  will b e  to r n  off w h e n  a n  a t t e m p t
is m a d e  to  p ull t h e  pl a n t  u p  by  t h e m.

In  d ry o r  w a r m  w e a t h e r  it  is a  good  pl a n  to  t r i m  t h e
tops  of pl a n t s  w h e n  s e t tin g  t h e m.   This c a n  b e
do n e  r e a dily wi th  so m e  pl a n t s,  s uc h  a s  c a b b a g e  a n d
le t tuc e,  by  t aking  a  b u n dle  of t h e m  in on e  h a n d  a n d
wi th  t h e  o t h e r  t wis ting  off a bo u t  h alf of t h ei r  tops.

[Illus t r a tion:  FIG. 4 7.   Op e r a tions  of s e e d-pla n ting:  
1 ,  m a king  t h e  d rill; 2 ,  d rop ping  t h e  s e e d s;  3 ,  cove ring
t h e  s e e d s;  4 ,  p a cking  t h e  soil ove r  t h e  s e e d s .]
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[Illus t r a tion:  FIG. 4 8.   A collec tion  of
pl a n tin g  m a c hin e s.   The  la rg e  ce n t r al  m a c hin e  is
a  g r a s s  a n d  g r ain  pl a n t er.  The  on e  on  t h e  left,
a  po t a to  pl a n t er.  The  on e  on  t h e  rig h t ,  a  co r n,
b e a n,  a n d  p e a  pl a n t er.  The  t h r e e  s m alle r  m a c hin e s
in fron t  a r e  h a n d  s e e d  pl a n t e r s .]

The  p ro p e r  t im e  to  t r a n s pl a n t  frui t  a n d  o r n a m e n t al
t r e e s  a n d  s h r u bs  is d u rin g  t h e  fall, win t e r  a n d  e a rly
s p rin g,  w hich  is t h ei r  do r m a n t  o r  r e s tin g  s e a so n,
a s  t his  gives  t h e  inju r e d  roo t s  a  ch a nc e  to  r ecove r
a n d  s t a r t  n e w  roo tle t s  b efo r e  t h e  foliag e  of t h e  pl a n t
m a k e s  d e m a n d s  on  t h e m  for  food  a n d  m ois t u r e .

In  t akin g  u p  la r g e  pl a n t s  m a ny roo t s  a r e  b rok e n  o r
c r u s h e d.   Thes e  b rok e n  a n d  inju r e d  roo t s  s ho uld
b e  t ri m m e d  off wit h  a  s moot h  c u t .   The  t r e e  o r
s h r u b  is t h e n  pl ac e d  in t h e  hole  p r e p a r e d  for  i t a n d
t h e  soil c a r efully filled  in a n d  p a ck e d  a bo u t  t h e
roo t s .   Afte r  t h e  pl a n t  is s e t ,  t h e  top  s ho uld
b e  t ri m m e d  b a ck  to  co r r e s po n d  wi th  t h e  loss  of r oo t .  
If t h e  pla n t  is no t  t r im m e d,  m o r e  s hoo t s  a n d  leaves
will s t a r t  in to  g ro wt h  t h a n  t h e  d a m a g e d  roo t s  c a n
p ro p e rly fu r nis h  wi th  food  a n d  w a t er, a n d  t h e  pl a n t
will m a k e  a  w e ak  g ro wt h  o r  di e.

The r e  a r e  on  t h e  m a rk e t  a  n u m b e r  of h a n d  t r a n s pla n ting
m a c hin e s  w hich,  fro m  t h ei r  lack  of p e rfec tion,  h ave
no t  co m e  in to  g e n e r al  u s e .   M a ny of t h e m  r e q ui r e
m o r e  tim e  to  op e r a t e  t h a n  is cons u m e d  in h a n d  pl a n tin g.  
A n u m b e r  of la r g e  m a c hin e s  for  t r a n s pla n tin g  a r e  in
s ucc e s sful a n d  s a tisfac to ry u s e  on  la r g e  t r uck  a n d
tob a cco  fa r m s.   Thes e  m a c hin e s  a r e  d r a w n  by ho r s e s
a n d  c a r ry w a t e r  for  w a t e ring  e a c h  pl a n t  a s  i t is s e t .

P r a c tice  t r a n s pla n ting  in win dow  boxes  o r  in t h e  op e n
soil a n d  s e e  how  m a ny  of you r  pl a n t s  will s u rvive
t h e  op e r a t ion.
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CHAPTER XI

SPADI NG AN D  PLOWI NG
We h ave  lea r n e d  t h e  impor t a n t  con di tions  n ec e s s a ry
for  t h e  s p rou tin g  of s e e d s  a n d  for  t h e  g ro wt h  a n d
d evelop m e n t  of roo t s.   We h ave  al so  lea r n e d  so m e t hing
a bo u t  t h e  soil, i ts  p ro p e r ti e s,  a n d  its  r el a tion  to,
o r  it s  b e h avio r  tow a r d  t h e s e  im po r t a n t  con ditions.  
We a r e  t h e r efo r e  p r e p a r e d  to  di scu ss  in t ellige n tly
m e t ho ds  of t r e a tin g  t h e  soil to  b r ing  a bo u t ,  o r  m ai n t ain,
t h e s e  con di tions.

SPADING THE SOIL

The  typical tool for  p r e p a ring  t h e  soil for  r oo t  g row t h
is a  s p a d e  o r  s p a ding  fork  (Fig.  4 9).  With  t his
tool p ro p e rly u s e d  w e  c a n  p r e p a r e  t h e  soil for  a  c rop
b e t t e r  t h a n  wi th  a ny o th er.

In  s p a din g,  t h e  s p a d e  o r  fork  s hould  b e  p u s h e d  in to
t h e  soil wi th  t h e  foot  t h e  full len g t h  of t h e  bl a d e
a n d  n e a rly s t r aig h t  dow n.   The  h a n dle  is t h e n
p ulled  b ack  a n d  t h e  s p a d eful of e a r t h  is p rie d  loos e,
lift ed  sligh tly, t h row n  a  lit tle  forw a r d,  a n d  a t  t h e
s a m e  ti m e  t u r n e d.   The  lu m ps  a r e  t h e n  b rok e n  by
s t riking  t h e m  with  t h e  bl a d e  o r  t e e t h  of t h e  tool. 
All w e e d s  a n d  t r a s h  s ho uld  b e  cove r e d  d u rin g  t h e  op e r a tion.  
A co m m o n  faul t  of b e gin n e r s  is to  p u t  t h e  s p a d e  in
t h e  soil on  a  sla n t  a n d  only a bo u t  h alf t h e  len g t h
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of t h e  bla d e ,  a n d  t h e n  flop t h e  soil ove r  in t h e  hole
fro m  w hich  it  c a m e,  of t e n  cove rin g  t h e  e d g e  of t h e
u n s p a d e d  soil.  The  good  s p a d e r  works  fro m  side
to  sid e  a c ross  his  piec e  of g ro u n d,  ke e ping  a  n a r ro w
t r e nc h  o r  fu r row  b e t w e e n  t h e  s p a d e d  a n d  u n s p a d e d  soil,
in to  w hich  w e e d s  a n d  t r a s h  a n d  m a n u r e  m ay  b e  d r a w n
a n d  t ho ro u g hly cove r e d,  a n d  al so  to  p r eve n t  cove rin g
t h e  u n s p a d e d  soil.  If t his  work  h a s  b e e n  w ell
do n e  wi th  t h e  o r din a ry s p a d e  o r  fork  a n d  finis h e d
wi th  a  r ak e,  t h e  r e s ul t  will b e  a  b e d  of soil t w elve
to  fift e e n  inch e s  d e e p,  fine  a n d  m ellow a n d  w ell p r e p a r e d
for  r oo t  p e n e t r a tion,  for  good  ven tila tion,  for  t h e
a b so r bin g  a n d  holding  of m ois t u r e  a n d  w a r m t h.

This  m e t ho d  s ho uld  alw ays  b e  e m ploye d  for  s m all g a r d e n s
a n d  flowe r  b e d s.

PLOWING

For  p r e p a ring  la rg e  a r e a s  of soil t h e  plow is t h e
tool m o s t  g e n e r ally u s e d .

WHY DO WE SPADE AND PLOW?

To b r e ak  a n d  p ulve rize  t h e  soil a n d  m a k e  it  sof t  a n d
m ellow, so  t h e  roo t s  of pl a n t s  m ay  e n t e r  it in s e a r c h
of food, a n d  g e t  a  firm  hold  for  t h e  s u p po r t  of t h e
pla n t  w hich  is a bove  g ro u n d.

To m a k e  t h e  soil op e n  a n d  po rou s,  so  t h a t  it c a n  m o r e
r e a dily a b so r b  r ain  a s  it falls  on  t h e  s u rfac e .

To c h eck  loss  of w a t e r  by eva po r a tion.
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To a d mi t  ai r  to  t h e  roo t s  of pl a n t s.   Also to
allow ai r  to  a c t  c h e mic ally on  t h e  min e r al  a n d  o r g a nic
m a t t e r  of t h e  soil a n d  m a k e  t h e m  availabl e  to  t h e
c rop.

To r ais e  t h e  t e m p e r a t u r e  of soils  in t h e  s p ring,  o r
of d a m p  soils  a t  a ny tim e.

To mix m a n u r e s  a n d  o r g a nic  m a t t e r  wit h  t h e  soil. 
The  m o r e  t ho ro u g hly m a n u r e  is dis t r ibu t e d  t h ro u g h
t h e  soil t h e  m o r e  e a sily pl a n t s  will g e t  i t a n d  t h e
g r e a t e r  will b e  it s  effec t  on  t h e  soil.

To d e s t roy t h e  ins ec t  e n e mie s  of t h e  pla n t  by  t u r nin g
t h e m  u p  to  t h e  fros t  a n d  t h e  bi r d s.

To kill w e e d s.   Weeds  inju r e  c rops:  

They w a s t e  valu a ble  m ois t u r e  by  p u m ping  it  u p  fro m
t h e  soil a n d  s e n ding  it  ou t  in to  t h e  ai r  t h ro u g h  t h ei r
leaves.   In  t his  w ay t h ey do  t h ei r  g r e a t e s t  inju ry
to  c rops.

They c row d  a n d  s h a d e  t h e  c ro p.

They t ak e  pl a n t  food  w hic h  t h e  pl a n t  s hould  h ave.

S p a ding  a n d  plowing  b rin g  a bo u t  con di tions  n ec es s a ry
for  t h e  s p rou tin g  o r  g e r min a tion  of s e e d s.

S p a ding  a n d  plowing  al so  t e n d  to  b ring  a bo u t  con di tions
n ec es s a ry  for  t h e  ve ry impo r t a n t  work  of c e r t ain  of
t h e  soil b a c t e ri a.

PARTS OF A PLOW

It  will b e  foun d  t h a t  a  good  fa r m  plow h a s  t h e  following
p a r t s  (Fig.  5 0): 

A s tan dar d  o r  s tock,  t h e  c e n t r al p a r t  of t h e
plow to  w hich  m a ny  of t h e  o t h e r  p a r t s  a r e  a t t a c h e d.

[Illus t r a tion:  FIG. 4 9.—SPADING-FORK
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AND SPADE.]

[Illus t r a tion:  FIG. 5 0.—A WOOD BEAM-PLOW
a , s tock; b , b e a m;  c , h a n dles;
d , clevis, e , s h ackle,  f , s h a r e ;
g , m o uld  bo a r d;  h , lan dsid e;  k ,
join t e r  o r  skim m er, l, t r u ck  o r  w h e el, p ,
poin t  o r  nos e ,  s , s hin.]
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A b ea m , to  w hich  t h e  po w e r  is a t t ac h e d  by w hich
t h e  plow is d r a w n.   So m e  plows  h ave  wood e n  b e a m s
a n d  o th e r s  h ave  iron  b e a m s.

H a n dles  by  w hich  t h e  plow m a n  g uid e s  a n d  s t e a die s
t h e  plow a n d  al so  t u r n s  i t a t  t h e  co r n e r s  of t h e  plow e d
g ro u n d  in going  a bo u t  t h e  field.

A clevis , w hich  is a t t a c h e d  to  t h e  e n d  of t h e
b e a m  a n d  is u s e d  to  r e g ul a t e  t h e  d e p t h  of plowing.  
To t h e  clevis is a t t a c h e d  a  draf t  ring  o r  s hac kle ,
to  w hich  t h e  ho r s e  o r  t e a m  is fas t e n e d.   To m a k e
t h e  plow r u n  d e e p  t h e  d r af t  r i ng  o r  s h a ckle  is pl ac e d
in t h e  u p p e r  holes  o r  no tc h es  of t h e  clevis; to  m a k e
it  r u n  s h allow t h e  ring  is pl ac e d  in t h e  low e r  hole s.  
On  so m e  plows  t h e r e  a r e  only no tc h e s  in t h e  clevis
for  holding  t h e  rin g,  t h ey a n s w e r  t h e  s a m e  p u r pos e
a s  hole s.   The  clevis is also  u s e d  on  so m e  plows
to  r e g ula t e  t h e  wid t h  of t h e  fu r row.  By m oving
t h e  d r af t  r in g  o r  s h a ckle  tow a r d s  t h e  plow e d  lan d
t h e  plow is m a d e  to  cu t  a  wid e r  fu r row, m oving  it a w ay
fro m  t h e  plow e d  land  c a u s e s  t h e  plow to  c u t  n a r row er.

So m e  plows  h ave  a  do u ble  cl evis so  t h a t  t h e  d r af t
ri ng  m ay b e  r ais e d  o r  lowe r e d,  o r  m ove d  to  ri gh t  o r
lef t.   With  so m e  plows  t h e  wid t h  of t h e  fu r row
is a dju s t e d  by  m oving  t h e  b e a m  a t  i t s  a t t a c h m e n t  to
t h e  h a n dle s.

A s hare , c alle d  by so m e  t h e  poin t ,  w hich  s h e a r s
t h e  bo t to m  of t h e  fu r row  slice  fro m  t h e  land.  
The  s h a r e  s ho uld  b e  s h a r p,  e s p e cially for  plowing
in g r a s s  land  a n d  lan d  full of tou g h  roo t s.   If
t h e  s h a r e ,  p a r ticula rly t h e  poin t,  b e co m e s  wo r n  so
t h a t  it b evels  fro m  b e n e a t h  u p w a r d s  it  will b e  h a r d
to  ke e p  t h e  plow in t h e  soil, for  i t will t e n d  to
slide  u p  to  t h e  s u rfac e .   If t his  h a p p e n s  t h e  s h a r e
m u s t  b e  r e n e w e d  o r  s h a r p e n e d.   Plows  a r e  b eing
m a d e  now  with  s h a r e  a n d  poin t  s e p a r a t e ,  a n d  bo t h  of
t h e s e  r eve r sible  (Fig.  5 1), so  t h a t  if e i t h e r  b e co m e s
wo r n  on  t h e  u n d e r  side  it  c a n  b e  t ak e n  ou t  a n d  t u r n e d
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ove r  a n d  p u t  b a ck  a n d  it is a ll r i gh t ,  t h ey  t h u s  b e co m e
s elf-s h a r p e nin g.

A m o uld board.  This t u r n s  a n d  b r e a ks  t h e  fu r row
slice.   The  d e g r e e  to  w hich  t h e  m o uldbo a r d  p ulve rize s
d e p e n d s  on  t h e  s t e e p n e s s  of it s  sl an t  u p w a r d  a n d  t h e
a b r u p t n e s s  of it s  c u rve  sid e wis e.   The  s t e e p e r
it  is a n d  t h e  m o r e  a b r u p t  t h e  c u rve,  t h e  g r e a t e r  is
it s  p ulve rizing  po w er.  A s t e e p,  a b r u p t  m o uldbo a r d
is a d a p t e d  to  ligh t  soils  a n d  to  t h e  h e avie r  soils
w h e n  t h ey a r e  co m p a r a tively d ry.  This  kind  of
a  plow is a p t  to  p u d dle  a  clay soil if it  is q ui t e
m ois t .   For  b r e aking  n e w  lan d  a  plow wit h  a  long,
g r a d u ally sloping  s h a r e  a n d  m o uldbo a r d  is u s e d .

A landslide , w hich  ke e p s  t h e  plow in plac e .

A coult er.  So m e  plows  h ave  a  s t r aigh t  knife-like
coul t e r  (Fig.  5 2)  w hich  is fas t e n e d  to  t h e  b e a m  jus t
in  fron t  of t h e  m o uldbo a r d  a n d  s e rves  to  c u t  t h e  fu r row
slice  fro m  t h e  lan d.   In  so m e  plows  t his  is r e pl ac e d
by a n  u p w a r d  p rojec tion  of t h e  s h a r e ;  t his  is wide
a t  t h e  b a ck  a n d  s h a r p  in  fron t  a n d  is c alled  t h e  s hin
of t h e  plow fro m  its  r e s e m bl a nc e  to  t h e  s hin  bo n e.  
The  coul t e r  is so m e tim e s  m a d e  in t h e  for m  of a  s h a r p ,
r evolving  disk  (Fig.  5 3), c alled  a  rolling  coul t er. 
This  for m  is ve ry u s eful in sod  g ro u n d  a n d  in t u r ning
u n d e r  vines  a n d  t all w e e d s.   I t  a lso  les s e ns  t h e
d r af t  of t h e  plow.
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A join t er  o r  ski m m e r  w hich  skim s  s t u b ble  a n d
g r a s s  fro m  t h e  s u rfac e  of t h e  soil a n d  t h row s  t h e m
into  t h e  bo t to m  of t h e  fu r row  w h e r e  t h ey  a r e  co m ple t ely
cove r e d.   The  join t e r  h elps  al so  to  p ulve rize  t h e
soil.

A tr uc k  o r  w h e el, a t t ac h e d  u n d e r  t h e  e n d  of
t h e  b e a m.   This  t r uck  m a k e s  t h e  plow r u n  s t e a dier. 
This  is so m e ti m e s  u s e d  to  m a k e  t h e  plow r u n  s h allow e r
by s e t ting  it  low dow n.   This is no t  r igh t ,  for
it  t h e n  a c t s  a s  a  b r ak e  a n d  m a k e s  t h e  plow d r a w  h a r d er. 
The  d e p t h  of t h e  fu r row  s hould  b e  a dju s t e d  a t  t h e
clevis.

A plow no t  only h a s  p a r t s  b u t  it  h a s  ch a r ac t e r  al so.

CHARACTERISTICS OF A GOOD PLOW

A good  plow s ho uld  b e  s t ron g  in b uild  a n d  ligh t  in
w eig h t .

The  d r af t  s ho uld  b e  a s  ligh t  a s  pos sible.

The  plow s hould  r u n  s t e a dily.

A good  plow s ho uld  no t  only t u r n  t h e  soil b u t  s ho uld
p ulve rize  it a s  w ell.

Whe n  plowing,  t h e  t e a m  s hould  b e  hi tch e d  to  t h e  plow
wi th  a s  s ho r t  t r ac es  a s  possible,  a n d  t h e  plow s hould
b e  so  a dju s t e d  t h a t  i t will c u t  fu r row s  of t h e  r e q ui r e d
wid t h  a n d  t hickn e s s  wi t h  t h e  lea s t  possible  d r af t
on  t h e  t e a m  a n d  t h e  lea s t  exe r tion  on  t h e  p a r t  of t h e
plow m a n.
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THE FURROW SLICE

In  plowing,  t h e  fu r row  slice  m ay b e  c u t  t hin  a n d  wid e
a n d  b e  t u r n e d  ove r  fla t .   This m e t ho d  is a d a p t e d
to  b r e aking  n e w  land  a n d  h e avy sod  lan d.

It  m ay  b e  c u t  t hick  a n d  n a r row  a n d  b e  t u r n e d  u p  on
e d g e.

Or  it  m ay  b e  c u t  of s uc h  a  wid t h  a n d  d e p t h  t h a t  t h e
plow will t u r n  it  a t  a n  a n gle  of a bo u t  for ty-five
d e g r e e s .   By t hi s  las t  m e t ho d  t h e  g r e a t e s t  a m o u n t
of soil c a n  b e  t u r n e d  a t  le a s t  exp e n s e  of labo r;  t h e
fu r row  slice  c a n  b e  m o r e  t ho ro u g hly b rok e n;  t h e  g r e a t e s t
s u rfac e  is expos e d  to  t h e  a c tion  of t h e  air, a n d  pl a n t
food  is m o r e  eve nly dis t rib u t e d  t h ro u g h  t h e  soil.

HOW DEEP SHALL WE PLOW?

We le a r n e d  in a  p r evious  ch a p t e r  t h a t  t h e  roo t s  of
fa r m  pla n t s  d evelop  la r g ely in t h a t  p a r t  of t h e  soil
w hich  is wo rk e d  by t h e  plow; t h e r efo r e,  to  h ave  a s
m u c h  tilled  soil a s  possible  for  roo t  g row t h,  w e  s hould
g e n e r ally plow a s  d e e p  a s  pos sible  wit ho u t  t u r nin g
too m u c h  of t h e  s u b soil to  t h e  s u rfac e.   Lan d s
t h a t  h ave  b e e n  plow e d  d e e p  s hould  b e  d e e p e n e d  g r a d u ally
by plowing  u p  a  h alf-inch  to  a n  inch  of s u b soil e a c h
ye a r  u n til t h e  plow r e a c h e s  a  d e p t h  of a t  le a s t  nine
o r  t e n  inc h e s.

The r e  is a n  opinion  a m o n g  m a ny fa r m e r s  t h a t  s a n dy
soils  s ho uld  no t  b e  plow e d  d e e p.   Bu t  a s  t h e s e
soils  a r e  a p t  to  b e  leac hy it s e e m s  b e s t  to  fill t h e m
wi th  o r g a nic  m a t t e r  to  a s  g r e a t  a  d e p t h  a s  pos sible
to  inc r e a s e  t h ei r  w a t e r-holding  po w er, a n d  t his  c a n
b e s t  b e  don e  by plowing  fa r m  m a n u r e s  in d e e p.

[Illus t r a tion:  FIG. 5 1.—A SLIP-NO SE
S HARE. N , A SLIP-N O SE.]
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[Illus t r a tion:  FIG. 5 2.—C ,
STRAIGHT KNIFE COULTER.]

[Illus t r a tion:  FIG. 5 3.   An iron  b e a m-plow,
wi th  rolling  coul t e r  a n d  do u ble  clevis.]
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[Illus t r a tion:  FIG. 5 4.—A ROLLING
COULTER HARROW.]

[Illus t r a tion:  FIG. 5 5.—SPRING-TOOTHED
HARROWS.]

In  m a ny  p a r t s  of t h e  So u t h  t h e  fa r m e r s  u s e  ve ry s m all
plows  a n d  s m all a ni m als  to  d r a w  t h e m.   The  r e s ul t
is t h a t  t h e  soil is no t  p r e p a r e d  to  a  s ufficie n t  d e p t h
to  allow of t h e  la rg e  roo t  d evelop m e n t  n e c e s s a ry  for
la rg e  c ro ps.   Thes e  fa r m e r s  n e e d  la rg e r  tools  a n d
h e avie r  a ni m als  if t h ey  exp ec t  to  m a k e  m u c h  im p rove m e n t
in t h e  yield  of t h ei r  c ro ps.   Thes e  s m all plows
a n d  t his  s h allow plowing  h ave  do n e  m u c h  to  aid  t h e
w a s hing  a n d  g ulleying  of t h e  hill fa r m s  by r ain.  
The  s h allow laye r  of loos e  soil t ak es  in  t h e  r ain
r e a dily, b u t  a s  t h e  h a r d e r  soil b e n e a t h  do e s  no t  t ak e
t h e  w a t e r  a s  r e a dily, t h e  s h allow plow e d  soil soon
fills,  t h e n  b e co m e s  m u d,  a n d  t h e  w hole  m a s s  go e s  dow n
t h e  slop e.   The  lan d  would  w a s h  les s  if it  h a d
no t  b e e n  plow e d  a t  all, a n d  lea s t  of all if it w e r e
plow e d  d e e p,  for  t h e n  t h e r e  wo uld  b e  a  d e e p  r e s e rvoir
of loos e  soil w hich  would  b e  a ble  to  hold  a  la r g e  a m o u n t
of w a t e r  u n til t h e  h a r d e r  lowe r  soil could  t ak e  c a r e
of it.

BREAKING OUT THE MIDDLES

So m e  fa r m e r s  h av e  a  w ay w h e n  g e t ting  t h e  lan d  r e a dy
for  a  c rop,  of plowing  t h e  row s  firs t  a n d  t h e n  “b r e aking
ou t  t h e  mid dles” o r  s p a c e s  b e t w e e n  af t e r  t h e
c rop  is pl a n t e d.   This is a  poo r  p r ac tice,  a s  i t
in t e rfe r e s  wi th  t ho rou g h  p r e p a r a tion  of t h e  soil. 
The  g ro u n d  c a n  b e  m o r e  t ho ro u g hly plow e d  a n d  b rok e n
u p  b efo r e  t h e  c rop  is pl a n t e d  t h a n  af t e r w a r d s.  
This  p r a c tice  of leaving  t h e  mi ddle s  in t e rfe r e s  wi t h
p ro p e r  h a r rowin g  a n d  af t e r-c ul tiva tion.
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THROWING THE LAND UP IN RIDGES

M a ny fa r m e r s  t h row  t h e  lan d  u p  in to  rid g e s  wi th  t h e
plow a n d  t h e n  pl a n t  on  t h e  r idg e.   Whe n  land  is
t h row n  in to  rid g e s  a  g r e a t e r  a m o u n t  of s u rf ac e  is
expos e d  to  t h e  ai r  a n d  a  g r e a t e r  loss  of m ois t u r e  by
ev a po r a tion  t ak e s  pl ac e,  t h e r efo r e  rid g e  c ul t u r e  is
m o r e  w a s t eful of soil w a t e r  t h a n  level c ul tu r e .  
For  t his  r e a son  d ry  soils  eve ryw h e r e  a n d  m o s t  soils
in  d ry clim a t e s  s ho uld,  w h e r eve r  p r a c tic a ble,  b e  left
fla t .   O n  s tiff, h e avy soils  w hich  a r e  slow to
d ry  ou t ,  a n d  on  low bo t to m  land s  it  m ay  b e  d e si r a bl e
to  rid g e  t h e  land  to  g e t  t h e  soil d ri ed  ou t  a n d  w a r m e d
q uicke r  in t h e  s p ring.   La t e  fall a n d  e a rly pl a n t e r
t r uck  c rops  a r e  of te n  pl a n t e d  on  t h e  sou t h e r n  slop e s
of low rid g e s  t h ro w n  u p  wi t h  t h e  plow for  w a r m t h  a n d
p ro t e c tion  fro m  cold  winds.

TIME TO PLOW

The  tim e  of plowing  will d e p e n d  so m e w h a t  on  t h e  n a t u r e
of t h e  soil, clim a t e  a n d  t h e  c rop.

Mo r e  plowing  is do n e  in t h e  s p rin g  jus t  b efo r e  pl a n ting
s p rin g  a n d  s u m m e r  c rop s  t h a n  a t  a ny o th e r  ti m e,  exc e p ting
in loc ali ti es  t h a t  pl a n t  la r g e  a r e a s  of win t e r  g r ain
a n d  t r u ck.  This  s p ring  plowing  s hould  b e  do n e
e a rly, for  t h e  s p ring  plowing  t e n d s  to  d ry  t h e  loos e n e d
soil so m e w h a t  a n d  allows  it to  b eco m e  w a r m  a t  a n  e a rlie r
d a t e ,  a n d  a t  t h e  s a m e  tim e  t h e  loos e n e d  soil t e n d s
to  hold  w a t e r  in  t h e  lowe r  soil for  fu tu r e  u s e  by
t h e  c ro p  a n d  allows  t h e  soil to  t ak e  in s p ring  r ain s
m o r e  r e a dily.  If a  cove r  c rop  o r  g r e e n  m a n u r e
c rop  is to  b e  t u r n e d  u n d e r  in t h e  s p rin g  it s ho uld
b e  do n e  e a rly so  a s  to  p r ev e n t  t h e  c ro p  to  b e  t u r n e d
u n d e r  fro m  p u m ping  too  m u c h  w a t e r  ou t  of t h e  soil a n d
t h u s  in t e rfe rin g  wi th  t h e  g ro wt h  of t h e  c rop  for  w hich
t h e  lan d  is b ein g  p r e p a r e d .
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The r e  a r e  so m e  p a r ticula r  a dv a n t a g e s  to  b e  g ain e d
by fall plowing  in h e avy soils: 

Im m e dia t ely af t e r  h a rv es t  t h e  land  is u s u ally d ry
a n d  e a sy to  wo rk.

The  soil plow e d  a t  t his  t im e  a n d  left  r o u g h  is a c t e d
u po n  p hysically by fros t  w hich  p ulve rize s  i t, a n d
c h e mic ally by r ain  a n d  ai r  w hich  r e n d e r s  pl a n t  food
av aila ble.

Ins ec t s  a r e  t u r n e d  u p  a n d  expos e d  to  fros t  a n d  bi r d s.

A g r e a t  n u m b e r  of w e e d s  a r e  d e s t roye d  a n d  t h e  lan d
is m o r e  e a sily fit t e d  for  c ro ps  in t h e  s p rin g.  
Fall plowing  s ho uld  b e  do n e  a s  e a r ly a s  pos sible,
e s p e cially in t h e  d rye r  r e gions,  to  c a t c h  all w a t e r
pos sible.   I t  is no t  a dvis a ble  to  plow s a n dy soils
in  t h e  fall le s t  pl a n t  food b e  w a s h e d  ou t  of t h e m.

Whe n  pos sible  a  cove r  c ro p  s ho uld  b e  p u t  on  fall plow e d
land  w h e r e  t h e r e  is likely to  b e  loss  of pl a n t  food
by leac hin g.

BARE FALLOW

The  t e r m  “fallowing” is so m e ti m e s  a p plied
to  t h e  op e r a tion  of plowing,  a n d  so m e tim e s  t h e  land
is lef t  b a r e  wi thou t  a  c ro p  so m e ti m e  af t e r  plowing;
t his  is c alle d  “ba r e  fallowing” t h e  lan d.

Ba r e  fallowing  s hould  no t  b e  p r a c tice d  on  all soils. 
I t  is a d a p t e d:  

To d ry clim a t e s  a n d  d ry  s e a so ns  w h e r e  i t is d e si r a ble
to  c a t c h  a n d  s ave  eve ry  possible  d ro p  of r ainfall,
a n d  w h e r e  pl a n t  food  will no t  b e  w a s h e d  ou t  of t h e
expos e d  soils  by  r ains .
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To h e avy clay lands .

To land s  t h a t  a r e  foul wit h  w e e d s  a n d  ins ec t s.

To sou r  soils  w hich  a r e  s w e e t e n e d  by expos u r e  to  ai r
a n d  r ain.

Ligh t  s a n dy soils  s ho uld  no t  b e  s u bjec t e d  to  b a r e
fallow u nle ss  t h ey  a r e  ve ry foul wi th  w e e d s.  
They s ho uld  alw ays  b e  cove r e d  wi th  a  c rop  to  p r eve n t
loss  of pl a n t  food by leac hin g.

CHAPTER XII

HARROWI NG AN D  ROLLI NG

HARROWING

Afte r  s p a din g  o r  plowing  t h e  n ex t  op e r a tion  in t h e
p r e p a r a tion  of t h e  soil is g e n e r ally r a king,  h a r rowing
o r  d r a g ging.   The  objec t s  of t h e s e  op e r a tions
a r e :  

To b r e ak  lum ps  a n d  clods  left  by t h e  plow a n d  s p a d e
a n d  to  fu r t h e r  p ulve rize  t h e  soil.

H a r ro wing  a n d  r aking  aid  in con t rolling  soil ve n tila tion,
a n d  p u t  t h e  soil in b e t t e r  con dition  to  a b so r b  m ois t u r e.

They ch e ck  t h e  loss  of m ois t u r e  by m a king  a  m ulch
of fine  loos e  e a r t h  on  t h e  s u rfac e.

The  h a r ro w  a n d  r ak e  d e s t roy t h e  w e e d s.

The  h a r ro w  b ring s  a bo u t  con di tions  favor a ble  to  t h e
eve n  dis t rib u tion  of s e e d s .

It  is a l so  t h e  tool g e n e r ally u s e d  to  cove r  s e e d s
sow n  b ro a d c a s t .
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H a r ro wing  is g e n e r ally do n e  jus t  b efo r e  pla n ting,
a n d  wi t h  so m e  c ro ps  jus t  af t er, to  cove r  s e e d s  o r
to  s moot h  t h e  g ro u n d.   H a r ro wing  is also  don e
in t h e  fi r s t  s t a g e s  of g ro wt h  of so m e  c rops  to  kill
w e e d s  a n d  m a k e  a  soil m ulc h.   The  h a r row  s ho uld
alw ays  follow t h e  plow within  a  few ho u r s  u nle s s  it
is d e si r e d  to  leave  t h e  lan d  in a  b a r e  fall o r  win t e r
fallow.  At o th e r  tim e s  of t h e  ye a r  t h e  lu m ps  of
e a r t h  a r e  a p t  to  d ry ou t  a n d  b eco m e  h a r d  a n d  difficul t
to  b r e ak.   If t h e r e  is b u t  on e  wo rk  t e a m  on  t h e
fa r m  it is a  good  pla n  d u rin g  t h e  plowing  s e a so n  to
s top  t h e  plow in ti m e  to  h a r ro w  t h e  d ay’s plowing
b efo r e  t h e  d ay’s work  e n d s.
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HARROWS

The r e  a r e  s eve r al  typ es  of h a r ro ws  in u s e .   They
m ay b e  cl as sified  a c co r din g  to  t h e  s tyle  of t h ei r
t e e t h  o r  c u t ting  p a r t s;  t h ey a r e  a s  follows: 

Rolling  c u t t e r  h a r row s.

S p rin g-too t h e d  h a r row s.

S pike-too t h e d  h a r ro ws.

Coult e r-too t h e d  h a r ro w s.

Ch ain  h a r row s.

Brus h  h a r row s.

Plank  o r  d r a g  h a r ro ws.

The s e  typ e s  va ry in t h e  d e p t h  to  w hich  t h ey  cu t ,  a n d
t h e  d e g r e e  to  w hic h  t h ey p ulve rize  t h e  soil.

Rolling  c u t t er  harro w s.  H a r row s  of t his  typ e
(se e  Fig.  5 4)  consis t  of on e  o r  m o r e  r evolving  s h af t s
on  w hich  a r e  a r r a n g e d  a  n u m b e r  of conc ave  disks.  
The s e  disks  a r e  ei t h e r  e n ti r e ,  no t c h e d,  o r  m a d e  of
s eve r al  pi ec e s  fas t e n e d  tog e t h er.  Exa m ples  of
t h e s e  a r e  t h e  di sk,  c u t a w ay a n d  s p a ding  h a r row s.  
The s e  h a r ro ws  cu t  a n d  m ove  t h e  soil d e e p e r  t h a n  t h e
o th e r  typ e s.   They a r e  e s p ecially a d a p t e d  to  wo rk
on  h e avy cl ay soils.

The  valu e  of t his  typ e  of h a r ro w  a s  m ois t u r e  p r e s e rve r s
d e p e n d s  on  t h e  m a n n e r  in w hich  t h ey  a r e  u s e d.  
If t h e  disks  a r e  so  s e t  t h a t  t h ey cove r  b u t  a  po r tion
of t h e  s u rf ac e  wi th  a  m ulch  of fine  e a r t h  t h ey  leave
a  ridg e  expos e d  to  t h e  a c tion  of t h e  win d  a n d  s u n
a n d  t h e  r a t e  of eva po r a tion  is g r e a tly inc r e a s e d .  
The  disks  s hould  b e  s e t  a t  s uc h  a n  a n gle  t h a t  t h e
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w hole  s u rfac e  s h all b e  s ti r r e d  o r  cove r e d .   Soils
w hich  n e e d  t h e  disk  h a r row  s ho uld  g e n e r ally b e  go n e
ove r  a g ain  wi th  so m e  s h allow e r  wo rking  tool to  s moot h
t h e  s u rfac e.   An objec tion  to  t h e  rolling  c u t t e r s
is t h a t  u nle s s  g r e a t  c a r e  is t ak e n  t h ey will le ave
t h e  lan d  in rid g e s  a n d  valleys.

The  two  g a n g s  of disks  t h row  t h e  e a r t h  in op posi t e
di r e c tions.   They a r e  g e n e r ally s e t  to  t h row  it
fro m  t h e  c e n t r e  a n d  t h e  r e s ul t  is a  s h allow do u ble
fu r row  t h e  wid t h  of t h e  m a c hin e.   By lap ping  e ac h
ti m e  t h e  fu r row  is p a r ti ally filled,  b u t  to  g e t  t h e
land  s moot h  a  s moot hing  h a r row  s ho uld  b e  u s e d  af t e r
t h e  rolling  c u t t er.

S prin g-too t h e d  harro w s  (Fig.  5 5).  S p ring-too t h e d
h a r ro ws  wi th  t h ei r  c u rve d  s p rin g  t e e t h  e n t e r  t h e  soil
r e a dily, d r a w  m o d e r a t ely e a sy a n d  p a s s  ove r  obs t r uc tions
wi tho u t  m u c h  difficul ty.  They a r e  ve ry u s eful
in  n e w  land  t h a t  is full of roo t s  a n d  s t u m p s  a n d  also
s tony lan d.   They p ulve rize  t h e  soil to  a n  ave r a g e
d e p t h.   They leave  t h e  soil in r idg e s .   The
ridg e s  c a n  b e  levele d  by  a  s moot h e r  in t h e  s h a p e  of
a  pi ec e  of pl a nk  a t t ac h e d  to  t h e  r e a r  of t h e  h a r row. 
On  n e wly plow e d  g r a s s  lan d  t h ey t e n d  to  t e a r  u p  t h e
sod  a n d  le ave  it  on  t h e  s u rfac e.   They al so  t e n d
to  d r a g  ou t  co a r s e  m a n u r e s  w h e n  plow e d  in.

The  o riginal a n d  m o r e  co m m o n  for m  of t h e  s p ring-too t h e d
h a r ro w  is a  floa ting  h a r ro w  w h e n  a t  work.   Tha t
is, it r e s t s  on  t h e  poin t s  of t h e  t e e t h  a n d  is d r a g g e d
o r  floa t e d  ove r  t h e  g ro u n d.   A n e w e r  for m  of s p ring-too t h e d
h a r row, so m e ti m e s  c alled  t h e  fallow cul tiva tor, is
m o u n t e d  on  high  w h e els  a n d  it s  a c tion  is la rg ely con t rolled
by t h e m.   This for m  of h a r row  is cl ai m e d  to  do
m u c h  b e t t e r  wo rk  t h a n  t h e  floa ting  h a r ro w  a n d  m ay
in a  la r g e  m e a s u r e  dis pl ac e  t h e  rolling  c u t t er. 
The  w eig h t  of t his  h a r row  is e n t i r ely t ak e n  fro m  t h e
soil exc e p t  in  t h e  w h e el  t r a cks,  a n d  t h e  e n ti r e  a c tion
is t h a t  of p ulve rizing  a n d  ligh t e nin g  t h e  soil.
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S pi k e-too t h e d  harro w s  (Fig.  5 6).  The  t e e t h
of t h e s e  h a r ro ws  a r e  ro u n d,  s q u a r e  o r  di a mo n d-s h a p e d
s pikes  fas t e n e d  in to  a  wood  o r  iron  fr a m e.   The
t e e t h  a r e  s e t  in  a  ve r tic al posi tion  o r  a r e  incline d
to  t h e  r e ar.  Thes e  h a r row s  a r e  s h allow in t h ei r
a c tion;  t h ey r u n  e a sily b u t  t e n d  to  co m p ac t  t h e  soil
m o r e  t h a n  t h e  o t h e r  typ e s  a n d  a r e  t h e r efo r e  b e t t e r
a d a p t e d  to  loos e  soils  a n d  to  finishing  off af t e r  t h e
wo rk  of t h e  d e e p  c u t ting  h a r ro ws.   They a r e  also
u s e d  for  cove ring  s e e d s.

[Illus t r a tion:  FIG. 5 6.—SPIKE-TOOTHED
HARROWS.]

[Illus t r a tion:  FIG. 5 7.—A COULTER-TOOTHED
HARROW.]

[Illus t r a tion:  FIG. 5 8.—A PLANK HARROW.]

Coult er-too th e d  harro w s.  The  co ul t e r-too t h e d
h a r ro ws  (Fig. 5 7)  h ave  t e e t h  r e s e m bling  t h e  coul t e r
of a  plow t wis t e d  o r  b e n t  in to  va rious  s h a p e s .  
The  Acm e  is a  good  exa m ple  of t hi s  cl as s  of h a r row. 
It  c u t s ,  t u r n s  a n d  p ulve rize s  t h e  s u rfac e  soil so m e w h a t
af t e r  t h e  m a n n e r  of t h e  plow.  I t  p r e p a r e s  a  fine
m ulc h  a n d  leaves  a n  exc ellen t  s e e d  b e d.   I t  is
a n  excellen t  h a r ro w  to  finis h  off wi th  af t e r  u sing
a  rolling  c u t t er.

Chain  harro w s.  The  ch ain  h a r ro w  consis t s  of
a  w e b  of ch ain s  linke d  tog e t h er.  They h ave  a
wo n d e rful po w e r  for  b r e aking  clods  a n d  a r e  u s eful
for  collec ting  w e e d s.   They s h a k e  t h e  di r t  fro m
t h e  w e e d s  a n d  roll t h e m  in to h e a p s.   Ch ain  h a r ro ws
t e n d  to  co m p a c t  t h e  soil.

Br us h  harro w s.  The  b r u s h  h a r row  is a  p ri mitive
for m  m a d e  by fas t e ning  b r u s h  to  a  long  pole.  
Brus h  h a r row s  a r e  q ui t e  u s eful for  b r u s hin g  in s e e d
a n d  for  p ulve rizing  m a n u r e  b ro a d c a s t e d  on  g r a s s  lands .
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Plan k  harro w s.  The  pla nk  h a r row  (se e  Fig.  5 8)
is m a d e  of s eve r al  pl a nks  fas t e n e d  tog e t h e r  so  t h a t
e a c h  pl a nk  ove rl a ps  t h e  n ex t  on e  to  it,  like  t h e  cla p bo a r d s
of a  ho u s e .   This  h a r row  is a s  good  a s  a  rolle r
in  fining  a n d  s moot hing  t h e  s u rf ac e  soil.  I t  is
a n  excellen t  tool to  u s e  al t e r n a t ely wi th  a  s pike
o r  coul t e r-too t h e d  h a r ro w  on  lu m py soil.  This
tool r a s p s  o r  g rind s  m a ny of t h e  lu m ps  o r  clods  w hich
slip  by t h e  h a r row  t e e t h  a n d  p r e s s e s  o t h e r s  in to  t h e
g ro u n d  so  t h a t  t h e  h a r row  following  c a n  g e t  a  g rip
on  t h e m.   It  is a  h a r ro w  t h a t  c a n  b e  m a d e  on  a ny
fa r m.   This pl a nk e r  is a n  exc ellen t  tool to  s moot h
t h e  s u rfac e,  for  b ro a dc a s ting  s m all s e e d s  a n d  for
pl a n tin g  t r u ck  c rops .

ROLLING

The  objec t s  of rolling  a r e :  

To co m p r e s s  t h e  s u rf ac e  soil so  t h a t  t h e  h a r row  will
do  it s  work  m o r e  efficie n tly, a lso  to  b r e ak  clods
o r  lum ps  t h a t  m ay  h ave  r e sis t e d  t h e  a c tion  of t h e
h a r row.

To s moot h  t h e  s u rfac e  of t h e  soil for  a n  eve n  dis t ribu tion
of s m all s e e d s ,  a n d  to  firm  t h e  soil a ro u n d  s uc h  s e e d s
af t e r  t h ey a r e  pla n t e d  so  t h a t  t h ey  will ke e p  m ois t
a n d  s p rou t  r e a dily.

To give  co m p a c t n e s s  to  soils  t h a t  a r e  ligh t  a n d  loos e
a n d  t h u s  e n a ble  t h e m  to  hold  m ois t u r e  a n d  pla n t  food
b e t t er.

To p r e s s  in to  t h e  g ro u n d  t h e  roo t s  of pl a n t s  p a r t ly
dislodg e d  by t h e  fros t .
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To r e m ove  t h e  con di tions  favor a ble  to  t h e  d evelop m e n t
of m a ny  kinds  of ins ec t s.

To sink  s u rfac e  s to n e s  so  t h a t  t h ey  will no t  in t e rfe r e
wi th  h a rv es ting  t h e  c rop.

Ligh t  po ro us  soils  m ay  b e  rolle d  a t  a ny tim e,  b u t
clay soils  c a n  b e  rolled  to  a dv a n t a g e  only w h e n  t h ey
a r e  s tiff a n d  cloddy.

S p rin g-sow n  g r ain  is oft e n  rolled  a s  soon  a s  sow n.  
This  is all r i gh t  in o r din a ry s p ring  w e a t h er, b u t
if s how e r s  a r e  fr eq u e n t  a n d  t h e  soil is q ui t e  m ois t
t h e  rolling  s hould  b e  o mit t e d  till af t e r  t h e  g r ain
is u p .   The  s a m e  p r a c tice  will a p ply to  a u t u m n-sow n
g r ain  al so.  If t h e  soil is d ry  t h e  rolling  h elps
it  to  p u m p  w a t e r  u p  to  t h e  s e e d s.   Bu t  if it is
m ois t  a n d  s how e r s  a r e  fre q u e n t  t h e  co m bin e d  a c tion
of t h e  rolle r  a n d  t h e  r ain  is to  m a k e  so  t hick  a  c r u s t
t h a t  m a ny of t h e  s e e d s  will no t  b e  a bl e  to  forc e  t h ei r
w ay t h ro u g h  it o r  will b e  s mo t h e r e d  by poo r  ven til a tion.  
Afte r  t h e  g r ain  is u p  t h e  rolling  m ay  b e  do n e  to  a dv a n t a g e ,
a s  it t h e n  m a k e s  a  fi rm  soil a bo u t  t h e  roo t s  of t h e
pla n t s,  a  con di tion  of b e n efi t  to  g r ain  c rops.

The  m o s t  si m ple  for m  of rolle r  is a  solid  o r  hollow
cylind e r  of wood  fas t e n e d  in to  a  fra m e  by w hich  it
is d r a w n.   So m e  rolle r s  h av e  s pike s  o r  blun t  a t t ac h m e n t s
fas t e n e d  to  t h ei r  s u rf ac e s  for  b r e a king  clods.  
A rolle r  t h a t  is q ui t e  po p ula r  consis t s  of a  cylind e r
of p r e s s e d  s t e el.

CHAPTER XIII

LEAVES
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FACTS ABOUT LEAVES

We foun d  in a n  e a rlie r  les son  t h a t  all of ou r  fa r m
pla n t s  h ave  roo t s,  s t e m s,  le aves,  flow e r s,  frui t  a n d
s e e d s.   We s t u die d  t h e  roo t  fir s t  a s  b ein g  t h e
m os t  impor t a n t  p a r t  of t h e  pl a n t  to  t h e  fa r m er. 
The  s e e d  w a s  t h e  n ex t  p a r t  s t u die d,  for  t h a t  w a s  conside r e d
t h e  n ex t  m os t  impor t a n t ,  b e c a u s e  t h e  s e e d  is t h e  m ain
r elia nc e  for  n e w  pla n t s.   The  p a r t  n ex t  in impor t a nc e
is t h e  leaf a n d  t h a t  w e  will now  s t u dy.

If you  will go  in to  t h e  field  a n d  obs e rve  t h e  leaves
on  a  n u m b e r  of pl a n t s,  you  will find  t h a t  t h e  following
fac t s  a r e  t r u e:  

They a r e  all g r e e n .

They a r e  fla t  a n d  t hin.

M a ny of t h e m  a r e  ve ry b ro a d.

So m e  of t h e  leaves  on  a  single  b r a n c h  a r e  la r g e r  t h a n
o th e r s  on  t h e  s a m e  b r a nc h,  a n d  so m e  h ave  long e r  s t e m s
t h a n  o t h e r s.

Mos t  of t h e m  h ave  a  r a t h e r  d a rk  glossy u p p e r  s u rfac e
a n d  a  ligh t e r  ro u g h e r  u n d e r  s u rf ac e.

[Illus t r a tion:  FIG. 5 9.   To s how  t r a n s pi r a tion.  
Pl an t  A  w a s  s e t  in t h e  s u nligh t ,  pl a n t  B
w a s  left  in t h e  d a rk e r  p a r t  of t h e  roo m.  A  h a s
t r a n s pi r e d  m u c h  m o r e  t h a n  B , s howing  t h a t  s u nligh t
is n ec es s a ry  for  t his  wo rk.]

[Illus t r a tion:  FIG. 6 0.—AMOU NT OF
TRANSPIRATION This  pl a n t  t r a n s pi r e d  wi thin  4 8  ho u r s
a n  a m o u n t  of w a t e r  e q u al  to  t h e  colo r e d  liquid  in
t h e  bo t tl e  s t a n din g  on  t h e  jar, m o r e  t h a n  6  ou nc e s .]

The  leaves  on  t h e  low e r  b r a n c h e s  of t h e  t r e e s  a r e
s p r e a d  ou t  in a  m o r e  o r  les s  fla t  laye r  a n d  h ave  t h ei r
glossy s u rfac e s  all t u r n e d  u p,  w hile  t hos e  on  b r a nc h e s
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in  t h e  to ps  of t r e e s  o r  s h r u b s  a r e  a r r a n g e d  all a ro u n d
t h e  b r a n c h,  t h e  glossy s u rfac e  b eing  t u r n e d  u p.
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Wh a t  a r e  t h e  r e a so ns  for  t h e s e  fac t s?

A s t u dy of t h e  wo rk  of t h e  leaves  a n d  t h e  con di tions
n ec es s a ry  for  t h e m  to  p e rfo r m  t h ei r  wo rk  will h elp
u s  to  a n s w e r  t his  q u e s tion.

THE USES OF LEAVES TO PLANTS

= E x p e ri m e n t . =—(S e e  Fig.  5 9).  Take
a  po t  o r  t u m ble r  in w hich  a  you n g  pl a n t  is g rowing,
al so  a  piec e  of p a s t e bo a r d  la r g e  e no u g h  to  cove r  t h e
top  of t h e  po t;  c u t  a  sli t  fro m  t h e  e d g e  to  t h e  c e n t r e
of t h e  p a s t e bo a r d,  t h e n  pl ac e  it  on  t h e  top  of t h e
po t,  le t ting  t h e  pl a n t  e n t e r  t h e  sli t.   No w  clos e
t h e  sli t  wi th  w ax o r  t allow, m a king  it p e rf ec tly tig h t
a bo u t  t h e  s t e m.   If t h e  pl a n t  is no t  too  la r g e ,
inve r t  a  t u m ble r  ove r  it, le t ting  t h e  e d g e  of t h e
t u m ble r  r e s t  on  t h e  p a s t e bo a r d;  if a  t u m ble r  is no t
la rg e  e no u g h  u s e  a  gl a s s  jar.  If a  po t t e d  pl a n t
is no t  conve nie n t  a  slip  o r  a  s e e dling  b e a n  o r  p e a
plac e d  in a  t u m ble r  of w a t e r  will s e rve  t h e  p u r pos e.  
P r e p a r e  s eve r al  a n d  pl ac e  so m e  in a  s u n ny win dow  a n d
leave  o t h e r s  in t h e  roo m  w h e r e  it  is d a rk er, a n d  obs e rve
t h e m  fro m  ti m e  to  tim e.   In  t h e  c a s e  of t hos e
pla n t s  t h a t  w e r e  s e t  in t h e  s u n ny win dow  m ois t u r e  will
b e  s e e n  collec ting  on  t h e  inn e r  s u rf ac e  of t h e  t u m bler. 
Whe r e  do e s  t his  co m e  fro m?  I t  is a b so r b e d  fro m
t h e  soil by t h e  roo t s  a n d  is s e n t  wi t h  i ts  load  of
dis solved  pl a n t  food u p  t h ro u g h  t h e  s t e m s  to  t h e  leaves .  
The r e  m os t  of t h e  w a t e r  is p a s s e d  fro m  t h e  leaves  to
t h e  ai r  a n d  is co n d e n s e d  on  t h e  sid e s  of t h e  gl a s s.  
A work  of leaves  t h e n  is to  t h row  off o r  to  t r a n s pi r e
m ois t u r e  a n d  t h u s  m a k e  roo m  for  a  n e w  s u p ply of food-lad e n
m ois t u r e .   This  w a t e r  is t h row n  off t h ro u g h  li t tle
po r e s  o r  m o u t h s  o r  s to m a t a  w hich  a r e  ve ry s m all a n d
ve ry n u m e ro u s  on  t h e  u n d e r  side  of t h e  leaf. 
I t  will b e  no tice d  t h a t  t h e  pl a n t  no t  pl ac e d  in t h e
s u nligh t  t r a n s pi r e s  ve ry li t tle  m ois t u r e ,  s howing  t h a t
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s u nligh t  h elps  t h e  leaves  in  t his  wo rk  of t r a n s pi r a tion.

H ow  m u c h  w a t e r  do e s  a  pl a n t  t r a n s pi r e  o r  t h row  off
fro m  its  leaves?

= E x p e ri m e n t . =—(S e e  Fig.  6 0).  Fill
a  co m m o n  q u a r t  frui t  ja r  o r  c a n  wi t h  soil a n d  pl a n t
in it  a  ke r n el of co r n,  a  b e a n,  a  co t ton  s e e d  o r  s e e d
of so m e  ot h e r  pl a n t .   Afte r  t h e  pl a n t  h a s  g row n
to  b e  t w elve  o r  fift ee n  inch e s  hig h,  cu t  a  piec e  of
p a s t e bo a r d  a  li t tle  la rg e r  t h a n  t h e  top  of t h e  jar,
c u t  a  hole  in  t h e  c e n t r e  a s  la r g e  a s  t h e  s t e m  of t h e
pla n t  a n d  m a k e  a  sli t  fro m  e d g e  to  c e n t r e .   So ak
t h e  p a s t e bo a r d  in m el t e d  w ax o r  p a r affine  c a n dle.  
Cool it  a n d  t h e n  plac e  it  ove r  t h e  jar, slipping  it
a ro u n d  t h e  pl a n t  s t e m.   N o w  solde r  t h e  p a s t e bo a r d
to  t h e  ja r  wi th  m el t e d  c a n dle  m a kin g  t h e  join t s  t igh t
all t h e  w ay a ro u n d.   The n  clos e  u p  t h e  sli t  a n d
t h e  hole  a bo u t  t h e  s t e m.   The  ja r  is no w  co m ple t ely
s e al e d  a n d  t h e r e  is no  w ay for  w a t e r  to  e s c a p e  exc e p t
t h ro u g h  t h e  pl a n t .   The  pla n t  s ho uld  b e  w ell w a t e r e d
b efo r e  t h e  ja r  is clos e d.   N o w  w eig h  t h e  ja r  a n d
s e t  in t h e  s u nligh t .   Weigh  a g ain  t h e  n ex t  d ay. 
The  diffe r e n c e  in t h e  t wo  w eigh t s  will r e p r e s e n t  t h e
a m o u n t  of w a t e r  t r a n s pi r e d  by  t h e  pla n t .   The
w eig hin gs  m ay  b e  r e p e a t e d  u n til m ois t u r e  gives  ou t .  
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If it  is d e si r e d  to  con tinu e  t his  exp e ri m e n t  so m e
ti m e,  a  s m all hole  s hould  b e  cu t  in t h e  p a s t e bo a r d
b efo r e  it  is fas t e n e d  to  t h e  jar.  This  hole  is
for  a d ding  w a t e r  to  t h e  ja r  fro m  ti m e  to  t im e.  
The  hole  s ho uld  b e  ke p t  clos e d  wi th  a  co rk.   The
a m o u n t  of w a t e r  a d d e d  s hould  alw ays  b e  w eig h e d  a n d
a c co u n t  t ak e n  of it  in t h e  following  w eighings.  
While  t his  pl a n t  is g rowing  it will b e  w ell to  w r a p
t h e  ja r  wi t h  p a p e r  to  p ro t e c t  t h e  roo t s  fro m  t h e  ligh t.

I t  h a s  b e e n  foun d  t h a t  t h e  a m o u n t  of w a t e r  n e c e s s a ry
to  g ro w  a  pl a n t  to  m a t u ri ty is e q u al  to  fro m  3 0 0  to
5 0 0  ti m es  t h e  w eig h t  of t h e  pl a n t  w h e n  d ry.

This  gives  u s  a n  ide a  of t h e  ve ry g r e a t  impor t a nc e
of w a t e r  to  pl a n t s.

= E x p e ri m e n t . =—Take  a  few le aves  fro m  a
pla n t  of co t to n,  b e a n,  clove r  o r  o t h e r  pl a n t  t h a t
h a s  b e e n  g rowing  in t h e  s u nligh t;  boil t h e m  for  a
few min u t e s  to  sof t e n  t h e  tis s u e s,  t h e n  pl ac e  t h e m
in alcohol for  a  d ay  o r  u n til t h e  g r e e n  colo ring  m a t t e r
is ex t r ac t e d  by t h e  alcohol.  Was h  t h e  leaves
by t aking  t h e m  fro m  t h e  alcohol a n d  p u t ting  t h e m  in
a  t u m ble r  of w a t er.  The n  p u t  t h e m  in s a uc e r s
in a  w e ak  solu tion  of iodine.   The  leaf will b e
s e e n  to  g r a d u ally d a rk e n;  t his  will con tinu e  u n til
it  b e co m e s  d a rk  p u r ple  o r  al mos t  bl ack  (Fig.  6 1). 
We h ave  al r e a dy lea r n e d  t h a t  iodine  t u r n s  s t a r c h  t his
color, so  w e  conclud e  t h a t  le aves  m u s t  co n t ain  s t a r c h .
(Five  o r  t e n  c e n t s  wo r t h  of t inc t u r e  of iodin e  fro m
a  d r u g  s to r e  dilu t e d  to  a bo u t  t h e  colo r  of w e ak  t e a
will b e  s ufficien t  for  t h e s e  leaf exp e ri m e n t s.)

= E x p e ri m e n t . =—If a  po t t e d  pl a n t  w a s  u s e d
for  t h e  las t  exp e ri m e n t ,  s e t  it  a w ay in a  d a rk  clos e t
af t e r  t aking  t h e  le aves  for  t h e  exp e ri m e n t .   A
d ay o r  t wo  af t er, t ak e  leaves  fro m  it  b efo r e  r e moving
it  fro m  t h e  close t .   Boil t h e s e  le aves  a n d  t r e a t
t h e m  with  alcohol a s  in t h e  p r evious  exp e ri m e n t .  
The n  w a s h  t h e m  a n d  t e s t  t h e m  wit h  iodine  a s  b efo r e.  
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N o  s t a r c h  will b e  foun d  in t h e  leaves  (Fig.  6 2). 
The  s t a r c h  t h a t  w a s  in t h e m  w h e n  pl ac e d  in t h e  clos e t
h a s  dis a p p e a r e d .   N o w  p a s t e  so m e  t hick p a p e r  lab els
on  so m e  of t h e  leaves  of a  pl a n t  expos e d  to  t h e  s u nligh t .  
Afte r  a  few ho u r s  r e m ove  t h e  le aves  t h a t  h ave  t h e  lab els
on  t h e m,  boil, t r e a t  wit h  alcohol a n d  t e s t  wi th  t h e
iodine .   In  t his  c a s e  s t a r c h  will b e  foun d  in
all p a r t s  of t h e  leaf exc e p t  t h e  p a r t  ove r  w hich  t h e
lab el  w a s  p a s t e d  (Fig.  6 3).  If t h e  s u nligh t  is
in t e n s e  a n d  t h e  lab el t hin,  so m e  s t a r c h  will a p p e a r
u n d e r  i t.

Accor din g  to  t h e s e  las t  exp e ri m e n t s ,  leaves  con t ain
s t a r c h  a t  c e r t ain  tim e s,  a n d  t hi s  s t a r c h  s e e m s  to
a p p e a r  w h e n  t h e  le af is in t h e  s u nligh t  a n d  to  dis a p p e a r
w h e n  t h e  ligh t  is cu t  off.  The  fac t  is t h a t  t h e
leaves  m a n ufac t u r e  s t a r c h  for  t h e  pl a n t  a n d  s u nligh t
is n ec es s a ry  for  t his  wo rk.   The  s t a r c h  is t h e n
c h a n g e d  to  s u g a r  w hich  is c a r ri e d  by t h e  s a p  to  o th e r
p a r t s  of t h e  pl a n t  w h e r e  it is a g ain  c h a n g e d  to  s t a r c h
to  b e  b uil t  in to  t h e  pl a n t  s t r u c t u r e  o r  s to r e d  for
fu tu r e  u s e .
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= E x p e ri m e n t . =—Take  le aves  fro m  a  pl a n t
of silve r-leaf g e r a niu m  g rowin g  in t h e  s u nligh t.  
If t his  pl a n t  c a n no t  b e  h a d,  t h e  leaves  fro m  so m e
oth e r  va rie g a t e d  w hi t e  a n d  g r e e n  leave d  pl a n t  will
do.   Boil t h e s e  leaves,  t r e a t  wi th  alcohol, w a s h
a n d  t e s t  wit h  iodin e  (Fig. 6 4).  S t a r c h  will b e
foun d  in t h e  le af w h e r eve r  t h e r e  w a s  g r e e n  colo ring
m a t t e r  in i t, w hile  t h e  p a r t s  t h a t  w e r e  w hi t e  will
s how  no  s t a r c h.   The  g r e e n  colo ring  m a t t e r  s e e m s
to  h ave  so m e t hin g  to  do  wi t h  t h e  s t a r c h  m a king,  in
fac t  s t a r c h  is m a n ufac t u r e d  only w h e r e  it is p r e s e n t .  
This  colo ring  m a t t e r  is c alle d  chlo rop hyl o r  le af
g r e e n.

We a r e  told  by  t h e  ch e mis t s  t h a t  t his  s t a r c h  is m a d e
fro m  c a r bo n  a n d  w a t er.  The r e  exis t s  in t h e  ai r
a  g a s  c alled  c a r bo nic  a cid  g a s;  t his  g a s  is co m pos e d
of c a r bo n  a n d  oxyge n.   I t  is b r e a t h e d  ou t  of t h e
lungs  of a ni m als  a n d  is p ro d u c e d  by t h e  b u r nin g  a n d
d ec ay of o r g a nic  m a t t er.  The  u n d e r  side  of t h e
leaf con t ains  h u n d r e d s  of lit tl e  po r e s  o r  m o u t hs  c alled
s to m a t a .   This g a s  mixe d  wi t h  ai r  e n t e r s  t h e s e
m o u t h s .   The  g r e e n  p a r t  of t h e  leaf aid e d  by t h e
s u n  t ak e s  hold  of t h e  g a s  a n d  s e p a r a t e s  t h e  c a r bo n
fro m  t h e  oxyge n.   The  oxyge n  is allow e d  to  go  fre e ,
b u t  t h e  c a r bo n  is m a d e  to  u ni t e  wi th  w a t e r  a n d  for m
s t a r c h.

= E x p e ri m e n t . =—The  e s c a p e  of t his  oxyge n
g a s  m ay  b e  s e e n  by t aking  so m e  w a t e r  w e e d  fro m  ei th e r
fre s h  o r  s al t  w a t e r  a n d  pl acing  it  in a  gl a s s  ja r
of t h e  kind  of w a t e r  fro m  w hich  it  c a m e,  t h e n  s e t  t h e
ja r  in t h e  s u nligh t .   Afte r  a  ti m e  b u b bles  of
g a s  will b e  s e e n  collec ting  a n d  rising  to  t h e  s u rfac e.  
If a  m a s s  of w e e d  like  t h e  g r e e n  sc u m  of fre s h  w a t e r
po n d s  o r  g r e e n  s e a  le t t uc e  b e  u s e d ,  t h e  b u b bles  of
g a s  will b eco m e  e n t a n gled  in t h e  m a s s  a n d  will c a u s e
it  to  r i s e  to  t h e  s u rfac e  of t h e  w a t er.  At t h e
s a m e  ti m e  p r e p a r e  a no t h e r  ja r  of t h e  w e e d  a n d  pl ac e
it  so m e w h e r e  ou t  of t h e  s u n;  ve ry few b u b ble s  will
b e  s e e n  to  ris e  a n d  t h e  w e e d  will s e t tl e  to  t h e  bo t to m
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of t h e  ja r  (Fig.  6 5).

All of t h e  food  of t h e  pla n t ,  w h e t h e r  t ak e n  fro m  t h e
ai r  o r  fro m  t h e  soil is dig e s t e d  in t h e  le aves,  a n d
s u nligh t  a n d  ai r  a r e  n ec e s s a ry for  t hi s  wo rk.

Anot h e r  func tion  of leaves  t h e n  is to  dig e s t  food
for  t h e  pl a n t .

Im por t a n t  func tions  of leaves  t h e n  a r e:  

To t r a n s pi r e  m ois t u r e  s e n t  u p  by t h e  roo ts.

To m a n ufac t u r e  s t a r c h  by co m bining  so m e  of t h e  w a t e r
s e n t  u p  by t h e  roo t s  wit h  c a r bo n  t ak e n  fro m  t h e  air.

To dig e s t  t h e  s t a r c h  a n d  food  s e n t  u p  by t h e  roo t s.

To do  t h e s e  t hings  w ell le aves  m u s t  b e  con n e c t e d  wi th
a  s t ro n g,  h e al thy roo t  sys t e m  a n d  m u s t  h ave  pl e n ty
of ligh t  a n d  air.

We a r e  now  r e a dy to  give  r e a so ns  for  t h e  fac t s  a bo u t
leaves  m e n tion e d  in t h e  fir s t  p a r t  of t h e  c h a p t e r
(se e  p a g e  1 0 9).

Le aves  a r e  g r e e n  b e c a u s e  t h e  g r e e n  colo ring  m a t t e r
is n ec es s a ry  for  t h e  le af to  do  it s  wo rk.

Le aves  a r e  fla t  a n d  t hin  a n d  b ro a d  in o r d e r  t h a t  t h ey
m ay p r e s e n t  a  la rg e  s u rfac e  to  t h e  ai r  a n d  s u nligh t .

[Illus t r a tion:  FIG. 6 1.   To s how  t h a t  g rowin g
leaves  con t ain  s t a r c h.  1 .   Re p r e s e n t s  a  g r e e n
co t ton  le af a s  picke d  fro m  t h e  pl a n t .  2 .   Is  t h e
s a m e  leaf af t e r  t aking  ou t  t h e  g r e e n  colo ring  m a t t e r ;
t h e  leaf is w hi t e .  3 .   The  s a m e  leaf af t e r  t r e a t m e n t
wi th  w e a k  iodin e  t u r n e d  to  a  d a rk  p u r ple,  s ho win g  t h e
p r e s e n c e  of s t a r c h.  (Dr a win gs  by  M.E.  Fel th a m.)]
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[Illus t r a tion:  FIG. 6 2.   To s how  t h a t  s t a r c h
dis a p p e a r s  fro m  t h e  le af w h e n  t h e  pl a n t  is pl ac e d
in t h e  d a rk.   The  pl a n t  fro m  w hich  w a s  t ak e n  t h e
leaf r e p r e s e n t e d  in Fig  6 1,  w a s  im m e dia t ely pl ac e d
in a  d a rk  clos e t  for  2 4  ho u r s .   The n  leaf 4  w a s
t ak e n  fro m  it; 5  r e p r e s e n t s  t his  leaf af t e r  t h e  chlo rop hyl
w a s  t ak e n  fro m  it:  it  is w hi t e;  6  is t h e  s a m e
af t e r  t r e a t m e n t  wi th  iodine.   The  le af r e m ains
w hi t e ,  s howing  no  s t a r c h.  (Dr a win gs  by  M.E.  Fel th a m.)]

[Illus t r a tion:  FIG. 6 3.   To s how  t h a t  s u nligh t
is n ec es s a ry  for  s t a r c h-m a kin g  by leaves.   Leaf
7  h a d  a  p a p e r  lab el s t uck  to  it s  u p p e r  s u rfac e  a  cou ple
of ho u r s  w hile  t h e  pl a n t  w a s  expos e d  to  s u nligh t;
8  is t h e  s a m e  leaf af t e r  t h e  chlo rop hyl w a s  t ak e n
ou t,  a n d  9  r e p r e s e n t s  it  af t e r  t r e a t m e n t  wit h  iodin e.  
The  leaf t u r n e d  p u r ple  in all p a r t s  exce p t  t h e  p a r t
t h a t  w a s  s h a d e d  by t h e  lab el.  S t a r c h  w a s  r e m oved
fro m  t h e  po r tion  u n d e r  t h e  lab el, b u t  w a s  no t  r e n e w e d
b ec a u s e  t h e  lab el ke p t  ou t  t h e  n e c e s s a ry  s u nligh t .
(Dra wings  by  M.E.  Fel th a m.)]

[Illus t r a tion:  FIG. 6 4.   To s how  t h a t  c hlo rop hyl
is n ec es s a ry  for  s t a r c h  for m a tion  in t h e  leaf. 1 0
is a  va rie g a t e d  le af fro m  a  silve r-leave d  g e r a niu m;
t h e  c e n t e r  is a n  ir r e g ula r  p a t c h  of g r e e n ,  wi th  a n
ir r e g ula r  bo r d e r  of w hi t e.  1 1,  af t e r  t aking  ou t  t h e
g r e e n.  1 2,  af t e r  iodine  t r e a t m e n t ,  t h e  leaf t u r n s
p u r ple  only w h e r e  it w a s  o rigin ally g r e e n ,  s howing
t h a t  no  s t a r c h  for m s  in t h e  w hi t e  bo r d er. (Dra wings
by M.E.  Fel th a m.)]

So m e  le ave s  on  t h e  b r a n c h  a r e  la r g e r  t h a n  o t h e r s  b ec a u s e
in t h e  s t r u g gle  for  ligh t  a n d  ai r  t h ey  h ave  h a d  a
b e t t e r  c h a n c e  t h a n  t h e  o t h e r s  o r  t h ey  h ave  h a d  m o r e
of t h e  food  w hich  h a s  co m e  u p  fro m  t h e  roo t.

So m e  of t h e  leaves  h av e  d evelop e d  long e r  s t e m s  t h a n
o th e r s  in t h ei r  effo r t  to  r e a c h  ou t  af t e r  ligh t  a n d
air.
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Mos t  leaves  h ave  t h e  lit tl e  m o u t h s  t h ro u g h  w hich  ai r
is t ak e n  in a n d  w a t e r  a n d  oxyge n  give n  ou t  on  t h e
ro u g h  side,  a n d  t h a t  sid e  is t u r n e d  dow n  tow a r d  t h e
e a r t h  p ro b a bly so  t h a t  r ain  a n d  d u s t  will no t  c hok e
t h e  lit tle  po r e s .

The  leaves  of t h e  low e r  b r a n c h e s  t e n d  to  s p r e a d  ou t
in a  b ro a d,  fla t  pl a n e  b e c a u s e  in t h e  effo r t  to  g e t
ligh t  no  leaf will g row  di r ec tly u n d e r  a n d  in t h e
s h a dow  of a no t h er, w hile  on  t hos e  b r a n c h e s  w hich  g ro w
s t r aig h t  u p  fro m  t h e  top  of t h e  t r e e  t h e  leaves  c a n
g e t  ligh t  fro m  all side s  a n d  so  a r r a n g e  t h e m s elves
a ro u n d  t h e  s t e m.

Is i t of a ny value  to  t h e  pla n t  g ro w e r  to  know t h e s e
fac t s  a bo u t  leaves?   I t  is, for  knowing  t h e s e
t hin gs  h e  c a n  b e t t e r  u n d e r s t a n d  t h e  n ec e s si ty of c a ring
for  t h e  leaves  of his  g ro wing  pl a n t s  to  s e e  t h a t  t h ei r
wo rk  is no t  in t e rfe r e d  wi th.

HOW THE WORK OF SOME LEAVES IS INTERFERED 
WITH
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M a ny p eo ple  w ho  g ro w  ho us e  pla n t s  h av e  t ro u ble  in
k e e pin g  t h e m  w ell clot h e d  wi t h  leaves ,  for  ins t a n c e ,
t h e  g e r a niu m  a n d  t h e  r u b b e r  pla n t .   The  le aves
a r e  co ns t a n tly t u r ning  yellow a n d  d ro p pin g  off o r  d rying
u p.   This so m e tim e s  occu r s  fro m  ove r-w a t e ring  o r
no t  s ufficie n tly w a t e ring  t h e  soil in  t h e  po t  o r  box. 
If t h e  w a t e rin g  is all r i gh t  t h e  t rou ble  m ay  occu r
in t his  w ay:  The  ai r  of t h e  ho us e  is q ui t e  d ry,
e s p e cially in win t er.  As a  r e s ul t  t r a n s pi r a tion
fro m  t h e  le af m ay  b e  exc es sive.   Mo r e  w a t e r  is
t r a n s pi r e d  t h a n  is n e c e s s a ry, con s e q u e n tly m o r e  is
p u m p e d  by t h e  roo t s  a n d  wi th  it  m o r e  food  is s e n t  to
t h e  leaf t h a n  it c a n  t ak e  c a r e  of.  As t h e  exc es s
of w a t e r  is t r a n s pi r e d  t h e  exc e s s  of food is left
in  t h e  le af.  The  t e n d e ncy is to  clog  its  po r e s
a n d  t h e r efo r e  in t e rfe r e  wi t h  i ts  wo rk,  a n d  g r a d u ally
w e a k e n  a n d  finally kill i t.  The  r e m e dy for  t his
is to  s p r ay  t h e  leaves  fre q u e n tly so  a s  to  k e e p  t h e
ai r  a bo u t  t h e m  m ois t  a n d  so  c h e ck  t r a n s pi r a tion.  
Keepin g  a  vess el of w a t e r  n e a r  t h e m  h elp s  al so  a s  t his
t e n d s  to  ke e p  t h e  ai r  m ois t .   Dus t  so m e ti m e s  c hokes
t h e  leaves .   Washing  o r  s p r aying  r e m e dies  t hi s.

So m e ti m e s  ho us e  pl a n t s,  a n d  ou t-doo r  pl a n t s  a s  w ell,
b eco m e  cove r e d  wi th  a  s m all, g r e e n  ins ec t  c alle d  t h e
pla n t  lous e  o r  a p his.   This  ins ec t  h a s  a  s h a r p
b e a k  like  a  m os q ui to  a n d  it s ucks  t h e  juice s  fro m
t h e  leaf a n d  c a u s e s  it to  c u rl  u p,  in t e rfe ring  wi th
its  work  a n d  finally killing  it.   F r e q u e n t  s p r aying
wi th  w a t e r  will t e n d  to  ke e p  t h e s e  a w ay.  A s u r e r
r e m e dy a g ain s t  t h e m  is to  s p r ay  t h e  pl a n t s  wit h  w e a k
tob a cco  w a t e r  m a d e  by so aking  tob a cco  o r  s n uff in w a t er,
o r  to  fu mig a t e  t h e m  with  tob acco  s mok e.   So m e tim e s
t h e  u n d e r  sid e  of t h e  leaf b e co m e s  infe s t e d  wi th  a
ve ry s m all mi t e  c alled  r e d  s pide r  b e c a u s e  it s pins
a  w e b.   Thes e  mi t e s  inju r e  t h e  le af by  s ucking
s a p  fro m  it.  They c a n  b e  ke p t  in  c h eck  by fre q u e n t
s p r aying  for  t h ey  do  no t  like  w a t er.  If, t h e n ,
w e  a r e  c a r eful to  fre q u e n tly s p r ay  t h e  leaves  of ou r
ho us e  pl a n t s  w e  will h ave  ve ry lit tle  t ro u ble  fro m
a p his,  r e d  s pid e r  o r  ove r  t r a n s pi r a tion.   The  a p his,
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or  pl a n t  lous e,  is oft e n  ve ry n u m e ro us  on  ou t-doo r
pla n t s,  for  ins t a nc e ,  t h e  ros e,  c h rys a n t h e m u m,  c a b b a g e,
a n d  frui t  t r e e s .   They va ry in colo r  fro m  g r e e n
to  d a rk  b ro w n  o r  bl ack.   They a r e  t r e a t e d  in  t h e
s a m e  w ay a s  t hos e  on  t h e  ho u s e  pl a n t s.   So m e  fa milia r
ou t-doo r  ins ec t s  w hic h  in t e rfe r e  wi t h  le af wo rk  a r e
t h e  co m m o n  po t a to  b u g,  t h e  g r e e n  c a b b a g e  wor m,  t h e
ros e  slug,  t h e  el m  t r e e  le af b e e tl e ,  t h e  c a nk e r  wo r m,
t h e  to m a to  wo r m.   Thes e  ins ec t s  a n d  m a ny  ot h e r s
e a t  t h e  le aves  (Fig. 6 7).  They c h e w  a n d  s w allow
t h ei r  food a n d  a r e  c alled  c h e wing  ins ec t s.   All
ins ec t s  w hich  c h e w  t h e  leaves  of pl a n t s  c a n  b e  d e s t roye d
by p u t tin g  poison  on  t h ei r  food.  The  co m m o n  poisons
u s e d  for  t his  p u r pos e  a r e  Pa ris  g r e e n  a n d  Londo n  p u r ple,
w hich  con t ain  a r s e nic, a n d  a r e  u s e d  a t  t h e  r a t e  of
on e  t e a s poonful to  a  p ail of w a t e r  o r  on e-fou r t h  po u n d
to  a  b a r r el of w a t er.  This  is s p rinkled  o r  s p r aye d
on  t h e  leaves  of t h e  pla n t s.   Anot h e r  poison  u s e d
is w hi t e  h ellebo r e .   This  los e s  it s  poisonin g
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q u ali ti es  w h e n  expos e d  to  t h e  ai r  for  a  tim e.  
The r efo r e  it  is s afe r  to  u s e  a bo u t  t h e  flow e r  g a r d e n
a n d  on  pl a n t s  w hic h  a r e  soon  to  b e  u s e d  a s  food  o r
w hos e  frui t  is to  b e  u s e d  soon,  like  c a b b a g e s  a n d  cu r r e n t
b u s h e s .   This  h ellebo r e  is sif t e d  on  t h e  pl a n t
full s t r e n g t h,  o r  it m ay  b e  dilu t e d  by  mixing  on e
p a r t  of h ellebo r e  wi th  on e  o r  t wo  p a r t s  of flour,
pl a s t er, o r  lime.   I t  is a l so  u s e d  in w a t er, p u t tin g
on e  ou nc e  of h elle bo r e  in t h r e e  g allons  of w a t e r  a n d
t h e n  s p r aying  it  on  t h e  pl a n t s.   Pla n t s  m ay  b e
s p r aye d  by u sing  a  w a t e ring  po t  wi th  a  fine  ro s e  o r
s p rinkler, o r  a n  old  h ai r-b r u s h  o r  clo th e s-b r u s h.  
For  la r g e  pl a n t s  o r  la r g e  n u m b e r s  of s m alle r  pl a n t s
s p r ay  p u m p s  of va rious  sizes  a r e  u s e d.   So m e ti m e s
c h e wing  ins ec t s  on  food  pl a n t s  a n d  s ucking  ins ec t s
on  all pla n t s  a r e  t r e a t e d  by  s p r aying  t h e m  wi th  so a py
solu tions  o r  oily solu tions  w hich  inju r e  t h ei r  bo dies .

The  wo rk  of t h e  leaf is also  in t e rfe r e d  wit h  by  dis e a s es
w hich  a t t a ck  t h e  le aves  a n d  c a u s e  p a r t s  o r  t h e  w hole
leaf to  t u r n  yellow or  b row n  o r  b e co m e  blis t e r e d  o r
filled  wi th  holes.   The  co m m o n  r e m e dy for  m o s t
of t h e s e  dis e a s e s  is c alled  t h e  “Bord e a ux Mixtu r e .” 
I t  is p r e p a r e d  a s  follows:  Dissolve  fou r  po u n ds
of blu e  vit riol (blue  s ton e,  o r  cop p e r  s ulp h a t e)  in
s eve r al  g allons  of w a t er.  The n  sl ak e  fou r  po u n d s
of lim e.   Mix t h e  two  a n d  a d d  e no u g h  w a t e r  to
m a k e  a  b a r r elful.  The  mixtu r e  is t h e n  s p r aye d
on  t h e  pl a n t s.

For  m o r e  d e t aile d  di r ec tions  for  s p r aying  pl a n t s  a n d
co m b a ting  ins ec t s  a n d  dis e a s e s  w ri t e  to  you r  S t a t e
Exp e rim e n t  S t a tion  a n d  to  t h e  U ni t e d  S t a t e s  De p a r t m e n t
of Agricul tu r e  a t  Was hin g ton,  D.C.

[Illus t r a tion:  FIG. 6 5.   To s how  t h e  giving
off of g a s  by leaves,  a n d  t h a t  s u nligh t  is n e c e s s a ry
for  i t.  The  ja r s  con t ain  s e a w e e d.  A  w a s
s e t  in t h e  s u n  a n d  d evelop e d  e no u g h  g a s  to  floa t  p a r t
of t h e  pla n t .  B  w a s  lef t  in t h e  d a rk e r  p a r t
of t h e  roo m  a n d  d evelop e d  ve ry lit tle  g a s.]
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[Illus t r a tion:  FIG. 6 6.   S e e dling  r a dis h e s
r e a c hin g  for  ligh t .]

[Illus t r a tion:  FIG. 6 7.   El m le aves  inju r e d
by t h e  “im po r t e d  el m-t r e e  leaf b e e tl e,”
a  c h e wing  ins ec t .]

The  wo rk  of t h e  leaves  of ho u s e  pl a n t s  is oft e n  in t e rfe r e d
wi th  by  no t  giving  t h e m  s ufficien t  s u nligh t .  
Ga r d e n  a n d  field  pl a n t s  a r e  so m e ti m e s  pl a n t e d  so  t hick
t h a t  t h ey c row d  e a c h  o t h e r  a n d  s h u t  t h e  ligh t  a n d
ai r  fro m  e a c h  o t h er, o r  w e e d s  a r e  allow e d  to  g row  a n d
do  t h e  s a m e  t hin g,  t h e  r e s ul t  b ein g  t h a t  t h e  le aves
c a n no t  do  good  work  a n d  t h e  pl a n t  b e co m e s  w e a k  a n d
sickly.  Weeds  a r e  d e s t royed  by p ulling  t h e m  u p
a n d  exposing  t h ei r  roo t s  to  t h e  s u n.   This  s ho uld
b e  do n e  b efor e  t h e  w e e d s  blosso m,  to  p r eve n t  t h e m
fro m  p rod ucing  fre s h  s e e d s  for  a  n e w  c ro p  of w e e d s.  
So m e  w e e d s  h ave  fles hy roo t s—for  ex a m ple,
dock, t his tle—in w hich  food is s to r e d;
t h e s e  roo t s  go  d e e p  in t h e  g ro u n d,  a n d  w h e n  t h e  u p p e r
p a r t  of t h e  pl a n t  is c u t  o r  b rok e n  off t h e  roo t  s e n ds
u p  n e w  s hoo ts  to  t ak e  t h e  pl ac e  of t h e  old.  So m e
h ave  u n d e r g ro u n d  s t e m s  in w hic h  food  is s to r e d  for
t h e  s a m e  p u r pos e .   The  s u r e s t  w ay to  g e t  r id  of
s uc h  w e e d s,  in fac t ,  of all w e e d s,  is to  p r eve n t  t h ei r
leaves  fro m  g ro wing  a n d  m a king  s t a r c h  a n d  dig e s ting
food  for  t h e m.   This is a cco m plish e d  by cons t a n tly
c u t ting  off t h e  you n g  s hoo t s  a s  soon  a s  t h ey a p p e a r
a bove  t h e  soil, o r  by g rowing  so m e  c rop  t h a t  will
s m o t h e r  t h e m.   The  cons t a n t  effor t  to  m a k e  n e w
g row t h  will soon  exh a u s t  t h e  s u p ply of s to r e d  food
a n d  t h e  w e e d  will di e .
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CHAPTER XIV

STE M S

WHAT ARE STEMS FOR?

Visit  t h e  fa r m  or  g a r d e n  a n d  t h e  fields  to  ex a min e
s t e m s  a n d  s t u dy t h ei r  g e n e r al  a p p e a r a n c es  a n d  h a bi t s
of g row t h.   N o tice  t h a t  m a ny pl a n t s ,  like  t h e
t r e e s ,  b u s h e s  a n d  m a ny  veg e t a ble  a n d  flow e rin g  pl a n t s ,
h ave  s t e m s  w hich  a r e  ve ry m u c h  b r a nc h e d,  w hile  o t h e r s
h ave  a p p a r e n tly single  s t e m s  wi th  b u t  few or  no  b r a nc h e s .  
Exa min e  t h e s e  s t e m s  c a r efully a n d  no t e  t h a t  t h e r e
a r e  leaves  on  so m e  p a r t  of all of t h e m  a n d  t h a t  jus t
a bove  t h e  poin t  w h e r e  e a c h  leaf is fas t e n e d  to  t h e
s t e m  t h e r e  is a  b u d  w hich  m ay  so m e ti m e  p ro d uc e  a  n e w
b r a nc h  (Fig. 6 8).  If t h e  s t e m s  of t r e e s  a n d  o t h e r
woody pl a n t s  b e  ex a min e d  in t h e  win t e r  af t e r  t h e  leaves
h ave  fallen,  it will b e  s e e n  t h a t  t h e  b u ds  a r e  s till
t h e r e ,  a n d  t h a t  jus t  b elow e a c h  b u d  is a  m a rk  o r  leaf
sc a r  left  by t h e  fallen  leaf.  Thes e  b u ds  a r e
t h e  b e gin nin gs  of n e w  b r a n c h e s  for  a no t h e r  ye a r’s
g row t h.   O n  so m e  b r a nc h e s  will b e  foun d  also  flow e r s
a n d  frui t  o r  s e e d  vess els .

Buds  a n d  leaves  o r  b u d s  a n d  leaf sc a r s  dis ting uis h
s t e m s  fro m  roo t s.   So m e  pl a n t s  h ave  s t e m s  u n d e r
t h e  soil a s  w ell a s  a bove  it.   Thes e  u n d e r g ro u n d
s t e m s  r e s e m ble  roo t s  b u t  c a n  b e  dis ting uis h e d  fro m
t h e m  by t h e  rings  o r  join t s  w h e r e  will b e  foun d  b u d s
a n d  s m all s c ale-like  leaves  (Fig. 6 9).  Qui tc h-g r a s s
o r  wi r e g r a s s,  Bu r m u d a  g r a s s ,  w hi t e  po t a to  a n d  a r tic hok e
a r e  ex a m ples  of u n d e r g ro u n d  s t e m s.

N o w  s t u dy t h e  h a bi t  of g row t h  of t h e s e  s t e m s.  
N o tice  t h a t:  

So m e  pl a n t s  g ro w  e r e c t  wi th  s t ron g,  s tiff s t e m s,  for
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exa m ple,  co r n ,  s u nflow er, m a ple,  pin e,  el m  a n d  o t h e r
t r e e s .   M a ny of t h e s e  e r e c t  s t e m s  h ave  b r a n c h e s
r e a c hin g  ou t  in to  t h e  ai r  in all di r ec tions.   S t a n d
u n d e r  a  t r e e  clos e  to  t h e  s t e m  o r  t r u nk  a n d  look u p
into  t h e  t r e e  a n d  no tice  t h a t  t h e  le aves  a r e  n e a r
t h e  ou t e r  e n d s  of t h e  b r a n c h e s  w hile  in t h e  c e n t r e
of t h e  t r e e  t h e  b r a n c h e s  a r e  n e a rly b a r e .   Why
is t his?  If you  r e m e m b e r  t h e  wo rk  of leaves  a n d
t h e  con di tions  n e c e s s a ry  for  t h ei r  wo rk  you will b e
a ble  to  a n s w e r  t his  q u e s tion.   Leaves  n e e d  ligh t
a n d  ai r  for  t h ei r  wo rk,  a n d  t h e s e  e r e c t ,  b r a n c hing
s t e m s  hold  t h e  leaves  u p  a n d  s p r e a d  t h e m  ou t  in t h e
ligh t  a n d  air.

N o tice  t h a t  w h e r e  s eve r al t r e e s  g row  clos e  tog e t h er,
t h ey  a r e  on e-sid e d,  a n d  t h a t  t h e  long e s t  a n d  la r g es t
b r a nc h e s  a r e  on  t h e  ou t side  of t h e  g ro u p  a n d  t h a t
t h ey  h ave  m o r e  leaves  t h a n  t h e  inn e r  b r a nc h e s .  
Why?  Why do  t h e  t r e e s  in  t hick  woods  h ave  m o s t
of t h e  living  b r a n c h e s  a n d  b e a r  m os t  of t h ei r  le aves
a w ay u p  in t h e  top  of t h e  t r e e?

So m e  s t e m s  ins t e a d  of s t a n ding  u p  e r ec t  clim b  u p  on
o th e r  pla n t s  o r  objec t s  by m e a n s  of s p ringlike  t e n d rils
w hich  t wis t  a bo u t  t h e  objec t  a n d  so  hold  u p  t h e  sle n d e r
s t e m.   On  t h e  g r a p e  vine  t h e s e  t e n d rils  a r e  sle n d e r
b r a nc h e s .   On  t h e  s w e e t  p e a  a n d  g a r d e n  p e a  t h ey
a r e  p a r t s  of t h e  le ave s.   The  t r u m p e t  c r e e p e r
a n d  E n glish  ivy clim b  by m e a n s  of ai r  r oo t s.  
The  n a s t u r tiu m  clim bs  by  m e a n s  of it s  le af s t e m s.
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Ot h e r  s t e m s  g e t  u p  in to  t h e  ligh t  a n d  ai r  wi th  t h ei r
leaves  by  t wining  a bo u t  u p righ t  objec t s.   For
exa m ple,  t h e  m o r nin g  glo ry a n d  pole  b e a n.

So m e  s t e m s  will b e  foun d  t h a t  s p r e a d  t h ei r  le aves
ou t  to  t h e  s u n  by c r e e pin g  ove r  t h e  g ro u n d.   S w e e t
po t a to,  m elon,  s q u a s h ,  a n d  c uc u m b e r  vine s  a r e  exa m ples
of s uc h  pl a n t s .

On e  u s e  of t h e  s t e m s  of pl a n t s  t h e n  is to  s u p po r t
t h e  leaves ,  flowe r s  a n d  frui t ,  a n d  expos e  t h e m  to
t h e  m u c h  n e e d e d  ligh t  a n d  air.

= E x p e ri m e n t . =—Get  a  piec e  of g r a p e  vine
a n d  c u t  it  in to  piec e s  fou r  o r  five inch e s  long; no tic e
t h a t  t h e  c u t  s u rfac e  a p p e a r s  to  b e  full of lit tl e
hole s.   Cu t  a  piec e  fro m  b e t w e e n  join t s ,  plac e
on e  e n d  in you r  m o u t h  a n d  blow h a r d.   I t  will
b e  foun d  t h a t  ai r  c a n  b e  blow n  t h ro u g h  t h e  pi ec e  of
vine.   N o w  po u r  a bo u t  a n  inch  of w a t e r  in a  t u m ble r
o r  c u p  a n d  colo r  it  wi th  a  few d ro ps  of r e d  ink. 
The n  s t a n d  so m e  of t h e  pi ec e s  of g r a p e  vine  in t h e
colo r e d  w a t er.  In  a  few ho u r s  t h e  colo r e d  w a t e r
will a p p e a r  a t  t h e  u p p e r  e n d s  of t h e  s ticks.   C a pilla ry
forc e  h a s  c a u s e d  t h e  colo r e d  w a t e r  to  r i s e  t h ro u g h
t h e  s m all t u b e s  in  t h e  vine.   Re p e a t  t his  exp e ri m e n t
wi th  t wigs  of s eve r al  kinds  of t r e e s  a n d  soft  g r e e n
pla n t s,  a s  el m,  m a ple,  s u nflow er, co r n,  e t c . 
I t  will no t  b e  possible  to  blow t h ro u g h  t h e s e  t wigs,
b u t  t h e  r e d  w a t e r  will r i s e  t h ro u g h  t h e m  by os mos e,
a n d  in a  few ho u r s  will a p p e a r  a t  t h e  u p p e r  e n d s .  
If so m e  leaves  a r e  left  on  t h e  s t e m s  t h e  colo r e d  w a t e r
will a p p e a r  in t h e m.   So m e  w hi t e  flow e r s  c a n  b e
colo r e d  in t his  w ay.

In  t his  m a n n e r  t h e  s t e m  c a r rie s  pl a n t  food di ssolved
in w a t e r  fro m  t h e  roo t s  to  t h e  leaves,  a n d  af t e r  t h e
leaves  h ave  dige s t e d  it c a r rie s  it  b a ck  to  va rious
p a r t s  of t h e  pl a n t .

The  s t e m  t h e n  s e rves  a s  a  con d uc to r  o r  a  p a s s a g e  for

136



food  a n d  m ois t u r e  b e t w e e n  roo ts  a n d  le aves.

Visit  a  s t r a w b e r ry  b e d  o r  s e a r c h  for  wild  s t r a w b e r ry
pla n t s.   No tice  t h a t  fro m  t h e  olde r  a n d  la rg e r
pl a n t s  a r e  s e n t  ou t  long,  sle n d er, le afles s  s t e m s
wi th  a  b u d  a t  t h e  tip.   The s e  s t e m s  a r e  c alled
r u n n e r s .   Fin d  so m e  r u n n e r s  t h a t  h ave  for m e d  roo t s
a t  t h e  tip  a n d  h av e  d evelop e d  a  t uf t  of le aves  t h e r e ,
for min g  n e w  pla n t s.   Find  so m e  bl ack  r a s p b e r ry
pla n t s  a n d  no tice  t h a t  so m e  of t h e  c a n e s  h ave  b e n t
ove r  a n d  t ak e n  roo t  a t  t h e  tips  s e n ding  u p  a  n e w  s hoo t
a n d  t h u s  for ming  a  n e w  pla n t .   You know how  r a pidly
wi r e  g r a s s  a n d  Be r m u d a  g r a s s  will ove r r u n  t h e  g a r d e n
o r  fa r m.   On e  w ay in w hich  t h ey  do  t his  is by  s e n ding
ou t  u n d e r g ro u n d  s t e m s  w hich  t ak e  roo t  a t  t h e  join t s
a n d  so  for m  n e w  pla n t s.

Anot h e r  u s e  of t h e  s t e m  t h e n  is to  p ro d uc e  n e w  pla n t s .

On  t h e  fa r m  w e  m a k e  u s e  of t his  h a bi t  of s t e m s  w h e n
w e  wis h  to  p rod uc e  n e w  w hi t e  po t a to  pl a n t s .   We
c u t  a n  old  po t a to  in pi ec e s  a n d  pl a n t  t h e m.   The
b u d s  in  t h e  eye s  g row  a n d  for m  n e w  pla n t s.   On e
w ay of g e t tin g  n e w  g r a p e  pl a n t s  is to  t ak e  a  r ip e n e d
vine  in  t h e  fall a n d  c u t  it  in  piec e s  wi th  t wo  o r
t h r e e  b u d s  a n d  pl a n t  t h e m  so  t h a t  on e  o r  bo t h  of t h e
b u d s  a r e  cove r e d  wi th  soil.  The  piec e s  will t ak e
roo t  a n d  in t h e  s p rin g  will s e n d  u p  n e w  s hoo t s  a n d
t h u s  for m  n e w  pla n t s.
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You c a n  ob t ain  n e w  pla n t s  fro m  g e r a niu m,  ve r b e n a ,
n a s t u r tiu m  a n d  m a ny  ot h e r  flowe ring  pl a n t s ,  by  cu t ting
a n d  pl a n ting  slips  o r  p a r t s  of t h e  s t e m s  fro m  t h e m.

In  p a r t s  of t h e  Sou t h  n e w  s w e e t  po t a to  pl a n t s  a r e
ob t ain e d  by c u t tin g  p a r t s  of t h e  s t e m s  fro m  g ro wing
pla n t s  a n d  pl a n tin g  t h e m.

Flo ris t s  p ro d u c e  la r g e  n u m b e r s  of n e w  pla n t s  by  t aking
a dva n t a g e  of t his  func tion  of s t e m s.

= E x p e ri m e n t . =—Take  a  w hi t e  po t a to  w hich
is a  t hicke n e d  s t e m  a n d  pl ac e  it  in  a  w a r m,  d a rk  pl ac e .  
I t  will soon  b e gin  to  s p ro u t  o r  s e n d  ou t  n e w  s t e m s,
a n d  a s  t h e s e  n e w  s t e m s  g row  t h e  po t a to  s h rinks  a n d
s h rivels  u p.   Why is t his?  I t  is b ec a u s e
t h e  s t a r c h  a n d  o th e r  m a t e ri al  s to r e d  in  t h e  po t a to
a r e  b ein g  u s e d  to  fee d  t h e  n e w  b r a nc h e s .   Whe n
w e  pl a n t  po t a to e s  in  t h e  g a r d e n  a n d  field t h e  n e w
pla n t s  p ro d u c e d  fro m  t h e  eye s  of t h e  po t a to  a r e  fed
by t h e  s to r e d  m a t e ri al  u n til t h ey  s t rike  roo t  a n d  a r e
a ble  to  t ak e  c a r e  of t h e m s elves.

All s t e m s  s to r e  food  for  t h e  fu t u r e  u s e  of t h e  pl a n t .

Annu al  pl a n t s,  o r  t hos e  w hich  live  b u t  on e  ye ar, s to r e
food  in t h ei r  s t e m s  a n d  le ave s  d u ring  t h e  e a rly p a r t
of t h ei r  g row t h.   Durin g  t h e  frui ting  o r  s e e d
for min g  s e a so n  t his  food  m a t e ri al is t r a n sfe r r e d  to
t h e  s e e d s  a n d  t h e r e  s to r e d ,  a n d  t h e  s t e m s  b e co m e  woody. 
This  is a  fac t  to  b e a r  in min d  in con n e c tion  wit h
t h e  h a rve s ting  of h ay  o r  o t h e r  fodd e r  c ro ps.  
If w e  le t  t h e  g r a s s  s t a n d  u n til t h e  s e e d s  for m  in t h e
h e a d,  t h e  s t e m  a n d  leaves  s e n d  t h ei r  no u ri sh m e n t  to
t h e  s e e d s  a n d  b e co m e  woody a n d  of less  valu e  t h a n
if c u t  b efo r e  t h e  s e e d s  a r e  fully for m e d.

In  pl a n t s  of m o r e  t h a n  on e  yea r’s g row t h  t h e
s to r e d  food is u s e d  to  give  t h e  pl a n t  a  s t a r t  t h e
following  s e a so n,  o r  for  s e e d  p ro d u c tion.

138



The  r a pid  g ro wt h  of leaf a n d  t wig  on  t r e e s  a n d  s h r u b s
in s p rin g  is m a d e  fro m  t h e  food s to r e d  in  t h e  s t e m
t h e  s e a son  b efo r e.

S a go  is a  for m  of s t a r c h  s to r e d  in t h e  s t e m  of t h e
s a go  p al m  for  t h e  fu tu r e  u s e  of t h e  pl a n t .

M a ple  s u g a r  is m a d e  fro m  t h e  food  m a t e r ial s to r e d
in t h e  t r u nk  of t h e  m a ple  t r e e  for  t h e  r a pid  g ro wt h
of t wig  a n d  leaf in  t h e  s p rin g.

Ca n e  s u g a r  is t h e  food s to r e d  in t h e  s u g a r  c a n e  to
p ro d uc e  n e w  pla n t s  t h e  n ex t  s e a so n.

If w e  ex a min e  t h e  s t e m  of a  t r e e  t h a t  h a s  b e e n  c u t
dow n  w e  find  t h a t  it  is woody, t h a t  t h e  wood  is a r r a n g e d
in ring s  o r  laye r s  a n d  t h a t  t h e  ou t e r  p a r t  of t h e
s t e m  is cove r e d  wi th  b a rk.   We will no tice  also
t h a t  t h e  wood  n e a r  t h e  c e n t r e  of t h e  t r e e  is d a rk e r
t h a n  t h e  ou t e r  p a r t .   This inn e r  p a r t  is c alle d
t h e  h e a r t  wood  of t h e  t r e e .   The  ligh t e r  wood
is c alled  t h e  s a p  wood.   I t  is t h ro u g h  t h e  ou t e r
o r  s a p  wood  t h a t  t h e  w a t e r  t ak e n  in by t h e  roo t  is
p a s s e d  u p  to  t h e  leaves  w h e r e  t h e  food  w hich  it  c a r ri e s
is dig e s t e d  a n d  t h e n  s e n t  b a ck  to  t h e  pl a n t .   The
r e t u r ning  dig e s t e d  food  is s e n t  b a ck  la rg ely t h ro u g h
t h e  b a rk.   Be tw e e n  t h e  b a rk  a n d  t h e  wood  is a
ve ry t hin  laye r  w hich  is c alle d  c a m biu m.   This
is t h e  a c tive  g ro win g  tis s u e  of t h e  s t e m.   In  t h e
s p rin g  it is ve ry soft  a n d  slipp e ry  a n d  c a u s e s  t h e
b a rk  to  p e el  off e a sily.  This  c a m biu m  b uilds
a  n e w  ring  of wood  ou t sid e  of t h e  old  wood  a n d  a  n e w
ring  of b a rk  on  t h e  inside  of t h e  b a rk.   In  t his
w ay t h e  t r e e  g row s  in dia m e t er.
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N o w  if t h e  b a rk  is inju r e d ,  o r  a ny p a r t  of t h e  s t e m,
all p a r t s  b elow t h e  wo u n d  a r e  c u t  off fro m  t h e  r e t u r n
s u p ply of dig e s t e d  food  a n d  t h ei r  g row t h  is c h e ck e d.  
Whe n  s uc h  a  wo u n d  do e s  occur, o r  if a  wou n d  is m a d e
by c u t ting  off a  b r a nc h,  t h e  c a m biu m  s e t s  to  wo rk  to
r e p ai r  t h e  d a m a g e  by p u s hing  ou t  a  n e w  g ro wt h  w hich
t e n d s  to  cove r  t h e  wo u n d.   We c a n  h elp  t his  by
cove rin g  t h e  wou n d  a n d  ke e pin g  t h e  ai r  fro m  it  to
p r eve n t  it s  d rying  a n d  to  ke e p  di se as e  fro m  a t t acking
it  b efo r e  i t is h e al e d.

HOW THE WORK OF THE STEM MAY BE INTERFERED
WITH

If t h e r e  a r e  a ny p e a c h  t r e e s  n e a r  by, exa min e  t h e
t r u nks  close  to  t h e  g ro u n d,  eve n  p ulling  a w ay t h e
soil for  a  few inch es .   You will ve ry likely find
a  m a s s  of g u m my s u b s t a n c e  oozing  fro m  t h e  t r e e .  
P ull t his  a w ay a n d  in it a n d  in t h e  wood  u n d e r  it
will b e  foun d  on e  o r  m o r e  yellowish  w hi t e  wo r m s.  
The s e  a r e  t r e e  bo r e r s.   They will b e  foun d  in
al mos t  all p e a c h  t r e e s .   They in t e rfe r e  wi th  t h e
wo rk  of t h e  s t e m  a n d  in m a ny c a s e s  kill t h e  t r e e s .  
The s e  wo r m s  m ay  b e  k e p t  so m e w h a t  in c h eck  by ke e ping
p a p e r s  w r a p p e d  a bo u t  t h e  low e r  p a r t  of t h e  t r e e.  
Bu t  t h e  s u r e s t  w ay to  ke e p  t h e m  in ch e ck  is to  dig
t h e m  ou t ,  s p ring  a n d  fall, wi th  a  knife  a n d  wi r e.

Bor e r s  a t t a ck  t h e  o t h e r  frui t  t r e e s  a n d  al so  o rn a m e n t al
t r e e s  a n d  s h r u bs.

R a b bi t s  so m e ti m e s  g n a w  t h e  b a rk  fro m  t r e e s  d u ring
s eve r e  win t e r s .

Ca r ele s s  wo rk m e n  so m e ti m e s  inju r e  t h e  b a rk  of t r e e s
by allowing  plow s  a n d  m o win g  m a c hin es  o r  o th e r  tools
w hich  t h ey  a r e  u sin g  a m o n g  t h e m  to  co m e  in con t a c t
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with  t h e  t r e e s  a n d  inju r e  t h e  b a rk.

Young  t r e e s  p u r c h a s e d  fro m  t h e  n u r s e ry g e n e r ally h ave
a  lab el fas t e n e d  to  t h e m  with  a  piec e  of wi r e.  
U nless  t his  wi r e  is r e move d  o r  is c a r efully w a tc h e d
a n d  e nla r g e d  fro m  tim e  to  tim e  it  will c u t  in to t h e
b a rk  a s  t h e  s t e m  g row s  a n d  in t e rfe r e  wi th  i t s  wo rk
a n d  oft e n  kill t h e  top  of t h e  t r e e  o r  inju r e  a  m ain
b r a nc h.

The s e  a r e  a  few w ays  in w hich  t h e  wo rk  of t h e  s t e m
is so m e ti m e s  c h eck e d  a n d  t h e  pl a n t  inju r e d  t h e r e by.

CHAPTER XV

FLOWER S
In  ou r  s t u dy of t h e  p a r t s  of pl a n t s  t h e  flow e r  a n d
frui t  h ave  b e e n  give n  t h e  las t  pl ac e  b e c a u s e  in t h e
g rowing  of m o s t  fa r m  pla n t s  a  knowle d g e  of t h e  func tions
of t h e  flow e r  is of les s  impo r t a n c e  t h a n  t h a t  of t h e
roo t s ,  le aves  a n d  s t e m s.   H o w ever, a  knowled g e
of t h e s e  p a r t s  is n e c e ss a ry  for  s ucc e s sful frui t  c ul t u r e
a n d  so m e  ot h e r  ho r ticul tu r al indus t ri e s.

As wi th  t h e  o th e r  p a r t s  of t h e  pl a n t  ou r  s t u dy will
no t  b e  exh a u s tive  b u t  will b e  si m ply a n  a t t e m p t  to
b ring  ou t  on e  o r  t wo  impo r t a n t  t r u t h s  of value  to
m os t  fa r m e r s .

In  t h e  s t u dy of flow e r s  t h e  s p e ci m e n s  u s e d  for  s t u dy
will d e p e n d  u po n  t h e  tim e  of t h e  ye a r  in w hich  t h e
s t u die s  a r e  m a d e  a n d  n e e d  no t  n e c e s s a rily b e  t h e  on es
u s e d  h e r e  for  illus t r a tion.

FUNCTION OR USE OF FLOWERS TO PLANTS
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Of w h a t  u s e  is t h e  flowe r  to  t h e  pl a n t?

You h ave  do u b tle s s  no tice d  t h a t  m o s t  flow e r s  a r e  followe d
by frui t  o r  s e e d  vess els.  In  fac t,  t h e  frui t
a n d  s e e d s  a r e  r e ally p rod uc e d  fro m  t h e  flow er, a n d
t h e  wo rk  of m os t  flow e r s  is to  p ro d uc e  s e e d s  in o r d e r
to  p rovide  for  n e w  pla n t s.

[Illus t r a tion:  FIG. 6 8.   A ho r s e-c h e s t n u t
s t e m  s howing  le aves,  b u d s,  a n d  sc a r s  w h e r e  las t  ye a r’s
leaves  d ro p p e d  off.]

[Illus t r a tion:  FIG. 6 9.—AN U NDERGROU ND
STEM  Buds  s how  dis tinc tly a t  poin t s  indica t e d  by  b .]

To u n d e r s t a n d  how  t his  co m e s  a bo u t  i t will b e  n e c e s s a ry
to  s t u dy t h e  p a r t s  of t h e  flowe r  a n d  find  ou t  t h ei r
individu al  u s e s  o r  func tions.

PARTS OF A FLOWER

If w e  t ak e  for  ou r  s t u dy a ny of t h e  following  flow e r s:  
c h e r ry, a p ple,  b u t t e r c u p,  wild  m u s t a r d,  a n d  s t a r t
fro m  t h e  ou t side ,  w e  will find  a n  ou t e r  a n d  u n d e r
p a r t  w hich  in m os t  flow e r s  is g r e e n .   This  is c alled
t h e  c alyx (Figs.  7 0-7 4).  In  t h e  b u t t e r c u p  a n d
m u s t a r d  t h e  c alyx is divide d  in to  s e p a r a t e  p a r t s  c alled
s e p als.   In  t h e  c h e r ry, p e a c h  a n d  a p ple,  t h e  c alyx
is a  c u p  o r  t u b e  wi th  t h e  u p p e r  e d g e  divide d  in to
lobes .

Above  t h e  c alyx is a  b ro a d  s p r e a ding  co rolla  w hic h
is w hi t e  o r  b rig h tly colo r e d  a n d  is divide d  in to s eve r al
dis tinc t  p a r t s  c alle d  p e t al s.   The  p e t als  of on e
kind  of flow e r  a r e  g e n e r ally diffe r e n t  in  s h a p e,  size
a n d  colo r  fro m  t hos e  of o t h e r  flow e r s .   In  so m e
flow e r s  t h e  p e t al s  a r e  u ni t e d  in to  a  co rolla  of on e
piec e  w hich  m ay  b e  funn el-s h a p e d,  a s  in t h e  m o r nin g
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glory o r  p e t u nia  of t h e  g a r d e n,  o r  t u b ula r  a s  in t h e
ho n eys uckle,  w h e el-s h a p e d  a s  in  t h e  to m a to  a n d  po t a to,
o r  of va rious  o t h e r  for m s.

Within  t h e  co rolla  a r e  foun d  s eve r al  bo die s  h aving
long,  sle n d e r  s t e m s  wi t h  yellow kno bs  on  t h ei r  tips.  
The s e  a r e  c alle d  s t a m e n s.   The  sle n d e r  s t e m s  a r e
c alle d  s t alks  o r  fila m e n t s  a n d  t h e  knobs  a n t h e r s .  
The  a n t h e r s  of so m e  of t h e  s t a m e n s  will ve ry likely
b e  foun d  cove r e d  wi th  a  fine,  yellow pow d e r  c alled
pollen.   This pollen  is p ro d uc e d  wi thin  t h e  a n t h e r
w hich,  w h e n  rip e,  b u r s t s  a n d  di sch a r g e s  t h e  pollen.

The  s t a m e n s  va ry g r e a tly in n u m b e r  in diffe r e n t  kinds
of flowe r s .   In  t h e  c e n t r e  of t h e  ch e r ry, p e a c h,
o r  m u s t a r d  flow e r  will b e  foun d  a n  u p righ t  sle n d e r
body c alle d  t h e  pi s til.  In  t h e  p e ac h  a n d  c h e r ry
t h e  pis til h a s  t h r e e  p a r t s ,  a  lowe r  ro u n d e d,  so m e w h a t
s wollen  p a r t  c alled  t h e  ova ry, a  sl en d e r  s t e m  a rising
fro m  it  c alled  t h e  s tyle,  a n d  a  sligh t  e nl a r g e m e n t
a t  t h e  top  of t h e  s tyle  c alled  t h e  s tig m a.   The
s tig m a  is g e n e r ally ro u g h e n e d  o r  s ticky.  If t h e
ova ry is s pli t  op e n,  wi thin  it  will b e  foun d  a  li t tl e
body c alle d  a n  ovule,  w hic h  is to  d evelop  in to  a  s e e d .

In  t h e  a p ple  flow e r  t h e  pi s tils  will b e  foun d  to  h ave
on e  ova ry wi th  five s tyle s  a n d  s tig m a s  a n d  in t h e
ova ry will b e  s eve r al  ovule s.

In  t h e  b u t t e r c u p  will b e  foun d  a  la rg e  n u m b e r  of s m all
pis tils,  e ac h  consis ting  of a n  ova ry a n d  s tig m a.

The  p a r t s  of diffe r e n t  flow e r s  will b e  foun d  to  va ry
in color, in s h a p e,  in  r el a tive  size  a n d  in n u m b er. 
In  so m e  flowe r s  on e  o r  m o r e  of t h e  p a r t s  will b e  foun d
w a n ting.
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Exa min e  a  n u m b e r  of flowe r s  a n d  find  t h e  p a r t s .

FUNCTIONS OF THE PARTS OF THE FLOWERS

N o w  w h a t  a r e  t h e  u s e s  of t h e s e  p a r t s  of t h e  flowe r?

[Illus t r a tion:  FIG. 7 0.—FLOWER OF
CHERRY. a , pis til; b , s t a m e n;  c ,
co rolla; d , c alyx; e , s ec tion  of flowe r
s howing  ova ry wi th  ovule.  (Dra wing  by M.E.  Fel th a m.)]

[Illus t r a tion:  FIG. 7 1.  1 .   Flow e r  of a p ple;
b , s t a m e n s;  c , co rolla; d , c alyx.
2.   S e c tion  of s a m e;  a , s tyle;  e ,
co m po u n d  ova ry; f , fila m e n t;  g , a n t h er. 
(Dra wing  by M.E.  Fel th a m.)]

[Illus t r a tion:  FIG. 7 2.  A.  Pis til of
flow e ring  r a s p b e r ry; e , ova ry; t , s tyle;
s , s t ig m a.  B.  S t a m e n  of flow e rin g  r a s p b e r ry;
f , fila m e n t;  g , a n t h e r;  p , pollen.]

[Illus t r a tion:  FIG. 7 3.—FLOWER OF
BUTTERCUP. c , p e t al s;  d , s e p al s;  h ,
r i pe n e d  pis tils,  o r  frui t .  (Dr a wing  by M.E.  Fel t h a m.)]

If w e  w a t c h  a  flowe r  of t h e  p e a c h  o r  c h e r ry  fro m  w e e k
to  w e ek,  w e  will s e e  t h a t  t h e  pis til d evelops  in to
a  p e a c h  o r  ch e r ry  w hich  b e a r s  wi thin  a  s e e d  fro m  w hich
a  n e w  pla n t  will b e  p ro d uc e d  if t h e  s e e d  is pl ac e d
u n d e r  con di tions  n e c e s s a ry for  g e r min a tion  o r  s p ro u ting.

The  pis tils  of t h e  flowe r s  of o t h e r  pl a n t s  will b e
foun d  to  d evelop  in to  fles hy frui ts ,  h a r d  n u t s ,  d ry
pod s  o r  h u sks  con t aining  on e  o r  m o r e  s e e d s .

The  wo rk  of t h e  pi s til o r  pi s tils  of flow e r s  t h e n
is to  fu rnish  s e e d s  for  t h e  p ro d uc tion  of n e w  pla n t s.
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The  bo t a nis t s  t ell u s  t h a t  a  pi s til will no t  p ro d uc e
s e e d s  u nle s s  it is fe r tilized  by  pollen  fro m  t h e  s a m e
kind  of flow e r  falling  on  it s  s tig m a.

The  wo rk  of t h e  s t a m e n  t h e n  is to  p ro d uc e  pollen  to
fe r tilize  t h e  pi s tils.  Pis tils  a n d  s t a m e n s  a r e
bo t h  n e c e s s a ry for  t h e  p ro d uc tion  of frui t  a n d  s e e d.  
They a r e  t h e r efo r e  c alled  t h e  e s s e n ti al  o r  n e c e s s a ry
p a r t s  of t h e  flow er.

The  bo t a nis t s  also  t ell u s  t h a t  n a t u r e  h a s  p rovide d
t h a t  in m o s t  c a s e s  t h e  pis tils  s h all b e  fe r tilize d
by t h e  polle n  of so m e  ot h e r  flowe r  t h a n  t h ei r  ow n,
a s  t his  p ro d uc e s  s t ron g e r  s e e d s .

H ow  is t h e  pollen  c a r ri e d  fro m  flowe r  to  flowe r?

Go in to  t h e  g a r d e n  o r  field a n d  w a t c h  t h e  b e e s  a n d
b u t t e rflies  flying  a bo u t  t h e  flow e r s,  r e s tin g  on  t h e m
a n d  c r a wling  in to  t h e m.   They a r e  s e e king  for
n ec t a r  w hich  t h e  flow e r  s ec r e t e s .   As t h ey visi t
pl a n t  af t e r  pl a n t ,  fee ding  fro m  m a ny flow e r s ,  t h ei r
bodie s  b e co m e  m o r e  o r  less  cove r e d  wit h  polle n  a s
t h ey b r u s h  ove r  t h e  s t a m e n s.   So m e  of t his  pollen
in t u r n  g e t s  r u b b e d  off on  t h e  s tig m a s  of t h e  pis tils
a n d  t h ey b e co m e  fe r tilized.   Thus  t h e  b e e s  a n d
so m e  o th e r  ins ec t s  h ave  b eco m e  n e c e s s a ry  a s  polle n
c a r ri e r s  for  so m e  of t h e  flow e r s  a n d  t h e  flowe r s  in
t u r n  fee d  t h e m  wit h  s w e e t  n e c t ar.

This  gives  u s  a  hin t  a s  to  on e  u s e  of t h e  co rollas
w hich  s p r e a d s  ou t  s uc h  b ro a d,  b rig h tly-colo re d,  cons picuo us
p e t al s.   I t  m u s t  b e  t h a t  t h ey a r e  a dve r tis e m e n t s
o r  sig n  bo a r d s  to  a t t r a c t  t h e  b e e s  a n d  to  t ell t h e m
w h e r e  t h ey c a n  find  n e c t a r  a n d  so  lea d  t h e m  u nco nsciously
to  c a r ry pollen  fro m  flow e r  to  flow e r  to  fe r tilize
t h e  pis tils.   The  a c t  of c a r rying  pollen  to  t h e
pis til is c alled  pollina tion,  a n d  c a r rying  pollen
fro m  t h e  s t a m e n s  of on e  flow e r  to  t h e  pis til of a no t h e r
flow e r  is c alled  c ro ss  pollina tion.
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If w e  ex a min e  a  blosso m  b u d  jus t  b efo r e  i t op e n s  w e
will s e e  only t h e  c alyx.  Eve ryt hing  el s e  will
b e  w r a p p e d  u p  inside  of it.  Evide n tly, t h e n,
t h e  c alyx is a  p ro t ec tin g  cove ring  for  t h e  o t h e r  p a r t s
of t h e  flow e r  u n til blosso ming  ti m e.

The  co rolla  will b e  foun d  c a r efully folde d  wit hin
t h e  c alyx a n d  also  h elps  p ro t ec t  t h e  s t a m e n s  a n d  pis til.

So m e  flow e r s  do  no t  p ro d u c e  b righ t-colo r e d  co rollas
to  a t t r a c t  t h e  b e e s ,  for  exa m ples,  t h e  flowe r s  of
t h e  g r a s s e s,  w h e a t ,  co r n ,  a n d  o th e r  g r ain s,  t h e  willows,
b u t t e r n u t s ,  el m s,  pin e s  a n d  o th e r s .   Bu t  t h ey
p ro d uc e  la rg e  a m o u n t s  of polle n  w hich  is c a r ri e d  by
t h e  win d  to  t h e  pi s tils.

You h ave  so m e ti m es  no tic e d  in t h e  s p rin g  t h a t  af t e r
a  r ain  t h e  pools  of w a t e r  a r e  s u r ro u n d e d  by a  rin g
of yellow po w d e r  a n d  you  h av e  p e r h a p s  t ho u g h t  i t w a s
s ulp h ur.  It  w a s  no t  s ulp h u r  b u t  w a s  co m pos e d  of
millions  of pollen  g r ain s  fro m  flow e r s.   O n e  s p rin g
S u n d ay I laid  my h a t  on  t h e  s e a t  in c h u rc h.   Whe n
I pick e d  it  u p  a t  t h e  e n d  of t h e  s e rvice  I foun d  conside r a ble
d u s t  on  it.  I b r u s h e d  t h e  d u s t  off, b u t  on  r e a c hing
ho m e  I foun d  so m e  r e m ainin g  a n d  no tice d  t h a t  is w a s
yellow, so  I exa min e d  it  wi th  a  m a g nifying  gl a s s  a n d
foun d  t h a t  it  w a s  n e a rly all pollen  g r ain s.   The n
I r u b b e d  my finge r  a c ro ss  a  s h elf in my roo m  a n d  foun d
it  sligh tly d u s ty; t h e  m a g nifying  gl as s  s how e d  m e  t h a t
t his  d u s t  w a s  h alf polle n.   This  s hows  w h a t  a  g r e a t
a m o u n t  of pollen  is p rod uc e d  a n d  di sch a r g e d  in to  t h e
air, a n d  it s how s  t h a t  ve ry few pis tils  could  e s c a p e
eve n  if t h ey  w e r e  u n d e r  cove r  of a  b uilding.

To m a k e  s u r e  of c ro ss  pollina tion  n a t u r e  h a s  in so m e
c a s e s  pl ac e d  t h e  s t a m e n s  a n d  pis tils  in diffe r e n t
flow e r s  on  t h e  s a m e  pla n t .   This  will b e  foun d
t r u e  of t h e  flowe r s  of t h e  s q u a s h e s ,  m elons  a n d  c uc u m b er. 
Below so m e  of t h e  flow e r  b u ds  will b e  s e e n  a  lit tle
s q u a s h ,  m elon  o r  c uc u m b e r  (Fig.  7 5).  Thes e  a r e
t h e  ova ri e s  of pis tils  a n d  t h e  s tig m a s  will b e  foun d
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within  t h e  b u d  o r  will b e  s e e n  w h e n  t h e  b u d  op e n s.  
Bu t  no  s t a m e n  will b e  foun d  h e r e .   Ot h e r  flow e r s
on  t h e s e  pl a n t s  will b e  foun d  to  pos s e ss  only s t a m e n s.  
The s e  s t a min a t e  flowe r s  p rod uc e  pollen  a n d  t h e n  di e.  
They do  no t  p ro d uc e  a ny frui t,  b u t  t h ei r  pollen  is
n ec es s a ry  for  t h e  lit tle  cuc u m b e r s ,  s q u a s h e s  a n d  m elons
to  d evelop.

Anot h e r  ex a m ple  is t h e  co r n  pl a n t .   H e r e  t h e  pis tils
a r e  on  t h e  e ar, t h e  co r n  silk b eing  t h e  s tyles  a n d
s tig m a s,  w hile  t h e  pollen  is p ro d uc e d  in t h e  t a s s el
a t  t h e  top  of t h e  pl a n t .

With  so m e  pl a n t s  w e  find  t h a t  no t  only a r e  t h e  pis tils
a n d  s t a m e n s  in s e p a r a t e  flow e r s  b u t  t h e  s t a min a t e
a n d  pis tila t e  flowe r s  a r e  pl ac e d  on  diffe r e n t  pla n t s.  
This  will b e  foun d  t r u e  of t h e  os a g e  o r a n g e  a n d  t h e
willow.

In  m a ny  flow e r s  t h a t  h ave  bo t h  s t a m e n s  a n d  pi s tils
o r  a r e  p e rfec t  flow e r s  t h e  s tig m a s  a n d  pollen  rip e n
a t  diffe r e n t  t im e s.

With  so m e  va rie ti e s  of frui t  it is foun d  t h a t  t h e
pis tils  c a n no t  b e  fe r tilized  by pollen  of t h e  s a m e
va rie ty.  This  is t r u e  of m o s t  of ou r  n a tive  plu m s.  
For  ex a m ple,  t h e  pis tils  of t h e  wild  goos e  plu m  c a n no t
b e  fe r tilized  by pollen  of wild goos e  plu m s  eve n  if
it  co m e s  fro m  ot h e r  t r e e s  t h a n  t h e  on e  b e a rin g  t h e
pis tils.   They m u s t  h av e  pollen  fro m  a no t h e r  va rie ty
of plu m.
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VALUE OF A KNOWLEDGE OF THE FLOWER

M a ny ti m es  it  h a p p e n s  t h a t  a  fa r m e r  o r  a  g a r d e n e r
w a n t s  to  s t a r t  a  s t r a w b e r ry  b e d  a n d  b uys  pla n t s  of
a  va rie ty of b e r ri e s  t h a t  h ave  t h e  r e p u t a tion  of b ein g
ve ry p ro d u c tive.   H e  pl a n t s  t h e m  a n d  c ul tiva t e s
t h e m  c a r efully, a n d  a t  t h e  p rop e r  tim e  t h ey blosso m
very fr e ely, a n d  t h e r e  is p ro mis e  of a  la r g e  c rop,
ye t  ve ry few b e r ri e s  a p p e a r  a n d  t his  con tin u e s  to
b e  t h e  c a s e .   N o t  s a tisfied  wi th  t h e m  h e  b uys  a no t h e r
va rie ty a n d  pla n t s  n e a r  t h e m,  a n d  af t e r  t h a t  t h e  old
b e d  b e co m e s  ve ry p rod uc tive.   No w  w hy is t his? 
It  h a p p e n s  t h a t  t h e  flowe r s  of so m e  va rie ti e s  of s t r a w b e r r ie s
h ave  a  g r e a t  m a ny pi s tils  b u t  no  s t a m e n s,  o r  ve ry
few s t a m e n s,  a n d  t h e r e  is no t  pollen  e no u g h  to  fe r tilize
all of t h e  blosso m s,  a n d  w h e n  s uc h  a  va rie ty is pla n t e d
it  is n e c e s s a ry  to  pl a n t  n e a r  it  so m e  va ri e ty t h a t
p ro d uc e s  m a ny s t a m e n s  a n d  t h e r efo r e  pollen  e no u g h
to  fe r tilize  bo t h  va rie ti e s  in  o r d e r  to  b e  s u r e  of
a  c rop.   Thos e  s t r a w b e r ri e s  w hich  p ro d uc e  flow e r s
wi th  only pis tils  a r e  c alled  pis tila t e  va rie ti e s,
w hile  t hos e  wi th  bo t h  s t a m e n s  a n d  pis tils  a r e  c alled
p e rfec t  va rie ti e s  (Fig.  7 8).  In  pl a n ting  t h e m
t h e r e  s ho uld  b e  a t  le a s t  on e  ro w  of a  p e rf ec t  va ri e ty
to  eve ry fou r  o r  five  pis tila t e  r ow s.

[Illus t r a tion:  FIG. 7 4.   A m a g nolia  flow e r
s howing  ce n t r al  colu m n  of pis tils  a n d  s t a m e n s,  t h e
pis tils  b eing  a bove  a n d  t h e  s t a m e n s  b elow t h e m.]

[Illus t r a tion:  FIG. 7 5.—FLOWERS OF
SQUASH. A , pis tilla t e  flow e r;  B , s t a min a t e
flow er.  A m e a n s  of ins u rin g  c ro ss-pollina tion.]

We h ave  lea r n e d  t h a t  c e r t ain  va rie tie s  of plu m s  c a n no t
b e  fe r tilized  by pollen  fro m  t h e  s a m e  va rie ty, a n d
to  m a k e  t h e m  frui tful so m e  o th e r  va rie ty m u s t  b e  pla n t e d
a m o n g  t h e m  to  p rod uc e  pollen  t h a t  will m a k e  t h e m  frui tful. 
This  is m o r e  o r  les s  t r u e  of all ou r  frui t s .   The r efo r e
it  is no t  b e s t  g e n e r ally to  pl a n t  on e  va rie ty of frui t
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by it s elf.  N o t  knowing  t hi s  so m e  o rc h a r dis t s
h ave  pl a n t e d  la r g e  blocks  of a  single  va rie ty of frui t
w hich  h a s  b e e n  u nf r ui tful till so m e  ot h e r  va ri e ti e s
h ave  b e e n  pl a n t e d  n e a r  t h e m  o r  a m o n g  t h e m.

A knowled g e  of t h e  n e c e s si ty of pollina tion  is ve ry
impor t a n t  to  t hos e  g a r d e n e r s  w ho  g ro w  c uc u m b e r s,  to m a to e s,
m elons  a n d  o t h e r  frui ting  pl a n t s  in g r e e n ho us e s.  
H e r e  in m os t  c a s e s  t h e  pollina tion  is do n e  by h a n d.

We no tice d  t h a t  n a t u r e  p rovid es  t h a t  m os t  of t h e  flowe r s
s h all b e  c ro ss  pollina t e d .   This  is p a r t icula rly
t r u e  of t h e  flowe r s  of t h e  frui t  t r e e s ,  a n d  for  t hi s
r e a son  it is impossible  to  g e t  t r u e  va rie ti e s  of frui t
fro m  s e e d.   For  ex a m ple,  if w e  pl a n t  s e e d s  of t h e
win e  s a p  a p ple,  t h e  n e w  t r e e s  p rod uc e d  fro m  t h e m  will
no t  p rod uc e  t h e  s a m e  kind  of a p ple  b u t  e a c h  t r e e  will
p ro d uc e  so m e t hing  diffe r e n t  a n d  t h ey will ve ry likely
all b e  poo r e r  t h a n  t h e  p a r e n t  frui t .   This  is
b ec a u s e  of t h e  mixtu r e  of pollens  w hich  fe r tilize  t h e
pis tils.   Knowing  t his  fac t  t h e  n u r s e ry m a n  pl a n t s
a p ple  s e e d s  a n d  g row s  a p ple  s e e dlings.   Wh e n  t h e s e
g e t  to  b e  t h e  size  of a  lea d  p e n cil h e  g r af t s  t h e m,
t h a t  is, h e  digs  t h e m  u p,  c u t s  off t h e  tops  a w ay dow n
to  t h e  roo t  a n d  t h e n  t ak e s  t wigs  fro m  t h e  va rie ty
h e  wish e s  to  g row  a n d  s e t s  o r  s plice s  t h e s e  t wigs
in t h e  roo t s  of t h e  s e e dlings  a n d  t h e n  pl a n t s  t h e m.  
The  roo t  a n d  t h e  n e w  top  u ni t e  a n d  p ro d uc e  a  t r e e
t h a t  b e a r s  t h e  s a m e  kind  of frui t  a s  t h a t  p ro d uc e d
by t h e  t r e e  fro m  w hich  t h e  t wig  w a s  t ak e n.
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The s e  a r e  a  few of t h e  r e a so ns  w hy it is w ell to  know
so m e t hing  a bo u t  flow e r s  a n d  t h ei r  wo rk.

[Illus t r a tion:  FIG. 7 6.—FLOWER OF
A LILY.  N o tice  ho w  t h e  s tig m a  a n d  t h e  a n t h e r s
a r e  k e p t  a s  fa r  a s  possible  fro m  e a c h  o t h e r  to  g u a r d
a g ain s t  s elf-pollina tion  a n d  to  ins u r e  c ro ss-pollina tion.]

[Illus t r a tion:  FIG. 7 7.   Bud  a n d  flow e r
of jew el-w e e d,  o r  “touc h-m e-no t .” A.
In t e rio r  of b u d.   S t a m e n s  a r e  s e e n ,  b u t  t h e r e
a p p e a r s  to  b e  no  pis til. B.  S e c tion  of b u d
s howing  t h e  pi s til conc e ale d  b e hind  t h e  s t a m e n s.  C.
Bee  e n t e ring  flowe r  co m e s  in con t ac t  wi th  s t a m e n s
a n d  is load e d  wi t h  pollen.  D. S a m e  b e e  e n t e ring
olde r  flow er.  The  s t a m e n s  h ave  rip e n e d  a n d  b e e n
p u s h e d  off by t h e  len g t h e n e d  pis til, w hich  is b r u s h e d
by t h e  b a ck  of t h e  b e e ,  a n d  t h u s  is pollina t e d.  
This  is a  con t rivanc e  to  ins u r e  c ro ss-pollina tion.]

[Illus t r a tion:  FIG. 7 8.  A.  Pis tilla t e
flow e r  of s t r a w b e r ry. B.  Pe rfec t  flowe r  of
s t r a w b e r ry. (Dr awing  by M.E.  Fel th a m.)]

FRUIT

The  pis til d evelops  a n d  for m s  t h e  frui t  of t h e  pl a n t .  
This  frui t  b e a r s  s e e d  for  t h e  p ro d uc tion  of n e w  pla n t s .  
This  frui t  m ay  b e  a  d ry  po d  like  t h e  b e a n  o r  p e a ,
o r  it  m ay  b e  a  fles hy frui t  like  t h e  a p ple  o r  plu m.  
N o w  t h e  d eveloping  pis til o r  frui t  m ay  b e  c h e ck e d  in
its  work  of s e e d  p ro d u c tion  by ins ec t s  a n d  dis e a s e s ,
a n d  to  s e c u r e  good  frui t  i t is in m a ny  c a s e s  n e c e s s a ry
to  s p r ay  t h e  frui t s  jus t  a s  t h e  leaves  a r e  s p r aye d,
to  ke e p  t h e s e  ins ec t s  a n d  dis e a s e s  in  ch e ck.

The  frui t s  of m o s t  pl a n t s,  like  t h e  leaves,  n e e d  ligh t
a n d  ai r  for  t h ei r  b e s t  d evelop m e n t,  a n d  it so m e ti m e s
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h a p p e n s  t h a t  t h e  b r a n c h e s  of t h e  frui t  t r e e s  g ro w
so  t hick  t h a t  t h e  frui ts  do  no t  g e t  s ufficien t  ligh t
a n d  air.  This m a k e s  it  n e c e s s a ry to  t hin  t h e  b r a n c h e s
o r  in o t h e r  wo r ds  to  p r u n e  t h e  t r e e .   So m e  t r e e s
al so  s t a r t  m o r e  frui t  t h a n  t h ey  c a n  p ro p e rly fee d
a n d  a s  a  r e s ul t  t h e  rip e n e d  frui t s  a r e  s m all a n d  t h e
t r e e  is w e a k e n e d.   This  m a k e s  it n e c e s s a ry to  t hin
t h e  frui t s  w hile  t h ey  a r e  you n g  a n d  u n d evelop e d.

PART II

Soil Fe r tili ty a s  Affect e d  by Fa r m  Op e r a tions  a n d
Fa r m  P r ac tic es

THE FIRST BOOK OF FARMING

PART II

S oil Fer tility  as  Aff ec t e d  by  Far m  Op era tions  and
Far m  Practice s

CHAPTER XVI

A FERTILE S OIL
Wh a t  is a  fe r tile  soil?

The  exp r e s sion  a  fe r tile  soil is oft e n  u s e d  a s  m e a ning
a  soil t h a t  is r ich  in  pl a n t  food.  In  it s  b ro a d e r
a n d  t r u e r  m e a nin g  a  fe r tile  soil is on e  in w hich  a r e
foun d  all t h e  con di tions  n e c e s s a ry  to  t h e  g row t h  a n d
d evelop m e n t  of pl a n t  r oo t s.

The s e  con di tions ,  a s  le a r n e d  in Ch a p t e r  II, a r e  a s
follows: 

The  roo t  m u s t  h ave  a  fir m  ye t  m ellow soil.
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It  m u s t  b e  w ell s u p plied  wi t h  m ois t u r e .

It  m u s t  b e  w ell s u p plied  wi t h  air.

I t  m u s t  h ave  a  ce r t ain  a m o u n t  of h e a t .

I t  m u s t  b e  s u p plied  wi t h  av aila ble  pl a n t  food.

In  o r d e r  to  fu r nis h  t h e s e  n e e d s  o r  con di tions  t h e
soil m u s t  poss es s  c e r t ain  c h a r a c t e ris tics  o r  p ro p e r ti es.

The s e  p ro p e r ti e s  m ay b e  g ro u p e d  u n d e r  t h r e e  h e a d s:  

P hysic al p ro p e r ti e s;  t h e  m ois t u r e ,  h e a t  a n d  ai r  con di tions
n e e d e d  by t h e  roo t s.

Biological p ro p e r ti e s;  t h e  wo rk  of ve ry min u t e  living
o r g a nis m s  in t h e  soil.

Ch e mical p ro p e r ti e s;  pl a n t  food  in t h e  soil.

PHYSICAL PROPERTIES OF A FERTILE SOIL

Thr e e  ve ry impor t a n t  p hysic al p ro p e r ti e s  of a  fe r tile
soil a r e  it s

  Pow e r  to  t ak e  w a t e r  falling  on  t h e  s u rfac e.  
  Pow e r  to  a b so r b  w a t e r  fro m  b elow. 
  Pow e r  to  hold  w a t er.

The  fe r tile  soil m u s t  poss e s s  all t h r e e  of t h e s e  pow e r s.  
The  r el a tive  d e g r e e s  to  w hich  t h e s e  t h r e e  pow e r s  o r
p ro p e r ti e s  a r e  pos s e s s e d  d e t e r min e  m o r e  t h a n  a ny t hing
els e  t h e  kind  of c rop s  o r  t h e  cla s s  of c ro ps  t h a t
will g row  b e s t  on  a  give n  soil.

The s e  pow e r s  d e p e n d,  a s  w e  lea r n e d  in Ch a p t e r  IV,
on  t h e  t ex t u r e  of t h e  soil o r  t h e  r el a tive  a m o u n t s
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of s a n d,  sil t,  clay a n d  h u m u s  con t ain e d  in t h e  soil.

The  po w e r  of a d mi t ting  a  fre e  ci rc ul a tion  of ai r  t h ro u g h
its  po r e s  is al so  a n  impor t a n t  p rop e r ty of a  fe r tile
soil, for  ai r  is n e c e ss a ry to  t h e  life a n d  g row t h
of t h e  roo t s.   This p ro p e r ty is d e p e n d e n t  also
on  t ext u r e .

Two o th e r  impor t a n t  p ro p e r ti e s  of a  fe r tile  soil a r e
pow e r  to  a b so r b  a n d  pow e r  to  hold  h e a t .   Thes e
d e p e n d  u po n  t h e  pow e r  of t h e  soil to  t ak e  in w a r m
r ain  a n d  w a r m  air, a n d  al so  u po n  d e n si ty a n d  color. 
The  d e n s e r  o r  m o r e  co m p ac t  soil a n d  t h e  d a rk e r  soil
h aving  g r e a t e r  pow e r  to  a b so r b  h e a t .

The  co m p a c t n e s s  of t h e  soil w hich  gives  i t g r e a t e r
pow e r s  to  a b so r b  h e a t  w e ak e n s  it s  pow e r s  to  hold  it,
b ec a u s e  t h e  co m p a c t n e s s  allows  m o r e  r a pid  con d uc tion
of h e a t  to  t h e  s u rfac e,  w h e r e  it  is los t  by r a di a tion.

The  m o r e  m ois t u r e  a  soil holds,  t h e  w e a k e r  is it s
h e a t-holding  pow er, b e c a u s e  t h e  h e a t  is u s e d  in w a r min g
a n d  ev a po r a tin g  w a t e r  fro m  t h e  s u rfac e  of t h e  soil.

The s e  impor t a n t  p ro p e r ti e s  o r  con di tions  of m ois t u r e ,
h e a t  a n d  air, a r e ,  a s  w e  h ave  s e e n,  d e p e n d e n t  on  soil
t ext u r e  a n d  color, w hich  in t u r n  a r e  d e p e n d e n t  u po n
t h e  r el a tive  a m o u n t s  of s a n d,  clay a n d  h u m u s  in t h e
soil.  We a r e  a bl e  to  con t rol soil t ex t u r e  a n d
t h e r efo r e  t h e s e  p hysic al p ro p e r ti es  to  a  c e r t ain  d e g r e e
by m e a n s  of tillag e  a n d  t h e  a d di tion  of o r g a nic  m a t t e r
o r  h u m u s  (se e  Ch a p t e r  IV).

BIOLOGICAL PROPERTIES OF A FERTILE SOIL

Biology is t h e  s to ry o r  scie nc e  of life; a n d  t h e  biological
p ro p e r ti e s  of t h e  soil h av e  to  do  wi t h  living  o r g a nis ms
in t h e  soil.

The  soil of eve ry fe r tile  field  is full of ve ry s m all
o r  mic roscopic pla n t s  c alled  b a c t e ri a  o r  g e r m s.  
They a r e  s aid  to  b e  mic roscopic b ec a u s e  t h ey a r e  so
s m all t h a t  t h ey c a n no t  b e  s e e n  wi tho u t  t h e  aid  of
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a  pow e rful m a g nifying  gl a s s  o r  mic roscop e.   They
a r e  so  s m all t h a t  it would  t ak e  a bo u t  1 0,00 0  av e r a g e-size d
soil b a c t e ri a  o r  soil g e r m s  pl ac e d  sid e  by side  to
m e a s u r e  on e  inc h.

154



Page 74

A knowled g e  of t h r e e  clas s e s  of t h e s e  soil g e r m s  is
of g r e a t  impor t a nc e  to  t h e  fa r m er.  The s e  t h r e e
cla s s e s  of g e r m s  a r e :  

Ni t rog e n-fixing  g e r m s.

Ni t rifying  g e r m s.

Deni t rifying  g e r m s.

NITROGEN-FIXING GERMS

We le a r n e d  in Ch a p t e r  VIII t h a t  ni t rog e n  is on e  of
t h e  n e c e s s a ry el e m e n t s  of pl a n t  food, a n d  t h a t  al t ho u g h
t h e  ai r  is fou r-fifth s  ni t ro g e n,  m o s t  pl a n t s  m u s t
t ak e  t h ei r  ni t rog e n  fro m  t h e  soil.  The r e  is,
how ever, a  cl as s  of pl a n t s  c alled  legu m e s  w hich  c a n
u s e  t h e  ni t ro g e n  of t h e  air.  Clover, a lfalfa,
luc e r n,  cow p e a,  soy b e a n,  s n a p  b e a n,  ve tc h  a n d  simila r
pl a n t s  a r e  leg u m e s.   Thes e  legu m e s  g e t  t h e  ni t ro g e n
fro m  t h e  ai r  in a  ve ry c u rious  a n d  in t e r e s ting  m a n n er. 
I t  is do n e  t h ro u g h  t h e  aid  of b a c t e ri a  o r  g e r m s.

Ca r efully dig  u p  t h e  roo t s  of s eve r al  leg u m e s  a n d
w a s h  t h e  soil fro m  t h e m.   On  t h e  roo t s  will b e
foun d  m a ny s m all e nl a r g e m e n t s  like  roo t  g alls; t h e s e
a r e  c alle d  no d ule s  o r  t u b e rcle s.   On  clove r  roo t s
t h e s e  no d ule s  a r e  a bo u t  t h e  size  of t h e  h e a d  of a
pin  w hile  on  t h e  soy b e a n  a n d  cow p e a  t h ey a r e  n e a rly
a s  la r g e  a s  a  p e a  (se e  Fig.  3 4).  Thes e  nod ule s
a r e  filled  wi t h  b a c t e ri a  o r  g e r m s  a n d  t h e s e  g e r m s  h av e
t h e  po w e r  of t akin g  ni t rog e n  fro m  t h e  ai r  w hich  finds
its  w ay into  t h e  soil.  Afte r  u sin g  t h e  ni t rog e n
t h e  g e r m  gives  it  to  t h e  pl a n t  w hich  t h e n  u s e s  it
to  b uild  s t e m,  leaves  a n d  roo t s.   In  t his  w ay t h e
leg u m e s  a r e  a bl e  to  m a k e  u s e  of t h e  ni t ro g e n  of t h e
soil a ir, a n d  t h e s e  g e r m s  w hich  h elp  t h e m  to  do  it
by  c a t c hin g  t h e  ni t ro g e n  a r e  c alled  ni t rog e n-fixing

155



g e r m s.

The  wo rk  of t h e s e  g e r m s  m a k es  it pos sible  for  t h e
fa r m e r  to  g ro w  ni t ro g e n,  so  to  s p e a k,  on  t h e  fa r m.

By g rowin g  c rops  of leg u m e s  a n d  t u r ning  t h e m  u n d e r
to  d e c ay in t h e  soil, o r  le aving  t h e  roo t s  a n d  s t u b ble
to  d e c ay af t e r  t h e  c ro p  is h a rves t e d,  h e  c a n  fu r nis h
t h e  following  c rop  wi th  a  s u p ply of ni t rog e n  in a
ve ry c h e a p  m a n n e r  a n d  les s e n  t h e  n ec e s si ty of b uying
fe r tilizer.

NITRIFYING GERMS

Almos t  all t h e  ni t rog e n  of t h e  soil is locke d  u p  in
t h e  h u m u s  a n d  c a n no t  in  t h a t  con di tion  b e  u s e d  by
t h e  roo ts  of pla n t s.   The  ni t rog e n  c a u g h t  by t h e
ni t rog e n-fixing  g e r m s  a n d  b uilt  in to  t h e  s t r uc t u r e
of leg u minous  pl a n t s  w hich  a r e  g row n  a n d  t u r n e d  u n d e r
to  feed  o t h e r  pl a n t s  c a n no t  b e  u s e d  u n til t h e  h u m u s ,
w hich  is p ro d uc e d  by t h ei r  p a r ti al d e c ay, is b rok e n
dow n  a n d  t h e  ni t rog e n  b uil t  in to  o t h e r  s u bs t a nc e s
u po n  w hich  t h e  roo t  c a n  fee d.   The  b r e akin g  dow n
of t h e  h u m u s  a n d  b uilding  of t h e  ni t ro g e n  in to  o t h e r
s u b s t a n c e s  is t h e  wo rk  of a no t h e r  s e t  of b ac t e ri a
o r  g e r m s  c alled  ni t rifying  g e r m s.

The s e  ni t rifying  g e r m s  a t t ack  t h e  h u m u s,  b r e ak  it
dow n,  s e p a r a t e  t h e  ni t ro g e n,  c a us e  it to  u ni t e  wit h
t h e  oxyge n  of t h e  ai r  a n d  t h u s  b uild i t into  ni t ric
a cid  w hich  c a n  b e  u s e d  by pl a n t  roo t s.   This ni t r ic
a cid  if no t  im m e dia t ely u s e d  will u ni t e  wi t h  lim e
or  po t a s h  o r  sod a  o r  o t h e r  simila r  s u b s t a nc e s  a n d
for m  ni t r a t e s ,  a s  ni t r a t e  of lim e,  ni t r a t e  of po t a s h
o r  co m mo n  s al tp e t r e .   The s e  ni t r a t e s  a r e  soluble
in w a t e r  a n d  c a n  b e  e a sily u s e d  by pl a n t  r oo t s.  
If t h e r e  a r e  no  pl a n t  roo t s  to  u s e  t h e m  t h ey a r e  e a sily
los t  by  b eing  w a s h e d  ou t  of t h e  soil.  The  wo rk
of t h e  ni t rifying  g e r m s  is c alled  ni t rifica tion.
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To do  t h ei r  work  w ell t h e  ni t ro g e n-fixing  g e r m s  a n d
t h e  ni t rifying  g e r m s  r e q ui r e  ce r t ain  con di tions.

The  soil m u s t  b e  m ois t.

The  soil m u s t  b e  w ell ven til a t e d  to  s u p ply ni t ro g e n
for  t h e  ni t rog e n-fixing  g e r m s  a n d  oxyge n  for  t h e  ni t rifying
g e r m s.

The  soil m u s t  b e  w a r m.   S u m m e r  t e m p e r a t u r e  is
t h e  m o s t  favor a ble.   Thei r  wo rk  b e gins  a n d  con tinu e s
slowly a t  a  t e m p e r a t u r e  of a bo u t  for ty-five  d e g r e e s
a n d  inc r e a s e s  in  r a pidi ty a s  t h e  t e m p e r a t u r e  ri s e s
u n til it  r e ac h e s  nin e ty o r  nin e ty-five.

The  ni t rifying  g e r m s  r e q ui r e  p hos p ho ric  a cid,  po t a s h
a n d  lime  in t h e  soil.

Direc t  s u nligh t  d e s t roys  t h e s e  b ac t e ri a ,  t h e r efo r e
t h ey c a n no t  wo rk  a t  t h e  s u rf ac e  of t h e  soil u nl e s s
it  is s h a d e d  by a  c rop.

F ro m  t his  w e  s e e  t h a t  t h e s e  b ac t e ri a  o r  g e r m s  wo rk
b e s t  in t h e  soil t h a t  h a s  con di tions  n e c e s s a ry  for
t h e  g ro wt h  a n d  d evelop m e n t  of pl a n t  roo t s.

DENITRIFYING GERMS

The s e  g e r m s  live  on  t h e  coa r s e  o r g a nic  m a t t e r  of t h e
soil.  Like  t h e  ni t rifying  g e r m s  t h ey n e e d  oxyge n,
a n d  w h e n  t h ey c a n no t  g e t  it  m o r e  r e a dily els e w h e r e
t h ey t ak e  it fro m  t h e  ni t ric  a cid  a n d  ni t r a t e s .  
This  allows  t h e  ni t rog e n  of t h e  ni t r a t e s  to  e sc a p e
a s  a  fr e e  g a s  in to  t h e  ai r  a g ain,  a n d  t h e  wo rk  of
t h e  ni t ro g e n-fixing  a n d  ni t rifying  g e r m s  is u n do n e
a n d  t h e  ni t ro g e n  is los t .   This  loss  of ni t ro g e n
is m os t  a p t  to  occu r  w h e n  t h e  soil is poo rly ven til a t e d,
b ec a u s e  of its  b ein g  ve ry co m p a c t ,  o r  w h e n  t h e  soil
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s p ac e s  a r e  filled  wi th  w a t er.  This loss  of ni t rog e n
by d e ni t rifica tion  c a n  b e  c h eck e d  by ke e ping  t h e  soil
w ell ven til a t e d .

CHEMICAL PROPERTIES OF A FERTILE SOIL

By t h e  t e r m  ch e mic al p ro p e r ti e s  w e  h ave  r efe r e n c e
to  t h e  ch e mic al co m position  of t h e  soil, t h e  c h e mical
c h a n g e s  w hich  t ak e  pl ac e  in t h e  soil, a n d  t h e  con di tions
w hich  influe nc e  t h e s e  c h a n g e s.

The  s a n d,  clay a n d  h u m u s  of t h e  soil a r e  m a d e  u p  of
a  g r e a t  va ri e ty of s u bs t a n c e s .   The  la r g e r  p a r t
of t h e s e  a c t  si m ply a s  a  m e c h a nic al s u p po r t  for  t h e
pla n t s  a n d  al so  s e rve  to  b rin g  a bo u t  c e r t ain  p hysic al
con di tions .   Only a  ve ry s m all po r tion  of t h e s e
s u b s t a n c e s  s e rve  a s  t h e  di r ec t  food of pl a n t s  a n d
t h e  ch e mic al con di tions  of t h e s e  s u b s t a nc e s  a r e  of
g r e a t  impor t a nc e .

In  Ch a p t e r  VIII w e  lea r n e d  t h a t  pl a n t s  a r e  co m pos e d
of s eve r al  ele m e n t s  a n d  t h a t  s eve n  n e c e s s a ry  el e m e n t s
a r e  t ak e n  fro m  t h e  soil.  Thes e  s eve n  a r e  ni t rog e n,
p hos p ho r u s ,  po t a s siu m,  m a g n e siu m,  c alciu m,  iron  a n d
s ulp h ur.

N o w  a  fe r tile  soil m u s t  con t ain  t h e s e  s eve n  el e m e n t s
of pl a n t  food a n d  t h ey m u s t  b e  in  s uc h  for m  t h a t  t h e
pla n t  roo t s  c a n  u s e  t h e m.

Plan t  roo t s  c a n  g e n e r ally g e t  fro m  m o s t  soils  e no u g h
of t h e  m a g n e siu m,  c alciu m, iron,  a n d  s ulp h u r  to  p ro d uc e
w ell d evelop e d  pl a n t s .   Bu t  t h e  ni t rog e n,  p hos p ho r u s
a n d  po t a s siu m,  al t hou g h  t h ey exis t  in s ufficien t  q u a n ti ti es
in t h e  soil, a r e  of t e n  in  s uc h  a  for m  o r  con di tion
t h a t  t h e  roo t s  c a n no t  g e t  e no u g h  of on e  o r  m o r e  of
t h e m  to  p ro d uc e  p rofi t a ble  c ro ps.   For  t hi s  r e a s on
t h e s e  t h r e e  el e m e n t s  a r e  of p a r ticula r  impor t a nc e
to  t h e  fa r m e r  for, in o r d e r  to  ke e p  his  soil fe r tile,
h e  m u s t  so  t r e a t  it  t h a t  t h e s e  el e m e n t s  will b e  m a d e
av aila ble  o r  h e  m u s t  a d d  m o r e  of t h e m  to  t h e  soil
in  t h e  p ro p e r  for m  o r  con di tion.
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Ni trog e n  in t h e  soil.—Plan t  roo t s
u s e  ni t rog e n  in t h e  for m  of ni t ric  a cid  a n d  s al t s
of ni t rog e n  c alled  ni t r a t e s.   Bu t  t h e  ni t rog e n
of t h e  soil is ve ry la r g ely foun d  in t h e  h u m u s  wi th
t h e  roo ts  c a n no t  u s e .   A ch e mic al c h a n g e  m u s t
t ak e  pl ac e  in  it  a n d  t h e  ni t rog e n  b e  b uil t  in to  ni t ric
a cid  a n d  ni t r a t e s .   This, w e  h ave  lea r n e d,  is do n e
t h ro u g h  t h e  aid  of t h e  ni t rifying  g e r m s.

Phos p horic acid  in t h e  soil.—P hos p ho r u s
do es  no t  exis t  p u r e  in t h e  soil.  The  pl a n t  finds
it  a s  a  p hos p ho ric  a cid  u ni t e d  wi th  t h e  o t h e r  s u bs t a nc e s
for min g  p hos p h a t e s.   The s e  a r e  oft e n  no t  av ailable
to  pl a n t s,  b u t  c a n  to  a  c e r t ain  ex t e n t  b e  m a d e  av aila ble
t h ro u g h  tillag e  a n d  by a d din g  h u m u s  to  t h e  soil.

Potas h  in t h e  soil.—The  pla n t  finds
po t a s siu m  in po t a s h  w hic h  exis t s  in t h e  soil. 
Pot a s h  like  p hos p ho ric  a cid  oft e n  exis t s  in for m s
w hich  t h e  pl a n t  c a n no t  u s e  b u t  m ay  b e  m a d e  availa ble
to  a  ce r t ain  ext e n t  by tillag e,  t h e  a d di tion  of h u m u s,
a n d  t h e  a d di tion  of lime  to  t h e  soil.

Li m e  in t h e  soil.—Most  soils  con t ain
t h e  el e m e n t  c alciu m  or  lim e,  t h e  co m po u n d  in w hich
it  is foun d,  in s ufficien t  q u a n ti ti es  for  pl a n t  food. 
Bu t  lime  is also  of impo r t a n c e  to  t h e  fa r m e r  a n d  pla n t
g row e r  b e c a u s e  it is h elpful in c a u sin g  c h e mical c h a n g e s
in t h e  soil w hich  t e n d  to  p r e p a r e  t h e  ni t rog e n,  p hos p ho ric
a cid  a n d  po t a s h  for  pl a n t  u s e.   I t  is a lso  h elpful
in  c h a n ging  soil t ex t u r e .

The  ch e mic al c h a n g e s  w hich  m a k e  t h e  pl a n t  foods  availabl e
a r e  d e p e n d e n t  on  m ois t u r e ,  h e a t ,  a n d  ai r  wi th  it s
oxyge n,  a n d  a r e  t h e r efo r e  d e p e n d e n t  la rg ely on  t ext u r e ,
a n d  t h e r efo r e  on  tillag e.

Whe n  good  tillag e  a n d  t h e  a d di tion  of o rg a nic  m a t t e r
a n d  lime  do  no t  r e n d e r  av ailable  s ufficie n t  pl a n t
food, t h e n  t h e  s u p ply of av ailable  food  m ay  b e  inc r e a s e d
by t h e  a p plica tion  of m a n u r e  a n d  fe r tilize r s .
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It  will b e  s e e n  t h a t  all t h e s e  cla s s e s  of p ro p e r ti e s
a r e  n ec es s a ry  to  fu r nis h  all t h e  con di tions  for  r oo t
g row t h.

The  p ro p e r  c h e mic al co n di tions  r e q ui r e  t h e  p r e s e nc e
of bo t h  p hysical a n d  biological p ro p e r ti e s  a n d  t h e
biological work  in  t h e  soil r e q ui r e s  bo t h  c h e mical
a n d  p hysic al con di tions.

F ro m  t h e  fa r m e r’s  s t a n d poin t  t h e  p hysic al p ro p e r ti e s
s e e m  to  b e  m o s t  impor t a n t ,  for  t h e  o t h e r s  a r e  d e p e n d e n t
on  t h e  p ro p e r  t ex tu r e ,  m ois t u r e ,  h e a t  a n d  ve n tila tion
w hich  a r e  con t rolled  la rg ely by  tillag e .

The r efo r e  t h e  fi rs t  effor t  of t h e  fa r m e r  to  imp rove
t h e  fe r tili ty of his  soil s ho uld  b e  to  imp rove  his
m e t ho ds  of wo rking  t h e  soil.

Eve ry on e  of t h e s e  p ro p e r ti e s  of t h e  fe r tile  soil,
a n d  cons e q u e n tly eve ry on e  of t h e  con di tions  n e c e s s a ry
for  t h e  g row t h  a n d  d evelop m e n t  of pl a n t  roo t s,  is
influe nc e d  in so m e  w ay by eve ry op e r a tion  p e rfo r m e d
on  t h e  soil, w h e t h e r  it b e  plowing,  h a r ro wing,  cul tiva ting,
a p plying  m a n u r e ,  g ro wing  c rops,  h a rv es ting,  o r  a ny t hing
els e,  a n d  t h e  t ho u g h tful fa r m e r  will fr eq u e n tly a sk
hi m s elf t h e  q u e s tion:  “How is t his  going
to  effec t  t h e  fe r tili ty of my  soil o r  t h e  con di tions
n ec es s a ry  for  p rofi t a bl e  c ro p  p rod uc tion?”
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MAINTENANCE OF FERTILITY

The  im po r t a n t  fac to r s  in m ain t aining  o r  inc r e a sin g
t h e  fe r tili ty of t h e  soil a r e :  

The  m e c h a nic al op e r a tions  of tillag e,  e s p e ci ally wi th
r efe r e n c e  to  t h e  con t rol of soil w a t er.

The  a p plica tion  of m a n u r e s  a n d  fe r tilize r s,  e s p e cially
wi th  r efe r e n c e  to  m ain t aining  a  s u p ply of h u m u s  a n d
pla n t  food.

M e t ho ds  o r  sys t e m s  of c rop ping  t h e  soil, wi th  r ef e r e n c e
to  e co no mizing  fe r tility.

CHAPTER XVII

S OIL WATER
The  m o r e  impor t a n t  tillag e  tools a n d  tillag e  op e r a tions
w e  s t u die d  in Ch a p t e r s  XI a n d  XII.  They will
b e  no tice d  h e r e  only in con n ec tion  wi th  t h ei r  influe nc e
ove r  soil w a t er, for  in  t h e  r e g ul a tion  of t his  im po r t a n t
fac to r  in soil fe r tili ty t h e  o t h e r  con di tions  of fe r tility
a r e  al so  ve ry la r g ely con t rolled.

IMPORTANCE OF SOIL WATER

“Of all t h e  fac to r s  influe ncin g  t h e  g row t h  of
pl a n t s,  w a t e r  is b eyon d  do u b t  t h e  m os t  impor t a n t ,”
a n d  t h e  m ain t aining  of t h e  p ro p e r  a m o u n t  of soil w a t e r
is on e  of t h e  m o s t  impo r t a n t  p ro ble m s  of t h e  t hinking
fa r m e r  in  con t rolling  t h e  fe r tili ty of his  soil.
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NECESSITY OF SOIL WATER

The  d e c ay of mi n e r al  a n d  o r g a nic  m a t t e r  in t h e  soil,
a n d  t h e  cons e q u e n t  s e t ti ng  fre e  of pl a n t  food, c a n
t ak e  pl ac e  only in t h e  p r e s e n c e  of m ois tu r e .  
The  pla n t  food  in b a r n  m a n u r e s  a n d  c ro ps  plow e d  u n d e r
for  g r e e n  m ois t u r e ,  c a n  b e  m a d e  available  only w h e n
t h e r e  is s ufficien t  m ois tu r e  in t h e  soil to  p e r mit
b r e akin g  dow n  a n d  d e co m posi tion.

The  p r e s e n c e  of m ois t u r e  in  t h e  soil is n e c e s s a ry
for  t h e  p roc e s s  of ni t rifica tion  to  t ak e  pl ac e .

Soil m ois t u r e  is n e c e s s a ry  to  dissolve  pl a n t  food. 
Pl an t  roo t s  c a n  a b so r b  food  fro m  t h e  soil only w h e n
it  is in solu tion,  a n d  it  s e e m s  to  b e  n e c e s s a ry  t h a t
a  la rg e  q u a n ti ty of w a t e r  p a s s  t h ro u g h  t h e  pl a n t  tis s u es
to  fu rnish  t h e  s u p ply of min e r al  el e m e n t s  r e q ui r e d
by g row t h.

Mois t u r e  is n e c e s s a ry  to  b uild pl a n t  ti s s u e s .  
The  q u a n ti ty of w a t e r  e n t e rin g  in to  t h e  s t r u c t u r e
of g rowing  pl a n t s  va ri es  fro m  sixty to  a s  hig h  a s
nin e ty-five  p e r  c e n t ,  of t h ei r  to t al  w eig h t .

Du ring  t h e  p e riods  of a c tive  g row t h  t h e r e  is a  cons t a n t
giving  off of m ois t u r e  by  t h e  foliag e  of pl a n t s  a n d
t his  m u s t  b e  m a d e  good  by w a t e r  t ak e n  fro m  t h e  soil
by  t h ei r  roo t s.

In  a  s e ri es  of exp e ri m e n t s  a t  t h e  U nive r si ty of Wisconsin
Agricul tu r al  Exp e rim e n t  S t a tion,  it  w a s  foun d  t h a t
in  r aising  oa t s,  eve ry  ton  of d ry  m a t t e r  g row n  r e q ui r e d
5 2 2.4  to ns  of w a t e r  to  p rod uc e  it; for  ev e ry to n  of
d ry  m a t t e r  of co r n  t h e r e  w e r e  r e q ui r e d  3 0 9.8  tons  of
w a t e r ;  a  ton  of d ry r e d  clove r  r e q ui r e s  4 5 2.8  to ns
of w a t e r  to  g ro w  it.  At t h e  Cor n ell U nive r si ty
Agricul tu r al  Exp e rim e n t  S t a tion,  a  yield  of po t a toe s
a t  t h e  r a t e  of 4 5 0  b u s h els  p e r  a c r e  r e p r e s e n t e d  a  w a t e r
r e q ui r e m e n t  of 1 3 1 0.75  tons  of w a t er.
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SOURCES AND FORMS OF SOIL WATER

The  soil w hich  is occu pie d  by t h e  roo ts  of pla n t s
r e c eives  m ois tu r e  in t h e  for m  of r ain,  s now  a n d  d e w
fro m  a bove  a n d  fr e e  a n d  c a pilla ry w a t e r  r i sing  fro m
b elow.

“F r e e  w a t e r  is t h a t  for m  of w a t e r  w hich  fills
ou r  w ells, is foun d  in t h e  bo t to m  of holes  d u g  in
t h e  g ro u n d  d u rin g  w e t  s e a son s,  a n d  is of t e n  foun d
s t a n din g  on  t h e  s u rf ac e  of t h e  soil af t e r  h e avy o r
long  con tinu e d  r ain s.   I t  is so m e ti m es  c alled
‘grou n d  w a t e r’ o r  ’st a n ding  w a t er,’
a n d  flows  u n d e r  t h e  influe nc e  of g r avity.” 
F r e e  w a t e r  is no t  u s e d  di r ec tly by pl a n t s  u nle s s  t h ey
a r e  s w a m p  pla n t s,  a n d  it s  p r e s e n c e  wi thin  eig h t e e n
inch es  of t h e  s u rf ac e  is inju rious  to  m os t  fa r m  pla n t s.  
F r e e  w a t e r  s e rves  a s  t h e  m ai n  sou rc e  of s u p ply for
c a pilla ry w a t er.

“Ca pilla ry w a t e r  is w a t e r  w hich  is d r a w n  by
c a pilla ry forc e  o r  so aks  into  t h e  s p ac e s  b e t w e e n  t h e
soil p a r t icles  a n d  cove r s  t h e s e  p a r ticles  wi th  a  t hin
film of m ois t u r e .”  I t  is a  di r ec t  sou rc e
of w a t e r  to  pl a n t s.   Ca pilla ry w a t e r  will flow
in a ny di r ec tion  in t h e  soil, t h e  di r ec tion  of flow
b ein g  d e t e r min e d  by t ex tu r e  a n d  d ryn e ss ,  t h e  flow
b ein g  s t ron g e r  tow a r d  t h e  m o r e  co m p ac t  a n d  d ri e r  p a r t s .  
If t h e  soil is left  lum py a n d  cloddy t h e n  c a pilla ry
w a t e r  c a n no t  r i s e  r e a dily fro m  b elow to  t ak e  t h e  pl ac e
of t h a t  w hich  is los t  by ev a po r a tion.   If, how ever,
t h e  soil is fine  a n d  w ell p ulve rized,  t h e  w a t e r  r i se s
fre ely a n d  con tinuo usly to  s u p ply t h e  pl ac e  of t h a t
t ak e n  by pl a n t  roo t s  o r  ev a po r a tion  fro m  t h e  s u rf ac e .

TOO MUCH WATER
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So m e  fa r m  land s  con t ain  too  m u c h  w a t e r  for  t h e  g row t h
of fa r m  c rop s;  for  ex a m ple,  bo t to m  lan ds  w hich  a r e
so  low t h a t  w a t e r  falling  on  t h e  s u rfac e  c a n no t  r u n
off o r  so ak  dow n  in to  t h e  low e r  soil.  The  r e s ul t
is t h a t  t h e  s p a c e s  b e t w e e n  t h e  soil p a r ticle s  a r e
m os t  of t h e  tim e  filled  wi t h  w a t er, a n d  t his  c h ecks
ven tila tion,  w hich  is a  n e c e s s a ry  fac to r  in soil fe r tili ty. 
This  s t a t e  of affai r s  occu r s  also  on  sloping  u pla n ds
w hich  a r e  ke p t  w e t  by s p ring  w a t e r  o r  by s e e p a g e  w a t e r
fro m  high e r  lan ds.   So m e  soils  a r e  so  clos e  a n d
co m p a c t  t h a t  w a t e r  falling  on  t h e  s u rfac e  finds  g r e a t
difficul ty in  p e r cola tin g  t h ro u g h  t h e m,  a n d  t h e r efo r e
r e n d e r s  t h e m  too  w e t  for  p rofit a ble  c rop ping  d u ring
long e r  o r  s ho r t e r  p e r iods  of t h e  ye ar.  N e a rly
all s uc h  lan ds  c a n  b e  imp rove d  by r e m oving  t h e  s u r plu s
w a t e r  t h ro u g h  d r ains .  (Se e  Ch a p t e r  XXV.)

Pe rcola tion  a n d  ve n til a tion  of clos e  co m p a c t  soils
c a n  b e  imp rove d  by mixing  lime  a n d  o rg a nic  m a t t e r
wi th  t h e m.

NOT ENOUGH WATER

In  so m e  s e c tions  of t h e  cou n t ry, p a r ticula rly t h e
a rid  a n d  s e mi-a rid  s ec tions  of t h e  Wes t,  t h e  soil
do es  no t  r e c eive  a  s ufficien t  s u p ply of r ain  w a t e r
for  t h e  p rod uc tion  of p rofi t a bl e  ye a rly c ro ps.  
The s e  soils  a r e  r e n d e r e d  u nfe r til e  by  t h e  lack  of
t his  on e  all impor t a n t  fac to r  of fe r tili ty.  They
c a n  b e  m a d e  fe r tile  a n d  p ro d u c tive  by  s u p plying  t h e m
wi th  s ufficie n t  w a t e r  t h ro u g h  ir rig a tion.
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The  c ro p-p ro d ucin g  pow e r  of so m e  land s  is lowe r e d
eve n  in r e gions  w h e r e  t h e  r ainfall is s ufficien t ,
b ec a u s e  t h e s e  land s  a r e  no t  p ro p e rly p r e p a r e d  by tillag e
a n d  t h e  a d di tion  of o r g a nic  m a t t e r  to  a b so r b  a n d  hold
t h e  w a t e r  t h a t  co m e s  to  t h e m,  o r  p a r t  of t h e  w a t e r
m ay b e  los t  o r  w a s t e d  by  lack  of p ro p e r  af t e r-tillag e
o r  af t e r-c ultiva tion.   This s t a t e  of affai r s  is
of cou r s e  imp rove d  by b e t t e r  p r e p a r a tion  to  r ec eive
w a t e r  b efo r e  pl a n tin g  t h e  c rop  a n d  b e t t e r  m e t ho ds  of
af t e r-c ultiva tion  to  s ave  t h e  w a t e r  for  t h e  u s e  of
t h e  c ro p.

LOSS OF SOIL WATER

Aside  fro m  w h a t  is u s e d  by t h e  c rops  t h e  soil m ay
los e  it s  w a t e r  in t h e  following  w ays: 

R ain  w a t e r  w hich  co m e s  to  t h e  soil m ay  b e  los t  by
r u n ning  off ove r  t h e  s u rf ac e  of t h e  lan d.   This
occ u r s  e s p e ci ally on  hilly fa r m s  a n d  in t h e  c a s e  of
clos e,  co m p a c t  soils.

Wate r  m ay  b e  los t  fro m  t h e  soil by  leac hing  t h ro u g h
t h e  low e r  soil.

Wate r  m ay  b e  los t  fro m  t h e  soil by  eva po r a tion  fro m
t h e  s u rfac e.

The  soil m ay  lose  w a t e r  by t h e  g ro wt h  of w e e d s  w hic h
a r e  co n tin u ally p u m pin g  w a t e r  u p  by  t h ei r  roo t s  a n d
t r a n s pi ring  it fro m  t h ei r  le aves  in to t h e  air.

HOW SOME FARM OPERATIONS INFLUENCE SOIL 
WATER
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Plowing  a n d  soil w a t er.  On e  of t h e  fir s t  effec t s
of d e e ply a n d  t ho ro u g hly plowing  a  close,  co m p a c t
soil, is t h a t  r ain  will sink  into  it  r e a dily a n d  no t
b e  los t  by  s u rf ac e  w a s h.   In  m a ny p a r t s  of t h e
cou n t ry, e s p eci ally t h e  Sou t h,  g r e a t  d a m a g e  is do n e
by t h e  s u rf ac e  w a s hing  a n d  g ulleying  of sloping  fields.

The  s h allow laye r  of soil s t i r r e d  u p  by s m all plows
a n d  p r a c tice  of s h allow plowing  so  p r ev ale n t  in  t h e
Sou t h  t ak e s  in  t h e  r ain  r e a dily, b u t  a s  t h e  h a r d e r
soil b e n e a t h  do e s  no t  e a sily a b so r b  t h e  w a t e r  t h e
s h allow laye r  of plow e d  soil soon  fills, t h e n  b e co m e s
m u d,  a n d  t h e  w hole  m a s s  go e s  dow n  t h e  slop e.  
Whe r e  t h e  land  is plow e d  d e e p  t h e r e  is p r e p a r e d  a
d e e p  r e s e rvoi r  of loos e  soil t h a t  is a ble  to  hold  a
la rg e  a m o u n t  of w a t e r  till t h e  h a r d e r  low e r  soil c a n
g r a d u ally a b so r b  it.

The  soil s ti r r e d  a n d  t ho ro u g hly b rok e n  by t h e  plow
s e rves  no t  only a s  a  r e s e rvoir  for  t h e  r ainfall, b u t
al so  a c t s  a s  a  m ulc h  ove r  t h e  m o r e  co m p a c t  soil b elow
it, t h u s  c h ecking  t h e  r a pid  u s e  of c a pilla ry w a t e r
to  t h e  s u rf ac e  a n d  it s  co ns e q u e n t  loss  by ev a po r a tion.  
The  plow w hich  b r e aks  a n d  p ulve rize s  t h e  soil m o s t
t ho ro u g hly is t h e  on e  b e s t  a d a p t e d  to  fit  t h e  soil
for  r e c eiving  a n d  holding  m ois t u r e .

If t h e  plowing  is no t  w ell do n e  o r  if t h e  lan d  is
too  d ry w h e n  plow e d  a n d  t h e  soil is left  in g r e a t
co a r s e  lum p s  a n d  clods,  t h e  ai r  ci r c ula t e s  r e a dily
a m o n g  t h e  clods  a n d  t ak e s  fro m  t h e m  w h a t  lit tle  m ois tu r e
t h ey m ay  h ave  h a d  a n d  g e n e r ally t h e  soil is left  in
a  wor s e  con di tion  t h a n  if it  h a d  no t  b e e n  plow e d  a t
all.

Fall plowing  on  rolling  lan d  a n d  h e avy soil le aving
t h e  s u rfac e  ro u g h  h elps  to  hold  win t e r  s now s  a n d  r ain s
w h e n  t h ey fall, giving  to  s uc h  fields  a  m o r e  eve n
dis t rib u tion  of soil w a t e r  in t h e  s p ring.
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S p rin g  plowing  s ho uld  b e  do n e  e a r ly, b efo r e  t h e r e
is m u c h  loss  of w a t e r  fro m  t h e  s u rf ac e  by  eva po r a tion.

P rofes so r  King, of t h e  U nive r si ty of Wisconsin  Agricul tu r al
Exp e rim e n t  S t a tion,  c a r ri e d  on  a n  exp e ri m e n t  to  s e e
how  m u c h  soil w a t e r  could  b e  s ave d  by e a rly plowing.  
H e  s elec t e d  t wo  simila r  pi ec e s  of g ro u n d  n e a r  e a c h
o th e r  a n d  t e s t e d  t h e m  for  w a t e r  April 2 9 t h .   Im m e dia t ely
af t e r  t e s ting  on e  pi ec e  w a s  plow e d.   S eve n  d ays
la t er, M ay 6 t h,  h e  t e s t e d  t h e m  for  w a t e r  a g ain  a n d
foun d  t h a t  bo t h  h a d  los t  so m e  w a t er, b u t  t h a t  t h e
piec e  w hich  w a s  no t  plow e d  h a d  los t  9 .13  po u n d s  m o r e
w a t e r  p e r  s q u a r e  foot  of s u rf ac e  t h a n  t h e  plow e d  pi ec e.  
This  m e a n s  t h a t  by plowing  on e  p a r t  a  w e ek  e a rlie r
t h a n  t h e  o t h e r  h e  s ave d  in it  w a t e r  e q u al  to  a  r ainfall
of n e a rly t wo  inch e s  o r  a t  t h e  r a t e  of n e a rly 2 0 0
tons  of w a t e r  p e r  a c r e .

HOEING, RAKING, HARROWING, AND CULTIVATING

The s e  op e r a tions  w h e n  p ro p e rly a n d  t ho rou g hly do n e
t e n d  to  s u p ple m e n t  t h e  wo rk  of t h e  plow in fit ting
t h e  soil to  a b so r b  r ain  a n d  in m a kin g  a  m ulch  to  ch eck
loss  by  s u rfac e  ev a po r a tion.   The  e n ti r e  s u rf ac e
s ho uld  b e  work e d  a n d  t h e  soil s ho uld  b e  left  s m oo t h
a n d  no t  in r id g e s .   Rolling  c u t t e r s  a n d  s p rin g-too t h e d
h a r ro ws  a r e  a p t  to  leave  ridg es  a n d  s hould  h ave  a n
a t t a c h m e n t  for  s m oo thing  t h e  s u rfac e  o r  b e  followe d
by a  s moot hing  h a r row.  Cultiva to r s  u s e d  to  m a k e
m ulc h e s  to  s ave  w a t e r  s ho uld  h ave  m a ny  n a r row  t e e t h
r a t h e r  t h a n  few b ro a d  on e s.   If a  la r g e  b ro a d-too t h e d
tool is u s e d  to  d e s t roy g r a s s  a n d  la r g e  w e e d s  it  s hould
b e  follow e d  by a  s m oot h e r  to  level t h e  r idg e s  a n d  t h u s
les s e n  t h e  eva po r a tin g  s u rf ac e.   The  soil s ho uld
b e  c ultiva t e d  a s  soon  af t e r  a  r ain  a s  it  c a n  b e  s afely
wo rk e d.

Rolling  co m p a c t s  t h e  soil a n d  s t a r t s  a  q uicke r  c a pilla ry
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m ove m e n t  of w a t e r  tow a r d  t h e  s u rfac e  a n d  a  co ns e q u e n t
loss  by  ev a po r a tion.   Wh e n  ci rc u m s t a n c e s  will
p e r mi t,  t h e  rolle r  s hould  b e  follow e d  by a  ligh t  h a r row
to  r e s to r e  t h e  m ulch.

Ridging  t h e  land  t e n d s  to  les s e n  t h e  a m o u n t  of m ois t u r e
in t h e  soil b e c a u s e  it inc r e a s e s  t h e  eva po r a ting  s u rfac e.  
I t  s hould  b e  p r ac tice d  only on  w e t  land  o r  in e a r ly
s p rin g  to  s ec u r e  g r e a t e r  h e a t .

Dr ain s  pl ac e d  in  w e t  lan d  r e m ove  fr e e  w a t e r  to  a  low e r
d e p t h  a n d  inc r e a s e  t h e  d e p t h  of soil occ u pie d  by c a pilla ry
w a t e r  a n d  t h e r efo r e  inc r e a s e  t h e  body of soil available
to  pl a n t  r oo t s.

MANURES AND SOIL WATER

H u m u s,  a s  w e  lea r n e d  in  Ch a p t e r  IV, h a s  a  ve ry g r e a t
a n d  t h e r efo r e  impor t a n t  influe nc e  ove r  t h e  w a t e r-a b so r bin g
a n d  w a t e r-holding  pow e r s  of soils.  The r efo r e,
a ny of t h e  fa r m  p r a c tice s  t h a t  t e n d  to  inc r e a s e  o r
di minis h  t h e  a m o u n t  of h u m u s  in t h e  soil a r e  to  b e
s e riously consid e r e d  b e c a u s e  of t h e  effec t  on  t h e
w a t e r  co n t e n t  of t h e  soil.  For  t his  r e a so n  t h e
a p plica tion  of b a r n  m a n u r e s  a n d  g r e e n  c rops  t u r n e d
u n d e r  t e n d  to  imp rove  t h e  w a t e r  con di tions  of m os t
soils.

The  mixing  of h e avy a p plica tions  of co a r s e  m a n u r e s
o r  o rg a nic  m a t t e r  wit h  ligh t  s a n dy soils  m ay m a k e
t h e m  so  loose  a n d  op e n  t h a t  t h ey  will lose  m ois t u r e
r a pidly.  Wh e n  t his  p r a c tice  is n e c e s s a ry t h e  land
s ho uld  b e  rolled  af t e r  t h e  a p plica tion  of t h e  m a n u r e .
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METHODS OF CROPPING AND SOIL WATER

Cons t a n t  tillag e  h a s t e n s  t h e  d e c ay of o r g a nic  m a t t e r
in  t h e  soil.  H e n c e  a ny m e t hod  o r  sys t e m  of c rop pin g
w hich  do e s  no t  occ asion ally r e t u r n  to  t h e  soil a  n e w
s u p ply of h u m u s  t e n d s  to  w e a k e n  t h e  pow e r s  of t h e
soil tow a r d  w a t er.

All of t h e  op e r a tions  a n d  p r a c tic e s  w hich  influe nc e
soil w a t e r  al so  affec t  t h e  o t h e r  con di tions  n e c e s s a ry
to  roo t  g row t h;  n a m ely, t ex t u r e ,  ven tila tion,  h e a t ,
a n d  pl a n t  food, a n d  t hos e  op e r a tions  a n d  p r ac tice s
w hich  p ro p e rly con t rol a n d  r e g ul a t e  soil w a t e r  to  a
la rg e  d e g r e e  con t rol a n d  r e g ula t e  soil fe r tili ty.

SELECTION OF CROPS WITH REFERENCE TO SOIL 
WATER

While  clim a tic  con di tions  d e t e r min e  t h e  g e n e r al  di s t ribu tion
of pl a n t s,  t h e  a m o u n t  of w a t e r  w hich  a  soil holds
a n d  c a n  give  u p  to  pl a n t s  d u rin g  t h e  g rowing  s e a son
d e t e r min es  ve ry la rg ely t h e  c rops  to  w hich  it is loc ally
b e s t  a d a p t e d .

With  c ro ps  t h a t  c a n  b e  g ro w n  on  a  wid e  r a n g e  of soils
t h e  w a t e r  w hich  t h e  soil c a n  fu rnis h  la r g ely d e t e r min e s
t h e  tim e  of m a t u ring,  t h e  yield,  a n d  oft e n  t h e  q u ality
of t h e  c ro p.   With  s uc h  a  c rop  a  s m all s u p ply
of w a t e r  t e n d s  to  h a s t e n  m a t u ri ty a t  t h e  exp e n s e  of
yield.

The  s w e e t  po t a to,  w h e n  w a n t e d  for  e a rly m a r k e t  a n d
hig h  p rice s,  is g row n  on  t h e  ligh t  s a n dy soils  c alled
e a rly t r uck  soils.  The s e  soils  hold  fro m  five
to  s eve n  p e r  c e n t ,  of w a t er.  Th a t  is,  t h e  t ex tu r e
is s uc h  t h a t  d u ring  t h e  e a rly p a r t  of t h e  g rowing
s e a so n  on e  h u n d r e d  po u n ds  of t his  soil is foun d  to
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hold  a n  av e r a g e  of fro m  five  to  s eve n  po u n d s  of w a t e r
u n d e r  field  co n di tions.   This  soil, holding  lit tl e
w a t er, w a r m s  u p  e a rly a n d  t h us  h a s t e n s  g row t h.  
The n  a s  t h e  w a r m e r  s u m m e r  w e a t h e r  a dv a nc e s ,  t h e  w a t e r
s u p ply di minis h es ,  g row t h  is c h e ck e d,  a n d  t h e  c rop
m a t u r e s  r a pidly.  On  a cco u n t  of t h e  s m all a m o u n t
of w a t e r  a n d  t h e  e a rly c h e cking  of g ro w t h,  t h e  yield
of t h e  c ro p  is less  t h a n  if g ro w n  on  a  soil holding
m o r e  w a t er, b u t  t h e  e a rlie r  m a t u ri ty m a k e s  it  possible
to  r e alize  a  m u c h  high e r  p rice  p e r  b u s h el  for  t h e
c rop.   A s w e e t  po t a to  g ro w n  on  s uc h  a  ligh t  soil
is d ry a n d  s t a r c hy, a  q u ali ty w hich  b ring s  a  high e r
p ric e  in t h e  no r t h e r n  m a rk e t s  t h a n  do e s  t h e  m ois t,
sog gy po t a to  g row n  on  h e avie r  soils  w hich  con t ain
m o r e  w a t e r  a n d  p ro d uc e  la r g e r  yields.

E a rly w hit e  po t a to e s,  e a r ly c a b b a g e,  w a t e r  m elons,
m u sk-m elons,  to m a to es  a n d  o t h e r  e a rly t r u ck  a n d  m a r k e t
g a r d e n  c rops  a r e  also  g ro w n  on  ligh t  soil holding
fro m  five  to  s eve n  p e r  c e n t .  of w a t er.  The  m ain
c rop  of po t a to es  a n d  c a b b a g e  a n d  t h e  c a n ning  c rop  of
to m a to e s  a r e  g row n  on  t h e  loa m  soils  holding  fro m
t e n  to  eigh t e e n  p e r  c e n t .  of w a t er.  S uc h  soils
p ro d uc e  a  la t e r  t ho u g h  m u c h  la r g e r  yield.

U pla n d  co t ton  p rod uc e s  b e s t  on  a  d e e p  loa m  t h a t  is
c a p a ble  of fu r nis hing  a  u nifo r m  s u p ply of a bo u t  t e n
o r  t w elve  p e r  ce n t .  of w a t e r  d u rin g  t h e  g rowin g  s e a so n.

S e a  Isla n d  Cot ton  g ro ws  b e s t  on  a  ligh t ,  s a n dy soil
holding  only five p e r  c e n t .  of w a t er.

170



Page 82

On ligh t ,  s a n dy soils  t h e  U pla n d  Cot ton  p ro d uc e s  s m all
pl a n t s  wi t h  s m all yield  of lin t ,  w hile  on  clay a n d
bo t to m  land,  w hich  a r e  a p t  to  h ave  la r g e  a m o u n t s  of
w a t er, t h e  pl a n t s  g row  ve ry la r g e  a n d  p ro d uc e  few e r
bolls, w hich  a r e  ve ry la t e  in m a t u ring.

Cor n,  w hile  i t will g row  on  a  wid e  r a n g e  of soils,
p ro d uc e s  b e s t  on  loa m  o r  m ois t  bo t to m  lands  holding
a bo u t  fift e e n  p e r  c e n t .  of w a t e r  d u rin g  t h e  g rowin g
s e a so n.

The  g r a s s e s  a n d  s m all g r ain s  do  b e s t  on  cool, fir m
soils  holding  eig h t e e n  to  t w e n ty-t wo  p e r  ce n t .  of
w a t er.

So r g h u m  o r  “Molass e s  Ca n e” g ro ws  b e s t
on  good  co r n  soil, w hile  t h e  s u g a r  c a n e  of t h e  Gulf
S t a t e s  r e q ui r e s  a  soil wi th  t w e n ty-five p e r  ce n t .
of w a t e r  for  b e s t  g row t h.

While  t h e  a m o u n t  of w a t e r  w hich  a  soil will hold  is
d e t e r min e d  la rg ely by t ex tu r e,  it is al so  conside r a bly
influe nc e d  by t h e  a m o u n t  a n d  fre q u e ncy of r ainfall
a n d  t h e  loca tion  of t h e  soil a s  to  w h e t h e r  it  b e  u pla n d
o r  bo t to m  lan d.

The  ave r a g e  p e rc e n t a g e  of w a t e r  h eld  by  a  soil d u rin g
t h e  g ro wing  s e a so n  m ay b e  a p p roxim a t ely d e t e r min e d
in t h e  following  m a n n e r :  

S a m ple  t h e  soil in on e  of t h e  following  m e t ho ds:  

Take  to  t h e  field  a  s p a d e,  a  box t h a t  will hold  a bo u t
h alf a  b u s h el, a n d  a  pin t  o r  q u a r t  gl a s s  ja r  wi th
a  tigh t  cover.  If a  cul tiva t e d  field, s el ec t
a  pl ac e  fre e  fro m  g r a s s  a n d  w e e d s.   Dig a  hole
on e  foot  d e e p  a n d  a bo u t  eig h t e e n  inch e s  s q u a r e .  
Trim  on e  side  of t h e  hole  s q u a r e .   N o w  fro m  t his
side  c u t  a  slice  a bo u t  t h r e e  inch e s  t hick  a n d  on e
foot  d e e p,  q uickly pl ac e  t hi s  in t h e  box a n d  t ho rou g hly
b r e ak  lu m ps  a n d  mix tog e t h er, t h e n  fill ja r  a n d  co rk

171



tig h tly.

Anot h e r  m e t ho d  is to  t ak e  a  co m m o n  h alf-inch  o r  two-inch
c a r p e n t e r’s  a u g e r  a n d  bo r e  in to  t h e  soil wi t h
it.  P ull i t ou t  fr e q u e n tly a n d  p u t  t h e  soil w hich
co m e s  u p  wi th  it  in to  t h e  ja r  u n til you h av e  a  s a m ple
a  foot  d e e p.   If on e  bo rin g  t w elve  inc h e s  d e e p
do es  no t  give  s ufficien t  soil m a k e  a no t h e r  bo ring
o r  t wo  clos e  by  a n d  p u t  all in to  t h e  jar.

Take  t h e  s a m ple,  by w h a t eve r  m e t ho d  ob t ain e d,  w eigh
ou t  t e n  o r  t w e n ty ou nc e s  of t h e  m ois t  soil a n d  d ry
it  a t  a  t e m p e r a t u r e  jus t  b elow 2 1 2  d e g r e e s .   Whe n
it  is t ho ro u g hly d ry w eigh  a g ain.   The  diffe r e n c e
b e t w e e n  t h e  t wo  w eigh t s  will b e  t h e  a m o u n t  of w a t e r
h eld  by  t h e  s a m ple.   N ow  divide  t hi s  by t h e  w eigh t
of t h e  d ry  s a m ple  a n d  t h e  r e s ul t  will b e  t h e  p e r  c e n t .
of w a t e r  h eld  by  t h e  soil.

S eve r al  s a m ples  t ak e n  fro m  diffe r e n t  p a r t s  of t h e
field will give  a n  ave r a g e  for  t h e  field.  Rep e a t
t his  eve ry w e ek  o r  oft e n e r  t h ro u g h  t h e  s e a so n  a n d
a n  a p p roxim a t e  e s ti m a t e  of t h e  w a t e r-holding  c a p a city
of t h e  soil will b e  ob t ain e d  a n d  cons e q u e n tly a n  indic a tion
of t h e  c ro ps  to  w hic h  t h e  soil is b e s t  a d a p t e d .
EXAMPLE.  Weight of a soil sample, 20 ounces.  When dried this sample weighs 173/4 
ounces. 20 — 173/4 = 21/4, the water held by the soil. 2.25 / 17.75 = .12 plus.
This  soil h eld  a  lit tle  ove r  t w elve  p e r  c e n t .  of w a t er. 
If t his  soil con tin u e s  to  give  a bo u t  t h e  s a m e  r e s ul t
for  s ucc e s sive  t e s t s  d u ring  t h e  g ro wing  s e a so n,  t h e
r e s ul t s  wo uld  indica t e  a  soil a d a p t e d  to  co t ton,  la t e
t r uck  o r  co r n .
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CHAPTER XVIII

THE AFTER-CULTIVATIO N  OF CROP S
The  t e r m  “afte r-cul tiva tion” is h e r e  u s e d
in r efe r ring  to  t hos e  tillag e  op e r a tions  w hich  a r e
p e rfo r m e d  af t e r  t h e  c ro p  is pla n t e d.   Synony mo us
t e r m s  a r e  “cul tiva tion,” “in t e r-tillag e,”
“working  t h e  c rop.”

Afte r-c ul tiva tion  influe nc e s  t h e  t ex tu r e ,  ven tila tion,
h e a t ,  pl a n t  food  a n d  m ois tu r e  fac to r s  of fe r tili ty,
b u t  m o s t  p a r tic ula rly t h e  m ois t u r e  fac tor.

U n d e r  o rdin a ry  ci rc u m s t a nc e s  t h e  g r e a t e s t  b e n efit
d e rived  fro m  af t e r-c ul tiva tion  w h e n  p ro p e rly p e rfo r m e d
is t h e  s aving  of soil w a t e r  for  t h e  u s e  of t h e  c ro p.

LOSS OF WATER BY EVAPORATION

Soil w a t e r  is s eldo m  a t  r e s t  u nle s s  t h e  soil b e  froze n
solid.   Wh e n  r ain  falls on  a  fe r tile  soil t h e r e
is a  dow n w a r d  m ove m e n t  of w a t er.  Wh e n  t h e  r ain
c e a s e s,  w a t e r  b e gin s  to  ev a po r a t e  fro m  t h e  s u rf ac e
of t h e  soil.  I t s  pl ac e  is t ak e n  by w a t e r  b ro u g h t
fro m  b elow by c a pilla ri ty.  This  is in  t u r n  eva po r a t e d
a n d  r e plac e d  by m o r e  fro m  b elow.  This p roc e ss
con tinu e s  wi th  g r e a t e r  o r  les s  r a pidi ty a cco r din g
to  t h e  d ryn e s s  of t h e  ai r  a n d  t h e  co m p a c t n e s s  of t h e
soil.

LOSS OF WATER THROUGH WEEDS

We le a r n e d  in a  for m e r  c h a p t e r  t h a t  d u rin g  t h ei r  g row t h
fa r m  pla n t s  r e q ui r e  a n  a m o u n t  of w a t e r  e q u al  to  fro m
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3 0 0  to  5 0 0  ti m e s  t h ei r  d ry  w eig h t .   Weeds  r e q ui r e
jus t  a s  m u c h  w a t e r  a n d  so m e  of t h e m  p ro b a bly m o r e
t h a n  t h e  c ul tiva t e d  pla n t s.   This  w a t e r  is la r g ely
a b so r b e d  by t h e  roo t s  a n d  s e n t  u p  to  t h e  le aves  w h e r e
it  is t r a n s pi r e d  in to  t h e  ai r  a n d  is los t  fro m  t h e
soil, a n d  t h e r efo r e  is u n av ailable  to  t h e  g ro wing
c rop  u n til it a g ain  falls  on to  t h e  soil.

In  so m e  p a r t s  of t h e  cou n t ry, p a r tic ula rly t h e  s e mi-a rid
West,  t h e  r ainfall is no t  s ufficien t  to  s u p ply t h e
soil wit h  e no u g h  w a t e r  to  g row  s uc h  c ro ps  a s  it  could
o th e r wise  p ro d uc e.   In  t h e  m ois t e r  r e gions  t h e
r ainfall is no t  eve nly di s t rib u t e d  t h ro u g ho u t  t h e  g ro win g
s e a so n,  a n d  t h e r e  a r e  long e r  o r  s ho r t e r  in t e rvals
b e t w e e n  r ains  w h e n  t h e  loss  of w a t e r  t h ro u g h  ev a po r a tion
a n d  w e e d s  is a p t  to  b e  g r e a t e r  t h a n  t h e  r ainfall. 
For  t h e s e  r e a so ns  it is b e s t  to  c h e ck  t h e s e  los s e s
a n d  s ave  t h e  w a t e r  in t h e  soil for  t h e  u s e  of t h e
c rops .

SAVING THE WATER

This  c a n  b e  do n e  by: 

P r eve n tin g  t h e  g row t h  of w e e d s  a n d  by ch ecking  loss e s
by eva po r a tion  wi th  a  soil m ulc h.

TIME TO CULTIVATE

A s e e dling  pla n t  is e a si e s t  killed  jus t  a s  it h a s
s t a r t e d  in to g ro wt h.   The  b e s t  ti m e  to  kill a
pl a n t  s t a r tin g  fro m  a n  u n d e r g ro u n d  s t e m  or  a  r oo t
is jus t  a s  soon  a s  it  a p p e a r s  a bove  t h e  s u rfac e  in
a c tive  g ro wt h.

The  b e s t  tim e  to  cul tiva t e,  t h e n,  to  kill w e e d s  is
a s  soon  a s  t h e  w e e d s  a p p e ar.  At t his  ti m e  la rg e
n u m b e r s  c a n  b e  killed  wi th  t h e  lea s t  of effor t .  
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Do no t  le t  t h e m  g e t  to  b e  a  w e ek  o r  t wo  old  b efo r e
g e t tin g  af t e r  t h e m.

175



Page 84

In  pl a n ting  so m e  c ro ps  t h e  g ro u n d  b e t w e e n  t h e  ro w s
b eco m e s  t r a m ple d  a n d  co m p a c t .   This  r e s ul t s  in
a c tive  c a pilla ri ty w hich  b rings  w a t e r  to  t h e  s u rfac e
a n d  it  is los t  by eva po r a tion.

Eve ry r ainfall t e n d s  to  b e a t  t h e  soil p a r ticles  tog e t h e r
a n d  for m  a  c r u s t  w hich  e n a ble s  t h e  c a pilla ry w a t e r
to  clim b  to  t h e  s u rfac e  a n d  e sc a p e  in to  t h e  air. 
This  loss  by ev a po r a tion  s ho uld  b e  cons t a n tly w a t c h e d
for  a n d  t h e  soil s ho uld  b e  s ti r r e d  a n d  a  m ulc h  for m e d
w h e n eve r  it  b e co m e s  co m p a c t  o r  a  c r u s t  is for m e d.

The  p ro p e r  t im e  to  cul tiva t e,  t h e n,  to  s ave  w a t e r
is a s  soon  a s  w e e d s  a p p e a r  o r  a s  soon  a s  t h e  s u rfac e
of t h e  soil b eco m e s  co m p a c t  o r  c r u s t e d  by  t r a m pling,
by t h e  b e a t ing  of r ain  o r  fro m  a ny o th e r  c a u s e ,  w h e t h e r
t h e  c ro p  is u p  o r  no t .   The  cultiva tion  s ho uld
s t a r t  a s  soon  af t e r  a  r ain  a s  t h e  soil is d ry  e no u g h
to  wo rk  s afely.

The  s u rf ac e  soil s hould  alw ays  b e  ke p t  loos e  a n d  op e n.  
The  efficacy of t h e  soil m ulc h  d e p e n d s  on  t h e  t ho ro u g h n e s s
a n d  fre q u e ncy of t h e  op e r a t ion.   I t  is p a r ticul a rly
b e n eficial d u ring  long,  d ry p e riods.   During  s uc h
ti m es  it  is no t  n ec e s s a ry  to  w ai t  for  a  r ain  to  co m p a c t
t h e  soil; ke e p  t h e  cul tiva to r s  going,  r ain  o r  no  r ain.

TOOLS FOR AFTER-CULTIVATION

The  m ain  objec t s  of af t e r-c ultiva tion  a r e  to  d e s t roy
w e e d s  a n d  to  for m  a  soil m ulch  for  t h e  p u r pos e  of
con t rolling  soil m ois t u r e .   The s e  e n d s  a r e  s e c u r e d
by s h allow s u rf ac e  work.   I t  is no t  n e c e s s a ry  to
go  m o r e  t h a n  t wo  o r  t h r e e  inc h e s  d e e p.   De e p e r
wo rk  will inju r e  t h e  roo t s  of t h e  c rop.   The r efo r e
t h e  p ro p e r  tools for  af t e r-c ul tiva tion  in t h e  g a r d e n
a r e  t h e  ho e  a n d  r a k e  a n d  for  field work  n a r row-toot h e d
h a r ro ws  a n d  c ultiva to r s  o r  ho r s e-ho e s  w hic h  s ti r  t h e
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w hole  s u rfac e  t ho rou g hly to  a  m o d e r a t e  d e p t h.  
The s e  field tools a r e  s u p ple m e n t e d  in so m e  c as e s  by
t h e  h a n d  ho e,  b u t  ove r  wide  a r e a s  of cou n t ry  t h e  ho e
n eve r  e n t e r s  t h e  field.

A ligh t  s pike-too t h e d  h a r row  c a n  b e  u s e d  on  co r n,
po t a to es,  a n d  simila r  c rops ,  a n d  a cco m plish  t h e  wo rk
of c ul tiva tion  r a pidly u n til t h ey  g e t  to  b e  fro m  fou r
to  six inch e s  high;  af t e r  t h a t  c ul tiva to r s  w hich  work
b e t w e e n  t h e  row s  s ho uld  b e  u s e d.

A ve ry u s eful cla s s  of tools for  d e s t roying  w e e d s
in t h e  e a rlie r  s t a g e s  a r e  t h e  so-c alle d  “w e e d e r s .” 
They so m e w h a t  r e s e m ble  a  ho r s e  h ay r a k e  a n d  h ave  a
n u m b e r  of flexible  wi r e  t e e t h  w hich  d e s t roy s h allow
roo t e d  w e e d s  b u t  slip  a ro u n d  t h e  m o r e  fir mly roo t e d
pla n t s  of t h e  c rop.   Thes e  w e e d e r s  m u s t  b e  u s e d
fre q u e n tly to  b e  of m u c h  value,  for  af t e r  a  w e e d  is
w ell r oo t e d  t h e  w e e d e r  c a n no t  d e s t roy it.

The r e  is a  la r g e r  cl as s  of h a n d  w h e el ho es  w hich  a r e
ve ry u s eful in wo rking  clos e  pl a n t e d  g a r d e n  a n d  t r uck
c rops.   They ei t h e r  s t r a d dle  t h e  row, working
t h e  soil on  bo t h  side s  a t  t h e  s a m e  tim e,  or, r u n nin g
b e t w e e n  t h e  row s,  wo rk  t h e  soil to  a  wid t h  of fro m
six to  eigh t e e n  inch es .

For  b e s t  r e s ul t s  wi t h  t h e  w e e d e r  a n d  h a n d  w h e el ho e s
t h e  soil s ho uld  b e  t ho rou g hly p r e p a r e d  b efo r e  pl a n ting
by b u rying  all t r a s h  wi th  t h e  plow a n d  b r e a king  all
clods  wi th  h a r ro w  a n d  roller.
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The  objec tion  m a d e  to  t h e  d e e p-wo rking  imple m e n t s ,
like  t h e  plow, is t h a t  t h ey inju r e  t h e  c ro p  by c u t ting
its  feeding  roo t s,  a n d  t his  h a s  b e e n  foun d  by c a r eful
exp e ri m e n t  a n d  obs e rv a tion  to  di minis h  t h e  c ro p.

So m e  fa r m e r s  objec t  to  u sing  a  ligh t  h a r row  for  cul tiva tion
in t h e  e a rly s t a g e s  of t h e  c ro p  b ec a u s e  t h ey s ay t h e
h a r ro w  will d e s t roy t h e  c rop  a s  w ell a s  t h e  w e e d s.  
This  d a n g e r  is no t  so  g r e a t  a s  it  s e e m s.   The
s e e d s  of t h e  c ro p  a r e  d e e p e r  in  t h e  soil t h a n  t h e  s e e d s
of t h e  w e e d s  w hich  g e r min a t e  a n d  a p p e a r  so  q uickly. 
The  soil h a s  al so  b e e n  fir m e d  a bo u t  t h e m.   H e nc e
t h ey h ave  a  fir m e r  hold  on  t h e  soil a n d  b u t  few of
t h e m  a r e  d e s t roye d  if t h e  wo rk  is c a r efully do n e.

In  wo rking  c rops  no t  only s hould  w e e d s  b e  d e s t roye d
b u t  also  s u r plu s  pl a n t s  of t h e  c ro p,  a s  t h e s e  h ave
t h e  s a m e  effec t  a s  w e e d s;  n a m ely, t h ey occ u py t h e
soil a n d  t ak e  pla n t  food  a n d  m ois t u r e  w hich  if left
to  few e r  pl a n t s  wo uld  p ro d u c e  a  la rg e r  h a rves t .

HILLING AND RIDGING

Exce p t  in  low, w e t  g ro u n d,  t h e  p r a c tic e  of hilling
o r  ri dging  u p  c rops  is no w  consid e r e d  by t hos e  w ho
h ave  give n  t h e  m a t t e r  t ho rou g h  s t u dy, to  b e  u n n e c e s s a ry,
fla t  a n d  s h allow c ul t u r e  b ein g  c h e a p er.  I t  s aves
m o r e  m ois tu r e ,  a n d  for  t his  r e a so n,  in  t h e  m ajo ri ty
of c a s e s ,  p ro d u c e s  la rg e r  c rops .

So m e ti m e s  d u rin g  ve ry long-con tinu e d  p e riods  of w e t
w e a t h e r  w e e d s  a n d  g r a s s  b e co m e  fir mly e s t a blish e d
a m o n g  t h e  pl a n t s  of t h e  c rop.   U n d e r  s uc h  ci rcu m s t a n c e s
it  is n e c e s s a ry  to  u s e  on  t h e  cul tiva to r  t e e t h  h aving
long,  n a r ro w  s w e e p s  t h a t  will c u t  t h e  w e e d s  jus t  b e n e a t h
t h e  s u rfac e  of t h e  soil.  So m e ti m e s  a  b ro a d-too t h e d
tool is u s e d  t h a t  will t h row  s ufficien t  soil ove r
t h e  la r g e  w e e d s  n e a r  t h e  ro w s  to  s m o t h e r  t h e m.

178



The  con di tion  to  b e  m e t  a n d  t h e  effec t  of t h e  op e r a tion
s ho uld  alw ays  b e  give n  s e rious  t hou g h t .

We h ave  conside r e d  af t e r-c ul tiva tion  a s  influe ncin g
soil fe r tili ty by c h ecking  a  loss  of w a t e r  by  eva po r a tion
a n d  w e e d  t r a n s pi r a tion,  a n d  t his  is it s  m ai n  influe nc e
b u t  o t h e r  b e n efi t s  follow.

Keepin g  t h e  s u rfac e  soil loos e  a n d  op e n  b e n efi t s  fe r tility
b ec a u s e  it  di r ec tly aid s  t h e  a b so r p tion  of r ain,  favors
ven tila tion,  a n d  h a s  a  b e n eficial influe nc e  ove r  soil
t e m p e r a t u r e .   Indi r e c tly t h ro u g h  t h e s e  fac to r s
it  a id s  t h e  wo rk  of t h e  b e n eficial soil b a c t e ria  a n d
t h e  ch e mic al c h a n g e s  in t h e  p roc e s s  of p r e p a rin g  pla n t
food  for  c rop  u s e .

CHAPTER XIX

FARM MA N U RE S

FUNCTIONS OF MANURES AND FERTILIZERS

In  Ch a p t e r  II w e  lea r n e d  t h a t  t h e  roo t s  of pl a n t s
for  t h ei r  g ro wt h  a n d  d evelop m e n t  n e e d  a  soil t h a t
is fir m  ye t  m ellow, m ois t ,  w a r m,  ve n tila t e d  a n d  s u p plie d
wi th  pl a n t  food.  We also  lea r n e d  t h a t  of t h e
pla n t  foods  t h e r e  is oft e n  no t  e no u g h  av ailable  ni t rog e n,
p hos p ho ric  a cid,  po t a s h  a n d  lime  for  t h e  n e e d s  of
t h e  g ro wing  pla n t s.

M a n u r e s  a n d  fe r tilize r s  a r e  a p plied  to  t h e  soil for
t h ei r  b e n eficial effec t s  on  t h e s e  n ec es s a ry  con di tions
for  r oo t  g ro wt h  a n d  t h e r efo r e  to  a s sis t  in m ain t aining
soil fe r tili ty.
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CLASSIFICATION OF MANURES AND FERTILIZERS

M a n u r e s  m ay b e  cla s sified  a s  follows: 

{  Ba r n  o r  s t a bl e  m a n u r e s,
Fa r m  m a n u r e s .     {  Gr e e n-c rop  m a n u r e s,
{  Co m pos t s.

Co m m e r cial       {  M a t e ri als  fu r nis hing  ni t ro g e n,
  fe r tilize r s     {      "         "     
p hos p ho ric  a cid,
  o r  a r tificial  {      "         "     
po t a s h ,
  m a n u r e s .        {      "         "     
lim e.

IMPORTANCE OF FARM MANURES

Of t h e s e  t wo  cl a s s e s  of m a n u r e s  t h e  fa r m e r  s hould
r ely c hiefly on  t h e  fa r m  m a n u r e s  le t ting  t h e  co m m e r cial
fe r tilize r s  t ak e  a  s e co n d a ry  pl ac e  b e c a u s e:  

Fa r m  m a n u r e s  a r e  co m ple t e  m a n u r e s;  t h a t  is t h ey con t ain
all t h e  n e c e s s a ry  el e m e n t s  of pl a n t  food.

Fa r m  m a n u r e s  a d d  to  t h e  soil la r g e  a m o u n t s  of o rg a nic
m a t t e r  o r  h u m u s.

The  d e c ay of o r g a nic  m a t t e r  p ro d uc e s  c a r bo nic  a cid
w hich  h a s t e n s  t h e  d ec ay of min e r al  m a t t e r  in t h e  soil
a n d  so  inc r e a s e s  t h e  a m o u n t  of available  pl a n t  food.

The  o r g a nic  m a t t e r  c h a n g e s  t h e  t ex tu r e  of t h e  soil.

I t  m a k e s  s a n dy soils  m o r e  co m p ac t  a n d  t h e r efo r e  m o r e
pow e rful to  hold  w a t e r  a n d  pl a n t  food.
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It  m a k e s  h e avy cl ay soils  m o r e  op e n  a n d  po ro us,  giving
t h e m  g r e a t e r  pow e r  to  a b so r b  m ois t u r e  a n d  pla n t  food. 
This  a d mit s  al so  of b e t t e r  ci rc ul a tion  of t h e  ai r
in  t h e  soil, a n d  p r eve n t s  b a king  in d ry  w e a t h er.

Fa r m  m a n u r e s  influe nc e  all of t h e  con di tions  n ec es s a ry
for  r oo t  g ro wt h  w hile  t h e  co m m e r cial fe r tilize r s  influe nc e
m ainly t h e  pl a n t  food  con di tions.

The  fa r m  m a n u r e s  a r e  good  for  all soils  a n d  c rops .

They a r e  las ting  in t h ei r  effec t s  on  t h e  soil.

BARN OR STABLE MANURE

Bar n  o r  s t a ble  m a n u r e  consis t s  of t h e  solid  a n d  liquid
exc r e m e n t  of a ny of t h e  fa r m  a ni m als  mixe d  wi th  t h e
s t r a w  o r  o t h e r  m a t e ri als  u s e d  a s  b e d ding  for  t h e  co mfo r t
of t h e  a ni m als  a n d  to  a b so r b  t h e  liquid  p a r t s .

The  liquid  p a r t s  s hould  b e  s ave d,  a s  t h ey con t ain
m o r e  t h a n  h alf of t h e  ni t rog e n  a n d  po t a s h  in  t h e  m a n u r e .

The  valu e  of b a r n  m a n u r e  for  imp roving  t h e  soil con di tions
n ec es s a ry  for  r oo t  g row t h  d e p e n d s  in a  m e a s u r e  u po n
t h e  pl a n t  food  in it, b u t  chiefly u po n  t h e  ve ry la r g e
p ro po r tion  of o r g a nic  m a t t e r  w hich  it co n t ain s  w h e n
it  is a p plied  to  t h e  soil.

The s e  fac to r s  a r e  influe nc e d  so m e w h a t:   by t h e
kind  of a ni m al t h a t  p rod uc es  t h e  m a n u r e;  by  t h e  kind
of food  t h e  a ni m al r e c eives;  by t h e  kind  a n d  a m o u n t
of li t t e r  o r  b e d ding  u s e d;  b u t  t h ey  d e p e n d  p a r ticula rly
on  t h e  w ay t h e  m a n u r e  is c a r e d  for  af t e r  i t is p rod uc e d.

LOSS OF VALUE

Im p ro p e r  c a r e  of t h e  m a n u r e  m ay c a u s e  it to  diminis h
in value  ve ry m u c h.
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Loss  by  leaching.
If t h e  m a n u r e  is piled  a g ain s t  t h e  side  of t h e  s t a bl e
w h e r e  w a t e r  fro m  t h e  roof c a n  d rip  on  it, a s  is of te n
t h e  c a s e ,  o r  if i t is piled  in a n  expos e d  pl ac e  w h e r e
h e avy r ain  c a n  b e a t  on  it, t h e  r ain  w a t e r  in  le ac hing
t h ro u g h  t h e  m a n u r e  w a s h e s  ou t  of it ni t rog e n  a n d  po t a s h,
w hich  p a s s  off in t h e  d a rk  b row n  liquid  t h a t  oozes
fro m  t h e  b a s e  of t h e  pile.
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Loss  by  h ea ting  or  f er m e n tin g.
Whe n  b a r n  m a n u r e  is t h ro w n  in to  piles  it  soon  h e a t s
a n d  t h row s  off m o r e  o r  les s  s t e a m  a n d  g a s .   This
h e a ting  of t h e  m a n u r e  is c a u s e d  by fe r m e n t a tion  o r
t h e  b r e a king  dow n  of t h e  m a t e r ials  co m posin g  t h e  m a n u r e
a n d  t h e  for ming  of n e w  co m po u n d s.   This  fe r m e n t a tion
is p ro d u c e d  by ve ry s m all o r  mic roscopic pl a n t s  c alle d
b ac t e ri a .

The  fe r m e n t a tion  of t h e  m a n u r e  is influe nc e d  by t h e
following  co n di tions:  

A c e r t ain  a m o u n t  of h e a t  is n ec e s s a ry to  s t a r t  t h e
wo rk  of t h e  b ac t e ri a .   Afte r  t h ey  h ave  onc e  s t a r t e d
t h ey ke e p  u p  a n d  inc r e a s e  t h e  t e m p e r a t u r e  of t h e  pile
u n til it  g e t s  so  ho t  t h a t  so m e ti m e s  a  p a r t  of t h e
m a n u r e  is r e d uc e d  to  a s h e s .   The  hig h e r  t h e  t e m p e r a t u r e
t h e  m o r e  r a pid  t h e  fe r m e n t a tion.   This  c a n  b e
s e e n  p a r ticul a rly in  piles  of ho r s e  m a n u r e .

The  b a c t e ri a  w hich  p rod uc e  t h e  m o s t  r a pid  fe r m e n t a tion
in m a n u r e  n e e d  pl e n ty of ai r  wi th  its  oxyge n.  
The r efo r e  fe r m e n t a tion  will b e  m o r e  o r  les s  r a pid
a c co r din g  a s  t h e  m a n u r e  is piled  loos ely o r  in a  close
co m p a c t  m a s s .

A c e r t ain  a m o u n t  of m ois tu r e  is n e c e s s a ry  for  t h e
fe r m e n t a tion  to  t ak e  pl ac e ,  b u t  if t h e  m a n u r e  is m a d e
q ui t e  w e t  t h e  t e m p e r a t u r e  is low e r e d  a n d  t h e  fe r m e n t a tion
is c h e ck e d.   The  w a t e r  also  ch e cks  t h e  fe r m e n t a t ion
by limiting  t h e  s u p ply of ai r  t h a t  c a n  e n t e r  t h e  pile.

The  co m posi tion  of t h e  m a n u r e  influe nc e s  t h e  fe r m e n t a tion.  
The  p r e s e n c e  of conside r a ble  a mo u n t s  of soluble  ni t rog e n
h a s t e n s  t h e  r a pidi ty of t h e  fe r m e n t a tion.

N o w  w h e n  t h e  m a n u r e  fe r m e n t s  a  la r g e  p a r t  of t h e  o r g a nic
m a t t e r  in i t is b rok e n  dow n  a n d  c h a n g e d  in to  g a s e s.  
The  g a s  for m e d  m o s t  a b u n d a n tly by  t h e  fe r m e n t a tion
is c a r bo nic  a cid  g a s ,  w hich  is p ro d uc e d  by t h e  u nion
of oxyge n  wi t h  c a r bo n  of t h e  o rg a nic  m a t t er.  The
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for m a tion  of t his  g a s  m e a n s  a  los s  of h u m u s.  
This  loss  c a n  b e  no tice d  by t h e  fac t  t h a t  t h e  pile
g r a d u ally b e co m e s  s m aller.

The  n ext  m os t  a b u n d a n t  p rod uc t  of t h e  fe r m e n t a tion
is w a t e r  vapo r  w hich  c a n  of te n  b e  s e e n  p a s sin g  off
in  cloud s  of s t e a m.

Whe n  m a n u r e  fe r m e n t s  r a pidly t h e  ni t rog e n  in i t is
c h a n g e d  la r g ely in to  a m m o nia.   This  a m m o nia  co m bin e s
wi th  p a r t  of t h e  c a r bo nic  a cid  g a s  a n d  for m s  c a r bo n a t e
of a m m o nia,  a  ve ry vola tile  s al t  w hich  r a pidly ch a n g e s
to  a  vapo r  a n d  is los t  in t h e  a t m os p h e r e .   This
c a u s e s  a  g r e a t  loss  of ni t rog e n  d u ring  t h e  r a pid  d e co m posi tion
of t h e  m a n u r e .   This  loss  c a n  b e  d e t ec t e d  by t h e
w ell know n  odo r  of t h e  a m m o nia  w hich  is p a r tic ula rly
no tic e a ble  a bo u t  ho r s e  s t a ble s  a n d  piles  of ho r s e  m a n u r e .

Beside s  t h e s e  g a s e s  a  n u m b e r  of co m po u n ds  of ni t rog e n,
po t a s h ,  e t c ., a r e  for m e d  w hich  a r e  soluble  in
w a t er.  It  is t h e s e  t h a t  for m  t h e  d a rk  b ro w n  liquid
t h a t  so m e ti m e s  oozes  ou t  fro m  t h e  b a s e  of t h e  m a n u r e
h e a p.

At t h e  Cor n ell U nive r si ty Agricultu r al  Exp e ri m e n t
S t a tion,  t h e  following  exp e ri m e n t  w a s  c a r ri e d  ou t
to  find  ou t  ho w  m u c h  loss  wo uld  t ak e  pl ac e  fro m  a
pile  of m a n u r e:  

“Fou r  t hous a n d  po u n d s  of m a n u r e  fro m  t h e  ho r s e
s t a bl e  w e r e  pl ac e d  ou t  of doo r s  in a  co m p ac t  pile
a n d  left  expos e d  fro m  April 2 5 t h  to  S e p t e m b e r  2 2 d.  
The  r e s ul t s  w e r e  a s  follows:” 
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----------------------------+ - ------------+ - -----------
--+ - ---------
|  April 2 5.    |  S e p t .  2 2 .     |   Loss
|              |               |  p e r  c e n t .
----------------------------+ - ------------+ - -------------+ - -
--------
Gross  w eig h t                 |  4 ,00 0   lbs.  |  1 , 73 0    lbs. |    5 7
Ni t rog e n                     |    1 9.6   "   |      7 . 79  "   |    6 0
P hos.  a cid                   |    1 4.8   "   |      7 .79  "   |    4 7
Pot a s h                       |    3 6     "   |      8 .6 5  "   |    7 6
Value  of pl a n t  food p e r  ton  |    $ 2.3 0      |     $ 1 .06      |
----------------------------+ - ------------+ - -------------+ - -
--------

This  s hows  a  loss  of m o r e  t h a n  h alf t h e  b ulk of t h e
m a n u r e  a n d  m o r e  t h a n  h alf t h e  pl a n t  food  co n t ain e d
in it.

CHECKING THE LOSSES

The  firs t  s t e p  to  b e  t ak e n  in p r e s e rving  t h e  m a n u r e
o r  in c h ecking  loss e s  is to  p rovide  s ufficie n t  b e d din g
o r  li t t e r  in  t h e  s t a ble  to  a b so r b  a n d  s ave  all t h e
liquid  p a r t s .

The  loss e s  fro m  fe r m e n t a tion  of ho t  m a n u r e s  like  ho r s e
m a n u r e  m ay  b e  la r g ely ch e cke d  by mixing  wi t h  t h e  colde r
m a n u r e  fro m  t h e  cow s t a ble.

Loss es  fro m  fe r m e n t a tion  m ay  also  b e  c h eck e d.

By piling  co m p a c tly, w hich  ke e p s  t h e  ai r  ou t .

By m ois t e nin g  t h e  pile,  w hich  lowe r s  t h e  t e m p e r a t u r e
a n d  c h ecks  t h e  a c c e s s  of oxyge n.

The  m a n u r e  m ay b e  h a ule d  di r ec tly to  t h e  field  e a c h
d ay a n d  s p r e a d  on  t h e  s u rf ac e  o r  plow e d  in.  This
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m e t ho d  is t h e  b e s t  w h e n  p r a c tica ble  b e c a u s e  fe r m e n t a tion
of t h e  m a n u r e  will t ak e  pl ac e  slowly in t h e  soil a n d
t h e  g a s e s  p ro d u c e d  will b e  a b so r b e d  a n d  r e t ain e d  by
t h e  soil.

Gyps u m  or  land  pl a s t e r  is of t e n  s p rinkled  on  s t a bl e
floors  a n d  a bo u t  m a n u r e  h e a p s  to  p r ev e n t  t h e  loss
of a m m o nia.

Copp e r a s  o r  blu e  s to n e ,  kaini t e  a n d  s u p e r p hos p h a t e
a r e  so m e ti m e s  u s e d  for  t h e  s a m e  p u r pos e .   The r e
is, ho w ever, no t hing  b e t t e r  no r  so  good  for  t his  p u r pos e
a s  d ry  e a r t h  con t ainin g  a  la r g e  p e rc e n t a g e  of h u m u s.

Loss es  fro m  w a s hin g  o r  leac hing  by r ain  m ay b e  p r eve n t e d
by piling  t h e  m a n u r e  u n d e r  cove r  o r  by h a uling  it
to  t h e  field  a s  soon  a s  p rod uc e d  a n d  s p r e a ding  it
on  t h e  s u rf ac e  o r  plowing  it u n d er.

APPLYING THE MANURE TO THE SOIL

F ro m  t e n  to  t w e n ty tons  p e r  a c r e  is consid e r e d  a  s ufficien t
a p plica tion  of b a r n  m a n u r e  for  m o s t  fa r m  c rops .  
La r g e r  a m o u n t s  a r e  so m e ti m e s  a p plied  to  t h e  soil for
t r uck  a n d  m a rk e t  g a r d e n  c ro ps.

Ba r n  m a n u r e s  a r e  a p plie d  to  t h e  soil by  t h e s e  m e t hod s:  

The  m a n u r e  is so m e ti m e s  h a ule d  ou t  fro m  t h e  b a r n  a n d
plac e d  in a  la r g e  pile  in t h e  field  o r  in m a ny  s m all
pile s  w h e r e  it  r e m ains  for  so m e  tim e  b efo r e  b eing
s p r e a d  a n d  plow e d  o r  h a r row e d  in.

So m e  fa r m e r s  s p r e a d  it  on  t h e  field a n d  allow it  to
lie  so m e  ti m e  b efo r e  plowing  it in.

I t  is so m e tim e s  s p r e a d  a s  soon  a s  h a ule d  to  t h e  field
a n d  is im m e dia t ely plow e d  in o r  mixe d  wit h  t h e  soil. 
This  las t  is t h e  s afes t  a n d  m o s t  e co no mic al m e t ho d
so  fa r  a s  t h e  m a n u r e  alon e  is conc e r n e d.

186



Page 89

Whe n  t h e  m a n u r e  is lef t  in a  la rg e  pile  it  s uffe r s
loss e s  d u e  to  fe r m e n t a tion  a n d  leac hin g.

At t h e  Cor n ell U nive r si ty Agricultu r al  Exp e ri m e n t
S t a tion,  five tons  of m a n u r e  fro m  t h e  cow s t a bl e,
includin g  t h r e e  h u n d r e d  po u n ds  of gyps u m  w hich  w a s
mixed  wi th  it, w e r e  expos e d  in a  co m p a c t  pile  ou t  of
doo rs  fro m  April 2 5 t h  to  S e p t e m b e r  2 2 d.   The  r e s ul t
w a s  a s  follows: 

----------------------------+ - ------------+ - -----------
-+ - ---------
|  April 2 5     |  S e p t  2 2      |    Loss
|              |              |  p e r  c e n t .
----------------------------+ - ------------+ - ------------+ - --
-------
Gross  w eig h t                 |  1 0,0 0 0  lbs.  |   5 ,12 5  lbs. |      4 9
Ni t rog e n                     |      4 7   "   |      2 8   "   |      4 1
P hos.  a cid                   |      3 2   "   |      2 6   "   |      1 9
Pot a s h                       |      4 8   "   |      4 4   "   |       8
Value  of pl a n t  food p e r  ton  |      $ 2.29    |      $ 1.60    |
----------------------------+ - ------------+ - ------------+ - --
-------

Whe n  dis t rib u t e d  ove r  t h e  field  in  s m all piles  a n d
allow e d  to  r e m ain  so  for  so m e  tim e,  loss e s  fro m  fe r m e n t a tion
t ak e  pl ac e,  a n d  t h e  r ain  w a s h e s  pl a n t  food  fro m  t h e
pile  in to  t h e  soil u n d e r  a n d  im m e dia t ely a bo u t  i t. 
This  r e s ul t s  in a n  u n eve n  dis t ribu tion  of pl a n t  food
ove r  t h e  field,  for  w h e n  t h e  m a n u r e  is finally sc a t t e r e d
a n d  plow e d  in, p a r t  of t h e  field  is fe r tilized  wi th
w a s h e d  ou t  m a n u r e  w hile  t h e  soil u n d e r  a n d  im m e di a t ely
a bo u t  t h e  loca tion  of t h e  va rious  piles  is oft e n  so
s t ro n gly fe r tilize d  t h a t  no t hing  c a n  g row  t h e r e  u nle s s
it  b e  r a nk,  coa r s e  w e e d s.

[Illus t r a tion:  FIG. 7 9.—A CROP OF
COWPEAS.]

[Illus t r a tion:  FIG. 8 0.—RED CLOVER.]
Whe n  t h e  m a n u r e  is s p r e a d  on  t h e  s u rfac e  a n d  allow e d
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to  lie  for  so m e  tim e  it is a p t  to  b e co m e  d ry a n d  h a r d,
a n d  w h e n  finally plow e d  in, d ec ays  ve ry slowly.

Whe n  t h e  m a n u r e  is plow e d  in o r  mixed  wi t h  t h e  soil
a s  soon  a s  a p plied  to  t h e  field  t h e r e  r e s ul t s  a n  eve n
dis t rib u tion  of pl a n t  food  in t h e  soil, fe r m e n t a t ion
t ak e s  plac e  g r a d u ally a n d  all g a s e s  for m e d  a r e  a b so r b e d
by t h e  soil, t h e r e  is ve ry lit tl e  loss  of valu a ble
ni t rog e n  a n d  o r g a nic  m a t t er, a n d  t h e  fe r m e n t a tion
t aking  plac e  in t h e  soil a l so  aids  in b r e aking  dow n
t h e  min e r al  cons ti t u e n t s  of t h e  soil a n d  m a kin g  availabl e
t h e  pl a n t  food  h eld  by  t h e m.

The r efo r e  it  s e e m s  b e s t  to  s p r e a d  t h e  m a n u r e  a n d  plow
it in o r  mix it wi th  t h e  soil a s  soon  a s  it  is h a ule d
to  t h e  field,  w h e n  no t  p r eve n t e d  by  b a d  w e a t h e r  a n d
o th e r  m o r e  p r e s sing  work.

PROPER CONDITION OF MANURE WHEN APPLIED

A la rg e  p a r t  of t h e  value  of b a r n  m a n u r e  lies  in t h e
fac t  t h a t  i t consis t s  la r g ely of o r g a nic  m a t t er, a n d
t h e r efo r e  h a s  a n  impo r t a n t  influe nc e  on  soil t ex t u r e ,
a n d  d u ring  it s  d ec ay in t h e  soil p ro d u c e s  favor a ble
c h e mic al c h a n g e s  in t h e  soil co ns ti t u e n t s.   The r efo r e
it  will p ro d uc e  it s  g r e a t e s t  effec t  on  t h e  soil w h e n
a p plied  fr es h.   For  t his  r e a so n  it is g e n e r ally
b e s t  to  h a ul  t h e  m a n u r e  to  t h e  field  a n d  mix it  wi th
t h e  soil a s  soon  af t e r  it  is p ro d uc e d  a s  possible.
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If coa r s e  m a n u r e s  a r e  mixed  wit h  ligh t ,  s a n dy soils
it  is b e s t  to  follow wit h  t h e  roller, o t h e r wis e  t h e
co a r s e  m a n u r e  m ay  c a u s e  t h e  soil to  lie  so  loos e  a n d
op e n  t h a t  bo t h  soil a n d  m a n u r e  will lose  m ois t u r e
so  r a pidly t h a t  fe r m e n t a tion  of t h e  m a n u r e  will b e
s top p e d  a n d  t h e  soil will b e  u nfi t  for  pl a n tin g.

If it  is d e si r e d  to  a p ply m a n u r e  di r ec tly to  d elica t e
roo t e d  t r uck  a n d  veg e t a ble  c rops  i t is b e s t  to  le t
it  s t a n d  for  so m e  ti m e  u n til t h e  fi r s t  r a nk  fe r m e n t a tion
h a s  t ak e n  pl ac e  a n d  t h e  m a n u r e  h a s  b e co m e  ro t t e n.

A good  p r a c tice  is to  a p ply t h e  m a n u r e  in  it s  fr e s h
con di tion  to  coa r s e  fee din g  c rops  like  co r n,  a n d  t h e n
follow t h e  co r n  by a  m o r e  d elica t e  roo t e d  c rop  w hich
r e q ui r e s  t h e  m a n u r e  to  b e  in  a  m o r e  d e co m pos e d  con dition
t h a n  is n e c e s s a ry for  t h e  co r n.   In  t his  c a s e  t h e
co r n  is s a tisfied  a n d  t h e  r e m aining  m a n u r e  is in  p ro p e r
con di tion  for  t h e  following  c ro p  w h e n  it is pla n t e d.

Anot h e r  p r a c tice  is to  b ro a d c a s t  t h e  coa r s e  m a n u r e
on  g r a s s  land  a n d  t h e n  w h e n  t h e  h ay is h a rve s t e d  t h e
sod  a n d  r e m aining  m a n u r e  a r e  plow e d  u n d e r  for  t h e
following  c rop.

A s t u dy of roo t  d evelop m e n t  in Ch a p t e r  II. t ells  u s
t h a t  m o s t  of t h e  m a n u r e  u s e d  for  c ul tiva t e d  c ro ps
s ho uld  b e  b ro a d c a s t e d  a n d  t ho ro u g hly mixed  wit h  t h e
soil.  A s m all a m o u n t  m ay  b e  pl ac e d  in t h e  d rill
o r  hill a n d  t ho rou g hly mixe d  wi th  t h e  soil for  c rops
t h a t  a r e  pla n t e d  in row s  o r  fu r row s  in o r d e r  to  give
t h e  you n g  pl a n t  a  r a pid  s t a r t .   For  t h e  veg e t a ble
g a r d e n  a n d  flowe r  g a r d e n  a n d  law ns,  i t is b e s t  to  a p ply
only m a n u r e  t h a t  h a s  b e e n  piled  for  so m e  ti m e  a n d
h a s  b e e n  t u r n e d  ove r  s eve r al  tim e s  so  t h a t  i t is w ell
ro t t e d  a n d  b rok e n  u p.

The r e  m ay  no t  b e  a  single  fa r m  w h e r e  i t will b e  possible
to  c a r ry ou t  to  t h e  le t t e r  t h e s e  p rinciple s  a p plying
to  t h e  t r e a t m e n t  a n d  a p plica tion  of b a r n  m a n u r e s .
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This  is b e c a u s e  clim a t e ,  c rop s  a n d  con di tions  va ry
in diffe r e n t  p a r t s  of t h e  cou n t ry  a n d  on  diffe r e n t
fa r m s.   The r efo r e  w e  s hould  s t u dy c a r efully ou r
con di tions  a n d  t h e  p rinciple s  a n d  m a k e  ou r  p r a c tice
so  co m bin e  t h e  two  a s  to  p rod uc e  t h e  b e s t  a n d  m os t
e co no mic al r e s ul t s  u n d e r  t h e  ci rcu m s t a n c e s.

If w e  c a n  g e t  m a n u r e  ou t  in  t h e  win t e r  it will ve ry
m u c h  less e n  t h e  r u s h  of s p rin g  wo rk.

In  so m e  p a r t s  of t h e  cou n t ry on  a ccou n t  of d e e p  s nows,
h e avy r ainfall a n d  hilly fields,  it  is no t  a dvis a ble
to  a p ply m a n u r e  in  t h e  win t er.  This will n ec es si t a t e
s to rin g  t h e  m a n u r e .

If con di tions  a r e  s uc h  t h a t  w e  c a n  g e t  t h e  m a n u r e
on  to  t h e  land  a s  soon  a s  it is m a d e,  it  s hould  b e
a p plied  to  land  on  w hich  a  c ro p  is g ro win g  o r  land
w hich  is soon  to  b e  pl a n t e d.   If land  is no t  in t e n d e d
for  a n  im m e dia t e  c ro p,  p u t  a  cove r  c ro p  on  it.

COMPOSTS

Co m pos t s  a r e  collec tions  of fa r m  t r a s h  o r  r u b bish,
a s  le ave s,  po t a to  tops,  w e e d s,  ro a d  a n d  di tch  sc r a pin gs ,
fish,  sla u g h t e r-ho us e  r efus e,  e t c ., mixe d  in
pile s  wi th  lim e,  b a r n  m a n u r e ,  woods-e a r t h,  s w a m p  m u ck,
p e a t  a n d  soil.
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The  objec t  of co m pos ting  t h e s e  m a t e ri als  is to  h a s t e n
t h ei r  d e c ay a n d  r e n d e r  av ailable  t h e  pl a n t  food  in
t h e m.

The r e  a r e  c e r t ain  di s a dva n t a g e s  in co m pos tin g,  n a m ely: 

Exp e n s e  of h a n dling  a n d  c a r ting  on  a ccou n t  of b ulk.

Low co m posi tion.

Loss  of o r g a nic  m a t t e r  by fe r m e n t a tion.

Co m pos t  h e a p s  s e rve  a s  ho m e s  for  w e e d  s e e d s ,  inse c t s
a n d  pl a n t  di se a s es .

N eve r t h el e s s,  a ll w a s t e  o r g a nic  m a t t e r  on  t h e  fa r m
s ho uld  b e  s ave d  a n d  m a d e  u s e  of a s  m a n u r e .   Thes e
m a t e ri als  w h e n  no t  too  coa r s e  m ay  b e  s p r e a d  on  t h e
s u rfac e  of t h e  soil a n d  plow e d  u n d e r;  t h ey  s hould  n eve r
b e  b u r n e d  u nle ss  too  coa r s e  a n d  woody o r  foul wi th
w e e d  s e e d s ,  ins ec t s  a n d  dis e a s e .

[Illus t r a tion:  FIG. 8 1.—SOY BEANS
IN YOUNG ORCHARD.]

[Illus t r a tion:  FIG. 8 2.—A YOUNG ALFALFA
PLANT JUST COMING INTO FLOWER.]

CHAPTER XX

FARM MA N U RE S—CO NCLUDE D

GREEN-CROP MANURES
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Gre e n-c rop  m a n u r e s  a r e  c rops  g row n  a n d  plow e d  u n d e r
for  t h e  p u r pos e  of imp roving  t h e  fe r tili ty of t h e
soil.

The  m ain  objec t  of t u r nin g  t h e s e  c ro ps  u n d e r  is to
fu r nis h  t h e  soil wi th  h u m u s.   Any c ro p  m ay  b e
u s e d  for  t his  p u r pos e .

By g rowin g  a ny of t h e  cl as s  of c ro ps  c alle d  Leg u m e s
w e  m ay a d d  to  t h e  soil no t  only h u m u s  b u t  also  ni t ro g e n.  
Cow p e a s,  b e a n s ,  clover, ve tc h  a n d  pl a n t s  h aving  foliag e,
flow e r s,  s e e d  po ds  a n d  s e e ds  like  t h e m  a r e  c alled
Leg u m e s.

Mos t  of t h e  fa r m  pla n t s  t ak e  t h ei r  ni t rog e n  fro m  t h e
soil.  This  ni t ro g e n  is t ak e n  in t h e  for m  of ni t ric
a cid  a n d  ni t rog e n  s al t s  dis solved  in soil w a t er. 
The  legu m e s,  ho w ever, a r e  a ble  to  u s e  t h e  fre e  ni t ro g e n
w hich  for m s  fou r-fifths  of t h e  a t m os p h e r e .   This
t h ey do  no t  of t h ei r  ow n  pow e r  b u t  t h ro u g h  t h e  aid
of ve ry min u t e  pl a n t s  c alled  b a c t e ri a  o r  ni t rog e n-fixing
g e r m s.   Thes e  g e r m s  a r e  so  s m all t h a t  t h ey  c a n no t
b e  s e e n  wi tho u t  t h e  u s e  of a  pow e rful mic roscop e.  
I t  would  t ak e  t e n  t hou s a n d  ave r a g e  size d  b a c t e ri a
pl ac e d  side  by  sid e  to  m e a s u r e  on e  inch.

The s e  li t tle  g e r m s  m a k e  t h ei r  ho m e s  in t h e  roo ts  of
t h e  legu m e s,  c a u sin g  t h e  roo t  to  e nl a r g e  a t  c e r t ain
poin t s  a n d  for m  t u b e r cl es  o r  no d ule s  (Figs.  3 4  a n d
3 5).

Ca r efully dig  u p  a  roo t  of clover, cow p e a,  soy b e a n
o r  o th e r  leg u m e  a n d  w a s h  t h e  soil fro m  it.  You
will find  n u m b e r s  of t h e  lit tl e  t u b e r cl e s  o r  no d ule s.  
On  t h e  clove r  t h ey will b e  a bo u t  t h e  size  of a  pin
h e a d  o r  a  lit tl e  la rg er.  On  t h e  soy b e a n  t h ey
will b e  n e a rly a s  la r g e  a s  t h e  b e a n s .   The s e  no d ule s
a r e  filled  wi t h  colonies  o r  families  of b a c t e ri a  w hich
t ak e  t h e  fre e  ni t rog e n  fro m  t h e  ai r  w hich  p e n e t r a t e s
t h e  soil a n d  give  it  ove r  to  t h e  pl a n t  in r e t u r n  for
ho us e  r e n t  a n d  s t a r c h  o r  o t h e r  food  t h ey m ay  h ave
t ak e n  fro m  t h e  pl a n t .

In  a n  exp e ri m e n t  a t  Cor n ell U nive r si ty Agricul tu r al
Exp e rim e n t  S t a tion,  in  1 8 9 6,  clove r  s e e d s  w e r e  sow n
Augus t  1 s t ,  a n d  t h e  pl a n t s  w e r e  d u g  N ove m b e r  4 t h,
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t h r e e  m o n t h s  a n d  fou r  d ays  af t e r  t h e  s e e d s  w e r e  sow n.  
The  clove r s  w e r e  t h e n  w eigh e d  a n d  t e s t e d  a n d  t h e  following
r e s ul t s  w e r e  ob t ain e d:  
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----------------+ - -------------------------------------
--------
|         NITROGE N  IN AN ACRE OF CLOVERS.
+ - --------------+ - ---------------+ - ------------
|  Lbs.  in  tops.  |  Lbs.  in roo t s.  |  Lbs., to t al.
----------------+ - --------------+ - ---------------+ - ---------
---
Crimso n  Clove r   |     1 2 5.28      |      3 0.66       |    1 5 5.9 4
M a m m o t h  Clove r   |      6 7.57      |      7 8.39       |    1 4 5.9 6
Re d  Clove r       |      6 3.1 1      |      4 0.25       |    1 0 3.36
----------------+ - --------------+ - ---------------+ - ---------
---

A la rg e  p a r t  of t h e  ni t rog e n  foun d  in t h e s e  pl a n t s
w a s  u n do u b t e dly t ak e n  by t h e  roo ts  fro m  t h e  soil a ir.

Beside s  a d din g  h u m u s  a n d  ni t rog e n  to  t h e  soil t h e
leg u m e s,  b ein g  m o s tly d e e p-roo t e d  pl a n t s ,  a r e  a bl e
to  t ak e  fro m  t h e  s u b soil food  w hic h  is ou t  of r e a c h
of o th e r  pl a n t s.   This  food  is dis t rib u t e d  t h ro u g ho u t
t h e  pl a n t  a n d  w h e n  t h e  pl a n t  is plow e d  u n d e r  t h e  food
is d e posi t e d  in t h e  u p p e r  soil for  t h e  u s e  of s h allow-roo t e d
pla n t s.

BENEFITS

The  b e n efi ts  d e rived  fro m  g r e e n  c ro p  m a n u ring  t h e n
a r e  a s  follows: 

We a d d  to  t h e  soil o r g a nic  m a t t e r  o r  h u m u s  w hich  is
so  h elpful in b rin gin g  a bo u t  t h e  con di tions  n ec e s s a ry
for  r oo t  g ro wt h.

By u sing  t h e  legu m e s  for  ou r  g r e e n  m a n u r e  c ro ps  w e
m ay s u p ply t h e  soil wi t h  ni t ro g e n  t ak e n  fro m  t h e  air.

We r e t u r n  to  t h e  s u rfac e  soil no t  only t h e  pl a n t  food
t ak e n  fro m  it b u t  also  pla n t  food  b ro u g h t  fro m  t h e
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s u b soil by t h e  roo t s  of t h e  g r e e n  m a n u r e  pl a n t s .

CHARACTER OF BEST PLANTS FOR GREEN CROP 
MANURING

The  pla n t s  b e s t  a d a p t e d  to  g r e e n  c ro p  m a n u rin g  a r e
d e e p-roo t e d,  h e avy-foliag e d  pl a n t s .   Of t h e s e
t h e  legu m e s  a r e  by  fa r  t h e  b e s t ,  a s  t h ey  collec t  t h e
fre e  ni t rog e n  fro m  t h e  ai r  w hich  o th e r  pl a n t s  c a n no t
do.  This e n a ble s  t h e  fa r m e r  to  g ro w  ni t rog e n  w hich
is ve ry exp e n sive  to  b uy.

THE TIME FOR GROWING GREEN MANURE CROPS

Gre e n  m a n u r e  c rops  m ay  b e  g ro w n  a t  a ny ti m e  t h a t  t h e
soil is no t  occ u pie d  by  o th e r  c rops ,  p rovide d  o th e r
con di tions  a r e  s ui t a bl e.   Land  w hich  is u s e d  for
s p rin g  a n d  s u m m e r  c rop s  oft e n  lies  b a r e  a n d  idle  d u ring
fall a n d  win t er.  A h a r dy g r e e n  m a n u r e  c rop  pl a n t e d
af t e r  t h e  s u m m e r  c ro p  is h a rv es t e d  will m a k e  conside r a ble
g row t h  d u ring  t h e  fall a n d  e a rly s p rin g,  a n d  t his
c a n  b e  plow e d  u n d e r  for  t h e  u s e  of t h e  following  s u m m e r
c rops.   If t h e r e  is a  long  in t e rval of ti m e  d u rin g
s p rin g  o r  s u m m e r  w h e n  t h e  land  is b a r e ,  t h a t  is a  good
ti m e  for  a  g r e e n  m a n u r e  c ro p.

Gre e n  m a n u r e  c rops  a r e  oft e n  pla n t e d  b e t w e e n  t h e  row s
of o th e r  c rop s  s uc h  a s  co r n  o r  co t ton  a t  t h e  las t
wo rking  of t h e  c ro p  for  t h e  b e n efi t  of t h e  c ro p  w hic h
is to  follow.

It  is a dvis a ble  to  a r r a n g e  for  a  g r e e n  m a n u r e  c rop
a t  le a s t  onc e  in t h r e e  o r  fou r  ye a r s.

LEGUMINOUS GREEN MANURE CROPS
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Co w p ea . (Field  p e a ,  s tock  p e a ,  black  p e a ,  bl ack-eye d
p e a ,  clay p e a ,  e t c .) (Fig.  7 9.)
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The  cow p e a  is p e r h a p s  t h e  m o s t  impo r t a n t  legu minous
pla n t  g row n  for  soil imp rove m e n t  in t h e  So u t h .  
I t  will g row  a nyw h e r e  sou t h  of t h e  Ohio Rive r  a n d
c a n  b e  g row n  wit h  fai r  s ucc e s s  in m a ny  localities
fa r t h e r  no r t h .

It  is a  t e n d e r  a n n u al, t h a t  is, i t  is killed  by fros t
a n d  m a k e s  it s  e n ti r e  g row t h  fro m  s e e d  to  s e e d  in a
single  s e a son.   I t  s ho uld  t h e r efo r e  b e  pl a n t e d
only d u ring  t h e  s p rin g  a n d  s u m m er.  This  c ro p  no t
only h a s  po w e r  like  t h e  o t h e r  legu m e s  to  t ak e  ni t rog e n
fro m  t h e  air, b u t  it  is al so  a  s t r on g  fee d er, t h a t
is, it c a n  feed  u po n  min e r al  pl a n t  food  in t h e  soil
t h a t  o t h e r  pl a n t s  a r e  u n a ble  to  m a k e  u s e  of. 
For  t his  r e a son  it will g ro w  on  so m e  of t h e  poo r e s t
soils, a n d  is a  good  pl a n t  wi t h  w hich  to  b e gin  t h e
imp rove m e n t  of ve ry poo r  lan d.   I t  is a  d e e p-roo t e d
pla n t .   On  t h e  fa r m  of t h e  H a m p to n  N o r m al a n d
Agricul tu r al  Ins ti t u t e  cow p e a  roo t s  h av e  b e e n  t r a c e d
to  t h e  d e p t h  of sixty-on e  inch e s.

Cow p e a s  will g row  on  al mos t  a ny land  t h a t  is no t  too
w e t.   F ro m  on e  a n d  on e-h alf to  t h r e e  b us h els  of
s e e d  a r e  u s e d  p e r  a c r e .   Thes e  a r e  sow n  b ro a dc a s t
a n d  h a r row e d  in o r  a r e  pl a n t e d  in d rills  o r  fu r row s
a n d  c ul tiva t e d  a  few tim e s.   Aside  fro m  its  value
a s  a  g r e e n  m a n u r e  c rop  t h e  cow p e a  is u s eful a s  food
for  m a n  a n d  t h e  fa r m  a ni m als.   The  g r e e n  pods
a r e  u s e d  a s  s t r in g  b e a n s  o r  s n a p s .   The  rip e n e d
s e e d s  a r e  u s e d  a s  a  food  a n d  t h e  vines  m a k e  good  fodd e r
for  t h e  fa r m  a ni m als.

“Exp e ri m e n t s  a t  t h e  Louisia n a  Exp e rim e n t  S t a tion
s how  t h a t  on e  a c r e  of cow p e a s  yielding  3,9 7 0.38  po u n d s
of o r g a nic  m a t t er, t u r n e d  u n d er, g ave  to  t h e  soil
6 4 .95  po u n d s  of ni t ro g e n,  2 0.39  po u n d s  of p hos p ho ric
a cid  a n d  1 1 0.5 6  po u n d s  of po t a s h .”—Fa r m e r’s
Bulle tin,  1 6  U.S.  De p t .  of Agricultu r e .

“It  is no w  g row n  in all t h e  S t a t e s  sou t h  of
t h e  Ohio River, a n d  in 1 8 9 9  t h e r e  w e r e  pl a n t e d  n e a rly
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8 0 0,0 00  a c r e s  to  t h e  c rop.   Basing  ou r  e s ti m a t e
on  t h e  a m o u n t  of ni t ro g e n  s to r e d  in t h e  soil by t his
c rop,  i t is fai r  to  s ay  t h a t  fully fift e e n  million
po u n d s  of t his  valu a ble  s u b s t a n c e  w e r e  collec t e d  a n d
r e t ain e d  a s  a  r e s ul t  of t h e  pla n ting  of t h e  cow p e a
alon e.   This  a t  fift e e n  ce n t s  p e r  po u n d  (th e  m a rk e t
p ric e  of ni t rog e n)  wo uld  b e  wo r t h  so m e t hing  m o r e  t h a n
$ 2,00 0,00 0  for  ni t rog e n  alon e.”—Year
Book of t h e  De p a r t m e n t  of Agricultu r e ,  1 9 0 2.

T h e  Clov ers.—The s e  a r e  t h e  m os t
ex t e nsively g ro w n  pla n t s  for  g r e e n  m a n u r e  p u r pos e s
in t h e  U ni t e d  S t a t e s .   They a r e  d e e p-roo t e d,  a n d
a r e  a bl e  to  u s e  min e r al  food  t h a t  is too  to u g h  for
o th e r  pla n t s .   They fu rnish  la r g e  c rops  of h ay
o r  g r e e n  for a g e  a n d  a  good  af t e r m a t h  a n d  sod  to  t u r n
u n d e r  a s  g r e e n  m a n u r e ,  o r  t h e  e n ti r e  c rop  m ay  b e  plow e d
u n d er.

R e d  Clover  is t h e  m os t  wid ely pl a n t e d  (Fig.
8 0).  I t  is a  p e r e n nial pl a n t  a n d  g row s  fro m  t h e
m os t  no r t h e r n  S t a t e s  to  t h e  no r t h e r n  bo r d e r  of t h e
Gulf S t a t e s .   I t  g row s  b e s t  on  t h e  loa m s  a n d  h e avie r
soils  w ell s u p plied  wi th  w a t er, b u t  no t  w e t .  
I t  is sow n  b ro a dc as t  a t  t h e  r a t e  of fro m  t e n  to  t w e n ty
po u n d s  of s e e d  p e r  a c r e.   In  t h e  N o r t h  it is g e n e r ally
sow n  in t h e  s p ring  on  fields  of win t e r  g r ain.  
In  t h e  So u t h ,  S e p t e m b e r  a n d  Octob e r  a r e  r e co m m e n d e d
a s  t h e  p ro p e r  sowin g  ti m es.   It  is t h e  c us to m
to  le t  it g ro w  t wo  ye a r s ,  c u t ti ng  it for  h ay  a n d  s e e d,
a n d  t h e n  to  t u r n  t h e  af t e r m a t h  a n d  sod  u n d er.
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M a m m o t h  R e d  Clover , al so  c alled  s a pling  clove r
a n d  p e a-vine  clover, clos ely r e s e m bles  t h e  r e d  clover,
b u t  is r a nk e r  in g row t h  a n d  m a t u r e s  t wo  o r  t h r e e  w e eks
la t er.  I t  is b e t t e r  a d a p t e d  to  w e t  lan d  t h a n  t h e
r e d  clover.

Cri m so n  Clov er , a l so  c alled  Ger m a n  clove r  a n d
It alia n  clover, is a  valu a ble  g r e e n  m a n u r e  c ro p  in
t h e  c e n t r al  a n d  so u t h e r n  S t a t e s  e a s t  of t h e  Missis sippi. 
I t  is a  h a r dy a n n u al  in t h a t  s e c tion  a n d  is g e n e r ally
sow n  fro m  t h e  las t  of July to  t h e  mid dle  of Octob er,
ei t h e r  by its elf o r  wi th  c ul tiva t e d  c ro ps  a t  t h ei r
las t  wo rking.   Fift e e n  a n d  t w e n ty po u n d s  of s e e d
a r e  u s e d  to  t h e  a c r e .   I t  m a k e s  a  good  g ro w t h  d u rin g
t h e  fall a n d  e a rly win t e r  a n d  is in blosso m  a n d  r e a dy
to  c u t  o r  plow u n d e r  in April o r  M ay.  I t  g ro w s
a t  a  s e a son  w h e n  t h e  cow p e a  will no t  live.  C rim son
clove r  will g ro w  on  soils  too  ligh t  for  o t h e r  clove r s.

The  S o y  B ean , al so  c alled  soja  b e a n  a n d  Jap a n e s e
p e a ,  is a no t h e r  leg u minous  c rop  u s e d  for  g r e e n  m a n u rin g
(Fig.  8 1).  I t  w a s  in t ro d uc e d  in to  t his  cou n t ry
fro m  Jap a n  a n d  in so m e  loc ali ti es  is q ui t e  ex t e n sively
pla n t e d .   I t  g ro w s  m o r e  u p righ t  t h a n  t h e  cow p e a
a n d  p rod uc e s  a  la rg e  a m o u n t  of s t e m  a n d  foliag e  w hich
m ay b e  u s e d  for  fodd e r  o r  t u r n e d  u n d e r  for  g r e e n  m a n u r e
The  s e e d s  a r e  u s e d  for  food  for  m a n  a n d  b e a s t .  
The  soy b e a n  is pl a n t e d  a n d  c a r e d  for  in  t h e  s a m e
m a n n e r  a s  t h e  cow p e a.

The  Canadian  Field  Pea  is so m e ti m e s  g row n  in
t h e  no r t h  a s  a  g r e e n  m a n u r e  c rop.

W hi t e  S w e e t  Clov er , w hi t e  m eli to t  o r  Bokh a r a
clover, g row s  a s  a  w e e d  fro m  N e w  E n gla n d  to  t h e  Gulf
of M exico.  In  t h e  Gulf S t a t e s  i t is r e g a r d e d
a s  a  valu a ble  for a g e  a n d  g r e e n  m a n u r e  pl a n t .   On e
o r  t wo  p e cks  of s e e d  p e r  a c r e  a r e  sow n  in Jan u a ry
o r  Feb r u a ry.

Alfalfa , o r  luce r n ,  t ho u g h  g ro w n  m o r e  for  a
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for a g e  c rop  t h a n  for  g r e e n  m a n u rin g,  s ho uld  b e  m e n tion e d
h e r e ,  for  w h e r eve r  g row n  a n d  for  w h a t eve r  p u r pos e ,
it s  effec t s  on  t h e  soil a r e  b e n eficial (Fig. 8 2). 
This  pl a n t  r e q ui r e s  a  w ell p r e p a r e d  soil t h a t  is fr e e
fro m  w e e d s.   Twe n ty to  tw e n ty-five po u n ds  of s e e d
a r e  pl a n t e d  p e r  a c r e.   In  t h e  no r t h  t h e  s e e din g
is g e n e r ally do n e  in t h e  s p rin g  af t e r  d a n g e r  of fros t
is p a s t ,  a s  fros t  kills  t h e  you n g  pl a n t s.   In  t h e
Sou t h  fall s e e din g  is t h e  cu s to m  in o r d e r  to  give
t h e  you n g  pl a n t s  a  long  s t a r t  a h e a d  of t h e  s p ring
w e e d s.   On e  s e e din g  if w ell c a r e d  for  las t s  for
m a ny  yea r s.   Alfalfa  is p a s t u r e d  o r  c u t  for  h ay,
fou r  to  eig h t  to ns  b eing  t h e  yield.   M a ny fields
r u n  ou t  in five  o r  six ye a r s  a n d  t h e  sod  is plow e d
u n d er.  This  pla n t  s e n d s  its  r oo ts  t hi r t e e n ,  sixt e e n ,
a n d  eve n  t hi r ty  fee t  in to  t h e  soil af t e r  w a t e r  a n d
food, a n d  w h e n  t h e s e  roo t s  d e c ay t h ey fu r ni sh  t h e
low e r  soil wi t h  o rg a nic  m a t t e r  a n d  t h ei r  p a s s a g e s
s e rve  a s  d r ain s  a n d  ve n tila to r s  in  t h e  soil.  Alfalfa
is g row n  ext e n sively in t h e  s e mi-a r id  r e gions  of t h e
cou n t ry.

NON-LEGUMINOUS GREEN MANURE PLANTS

Among  t h e  no n-leg u minous  g r e e n  m a n u r e  pl a n t s  a r e  rye,
w h e a t ,  o a t s ,  m u s t a r d,  r a p e ,  b u ckw h e a t .   Of t h e s e
t h e  ry e  a n d  b u ckw h e a t  a r e  m os t  g e n e r ally u s e d,  t h e
rye  b eing  a  win t e r  c rop  a n d  t h e  o t h e r  a  w a r m  w e a t h e r
pl a n t .   They a r e  bo t h  s t ro n g  fee d e r s  a n d  c a n  u s e
tou g h  pl a n t  food.  They do  no t  a d d  n e w  ni t rog e n
to  t h e  soil t hou g h  t h ey fu rnish  h u m u s  a n d  p r e p a r e
food  for  t h e  w e a k e r  feed e r s  w hich  m ay  follow t h e m.
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CHAPTER XXI

COM MERCIAL FERTILIZER S

THE RAW MATERIALS

N ext  to  t h e  soil its elf, t h e  fa r m e r’s  m o s t  impo r t a n t
so u rc e s  of pl a n t  food  a r e  t h e  fa r m  m a n u r e s .   Bu t
m os t  fa r m s  do  no t  p ro d uc e  t h e s e  in s ufficien t  q u a n ti ti es
to  ke e p  u p  t h e  pla n t  food  sid e  of fe r tility. 
The r efo r e  t h e  fa r m e r  m u s t  r e so r t  to  o t h e r  so u rc e s  of
pl a n t  food  to  s u p ple m e n t  t h e  fa r m  m a n u r e s .

The r e  is a  la r g e  cla s s  of m a t e ri als  c alled  Co m m e r cial
Fe r tilize r s,  w hich,  if judiciously u s e d,  will a id
in m ain t aining  t h e  fe r tili ty of t h e  fa r m  wi th  e co no my.

We le a r n e d  in a  p r evious  ch a p t e r  t h a t  t h e  pl a n t  foods,
ni t rog e n,  p hos p ho ric  a cid,  po t a s h  a n d  lime,  a r e  a p t
to  b e  foun d  w a n tin g  in s ufficien t  av ailable  q u a n ti ti es
to  s u p ply t h e  n e e d s  of p rofi t a ble  c ro ps.   We lea r n e d
also  t h a t  lime  is u s eful in imp roving  t h e  t ex tu r e  of
t h e  soil a n d  in m a kin g  o th e r  pl a n t  foods  availabl e.  
N o w  t h e  co m m e r cial fe r tilize r s  a r e  u s e d  to  s u p ply
t h e  soil wi th  t h e s e  fou r  s u b s t a n c es  a n d  t h ey m ay  b e
cla s sified  a cco r ding  to  t h e  s u b s t a n c e  fu rnish e d  a s
follows: 

Sou rc e s  of ni t rog e n,
"    "  p hos p ho ric  a cid,
"    "  po t a s h,
"    "  lim e.

SOURCES OF NITROGEN
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Nit rog e n  is t h e  m o s t  exp e n sive  of pl a n t  foods  to  b uy,
t h e r efo r e  s p e ci al a t t e n tion  s hould  b e  given  to  p rod ucin g
it  on  t h e  fa r m  by m e a n s  of b a r n  m a n u r e s  a n d  legu m e s
plow e d  u n d er.

The  p rincip al co m m e r cial so u rc e s  of ni t rog e n  a r e :  
Ni t r a t e  of sod a,  s ulph a t e  of a m m o nia,  d ri ed  blood,
t a nk a g e,  d ry  g ro u n d  fish,  co t ton-s e e d  m e al.

Ni tra t e  of  S o da  o r  Chile  s al tp e t r e  con t aining
1 5.5  p e r  c e n t .  of ni t ro g e n,  is foun d  in la rg e  d e posi t s
in  t h e  r ainle s s  r e gions  of w e s t e r n  Sou t h  Ame ric a.  
In  t h e  c r u d e  s t a t e  a s  it co m e s  fro m  t h e  min e  it co n t ain s
co m m o n  s al t  a n d  e a r t hy  m a t t e r  a s  imp u ri ti es.   To
r e m ove  t h e s e  imp u ri ti es  t h e  c r u d e  ni t r a t e  is p u t  in to
t a nks  of w a r m  w a t er.  The  ni t r a t e  dis solves  a n d
t h e  s al t  a n d  e a r t hy m a t t e r  s e t tl e  to  t h e  bo t to m  of
t h e  t a nk.   The  w a t e r  wi th  t h e  ni t r a t e  in solu tion
is t h e n  d r a w n  off in to  o t h e r  t a nks  fro m  w hich  t h e
w a t e r  is ev a po r a t e d ,  le aving  t h e  ni t r a t e ,  a  co a r s e,
di r ty  looking  s al t  w hich  is p a ck e d  in t h r e e-h u n d r e d-po u n d
b a g s  a n d  s hip p e d.

Plan t s  t h a t  t ak e  t h ei r  ni t ro g e n  fro m  t h e  soil t ak e
it  in t h e  for m  of ni t r a t e .   H e n c e  ni t r a t e  of sod a,
w hich  is ve ry soluble  in w a t er, is im m e dia t ely av ailabl e
to  pl a n t s  a n d  is on e  of t h e  m os t  di r ec tly u s eful ni t ro g e n
fe r tilize r s.   I t  is u s e d  for  q uick  r e s ul t s  a n d
s ho uld  b e  a p plied  only to  lan d  t h a t  h a s  a  c ro p  o r
is to  b e  im m e dia t ely pl a n t e d,  o th e r wis e  it  is liabl e
to  b e  los t  by leac hing.

S ulp ha t e  of  A m m o nia  con t ains  2 0  p e r  c e n t .  of
ni t rog e n.   I t  is a  w hi t e  s al t,  fine r  a n d  cle a n e r
looking  t h a n  t h e  ni t r a t e .   I t  is a  by-p ro d u c t
of t h e  g a s  wo rks  a n d  coke  ovens.   The  ni t ro g e n
in it  is q ui t e  r e a dily av ailable.

Dried  Blood  co n t ain s  8  to  1 2  p e r  ce n t .  of ni t rog e n.  
This  is blood  collec t e d  in sla u g h t e r-ho us e s  a n d  d ri e d
by s t e a m  o r  ho t  air.  I t  d ec ays  r a pidly in t h e
soil a n d  is a  q uick  a c ting  ni t rog e n  fe r tilizer.
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Tan kag e  con t ains  4  to  8  p e r  c e n t .  of ni t ro g e n
a n d  7  to  2 0  p e r  c e n t .  of p hos p ho ric  a cid.   Sl a u g h t e r-ho u s e
w a s t e ,  s uc h  a s  m e a t  a n d  bon e  sc r a p ,  a r e  boiled  o r
s t e a m e d  to  ex t r ac t  t h e  fa t .   The  s e t tlings  a r e
d ri e d  a n d  g ro u n d  a n d  sold  a s  t a nk a g e.   I t  is m u c h
slow e r  in it s  a c tion  t h a n  d rie d  blood  a n d  s u p plies
t h e  c ro p  wi th  bo t h  ni t rog e n  a n d  p hos p ho ric  a cid.

Dried  Fish  S crap  is a  by-p ro d uc t  of t h e  fish
oil fac to rie s  a n d  t h e  fish  c a n ning  fac to rie s.  
I t  con t ain s  7  to  9  p e r  c e n t .  of ni t ro g e n  a n d  6  to
8  p e r  c e n t .  of p hos p ho ric  a cid.   I t  u n d e r go e s  ni t rifica tion
r e a dily a n d  is a  q uick  a c ting  o r g a nic  sou rc e  of ni t rog e n
a n d  p hos p ho ric  a cid.

Cot ton-s e e d  M e al  co n t ain s  7  p e r  c e n t .  of ni t rog e n,
a bo u t  2 .5  p hos p ho ric  a cid,  a n d  1.5  p e r  c e n t .  of po t a s h .  
I t  is a  p rod uc t  of t h e  co t to n  oil fac to rie s  a n d  is
ob t ain e d  by g rin ding  t h e  co t to n  s e e d  c ak e  fro m  w hich
t h e  oil h a s  b e e n  p r e s s e d .   I t  is a  m o s t  valu a ble
so u rc e  of ni t ro g e n  for  t h e  Sou t h.

The  ni t ro g e n  in t h e  d ri e d  blood, t a nk a g e,  fish  sc r a p
a n d  co t ton-s e e d  m e al,  b eing  o r g a nic  ni t rog e n,  m u s t
b e  c h a n g e d  by t h e  p roc e ss  of ni t rifica tion  to  ni t ric
a cid  o r  ni t r a t e  b efo r e  i t is availabl e.   They
a r e  t h e r efo r e  b e t t e r  m a t e ri als  to  u s e  for  a  m o r e  g r a d u al
a n d  con tinuo us  fee ding  of c rops  t h a n  t h e  ni t r a t e  of
sod a  o r  s ulph a t e  of a m m o nia.

Sc r a p  lea t h er, wool w a s t e ,  ho r n  a n d  hoof s h avings
a r e  ric h  in ni t rog e n  b u t  t h ey d e c ay so  slowly t h a t
t h ey  m a k e  poo r  fe r tilize r s.   They a r e  u s e d  by
fe r tilize r  m a n ufac t u r e r s  in  m a king  c h e a p  mixe d  fe r tilize r s.

SOURCES OF PHOSPHORIC ACID
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The  p rincip al co m m e r cial so u rc e s  of p hos p ho ric  a cid
a r e :  

  P hos p h a t e  Rocks.  
  Bon es .  
  Fis h  sc r a p .  
  P hos p h a t e  slag.

The  Phos p ha t e  Roc k s  a r e  foun d  in s h allow min e s
in N o r t h  a n d  Sou t h  Ca rolin a,  Geo r gia,  Flo rid a  a n d
Tenn es s e e ,  a n d  al so  a s  p e b bles  in t h e  rive r  b e d s.  
They a r e  t h e  fossil r e m ains  of a ni m als.   Afte r
b ein g  d u g  fro m  t h e  mi n e s  t h e  rock  is kiln  d ri e d  a n d
t h e n  g ro u n d  to  a  ve ry fine  po w d e r  c alle d  “floa t s”
w hich  is u s e d  on  t h e  soil.  The  p hos p ho ric  a cid
in t h e  floa t s  is insoluble  a n d  b e co m e s  av ailable  only
a s  t h e  p hos p h a t e  d ec ays.   This  is too  slow for
m os t  pl a n t s  so  i t is t r e a t e d  wi th  oil of vit riol o r
s ulp h u ric  a cid  to  m a k e  it  available.   The  p hos p ho ric
a cid  in t h e  g ro u n d  rock is co m bin e d  wit h  lime,  for min g
a  p hos p h a t e  of lime  w hich  is insoluble.   Wh e n
t r e a t e d  wi th  t h e  oil of vit riol o r  s ulp h u ric  a cid,
t h e  s ulp h u ric  a cid  t ak e s  lime  fro m  t h e  p hos p h a t e  a n d
for m s  s ulp h a t e  of lime  o r  gyps u m.   The  p hos p ho ric
a cid  is lef t  co m bin e d  wi th  t h e  s m alle s t  possible  a m o u n t
of lim e  a n d  is soluble  in w a t er.  I t  is t h e n  c alled
soluble  o r  w a t e r  soluble  p hos p ho ric  a cid.

N o w  if t his  soluble  for m  r e m ains  u n u s e d  it b e gin s
to  t ak e  on  lime  a g ain  a n d  t u r n s  b a ck  tow a r d  its  o riginal
insoluble  for m.   Afte r  a  ti m e  it g e t s  to  s uc h
a  s t a t e  t h a t  i t is no  long e r  soluble  in w a t e r  b u t  is
soluble  in w e a k  a cid s.   I t  is t h e n  s aid  to  b e  r eve r t e d
p hos p ho ric  a cid.   Reve r t e d  p hos p ho ric  a cid  is
al so  c alled  ci t r a t e  soluble  p hos p ho ric  a cid,  b ec a u s e
in t e s ting  fe r tilize r s  t h e  c h e mis t s  u s e  a m m o niu m  ci t r a t e
to  d e t e r min e  t h e  a m o u n t  of r ev e r t e d  p hos p ho ric  a cid.
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This  for m  s till con tin u e s  to  t ak e  on  lim e  a n d  by a n d
by g e t s  b a ck  to  t h e  o rigin al insoluble  for m  c alled
insoluble  p hos p ho ric  a cid.

The  soluble  p hos p ho ric  a cid  a n d  r ev e r t e d  p hos p ho ric
a cid  a r e  availa ble  to  pl a n t  roo t s.   The  insoluble
for m  is no t .

The  rock  p hos p h a t e s  con t ain  fro m  2 6  to  3 5  p e r  c e n t .
of insoluble  p hos p ho ric  a cid.   The  a cid  p hos p h a t e s
o r  dis solved  rock p hos p h a t e s  con t ain  fro m  1 2  to  1 6
p e r  c e n t .  of av aila ble  p hos p ho ric  a cid  a n d  fro m  1
to  4  p e r  ce n t .  of insoluble.

Bon e  Fertiliz ers.  Bon es  h ave  long  b e e n  a  valua ble
a n d  favo re d  sou rc e  of p hos p ho ric  a cid.   In  a d di tion
to  p hos p ho ric  a cid  t h ey  con t ain  so m e  ni t rog e n  w hic h
a d d s  to  t h ei r  value .   They a r e  o r g a nic  p hos p h a t e s
a n d  a r e  q ui t e  las ting  in t h ei r  effec t  on  t h e  soil
a s  t h ey  d e c ay slowly.

The  t e r m s  “Ra w  Bone,” “St e a m e d  Bon e,”
“Grou n d  Bon e,” “Bone  M e al,”
“Bon e  Dus t,” “Bon e  Black,”
“Dissolved  Bone,” indica t e  t h e  p roc e s s e s
t h ro u g h  w hic h  t h e  bo n e  h a s  p a s s e d  in p r e p a r a tion,  o r
t h e  con di tion  of t h e  m a t e ri al a s  p u t  on  t h e  m a rk e t
a n d  u s e d  on  t h e  soil.

Grou n d  bo n e,  bo n e  m e al, bo n e  d u s t ,  indica t e  t h e  m e c h a nic al
con di tions  of t h e  bo n e s .

The  bo n e s  a r e  so m e ti m e s  g ro u n d  “r a w” jus t
a s  t h ey  co m e  fro m  t h e  sla u g h t e r-ho us e  o r  ki tc h e n,
o r  t h ey a r e  so m e ti m e s  fir s t  “s t e a m e d” to
ex t r ac t  t h e  fa t  for  so a p,  a n d  t h e  ni t rog e no u s  m a t t e r
for  glue .

R a w  Bon e.  Analysis:  Ni t ro g e n,  2 .5  to  4.5
p e r  c e n t .   Available  p hos p ho ric  a cid,  5  to  8  p e r
c e n t .   Insoluble  p hos p ho ric  a cid  1 5  to  1 7  p e r
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c e n t .

S t ea m e d  Bon e  con t ains  1.5  to  2.5  p e r  c e n t .
of ni t rog e n,  6  to  9  p e r  c e n t .  of av ailable  p hos p ho ric
a cid  a n d  1 6  to  2 0  p e r  c e n t .  of insoluble  p hos p ho ric
a cid.

S t e a m e d  bon e  p ulve rize s  m u c h  fine r  t h a n  r a w  bon e  a n d
d ec ays  m o r e  r a pidly in t h e  soil b e c a u s e  t h e  fa t  h a s
b e e n  ex t r ac t e d  fro m  it.

Dissolv ed  Bon e.  Grou n d  bo n e  is so m e ti m e s  t r e a t e d
wi th  s ulp h u ric  a cid  to  r e n d e r  t h e  p hos p ho ric  a cid
in it  m o r e  av aila ble.   I t  is t h e n  c alled  dis solved
bo n e  a n d  con t ains  t hi r t e e n  to  fift ee n  p e r  c e n t .  of
av aila ble  p hos p ho ric  a cid  a n d  t wo  to  t h r e e  p e r  c e n t .
of ni t rog e n.

Dissolv ed  Bon e  Blac k .  Bon e  c h a rco al  is u s e d
for  r efining  s u g ar.  I t  is t h e n  t u r n e d  ove r  to
t h e  fe r tilize r  m a n ufac t u r e r s  w ho  s ell it  a s  “Bon e
Black” o r  t r e a t  it  wi t h  s ulph u ric  a cid  a n d  t h e n
p u t  it on  t h e  m a r k e t  a s  dis solved  bon e  black.

The  bo n e  bl ack  con t ain s  t hi r ty to  t hi r ty-six p e r  c e n t .
of insoluble  p hos p ho ric  a cid.

The  dis solved  bo n e  bl ack  con t ains  1 5  to  1 7  p e r  c e n t .
of available  p hos p ho ric  a cid  a n d  1  to  2  p e r  c e n t .
insoluble.

“T ho m a s  S lag ,” “Phos p ha t e
S lag ,” “Odorles s  Phos p ha t e .” 
P hos p ho rous  is a n  imp u ri ty in c e r t ain  i ron  o r e s.  
In  t h e  m a n ufac t u r e  of Bess e m e r  s t e el t his  is ex t r a c t e d
by t h e  u s e  of lim e  w hich  m el t s  in t h e  fu rn a c e ,  u ni t e s
wi th  t h e  p hos p ho ro us  a n d  b r ings  it  a w ay in t h e  sla g.  
This  sla g  is g ro u n d  to  a  fine  pow d e r  a n d  u s e d  a s  a
fe r tilizer.  I t  con t ain s  1 1  to  2 3  p e r  c e n t .  of
p hos p ho ric  a cid,  m o s t  of w hich  is av ailable.
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S u p er p hos p ha t e.  The  t e r m  s u p e r p hos p h a t e  is
a p plied  to  t h e  p hos p h a t e s  t h a t  h ave  b e e n  t r e a t e d  wi t h
s ulp h u ric  a cid  to  m a k e  t h e  p hos p ho ric  a cid  av ailabl e.  
Dissolved  bo n e,  di ssolve d  bo n e  bl ack,  a n d  t h e  di ssolved
p hos p h a t e  rocks  a r e  s u p e r p hos p h a t e s .

Fish  S crap , m e n tion e d  a s  a  sou rc e  of ni t rog e n,
is al so  a  valua ble  so u rc e  of p hos p ho ric  a cid,  con t aining
6  to  8  p e r  c e n t .,  w hich  is q ui t e  r e a dily av ailabl e
owing  to  t h e  r a pid  d ec ay of t h e  sc r a p.

SOURCES OF POTASH

The  chief so u rc e s  of po t a s h  u s e d  for  fe r tilize r s  a r e
t h e  po t a s h  s al t s  fro m  t h e  po t a s h  min e s  a t  S t a s sfu r t ,
Ge r m a ny, w h e r e  t h e r e  is a n  im m e n s e  d e posi t  of r ock
s al t  a n d  po t a s h  s al ts .

The  p rincip al p rod uc t s  of t h e s e  min e s  u s e d  in  t hi s
cou n t ry  a r e  t h e  c r u d e  s al t s:  

Kainit e , con t aining  1 2  p e r  c e n t .  of po t a s h.

S ylvini t e , con t aining  1 6  to  2 0  p e r  c e n t .  of
po t a s h ,  a n d  t h e  hig h e r  g r a d e  s al t s  m a n ufac t u r e d  fro m
t h e  c r u d e  s al t s:  

M uriate  of  Potash , con t aining  5 0  p e r  c e n t .
po t a s h .

High  grad e  S ulp ha t e  of  Potash , con t aining  5 0
p e r  c e n t .  po t a s h.

Lo w  grad e  S ulp ha t e  of  Potas h , con t aining  2 5
p e r  c e n t .  po t a s h.

Wood  As h e s , if w ell ke p t  a n d  no t  allow e d  to
g e t  w e t  a n d  leac h,  con t ain  4  to  9  p e r  c e n t .  of po t a s h .
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Cot ton  H ull As h e s  con t ain  2 0  to  3 0  p e r  c e n t ,
of po t a s h  a n d  7  to  9  p e r  c e n t .  of p hos p ho ric  a cid.

The  po t a s h  in all t h e s e  for m s  is soluble  in  w a t e r
a n d  e q u ally availa ble  to  pl a n t s.   The  c r u d e  s al t s,
k aini t e  a n d  sylvini t e,  a n d  t h e  m u ri a t e  con t ain  chlo rin e
a n d  a r e  no t  conside r e d  good  for  po t a toe s  a n d  tob a cco
a s  t h e  c hlo rine  lowe r s  t h e  q u ality of t h e s e  p ro d uc t s.

In  tob a cco  r e gions  tob a cco r efus e  is a  valua ble  so u rc e
of po t a s h ,  t h e  s t e m s  a r e  a bo u t  five p e r  c e n t .  po t a s h.

LIME

Li m e  is g e n e r ally s u p plie d  to  t h e  soil in  t h e
for m  of q uicklim e  m a d e  by b u r nin g  lim e  s ton e  o r  s h ells. 
Ot h e r  for m s  a r e  gyps u m  or  land  pl a s t er, g a s  lime  (a
r efus e  fro m  g a s  wo rks) a n d  m a rl.  Mos t  soils  con t ain
s ufficien t  lime  for  t h e  food  r e q ui r e m e n t s  of m os t  pl a n t s.  
So m e  soils, how ever, a r e  d eficien t  in lime  a n d  so m e
c rops,  p a r tic ula rly t h e  leg u m e s,  a r e  b e n efi t t e d  by
di r e c t  fee din g  wi th  lime.

Lim e  is valu a ble  for  it s  effec t  on  t h e  soil p ro p e r ti e s
w hich  cons ti t u t e  fe r tili ty.

P hysic ally lim e  a c t s  on  t h e  t ex tu r e  of t h e  soil m a kin g
clay soils  m e aly a n d  c r u m bly, a n d  c a u sin g  t h e  ligh t e r
soils  to  a d h e r e  o r  s tick tog e t h e r  m o r e  clos ely.

Ch e mically, lime  d e co m pos e s  min e r al s  con t aining  po t a s h
a n d  o th e r  pl a n t  foods,  t h u s  r e n d e ring  t h e m  av ailable
for  t h e  u s e  of pl a n t s.   I t  a l so  aids  t h e  d e c ay
of o r g a nic  m a t t e r  a n d  s w e e t e n s  sou r  soils.

Biologically lime  aids  t h e  p roc e ss  of ni t rifica tion.

The  a c tion  of lime  is g r e a t e s t  in i t s  c a u s tic  o r  u n slacke d
for m.

Too m u c h  o r  too  fre q u e n t  liming  m ay  inju r e  t h e  soil. 
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It  s hould  b e  c a r efully t ri e d  in a  s m all w ay, a n d  it s
a c tion  no t e d ,  b efo r e  u sing  it ex t e n sively.
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A co m m o n  w ay of u sin g  lim e  is to  pl ac e  t w e n ty to  for ty
b u s h els  on  a n  a c r e  in  h e a p s  of t h r e e  to  five  b u s h els,
cove rin g  t h e m  with  soil u n til t h e  lime  sl acks  to  a
fine  pow d er.  The  lim e  is t h e n  s p r e a d  a n d  h a r ro w e d
in.  Lime  t e n ds  to  h a s t e n  t h e  d e c ay of h u m u s.  
I t  s hould  no t  b e  a p plied  of t e n e r  t h a n  onc e  in  fou r
o r  five  yea r s.

Gyps u m , a  s ulp h a t e  of lime,  is si mila r  to  lime
in it s  a c tion  on  t h e  soil.  I t s  m o s t  impo r t a n t
effec t  is t h e  s e t tin g  fre e  of po t a s h  fro m  its  co m po u n ds.

Gas li m e  s ho uld  b e  u s e d  wi t h  g r e a t  c a r e  a s
it  con t ain s  s u b s t a n c e s  t h a t  a r e  poisonous  to  pl a n t
roo t s .   I t  is b e s t  to  le t  it lie  expos e d  to  t h e
w e a t h e r  s eve r al  m o n t h s  b efor e  u sing.

M arl  is si m ply soil co n t aining  a n  a m o u n t  of
lim e  va rying  fro m  five  to  fifty p e r  ce n t .   It
h a s  value  in t h e  vicini ty of m a rl  b e d s  b u t  do e s  no t
p ay to  h a ul  ve ry far.

CHAPTER XXII

COM MERCIAL FERTILIZER S—CO NTI N UE D

MIXED FERTILIZERS

W h a t  t h e y  are.
The r e  a r e  a  la r g e  n u m b e r  of b u sin es s  conc e r n s  in t h e
cou n t ry  w hich  b uy t h e  r a w  m a t e ri als  d e sc ribe d  in Ch a p t e r
XXI, mix t h e m  in va rious  p ro po r tions,  a n d  s ell t h e
p ro d uc t  a s  mixe d  o r  m a n ufac t u r e d  fe r tilize r s .  
If t h e s e  mixt u r e s  con t ain  t h e  t h r e e  impo r t a n t  pl a n t
foods,  ni t ro g e n,  p hos p ho ric  a cid  a n d  po t a s h ,  t h ey  a r e
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so m e ti m e s  c alled  “co m ple t e”  m a n u r e s  o r
fe r tilize r s.   In  so m e  p a r t s  of t h e  cou n t ry all
co m m e rcial fe r tilize r s  a r e  c alled  “gu a no.”

M a n y  bran ds.
The s e  r a w  m a t e ri als  a r e  mixed  in m a ny diffe r e n t  p ro po r tions
a n d  m a ny  d e al e r s  h av e  s p ecial b r a n d s  for  s p eci al c ro ps.  
The r e  a r e  cons e q u e n tly la r g e  n u m b e r s  of b r a n d s  of
fe r tilize r s  w hic h  va ry in t h e  a m o u n t s,  p ro po r tions
a n d  availabili ty of t h e  pl a n t  foods  t h ey  con t ain.  
For  ins t a nc e ,  in 1 9 0 3,  t w e n ty-t h r e e  fe r tilize r  m a n ufac t u r e r s
offe r e d  for  s al e  nin e ty-six diffe r e n t  b r a n d s  in t h e
S t a t e  of Rhod e  Isla n d.   In  Missou ri on e  h u n d r e d
a n d  t e n  b r a n d s,  m a d e  by sixt e e n  diffe r e n t  m a n ufac t u r e r s ,
w e r e  offe r e d  for  s al e.   Eigh ty-t h r e e  m a n ufac t u r e r s
pl ac e d  six h u n d r e d  a n d  for ty-fou r  b r a n d s  on  t h e  m a r k e t
in N e w  York S t a t e  d u rin g  t h e  s a m e  ye ar.  Of on e
h u n d r e d  a n d  t w e n ty b r a n d s  r e gis t e r e d  for  s ale  in Ver mon t
in t h e  s p ring  of 1 9 0 4,  t h e r e  w e r e  s eve n t e e n  mixt u r e s
for  co r n  a n d  t hi r ty-fou r  for  po t a to e s.

The  r e s ul t  of t his  is m o r e  o r  les s  co nfusion  on  t h e
p a r t  of t h e  fa r m e r  in p u r c h a sing  fe r tilize r s,  a n d
wi th  m a ny  a  fa r m e r  it  is a  lot t e ry a s  to  w h e t h e r  o r
no t  h e  is b uying  w h a t  hi s  c rop  o r  his  soil n e e d s .

So m e  of t h e  m a n ufac t u r e r s  a r e  no t  a bove  u sin g  poor,
low g r a d e ,  r a w  m a t e ri als  in m a kin g  t h es e  mixtu r e s .

This  m e a n s  t h a t  t h e  fa r m e r  s hould  m a k e  hi m s elf fa milia r
wi th  t h e  s u bjec t  of fe r tilize r s  if h e  d e si r e s  to  u s e
t h e m  in t ellige n tly a n d  e cono mically.

S af e g uard  for t h e  far m er.
As a  s af eg u a r d  to  t h e  b uye r  of fe r tilize r s  t h e  S t a t e
laws  r e q ui r e  t h a t  eve ry  b r a n d  p u t  on  t h e  m a rk e t  s h all
b e  r e gis t e r e d  a n d  t h a t  ev e ry b a g  o r  p a ck a g e  sold  s h all
h ave  s t a t e d  on  it  a n  a n alysis  s ho win g  t h e  a m o u n t s
of ni t rog e n,  o r  it s  e q uivalen t  in a m m o nia,  t h e  soluble
p hos p ho ric  a cid,  t h e  r eve r t e d  p hos p ho ric  a cid,  t h e
insoluble  p hos p ho ric  a cid,  a n d  t h e  po t a s h.
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This  r e gis t r a tion  is g e n e r ally m a d e  a t  t h e  S t a t e  exp e ri m e n t
s t a tion,  a n d  t h e  di r ec to r  of t h e  s t a tion  is ins t r u c t e d
to  t ak e  s a m ples  of t h e s e  b r a n d s  a n d  h ave  t h e m  a n alyze d,
a n d  p u blish  t h e  r e s ul t s  tog e t h e r  wit h  t h e  a n alysis
g u a r a n t e e d  by t h e  m a k er.

The s e  a n alys es  a r e  p u blish e d  in  b ulle tin  for m  a n d
s ho uld  b e  in t h e  h a n d s  of eve ry fa r m e r  w ho  m a k e s  a
p r a c tic e  of u sing  co m m e r cial fe r tilize r s.

The  m a n ufac t u r e r s  of fe r tilize r s  co m ply wi t h  t h e  law
by p rin ting  on  t h e  b a g  o r  p a ck a g e  t h e  p e r  c e n t s  of
pl a n t  food  in t h e  fe r tilize r s,  a n d  t h e s e  s t a t e m e n t s
in t h e  g r e a t  m ajo ri ty of c a s e s  a g r e e  favor a bly wi th
t h e  a n alys es  of t h e  exp e ri m e n t  s t a tions,  b u t  t h ey do
no t  in all c a s e s  s t a t e  w h a t  m a t e ri als  w e r e  u s e d  to
fu r nis h  t h e  diffe r e n t  kinds  of pl a n t  food, a n d  it
is no t  alw ays  pos sible  to  find  t his  ou t  by a n alysis.

Lo w  grad e  m a t e rials.
For  ins t a nc e  in mixing  a  fe r tilize r  on e  m a n ufac t u r e r
m ay u s e  d rie d  blood  to  fu r nis h  ni t rog e n  a n d  a no t h e r
m ay u s e  lea t h e r  w a s t e  o r  ho r n  s h avings.   The  la t t e r
con t ain s  m o r e  ni t ro g e n  t h a n  t h e  d ri ed  blood,  b u t  t h ey
a r e  so  to u g h  a n d  d e c ay so  slowly t h a t  t h ey a r e  of li t tl e
b e n efit  to  a  q uick g rowin g  pl a n t .

Infla ting  t h e  g uaran t e e .
Althou g h  t h e  d e al e r  s t a t e s  co r r ec tly t h e  p e r  c e n t s
of pl a n t  food in t h e  fe r tilizer, h e  is q ui t e  fr e q u e n tly
incline d  to  r e p e a t  t his  in a  diffe r e n t  for m, a n d  t h u s
give  t h e  imp r e ssion  t h a t  t h e  mixtu r e  con t ains  m o r e
t h a n  it r e ally do es .

The  d e al e r s  also  give  t h e  ni t rog e n  a s  a m m o nia  b ec a u s e
it  m a k e s  a  la r g e r  s howing.

P hos p ho ric  a cid  is of t e n  s t a t e d  a s  “bon e  p hos p h a t e”
b ec a u s e  in  t his  t h e  a m o u n t  a p p e a r s  to  b e  g r e a t er.

For  ex a m ple,  a n  a n alysis  t ak e n  fro m  a  fe r tilize r  c a t alog u e
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r e a d s  a s  follows: 

Am monia                               2  to   3  p e r  c e n t .  
Available  P hos p ho ric  Acid            8  to  1 0      "
Total P hos p ho ric  Acid               1 1  to  1 4      "
Total Bon e  P hos p h a t e                 2 3  to  2 5      "
Actu al Pot a s h                        1 0  to  1 2      "
S ulph a t e  of Pot a s h                   1 8  to  2 0      "

A b e t t e r  s t a t e m e n t  would  b e  a s  follows: 

Ni t rog e n                                          
    1 .6 5  p e r  c e n t .  
Available  P hos p ho ric  Acid                        
    8        "
Total P hos p ho ric  Acid (fu rnish e d  in Bon e  P hos p h a t e)
 1 1        "
Pot a s h  (fu rnish e d  in S ulp h a t e  of Pot a s h)          
   1 0        "

Am monia  is r e d u c e d  to  t e r m s  of ni t rog e n  by m ul tiplying
by .82 4.   All bo n e  p hos p h a t e  is for ty-six p e r
c e n t .  p hos p ho ric  a cid.   Whe n  bon e  p hos p h a t e  is
give n  ins t e a d  of p hos p ho ric  a cid  i t sim ply m a k e s  t h e
mixt u r e  a p p e a r  to  h ave  m o r e  in it, a n d  w h e n  bo t h  p hos p ho ric
a cid  a n d  bo n e  p hos p h a t e  a r e  s t a t e d  on e  is m e r ely a
r e p e ti tion  of t h e  o t h er.  The  s a m e  is t r u e  of
t h e  s t a t e m e n t s,  po t a s h  a n d  s ulph a t e  of po t a s h,  on e
is a  r e p e ti tion  of t h e  o t h e r  only a  diffe r e n t  for m.

VALUATION
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The  exp e rim e n t  s t a tions  no t  only p u blish  co m p a r a tive
a n alys es  of t h e  r e gi s t e r e d  fe r tilize r s  b u t  t h ey  al so
co m p u t e  t h e  m a rk e t  valu es  of t h e  pl a n t  food  con t ain e d
in t h e m  a n d  co m p a r e  t h e s e  valua tions  wi t h  t h e  s elling
p ric e  of t h e  fe r tilize r s.

They al so  fu r nis h  a  lis t  of t r a d e  valu es  of t h e  pl a n t
foods  in r a w  m a t e ri als  for  t h e  conve nie nc e  of fe r tilize r
b uye r s  in t e s ting  t h e  valu es  of t h e  b r a n d s  offe r e d
t h e m  on  t h e  m a r k e t s.

In  t h e  following  lis t  a r e  give n  t h e  “t r a d e  valu es
a g r e e d  u po n  by t h e  Exp e rim e n t  S t a tions  of M a s s a c h u s e t t s ,
Rhod e  Isla n d,  Con n ec ticu t ,  N e w  Jer s ey a n d  Vermon t,
af t e r  a  c a r eful s t u dy of p rice s  r uling  in t h e  la r g e r
m a r k e t s  of t h e  so u t h e r n  N e w  E n gla n d  a n d  Mid dle  S t a t e s.”

Tra d e  value s  of fe r tilizing  ing r e dien t s  in r a w  m a t e ri als
a n d  c h e micals  for  1 9 0 4:  

         &n b
s p;                                             Ce n t s
p e r  lb. 
Ni t rog e n  in Ni t r a t e s                              
         1 6  Ni t rog e n  in Ammo nia  S al t s             
                     1 7 1/2  Org a nic  Ni t rog e n  in d ry
a n d  fine  g ro u n d  fish,  blood,
  a n d  m e a t ,  a n d  in mixe d  fe r tilize r s    
                   1 7 1/2
Or g a nic  Ni t rog e n  in fine  g ro u n d  bo n e  a n d  t a nk a g e  
         1 7  Org a nic  Ni t rog e n  in coa r s e  bo n e  a n d  t a nk a g e
               1 2 1/2  P hos p ho ric  Acid soluble  in w a t e r
                           4 1/2  P hos p ho ric  Acid soluble
in a m m o niu m  ci t r a t e                  4  P hos p ho ric  Acid
in fine  g ro u n d  bo n e  a n d  t a nk a g e              4  P hos p ho ric
Acid in co a r s e  bo n e  a n d  t a nk a g e                   3
P hos p ho ric  Acid (insoluble  in w a t e r  a n d  in  a m m o niu m
  ci t r a t e)  in mixe d  fe r tilize r          
                    2
Pot a s h  a s  high-g r a d e  s ulph a t e  a n d  in  mixtu r e s  fre e
  fro m  m u ri a t e  (chlo rid e)               
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                    5
Pot a s h  a s  m u ri a t e                                 
          4 1/4

For  ex a m ple,  in c alcula ting  t h e  co m m e r cial value  of
t h e  pl a n t  food  in a  fe r tilize r  w e  will t ak e  t h e  for m ula
m e n tion e d  on  p a g e  2 0 5,  n a m ely: 

Am monia                               2  to   3  p e r  c e n t .  
Available  P hos p ho ric  Acid            8  to  1 0      "
Total P hos p ho ric  Acid               1 1  to  1 4      "
Total Bon e  P hos p h a t e                 2 3  to  2 5      "
Actu al Pot a s h                        1 0  to  1 2      "
S ulph a t e  of Pot a s h                   1 8  to  2 0      "

This  fe r tilize r  is evide n tly a  mixtu r e  of bo n e  m e al
a n d  s ulp h a t e  of po t a s h  a n d  t h e  pl a n t  food  con t ain e d
in it  is a s  follows: 

Ni t rog e n                                 1 .6 5  p e r  c e n t .  
Available  P hos p ho ric  Acid               8         "
Insoluble  P hos p ho ric  Acid               3         "
Pot a s h                                  1 0         "

On e  h u n d r e d  pou n d s  of t h e  mixtu r e  wo uld  con t ain: 

                             Pou n d s.  
                 Value  p e r
                                                       1 0 0
lbs. 
Ni t rog e n                       1 . 64  valu e  a t  1 7 1/2c
        .29  Available  P hos p ho ric  Acid     8       "
  "   4 c           .32  Insoluble  P hos p ho ric  Acid  
  3       "   "   2 c           .06  Pot a s h           
            1 0       "   "   5 c           .50
                                                       -----
  Total                                
               $ 1.1 7
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In  on e  ton  t h e  w hole  value  wo uld  b e  t w e n ty ti m e s  t his
o r  $ 2 3.40.   Add to  t hi s  $ 8 ,  w hich  is a bo u t  t h e
av e r a g e  ch a r g e  for  mixing,  b a g gin g,  s hippin g,  s elling
a n d  p rofi t,  a n d  w e  find  t h a t  $ 3 2  is p ro b a bly t h e  lowe s t
figu r e  a t  w hich  t his  fe r tilize r  co uld  b e  p u r c h a s e d
on  t h e  m a rk e t s ,  a n d  ve ry likely t h e  p ric e  would  b e
hig h e r  a s  w e  h ave  t ak e n  t h e  low es t  g u a r a n t e e d  p e r
c e n t .  of pl a n t  food for  ou r  b a sis  of c alcul a tion.

Fe r tilize r s  a r e  g e n e r ally mixe d  a n d  sold  to  t h e  fa r m e r
on  t h e  ton  b a sis.

LOW GRADE MIXTURES

Mos t  d e al e r s,  to  m e e t  a  c e r t ain  d e m a n d,  fu r ni sh  mixtu r e s
r a n gin g  fro m  $ 1 5  to  $ 2 5  p e r  ton.   Thes e  mixtu r e s
a r e  n ec es s a rily low g r a d e  a n d  a r e  m o r e  exp e n sive  t h a n
t h e  hig h e r  p rice d  hig h  g r a d e  mixt u r e s .

For  ex a m ple: 

A c e r t ain  po t a to  fe r tilize r  on  t h e  m a r k e t ,  w hich  w e
will c all mixt u r e
A, h a s  t h e  following  g u a r a n t e e d  a n alysis: 

Am monia                             7  to  8  p e r  ce n t .  
Available  P hos p ho ric  Acid          6  to  7      "
Actu al Pot a s h                       5  to  6      "

A ton  of t his  would  con t ain: 

Pou n d s.  
Ni t rog e n                    1 1 5.4  valu e  a t  1 7 1/2c       $ 2 0.19
Available  P hos p ho ric  Acid  1 2 0      "    "  4c          4 . 80
Pot a s h                      1 0 0      "    "  5c          5 .00
-----                    ------
Totals                    3 3 5.4                     $ 2 9.99
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Add to  t his  t h e  ave r a g e  c h a r g e  for  mixing,  b a g ging,
s elling,  p rofit,  e t c ., $ 8 ,  a n d  t h e  cos t  will
b e  $ 3 7.9 9.

The  s elling  p ric e  of t hi s  fe r tilize r  would  p ro b a bly
b e  no t  les s  t h a n  $ 4 0.   N ow  s u p pos e  t h e  fa r m e r
t hinks  t his  a  high  p ric e d  a n d  exp e n sive  fe r tilize r
a n d  looks  a bo u t  for  so m e t hin g  c h e a p er.  H e  finds
a  low g r a d e  po t a to  fe r tilizer, w hich  w e  will c all
mixt u r e  B, t h a t  h a s  t h e  following  g u a r a n t e e:  

Am monia                       3 1/2  to  4      p e r  c e n t .  
Available  P hos p ho ric  Acid    3   to  3 1/2         "
Actu al Pot a s h                 2 1/2  to  3          "

Jus t  on e-h alf t h e  g u a r a n t e e  of t h e  hig h  g r a d e  mixt u r e
A. A ton  of t his  con t ain s:  

Pou n d s.  
Ni t rog e n                     5 7.7  value  a t  1 7 1/2c  
    $ 1 0.10  Available  P hos p ho ric  Acid   6 0      "  
 "  4c          2 .4 0  Pot a s h                       5 0
    "    "  5c          2 . 50
-----                 
  ------
Totals                    1 6 7.7                  
  $ 1 5.00
Add ave r a g e  c h a r g e  for  mixing, e t c .       
         8 .00
------
$ 2 3.0 0

The  s elling  p ric e  of t hi s  wo uld  ve ry likely b e  no t
les s  t h a n  $ 2 5.

This  s e e m s  a t  fi r s t  sig h t  to  b e  c h e a p e r  a n d  m o r e  r e a so n a ble.  
Bu t  le t  u s  s e e .

In  a  ton  of mixt u r e  A h e  g e t s  3 3 5.4  po u n d s  of pl a n t
food  for  $ 4 0,  o r  a t  a n  ave r a g e  cos t  of t w elve  c e n t s
p e r  po u n d,  w hile  in a  to n  of mixtu r e  B h e  g e t s  1 6 7.7
po u n d s  of pl a n t  food  for  $ 2 5,  o r  a t  a n  av e r a g e  cos t
of fift ee n  c e n t s  p e r  po u n d.

To p u t  it  a no t h e r  w ay, in a  ton  of t h e  high  g r a d e
mixt u r e  A, h e  g e t s  3 3 5.4  pou n d s  of pl a n t  food  for
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$ 4 0.   To g e t  t h e  s a m e  a m o u n t  of pl a n t  food, 3 3 5.4
po u n d s,  in t h e  low g r a d e  mixt u r e ,  B, it  will b e  n e c e s s a ry
to  b uy t wo  to ns  a t  a  cos t  of $ 5 0.
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A low g r a d e  fe r tilize r  is alw ays  exp e n sive  eve n  if
t h e  pl a n t  food  is fu r nis h e d  by hig h  g r a d e  m a t e ri als.

BUY ON THE PLANT FOOD BASIS

The  fa r m e r  g e n e r ally b uys  his  fe r tilize r  on  t h e  ton
b a sis.  A b e t t e r  m e t ho d  is to  b uy jus t  a s  t h e
fe r tilize r  m a n ufac t u r e r s  b uy t h e  r a w  m a t e ri als  t h ey
u s e  for  mixing,  n a m ely, on  t h e  b a sis  of a c t u al  pl a n t
food  in t h e  fe r tilizer.  The  d e al e r s  h ave  w h a t
t h ey c all t h e  “uni t  b a sis,” a  “uni t”
m e a nin g  on e  p e r  c e n t .  of a  ton  o r  t w e n ty po u n ds  of
pl a n t  food.  A to n  of ni t r a t e  of sod a,  for  ins t a nc e ,
con t ain s  3 1 0  po u n ds  o r  1 5 1/2  u ni t s  of ni t ro g e n,  w hic h
a t  $ 3 .20  c e n t s  p e r  u ni t  would  cos t  $ 4 9.   Buy you r
mixt u r e  of a  r eli able  fi rm,  find  ou t  t h e  a c t u al a m o u n t s
of t h e  pla n t  foods  in t h e  mixt u r e  a n d  p ay a  fai r  m a r k e t
p ric e  for  t h e m.

CHAPTER XXIII

COM MERCIAL FERTILIZER S—CO NCLUDE D

THE HOME MIXING OF FERTILIZERS

Whe n  a  consid e r a ble  a mo u n t  of fe r tilize r  is u s e d  a
b e t t e r  pl a n  t h a n  b uying  mixed  fe r tilize r  is to  b uy
t h e  r a w  m a t e ri als  a n d  mix t h e m  you r s elf.  For
exa m ple,  a  fa r m e r  is a bo u t  to  pl a n t  five  a c r e s  of
c a b b a g e s  for  t h e  m a rk e t .   H e  finds  t h a t  a  c e r t ain
s ucc e s sful c a b b a g e  g ro w e r  r e co m m e n d s  t h e  u s e  of fifty
po u n d s  ni t rog e n,  fifty po u n d s  p hos p ho ric  a cid  a n d
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s eve n ty po u n d s  po t a s h  p e r  a c r e .   For  t h e  five  a c r e s
t his  will m e a n  2 5 0  pou n d s  ni t rog e n,  2 5 0  po u n d s  p hos p ho ric
a cid  a n d  3 5 0  po u n d s  po t a s h.   To fu r nish  t h e  ni t rog e n
h e  c a n  b uy 1,6 13  po u n d s  of ni t r a t e  of sod a  o r  2 ,5 00
po u n d s  d ri e d  blood  o r  1 ,25 0  po u n d s  s ulp h a t e  of a m m o nia,
o r  a  p a r t  of e a c h.   To fu r nis h  t h e  p hos p ho ric  a cid
h e  c a n  b uy 1,7 86  po u n d s  a cid  p hos p h a t e .   S eve n
h u n d r e d  po u n d s  of ei t h e r  s ulph a t e  o r  m u ri a t e  of po t a s h
will fu r nis h  t h e  po t a s h.   Thes e  m a t e ri als  c a n
b e  e a sily mixed  by s p r e a din g  in al t e r n a t e  laye r s  on
a  s m oot h  floor  a n d  t h e n  s hovelling  ove r  t h e  e n ti r e
m a s s  s eve r al  ti m e s.   The  mixtu r e  c a n  b e  fu r t h e r
imp rove d  by p a s sing  it t h ro u g h  a  s a n d  o r  co al sc r e e n
o r  sieve.

By following  t his  m e t ho d  of b uying  t h e  r a w  m a t e ri als
a n d  mixing  t h e m  on  t h e  fa r m,  t h e  fa r m e r  c a n  r e d u c e
his  fe r tilize r  bill by  q ui t e  a  co nsid e r a ble  a m o u n t
a n d  a t  t h e  s a m e  tim e  c a n  ob t ain  jus t  t h e  kinds  a n d
p ro p e r  a m o u n t s  of pl a n t  foods  n e e d e d  by his  c rops .

KIND AND AMOUNT TO BUY

The  fa r m e r  s ho uld  m a k e  t h e  b e s t  u s e  of fa r m  m a n u r e s
a n d  t h rou g h  tillag e  to  r e n d e r  pl a n t  food  av ailable
for  hi s  c rops  b efor e  t u r ning  to  co m m e r cial fe r tilize r
for  a d di tion al pl a n t  food.

If h e  g ro ws  legu mino us  c ro ps  for  g r e e n  m a n u rin g,  for
fee din g  s tock o r  for  cove r  c rops ,  h e  c a n  in m a ny c as es
s ec u r e ,  c hiefly t h ro u g h  t h e m,  s ufficien t  high  p rice d
ni t rog e n  for  t h e  n e e d s  of his  c rops,  a n d  it  is n e c e s s a ry
only occ a sion ally to  p u r c h a s e  m o d e r a t e  a m o u n t s  of p hos p ho ric
a cid,  po t a s h  a n d  lim e.

For  s p e cial fa r min g  a n d  s p e ci al c ro ps  it  m ay  b e  n e c e ss a ry
to  u s e  t h e  co m m e r cial fe r tilize r  m o r e  fre ely.
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It  is impossible  to  s ay h e r e  jus t  w h a t  a m o u n t s  o r
w h a t  kinds  of fe r tilize r  s hould  b e  p u rc h a s e d,  b e c a u s e
no  two  fa r m s  a r e  ex ac tly alike  a s  to  soil, m e t ho ds
of c rop pin g  o r  m e t ho d s  of tillag e.

The r e  a r e  c e r t ain  fac to r s,  how ever, w hich  will s e rve
a s  a  g e n e r al  g uid e  a n d  w hich  s ho uld  b e  conside r e d
in d e t e r mining  t h e  kind  a n d  a m o u n t  of fe r tilize r  to
b uy.

The s e  fac to r s  a r e :  

  The  c rop.  
  The  soil. 
  The  sys t e m  of fa r min g.

THE CROP

Crop  roo t s  diffe r  in  t h ei r  pow e r s  of fee ding,  o r  t h ei r
pow e r s  of s ec u ring  pl a n t  foods.   So m e  roo t s  c a n
u s e  ve ry to u g h  pl a n t  foods,  w hile  o t h e r s  r e q ui r e  it
in  t h e  m o s t  av ailable  for m.   So m e  roo t s  s ec u r e
ni t rog e n  fro m  t h e  air.  The  cow p e a  roo t s,  for  exa m ple,
c a n  t ak e  ni t rog e n  fro m  t h e  ai r  a n d  t h ey c a n  u s e  s uc h
tou g h  p hos p ho ric  a cid  a n d  po t a s h  t h a t  i t s eldo m  p ays
to  feed  t h e m  di r ec tly wit h  fe r tilize r s.

A b al e  p e r  a c r e  c ro p  of co t ton  r e q ui r e s  for  t h e  b uilding
of roo t s,  s t e m s,  leave s,  bolls, lin t  a n d  s e e d:  

1 0 3  po u n d s  of Ni t rog e n.
4 1    "    "  P hos p ho ric  Acid.
6 5    "    "  Pot a s h.

a n d  ye t  exp e ri m e n t  a n d  exp e rie nc e  h av e  p rove d  t h a t
t h e  b e s t  fe r tilize r  for  s uc h  a  c rop  con t ains  t h e  following
a m o u n t s  of pl a n t  food: 
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Nit rog e n                             2 0  pou n d s
P hos p ho ric  Acid                     7 0    "
Pot a s h                               2 0    "

This  m e a n s  t h a t  co t ton  roo t s  a r e  fai rly s t ro n g  feed e r s
of ni t rog e n  a n d  po t a s h,  b u t  a r e  w e ak  on  t h e  p hos p ho ric
a cid  side.

The  s m all g r ains,  w h e a t ,  oa t s ,  b a r ley a n d  rye,  c a n
u s e  to u g h  p hos p ho ric  a cid  a n d  po t a s h,  b u t  a r e  w e a k
on  ni t ro g e n,  a n d  a s  t h ey m a k e  t h e  g r e a t e r  p a r t  of
t h ei r  g row t h  in t h e  cool s p rin g  b efo r e  ni t rifica tion
is r a pid,  t h ey a r e  b e n efi t t e d  by t h e  a p plica tion  of
ni t rog e n,  p a r t icul a rly in t h e  for m  of ni t r a t e ,  w hich
is q uickly av aila ble.

Clover, p e a s ,  b e a n s ,  e t c ., h ave  t h e  po w e r  of
d r a win g  ni t rog e n  fro m  t h e  air, b u t  d r a w  fro m  t h e  soil
lim e,  p hos p ho ric  a cid  a n d  po t a s h.   H e n c e  t h e  p hos p h a t e s ,
po t a s h  m a n u r e s  a n d  lim e  a r e  d e si r a ble  for  t h e s e  c rop s.

Root  a n d  t u b e r  c rops  a r e  u n a ble  to  u s e  t h e  insoluble
min e r al  el e m e n t s  in t h e  soil, h e n c e  t h ey r e q ui r e  a p plic a tion
of all t h e  impor t a n t  pl a n t  foods  in r e a dily available
for m.  Ni t rog e n  is e s p e ci ally b e n eficial to  b e e t s .  
Tu r nip s  a r e  b e n efi t t e d  by libe r al a p plica tions  of soluble
p hos p ho ric  a cid.   Whit e  a n d  s w e e t  po t a to e s  r e q ui r e
a n  a b u n d a n c e  of po t a s h.

If w e  a r e  g rowing  t e n d er, s ucc ule n t  m a rk e t  g a r d e n
c rops,  w e  n e e d  ni t ro g e no us  m a n u r e s ,  w hich  inc r e a s e
t h e  g ro wt h  of s t e m  a n d  foliag e .

F r ui t  t r e e s  a r e  slow g ro win g  pl a n t s  a n d  do  no t  n e e d
q uick  a c ting  fe r tilize r s.

The  s m all frui t s ,  b ein g  m o r e  r a pid  in g row t h,  r e q ui r e
m o r e  of t h e  soluble  m a t e ri als.

A d a rk,  h e al thy g r e e n  foliag e  indica t e s  a  good  s u p ply
of ni t rog e n,  w hile  a  p al e  yellowish  g r e e n  m ay  indic a t e
a  n e e d  of ni t rog e n.

A w ell d evelop e d  h e a d  of g r ain,  s e e d  pod  o r  frui t
indica t e s  libe r al  s u p plies  of p hos p ho ric  a cid  a n d
po t a s h .
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THE SOIL

Soils  t h a t  a r e  poo r  in h u m u s  a r e  g e n e r ally in n e e d
of ni t rog e n.

H e avy soils  a r e  g e n e r ally s u p plied  wi th  po t a s h  b u t
lack  p hos p ho ric  a cid.

S a n dy soils  a r e  a p t  to  b e  poo r  in  po t a s h  a n d  ni t rog e n.

SYSTEM OF FARMING

A sys t e m  of g e n e r al  o r  dive r sified  fa r ming  e m b r a cing
c rop  p rod uc t s  a n d  s tock  r ai sing,  r e q ui r e s  m u c h  les s
a r t ificial m a n u ring  t h a n  do e s  a  sys t e m  w hich  r ais e s
s p eci al c rops  o r  q uick  g rowing  c ro ps  in r a pid  s ucc e s sion,
a s  in t h e  c a s e  of t r uck  fa r ming  o r  m a r k e t  g a r d e ning.

TESTING THE SOIL

Eve ry fa r m e r  s ho uld  b e  m o r e  o r  les s  of a n  inves tig a to r
a n d  exp e ri m e n t er.

The  fac to r s  m e n tion e d  p r eviously a s  indica tin g  t h e
p r e s e n c e  o r  a b s e n c e  of s ufficien t  q u a n ti tie s  of c e r t ain
pla n t  foods  s e rve  a s  a  g e n e r al  g uid e,  b u t  a r e  no t
a b solu t e.   The  b e s t  m e t ho d  of d e t e r mining  w h a t
pl a n t  foods  a r e  lacking  in  t h e  soil is to  c a r ry on
so m e  sim ple  exp e ri m e n t s.

The  following  pl a n  for  soil t e s ting  wi th  pl a n t  foods
is s u g g e s tive:  To t e s t  t h e  soil for  a  possible
n e e d  of t h e  single  pl a n t  foods,  a  s e ri e s  of five plo t s
m ay b e  laid  off.  Thes e  plo t s  s ho uld  b e  long  a n d
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n a r ro w  a n d  m ay  b e  on e-t w e n tie t h,  on e-sixt e e n t h,  on e-t e n t h ,
on e  eigh t h  a c r e  o r  la rg er.  A plo t  on e  ro d  wide
a n d  eig h t  r od s  long  will con t ain  on e-tw e n tie t h  a c r e .  
The  wid t h  of t h e  plo t  m ay  b e  a djus t e d  to  a c co m m o d a t e
a  c e r t ain  n u m b e r  of ro ws  of c ro p  a n d  t h e  leng t h  m a d e
p ro p e r  to  includ e  a n  eve n  fr ac tion  of a n  a c r e.  
A s t ri p  t h r e e  o r  fou r  fee t  in wid t h  s ho uld  b e  left
b e t w e e n  e a c h  t wo  plo t s.   Thes e  s t rip s  a r e  to  b e
lef t  u nfe r tilized  a n d  a r e  for  t h e  p u r pos e  of p r eve n ting
on e  plo t  b eing  affec t e d  by  t h e  pl a n t  food  of a no t h er.

The  plo t s  a r e  all plow e d,  pl a n t e d  a n d  c a r e d  for  alike,
t h e  only diffe r e nc e  in  t r e a t m e n t  b eing  in  t h e  a p plica tion
of pl a n t  food.  If t h e  plo t s  a r e  on e-t w e n ti e t h
a c r e  in size,  pl a n t  foods  m ay  b e  a p plied  a s  follows.

+ - ---------------------------+
PLOT 1.        |   Ni t r a t e  of Sod a     8  lbs.  |
+ - ---------------------------+

+ - ---------------------------+
PLOT 2.        |   Acid P hos p h a t e     1 6  lbs. |
+ - ---------------------------+

+ - ---------------------------+
PLOT 3.        |   No t hing.                   |
+ - ---------------------------+

+ - ---------------------------+
PLOT 4.        |   M u ri a t e  of Pota s h   8  lbs.  |
+ - ---------------------------+

+ - ---------------------------+
PLOT 5.        |   Lim e          1  b us h el.    |
+ - ---------------------------+

Plot  3  is a  ch eck  plo t  for  co m p a rison.

The  m e a s u rin g  of t h e  plo t s ,  w eig hing  a n d  a p plica tion
of t h e  fe r tilize r s,  pl a n ting  a n d  c a r e  of t h e  c rops,
w eig hin g  a n d  m e a s u ring  a t  h a rve s t ,  s ho uld  b e  c a r efully
a n d  a cc u r a t ely do n e.

A n u m b e r  of a d di tion al plo t s  m ay  b e  a d d e d  if d e si r e d
to  t e s t  t h e  effec t  of pl a n t  foods  in co m bin a tion.  
For  ins t a nc e:  
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+ - ---------------------------+
PLOT 6.        |   Ni t r a t e  of Sod a     8  lbs.  |
|   Acid P hos p h a t e     1 6  "    |
+ - ---------------------------+

+ - ---------------------------+
PLOT 7.        |   Ni t r a t e  of Sod a     8  lbs.  |
|   M u ri a t e  of Pot a s h   8  "    |
+ - ---------------------------+

+ - ---------------------------+
PLOT 8.        |   No t hing.                   |
|                             |
+ - ---------------------------+

+ - ---------------------------+
PLOT 9.        |   M u ri a t e  of Pota s h   8  lbs.  |
|   Acid P hos p h a t e     1 6   "   |
+ - ---------------------------+

+ - ---------------------------+
PLOT 1 0.       |   Ni t r a t e  of Sod a     8  lbs.  |
|   Acid P hos p h a t e     1 6   "   |
|   M u ri a t e  of Pot a s h   8   "   |
+ - ---------------------------+

If t h e  a m o u n t  of fe r tilize r  is too  s m all to  dis t r ibu t e
eve nly ove r  t h e  plo t,  mix it t ho ro u g hly wi t h  a  few
q u a r t s  of d ry e a r t h  o r  s a n d  to  give  it  m o r e  b ulk a n d
t h e n  a p ply it.

In  t h e  u s e  of fe r tilize r s  it  s hould  alw ays  b e  r e m e m b e r e d
t h a t  s m all c ro ps  a r e  no t  alw ays  d u e  to  lack  of pla n t
food, b u t  m ay  b e  c a u s e d  by a n  a b s e n c e  of t h e  o t h e r
con di tions  n ec es s a ry for  roo t  g row t h  a n d  d evelop m e n t.  
The  soil m ay  no t  b e  s ufficien tly m ois t  to  p ro p e rly
s u p ply t h e  pl a n t s  wi th  w a t er.  Too m u c h  w a t e r
m ay ch e ck  ven tila tion.   Poo r  tillag e  m ay  ch eck
roo t  d evelop m e n t .   U nle ss  t h e  p hysical con di tions
a r e  ri gh t  t h e  pos sible  effec t s  of a d di tion al pl a n t
food  in t h e  for m  of fe r tilize r s  a r e  g r e a tly di minish e d.  
The  fa r m e r  w ho  g e t s  t h e  la rg e s t  r e t u r n  fro m  fe r tilize r s
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is t h e  on e  w ho  gives  g r e a t e s t  a t t e n tion  to  t h e  p hysical
p ro p e r ti e s  of t h e  soil.  H e  m a k e s  u s e  of o r g a nic
m a t t e r  a n d  is ve ry t ho rou g h  in hi s  m e t ho ds  of tillag e.  
Eve ry fa r m e r  s ho uld  a p ply to  his  S t a t e  Expe ri m e n t
S t a tion  for  b ulle tins  on  t h e  s u bjec t  of fe r tilize r s .

CHAPTER XXIV

THE ROTATIO N  OF CROP S

SYSTEMS OF CROPPING

The r e  a r e  t wo  m e t ho ds  o r  sys t e m s  of c ro p ping  t h e  soil: 

The  On e  Crop  Sys t e m,  o r  t h e  con tinuo us  c rop pin g  of
t h e  soil yea r  af t e r  ye a r  wit h  on e  kind  of c rop.

The  Rot a tion  of C rops  o r  t h e  s el ec tion  of a  give n
n u m b e r  of diffe r e n t  c ro ps  a n d  g ro wing  t h e m  in r e g ula r
o r d er.

The  p u r pos e  of t his  c h a p t e r  is to  inq ui r e  in to  t h e
effec t  of t h e s e  t wo  sys t e m s  of c ro p ping:  

On  t h e  soil con di tions  n e c e s s a ry  for  t h e  b e s t  g ro wt h
a n d  d evelop m e n t  of t h e  c rops .

On  t h e  m a rk e t  valu e  of t h e  c rop s.

On  t h e  inc r e a s e  of o r  t h e  p ro t e c tion  fro m  inju rious
dis e a s e s  a n d  ins ec t s .

On  t h e  dis t r ibu tion  of labo r  t h ro u g ho u t  t h e  ye ar.

On  t h e  c a rin g  for  fa r m  s tock.

On  t h e  p roviding  for  ho m e  s u p plie s.

This  inq ui ry a n d  t h e  conclusion  will b e  b a s e d  on  t h e
following  fac t s  lea r n e d  in t h e  for e going  c h a p t e r s.
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Plan t  roo t s  n e e d  for  t h ei r  g row t h  a n d  d evelop m e n t
(se e  Ch a p t e r  II): 

A m ellow yet  fir m  soil.
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A m ois t  soil.

A ven til a t e d  soil.

A w a r m  soil.

A soil s u p plied  wi t h  pl a n t  food.

Dec aying  o r g a nic  m a t t e r  o r  h u m u s  is on e  of t h e  m o s t
impor t a n t  ing r e die n t s  of ou r  soils.  Bec a us e:  

I t  g r e a tly influe nc e s  soil t ex t u r e  a n d  t h e r efo r e  t h e
con di tions  n ec es s a ry for  roo t  g row t h.

Its  p r e s e n c e  o r  a b s e nc e  g r e a tly influe nc e s  t h e  a t t i t u d e
of soils  tow a r d  w a t er, t h e  m o s t  impor t a n t  fac to r  in
pla n t  g row t h.   I t s  p r e s e n c e  h elps  ligh t ,  s a n dy
soils  to  hold  m o r e  w a t e r  a n d  to  b e t t e r  p u m p  w a t e r
fro m  b elow, w hile  it h elps  clos e,  h e avy soils  to  b e t t e r
t ak e  in t h e  w a t e r  w hich  falls on  t h ei r  s u rfac e .  
I t s  a b s e nc e  c a u s es  a n  op posi t e  s t a t e  of affai r s .

The  p r e s e n c e  of o r g a nic  m a t t e r  c h ecks  exce ssive  ven tila tion
in too  op e n,  s a n dy soil by filling  t h e  po r e s ,  a n d
imp roves  poo r  ven tila tion  in h e avy cl ay soils  by m a king
t h e m  m o r e  op e n.

H u m u s,  on  a cco u n t  of it s  color, influe nc e s  t h e  h e a t
a b so r bin g  pow e r s  of soils.

The  o r g a nic  m a t t e r  is cons t a n tly u n d e r going  m o r e  o r
les s  r a pid  d ec ay u nle ss  t h e  soil b e  p e rfec tly d ry
o r  froze n  solid.  S ti r r ing  a n d  c ul tiva ting  t h e
soil h a s t e n  t his  d e c ay.

As t h e  o r g a nic  m a t t e r  d e c ays  it  a d d s  available  pl a n t
food  to  t h e  soil, p a r ticula rly ni t rog e n.

As it d ec ays,  it  p ro d uc e s  c a r bo nic  a cid  a n d  o t h e r
a cids  w hich  a r e  a bl e  to  dis solve  min e r al  pl a n t  food
no t  soluble  in  p u r e  w a t e r  a n d  t h u s  r e n d e r  it  available
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to  pl a n t s.

Pl an t s,  a l t ho u g h  t h ey r e q ui r e  t h e  s a m e  el e m e n t s  of
pl a n t  food, t ak e  t h e m  in diffe r e n t  a m o u n t s  a n d  diffe r e n t
p ro po r tions.

Pl an t s  diffe r  in  t h e  ex t e n t  a n d  d e p t h  of r oo t  g row t h
a n d  t h e r efo r e  t ak e  food  fro m  diffe r e n t  p a r t s  of t h e
soil.  So m e  a r e  s u rfac e  fee d e r s  w hile  o t h e r s  fee d
on  t h e  d e e p e r  soil.

Pl an t s  diffe r  in  t h ei r  pow e r  to  t ak e  pl a n t  food  fro m
t h e  soil; so m e  a r e  w e a k  fee d e r s,  a n d  c a n  u s e  only
t h e  m o s t  available  food; o th e r s  a r e  s t ro n g  feed e r s ,
a n d  c a n  u s e  to u g h e r  pl a n t  food.

Plan t s  va ry in t h e  a m o u n t  of h e a t  t h ey r e q ui r e  to
c a r ry  on  t h ei r  g row t h  a n d  d evelop m e n t .

THE ONE CROP SYSTEM

We a r e  now  r e a dy for  t h e  q u e s tion.   Wh a t  effec t
h a s  t h e  con tin uous  c ultiva tion,  yea r  af t e r  year, of
t h e  s a m e  kind  of c rop  on  t h e  soil con di tions  n e c e s s a ry
to  t h e  b e s t  g row t h  a n d  d evelop m e n t  of t h a t  c rop  o r
a ny o th e r  c rop?  S u p pos e  w e  t ak e  co t ton  for  ex a m ple.

H ow  do e s  co t ton  g ro win g  affec t  soil h u m u s?

Du ring  t h e  c ul tiva tion  of co t ton,  t h e  o rg a nic  m a t t e r
o r  h u m u s  of t h e  soil d ec ays  in g r e a t e r  q u a n ti tie s
t h a n  a r e  a d d e d  by t h e  s t alks  a n d  le aves  of t h e  c rop.  
The r efo r e ,  co t ton  is a  h u m u s  w a s ting  c ro p,  a n d  t h e
con tinuo us  c ul tiva tion  of t his  c rop  t e n d s  to  exh a u s t
t h e  s u p ply of o r g a nic  m a t t e r  in  t h e  soil.

H ow  do e s  co t ton  g ro win g  affec t  soil t ex t u r e?

Cot ton  g ro win g  w a s t e s  soil h u m u s  a n d  t h e r efo r e  inju r e s
soil t ex tu r e  by  m a king  t h e  ligh t e r  soils  m o r e  loose
a n d  op e n,  a n d  t h e  h e avie r  soils  m o r e  d e n s e  a n d  co m p a c t .
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H ow  do e s  co t ton  g ro win g  affec t  soil w a t e r?

By w a s tin g  h u m u s  co t ton  g rowing  inju r e s  soil t ex t u r e
a n d  so  w e a k e n s  t h e  w a t e r  holding  a n d  w a t e r  p u m pin g
pow e r  of ligh t  soils  a n d  w e a k e n s  t h e  w a t e r  a b s o r bing
pow e r  of h e avy soils.  The r efo r e  t h e  con tinuo us
c ul tiva tion  of co t ton  w e a k e n s  t h e  po w e r  of t h e  soil
ove r  w a t er, t h a t  m o s t  impor t a n t  fac to r  in c ro p  g row t h.

H ow  do e s  co t ton  g ro win g  affec t  soil ven til a tion?

Con tinuo us  co t ton  c ul tu r e ,  by w a s tin g  h u m u s,  inju r e s
t ext u r e  a n d  t h e r efo r e  inju r e s  soil ven til a tion,  c a u sing
too m u c h  ven tila tion  in  t h e  ligh t e r  soils  a n d  too
lit tle  in  h e avie r  soils.

H ow  do e s  co t ton  cult u r e  affec t  pl a n t  food  in t h e  soil?

Con tinuo us  co t ton  g rowin g  w a s t e s  pl a n t  food: 

Bec a us e  it  w a s t e s  o rg a nic  m a t t e r  w hich  con t ain s  valua ble
pla n t  food, p a r tic ula rly ni t rog e n.

Bec a us e  by  w a s ting  o r g a nic  m a t t e r  i t inc r e a s e s  t h e
leac hin g  of t h e  ligh t e r  soils  a n d  t h e  s u rf ac e  w a s hin g
of t h e  h e avie r  soils.

Bec a us e  it s  roo t s  occ u py la rg ely t h e  u p p e r  soil a n d
do  no t  m a k e  u s e  of m u c h  food  fro m  t h e  low e r  soil.

Bec a us e  it  g row s  only d u rin g  t h e  w a r m  p a r t  of t h e
ye a r  a n d  t h e r e  is no  c ro p  on  t h e  lan d  to  ch e ck  loss
of pl a n t  food fro m  leac hing  a n d  s u rf ac e  w a s h  d u ring
t h e  win t er.

Bec a us e  it  is a  w e a k  fee d e r  of p hos p ho ric  a cid,  a n d
c a n  u s e  only t h a t  w hic h  is in t h e  m o s t  availa ble  for m. 
In  a p plying  fe r tilize r  to  co t ton  it is n e c e s s a ry  for
b e s t  r e s ul t s  to  a p ply a t  le a s t  t wice  a s  m u c h  p hos p ho ric
a cid  a s  t h e  c rop  c a n  u s e ,  b e c a u s e  it  c a n  u s e  only t h a t
w hich  is in t h e  m o s t  av ailable  for m  a n d  t h e  r e m aind e r
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is lef t  in t h e  soil u n u s e d.

Con tinuo us  co t ton  c ul tu r e  t h e n  h a s  a n  inju rious  effec t
on  all t h e  impor t a n t  soil con di tions  n e c e s s a ry to
its  b e s t  g ro wt h  a n d  d evelop m e n t,  a n d  t h e  r e s ul t  is
a  di minishing  yield  o r  a n  inc r e a sing  cos t  in m ain t aining
fe r tili ty by t h e  u s e  of fe r tilizer.

H ow  do e s  con tinuo us  co t ton  c ul tu r e  affec t  t h e  e co no mics
of t h e  fa r m?

The  inju ry to  t h e  soil con di tions  n e c e s s a ry to  roo t
g row t h  di minis h es  t h e  yield  a n d  t h e r efo r e  inc r e a s e s
t h e  cos t  of p rod uc tion.

The  poo r  soil con di tions  t e n d  no t  only to  di minish
yield  b u t  al so  to  di minis h  t h e  q u ali ty of t h e  c rop,
w hich  t e n ds  to  low e r  t h e  p rice  r e c eive d  for  t h e  co t ton.

Keepin g  t h e  lan d  cons t a n tly in co t ton  t e n d s  to  inc r e a s e
t h e  ins ec t  e n e mies  a n d  t h e  di se as e s  of t h e  c ro p.

The  con tin uou s  g ro wing  of co t ton  do es  no t  p e r mit  t h e
con s t a n t  e m ploym e n t  of on e  s e t  of labo r e r s  t h ro u g ho u t
t h e  year.

The  con tin uou s  g ro wing  of co t ton  g e n e r ally m e a n s  t h a t
m os t  of t h e  fa r m  go es  in to  co t ton.   A s m all p a t c h
of co r n  is pl a n t e d  for  t h e  s tock, w hich  a r e  a p t  to
s uffe r  fro m  a  lack  of va rie ty in food.

The  s a m e  is t r u e  wi th  r ef e r e nc e  to  ho m e  s u p plie s.  
Very few veg e t a ble s  a r e  g row n  for  t h e  t a bl e  a n d  t h e r e
is li t tle  milk, b u t t e r  o r  e g g s  for  ho m e  u s e  o r  exc h a n g e
for  g roc e ri e s  o r  d rygoods  a t  t h e  s to r e .

Thus  w e  s e e  t h a t  t h e  con tinuo us  g rowin g  of cot ton
on  t h e  soil, ye a r  af t e r  ye ar, h a s  a  b a d  effec t  on
con di tions  n ec es s a ry to  it s  b e s t  g ro wt h  a n d  d evelop m e n t
a n d  also  on  t h e  e cono mics  of t h e  fa r m.
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The s e  fac t s  a r e  t r u e  to  a  g r e a t e r  o r  les s  d e g r e e  in
t h e  c a s e  of n e a rly all of t h e  fa r m  c rops .   The
g r ain  c ro ps  a r e  of t e n  consid e r e d  a s  h u m u s  m a k e r s  b ec a u s e
of t h e  s t u b ble  t u r n e d  u n d er, b u t  P rofes so r  S nyd er,
of Minn e so t a,  foun d  t h a t  five ye a r s’ con tinuo us
c ul t u r e  of w h e a t  r e s ul t e d  in a n  a n n u al  loss  of 1 7 1
po u n d s  of ni t rog e n  p e r  a c r e ,  of w hich  only 2 4.5  w a s
t ak e n  by t h e  c ro p,  t h e  r e m aining  1 4 6.5  pou n d s  w e r e
los t  t h ro u g h  a  w a s t e  of o r g a nic  m a t t er.

THE ROTATION OF CROPS

N ow, s u p pos e  t h a t  ins t e a d  of g rowing  co t ton  on  t h e
s a m e  soil ye a r  af t e r  ye ar, w e  s el ec t  fou r  c ro ps—cot to n,
co r n,  oa t s  a n d  cow p e a—a n d  g ro w  t h e m  in
r e g ul a r  o r d er, a  ro t a tion  p r a c tice d  in so m e  p a r t s  of
t h e  So u t h.

We will divide  t h e  fa r m  in to  t h r e e  fields  a n d  n u m b e r
t h e m  1,  2  a n d  3,  a n d  will pl a n t  t h e s e  c rops  a s  indic a t e d
by t h e  following  di a g r a m s:  

[Illus t r a tion:  Pl an  of fa r m.]

Plan  for  pl a n ting.

FIELD 1.          FIELD 2.           FIELD 3.
+ - ---------------+ - ---------------+ - ---------------+
|                 |      OATS,      |       CORN,     |
1 s t  ye a r   |                 |   h a rves t e d  in  |    follow e d  by  |
o r  1 9 0 5.   |      COTTON     |     s p rin g,      |       o a t s ,      |
|                 |   follow e d  by   |    pla n t e d  in   |
|                 |     COWPEAS.    |       fall.     |
+ - ---------------+ - ---------------+ - ---------------+
|       CORN,     |                 |       OATS,     |
2 d  ye a r    |   followe d  by   |                 |   h a rve s t e d  in   |
o r  1 9 0 6.   |       o a t s ,      |      COTTON.    |     s p rin g,      |
|    pl a n t e d  in   |                 |   followe d  by   |
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|       fall.     |                 |     COWPEAS.    |
+ - ---------------+ - ---------------+ - ---------------+
|       OATS,     |      CORN,      |                 |
3 d  ye a r    |   h a rves t e d  in  |   follow e d  by   |                 |
o r  1 9 0 7.   |     s p ring,      |      o a t s ,       |      COTTON.    |
|   follow e d  by   |   pl a n t e d  in    |                 |
|     COWPEAS.    |      fall.      |                 |
+ - ---------------+ - ---------------+ - ---------------+

E a c h  of t h e s e  c rops  occ u pie s  on e-t hi rd  of t h e  fa r m
e a c h  ye ar, a n d  ye t  t h e  c rop  on  e a c h  field  c h a n g e s
e a c h  ye a r  so  t h a t  no  on e  kind  of c rop  is g row n  on
a ny field  oft e n e r  t h a n  onc e  in t h r e e  ye a r s .   The
co t ton  is g row n  for  m a rk e t ,  t h e  co r n  p a r tly to  s ell,
p a r t ly to  fee d,  t h e  oa t s  to  fee d  a n d  t h e  cow p e a s  to
plow u n d er.  All co t ton  a n d  co r n  r efu s e  is plow e d
u n d er.

Wh a t  effec t  will s uc h  a  sys t e m  h av e  on  t h e  con di tions
n ec es s a ry  for  pl a n t  g row t h?   S u p pos e  w e  follow
t h e  c ro ps  on  Field  1.   Cot ton,  co r n,  a n d  o a t s
a r e  h u m u s  w a s tin g  c ro ps  b u t  t h e  p e a  c ro p  w hich  is g row n
t h e  t hi rd  ye a r  is plow e d  u n d er, a n d  la rg ely, if no t
e n ti r ely, r e m e die s  t h e  loss  by  fu r nis hing  a  n e w  s u p ply
of o r g a nic  m a t t er, a n d  t h e  ill effec t s  w hich  w e  no tice d
wo uld  follow t h e  loss  of o r g a nic  m a t t e r  d u e  to  t h e
con tinuo us  g rowin g  of co t ton  a r e  avoide d,  soil t ex t u r e
is p r e s e rve d,  soil ven til a tion  is no t  inju r e d,  a n d
t h e  po w e r  of t h e  soil ove r  w a t e r  is p r e s e rve d.
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Wh a t  is t h e  effec t  on  pl a n t  food  in t h e  soil?

Befor e  a n s w e rin g  t his  q u e s tion  le t  u s  s e e  w h a t  a m o u n t s
of pl a n t  foods  t h e s e  c rops  t ak e  ou t  of t h e  soil.

We will a s s u m e  t h a t  t h e  soil is a  good  loa m  a t  t h e
s t a r t  a n d  will p ro d u c e:  

On e  b al e  of five  h u n d r e d  po u n d s  of lin t  co t ton  p e r
a c r e ,  sixty b u s h els  s h elled  co r n  p e r  a c r e ,  t hi r ty
b u s h els  o a t s  p e r  a c r e ,  o r  t wo  tons  cow p e a  h ay p e r
a c r e .

S uc h  a  yield  of c ro p  wo uld  t ak e  fro m  t h e  soil t h e
following  a m o u n t s  of pl a n t  food  p e r  a c r e:  

----------------------+ - ----------+ - -----------+ - ------
-----
|            |  P hos p ho ric  |
|  Ni t rog e n,  |  Acid,      |  Pot a s h,
|  po u n d s.    |  pou n d s.     |  po u n d s.
----------------------+ - ----------+ - -----------+ - --------
Cot ton  (whole  pl a n t)   |  1 0 3        |    4 1        |     6 5
Cor n  (whole  pl a n t)     |   8 4        |    2 6        |     6 1
O a t s  (w hole  pl a n t)     |   3 2        |    1 3        |     2 7
Cow p e a                 |   7 8        |    2 3        |     6 6
----------------------+ - ----------+ - -----------+ - --------
r e >

N o w  s u p pos e  w e  s ell t h e  lin t  of t h e  co t ton,  ke e ping
all t h e  r e s t  of t h e  pl a n t ,  including  t h e  s e e d ,  on
t h e  fa r m  a n d  t u r ning  it b a ck  in to t h e  soil.

Of t h e  co rn  s u p pos e  w e  s ell on e-h alf t h e  g r ain  a n d
k e e p  t h e  o t h e r  h alf a n d  t h e  fodd e r  for  u s e  on  t h e
fa r m.

S u p pos e  t h e  oa t s  b e  m a d e  in to oa t  h ay  a n d  b e  fed  on
t h e  fa r m  a n d  t h e  cow p e a s  b e  t u r n e d  u n d er.

Assu min g  t h a t  t h e  cow p e a s  t ak e  h alf t h ei r  ni t rog e n
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fro m  t h e  air.

This  will m e a n  t h a t  in  t h e  cou r s e  of t h r e e  ye a r s  w e
t ak e  ou t  of t h e  soil of e ac h  a c r e  in t h e  c rops:  

Ni t rog e n.        P hos p ho ric  Acid.       Pot a s h.
2 5 8  po u n d s.        1 0 3  po u n d s.        2 1 9  po u n ds.

b u t  w e  r e t u r n  to  t h e  soil in c rop  r efus e  a n d  m a n u r e
fro m  t h e  s tock: 

Ni t rog e n.        P hos p ho ric  Acid.       Pot a s h.
2 5 6  po u n d s.         8 7  po u n d s.        1 9 7  po u n ds.

This  a s s u m e s  t h a t  w e  h av e  t ak e n  fro m  t h e  fa r m  in p rod uc t s
sold: 

------------------+ - ----------+ - -----------+ - ----------
-+
|  Ni t rog e n.  |  P hos p ho ric  |    Pot a s h.   |
|            |     Acid.   |             |
------------------|-----------|------------|------------|
Co t ton  Lint        |      2      |       1      |       2      |
Co r n               |     2 8      |      1 2      |      1 0      |
Anim al p ro d uc t s    |     1 1      |       3      |      1 0      |
+ - ----------+ - -----------+ - -----------+
Totals           |     4 1      |      1 6      |      2 2      |
------------------+ - ----------+ - -----------+ - -----------+
r e >

The  pla n t  food  c h a r g e d  to  a ni m al p rod uc t s  is t w e n ty
p e r  c e n t .  of t h a t  in  t h e  g r ain  a n d  for a g e  fed  to  t h e
s tock.

At t h e  e n d  of t h e  t h r e e  ye a r s  t h e  pl a n t  food  a c cou n t
will b ala nc e  u p  wi th:  

Ni t rog e n               a  g ain  of  2  po u n ds.  
P hos p ho ric  Acid       a  loss  of 1 6     "
Pot a s h                 a  loss  of 2 2     "

This  r e s ul t  is of cou r s e  a p p roxim a t e .   The r e  will
b e  so m e  loss  of ni t ro g e n  t h ro u g h  leac hin g  a n d  d e ni t rifica tion.  
So m e  of t h e  po t a s h  a n d  p hos p ho ric  a cid  will b e  conve r t e d
in to  u n availabl e  for m s.   This c a n  b e  m a d e  good
by a p plying  to  t h e  co t to n  a  fe r tilize r  con t aining  tw e n ty
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po u n d s  of ni t rog e n,  sixty pou n d s  of p hos p ho ric  a cid
a n d  t w e n ty po u n d s  of po t a s h.
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Addition al ni t rog e n  a n d  o rg a nic  m a t t e r  c a n  b e  g row n
to  t u r n  u n d e r  by  pl a n ting  c ri mso n  clove r  in  t h e  co t ton
a t  t h e  las t  working  for  a  win t e r  cove r  c ro p  to  b e
t u r n e d  u n d e r  for  t h e  co r n,  a n d  by pl a n ting  cow p e a s
o r  soy b e a n s  b e t w e e n  t h e  row s  of co r n.

If t his  is don e  it m ay  no t  b e  n e c e s s a ry  to  a d d  a ny
ni t rog e n  in t h e  fe r tilizer, le t ting  t h a t  s u p ply only
p hos p ho ric  a cid  a n d  po t a s h.

If co m m e r ci al fe r tilize r  is u s e d  on  t h e  co t to n,  i t
wo uld  b e  a  good  pl a n  to  a p ply t h e  m a n u r e  fro m  t h e
s tock to  t h e  co r n.

To follow ou r  c rop  on  Field  1  t h ro u g h  t h e  t h r e e  ye a r s
w e  will h ave,  fi rs t ,  co t to n  d r a win g  la r g e  a m o u n t s
of pl a n t  food fro m  t h e  soil a n d  diminis hing  t h e  h u m u s
of t h e  soil.

Growing  a  win t e r  c rop  of c rim so n  clover, t u r ning  b a ck
all t h e  co t ton  r efus e  exc e p t  t h e  lin t  a n d  oil, a n d
a p plying  t h e  b a r n  m a n u r e  will fu r ni sh  a m ple  pl a n t
food  for  t h e  co r n  a n d  r e ple nis h  t h e  o rg a nic  m a t t er.

The  co r n  is a  r a t h e r  s t ron g e r  fee d e r  of p hos p ho ric
a cid  t h a n  co t ton  a n d  will b e  a ble  to  g e t  s ufficien t
fro m  t h a t  left  by  t h e  co t ton.

The  oa t s  will b e  a bl e  to  g e t  a  full r a tion  af t e r  t h e
co r n,  a n d  t h e  cow p e a s  will r e a dily t ak e  c a r e  of t h e m s elves
on  t h e  sco r e  of pl a n t  food  a n d  will p u t  t h e  soil in
fine  con di tion  for  co t ton  a g ain.

The  p e a s  m ay  b e  left  on  t h e  g ro u n d  to  t u r n  u n d e r  in
t h e  s p rin g  a t  co t ton  pl a n ting  tim e,  o r  t h ey  m ay  b e
plow e d  u n d e r  in t h e  e a rly fall a n d  a  c ri mso n  clove r
o r  ve tc h  cove r  c ro p  pl a n t e d ,  w hic h  will b e  plow e d
u n d e r  for  t h e  co t ton.

The s e  s a m e  fac t s  will b e  t r u e  of e a c h  of t h e  t h r e e
fields.   The  h u m u s  a n d,  t h e r efo r e ,  t ex t u r e  will
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b e  t ak e n  c a r e  of; ve n tila tion,  soil t e m p e r a t u r e  a n d
pla n t  food  will b e  con t rolled  to  a dv a n t a g e .

E a c h  of t h e  c ro ps  will b e  r e p r e s e n t e d  on  t h e  fa r m
e a c h  ye a r  a n d  t h e  yields  of e a c h  c rop  will b e  b e t t e r
t h a n  if g row n  co n tin uo usly alon e.   The  q u ali ty
a n d  t h e r efo r e  t h e  m a rk e t  valu e  will b e  g r e a t er. 
Ins ec t s  a n d  dis e a s e  will b e  e a si e r  ke p t  in  con t rol,
a n d  s tock will b e  m o r e  e co no mic ally fu r nis h e d  wi th
a  va rie ty of foods.

BENEFITS DERIVED FROM ROTATION OF CROPS

Rota tion  of c rops  e co no mizes  t h e  n a t u r al  pl a n t  food
of t h e  soil a n d  al so  t h a t  w hich  is a p plied  in t h e
for m  of m a n u r e  a n d  fe r tilizer.  This  is b e c a u s e:  

C rops  t ak e  food  fro m  t h e  soil in diffe r e n t  a m o u n t s
a n d  diffe r e n t  p ropo r tions.

Crops  diffe r  in  t h ei r  fee ding  pow e r s .

Crops  diffe r  in  t h e  ex t e n t  a n d  d e p t h  to  w hic h  t h ey
s e n d  t h ei r  roo t s  in to  t h e  soil in s e a r c h  of food  a n d
w a t er.

C rops  diffe r  in  t h e  t im e  of yea r  a t  w hich  t h ey m a k e
t h ei r  b e s t  g ro wt hs .

Rota tion  h elp s  to  m ain t ain  o r  imp rove  t h e  t ex t u r e
of t h e  soil b ec a u s e  t h e  a m o u n t  of h u m u s  in t h e  soil
is m ain t ain e d  o r  inc r e a s e d  by t u r nin g  u n d e r  g r e e n
m a n u r e  a n d  cove r  c rops  w hich  s ho uld  occ u r  in ev e ry
w ell-pl a n n e d  ro t a tion.

Rota tion  h elp s  to  m ain t ain  o r  inc r e a s e  t h e  pl a n t  food
in t h e  s u rf ac e  soil.  Wh e n  c ro ps  like  cow p e a s
o r  clove r  w hich  t ak e  min e r al  food  fro m  t h e  s u b soil
a n d  ni t rog e n  fro m  t h e  air, a r e  plow e d  u n d er, t h ey give
u p  t h e  pl a n t  food in t h ei r  le aves,  s t e m s  a n d  u p p e r
roo t s  to  t h e  s u rf ac e  soil, a n d  t h us  h elp  to  m ai n t ain
o r  inc r e a s e  fe r tili ty.
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Rota tion  t e n d s  to  p ro t e c t  c rops  fro m  inju rious  ins ec t s
a n d  dis e a s e s .   If on e  kind  of c rop  is g row n  con tin uously
on  on e  pi ec e  of land  t h e  soil b e co m e s  infe s t e d  wit h
t h e  ins ec t s  a n d  dis e a s e s  w hich  inju r e  t h a t  p a r ticula r
c rop.   If t h e  c rop  is ch a n g e d,  t h e  ins ec t s  a n d
dis e a s e s  find  difficul ty in a d a p tin g  t h e m s elves  to
t h e  ch a n g e  a n d  cons e q u e n tly di minis h  in n u m b e r s .

Rota tion  h elp s  to  ke e p  t h e  soil fr e e  fro m  w e e d s.  
“If t h e  s a m e  kind  of c ro p  w e r e  g ro w n  ye a r  af t e r
ye a r  on  t h e  s a m e  field,  t h e  w e e d s  w hich  g ro w  m os t
r e a dily alon g  wit h  t h a t  c ro p  wo uld  soon  t ak e  poss e ssion
of t h e  soil.”  Fo r  exa m ple,  c hick  w e e d,
dock, t his tle ,  w e e d s  p ec ulia r  to  g r ain  a n d  g r ain  c rops
t e n d  to  inc r e a s e  if t h e  lan d  is long  occ u pied  by  t h e s e
c rops .

Rota tion  h elp s  t h e  fa r m e r  to  m a k e  a  m o r e  eve n  dis t ribu tion
of labo r  t h ro u g ho u t  t h e  ye ar.  This is b e c a u s e
c rops  diffe r  a s  to  t h e  ti m e  of ye a r  a t  w hich  t h ey
a r e  pl a n t e d  a n d  h a rves t e d .

Rota tion  of c rops  e n a ble s  t h e  fa r m e r  to  p rovide  for
his  s tock  m o r e  e cono mic ally.  Live s tock  fa r e s
b e t t e r  on  a  va rie ty of food, w hich  is m o r e  ch e a ply
s ec u r e d  by a  sys t e m  of ro t a tion  t h a n  o th e r wise.

THE TYPICAL ROTATION

A typic al ro t a tion  for  g e n e r al  fa r ming  s hould  con t ain
a t  le a s t:  

On e  m o n ey c rop  w hich  is n ec es s a r ily a n  exh a u s tive
c rop.

On e  m a n u ri al c ro p  w hich  is a  soil e n ric h er.

On e  fee ding  c rop  w hich  di minis h e s  fe r tili ty only a
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li t tle.

On e  cle a n sing  c ro p,  a  ho e d  o r  c ul tiva t e d  c ro p.

CONDITIONS WHICH MODIFY THE ROTATION

The r e  a r e  c e r t ain  con di tions  w hich  t e n d  to  m o dify
t h e  ro t a tion  o r  to  influe nc e  t h e  fa r m e r  in his  choice
of c rops.   They a r e  a s  follows: 

Fi r s t  of all t h e  clim a t e  will s e t  a  limit  on  t h e  n u m b e r
a n d  va rie tie s  of c ro ps  fro m  w hich  a  choice  c a n  b e
m a d e  for  a  given  locali ty.

The  kind  of fa r min g  w hic h  h e  c hoos e s  to  c a r ry on,
w h e t h e r  s tock  r aising,  g r ain  fa r min g,  t r uck  fa r ming,
o r  a  co m bin a tion  of t wo  o r  m o r e  of t h e s e,  o r  o t h e r s .

Kind  of soil.  Ce r t ain  soils  a r e  b e s t  a d a p t e d
to  p a r ticula r  c rops .   Fo r  ex a m ple,  h e avy soils
a r e  b e s t  s ui t e d  to  w h e a t ,  g r a s s ,  clover, c a b b a g e s ,
e t c .  Ligh t ,  s a n dy soils  to  e a rly t r uck,  c e r t ain
g r a d e s  of tob a cco, e t c .

The  d e m a n d  for  c rops  a n d  t h ei r  m a r k e t  valu e.

Facilitie s  for  g e t ting  c rops  to  m a r k e t ,  good  o r  b a d
cou n t ry  ro a ds ,  r ail ro a d s  a n d  w a t e r  t r a n s po r t a tion.

The  s t a t e  of t h e  land  wi t h  r e s p e c t  to  w e e d s,  ins ec t
p e s t s  a n d  pl a n t  dis e a s e s .

GENERAL RULES

A few g e n e r al  r ul e s  m ay  b e  m a d e  u s e  of in a r r a n gin g
t h e  o rd e r  of t h e  c rop s  in t h e  ro t a tion  t ho u g h  t h ey
c a n no t  alw ays  b e  s t ric tly follow e d.

Crops  t h a t  r e q ui r e  t h e  el e m e n t s  of pl a n t  food  in t h e
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s a m e  p ro po r tion  s ho uld  no t  follow e a c h  o th er.

Dee p-roo t e d  c rops  s ho uld  al t e r n a t e  wi th  s h allow-roo t e d
c rops.
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H u m u s  m a k e r s  s hould  al t e r n a t e  wi th  h u m u s  w a s t e r s .

Eve ry w ell a r r a n g e d  ro t a tion  s ho uld  h ave  a t  le a s t
on e  c rop  g row n  for  it s  m a n u ri al effec t  on  t h e  soil,
a s  a  c rop  of cow p e a s ,  o r  on e  of clover, to  b e  t u r n e d
u n d er.

The  objec tion  oft e n  m a d e  to  t his  las t  r ul e  is t h a t ,
a side  fro m  t h e  inc r e a s e  in  fe r tili ty, t h e r e  is no
di r e c t  r e t u r n  for  t h e  ti m e,  labo r  a n d  s e e d,  a n d  t h e
land  b rings  no  c ro p  for  a  ye ar.  I t  is no t  n e c e ss a ry
to  u s e  t h e  e n t i r e  c rop  for  g r e e n  m a n u ring—a
p a r t  of it  m ay  b e  u s e d  for  h ay  o r  for  p a s t u r e  wi t h
lit tle  los s  of t h e  m a n u rial valu e  of t h e  c rop,  p rovide d
t h e  m a n u r e  fro m  t h a t  p a r t  of t h e  c rop  t ak e n  off is
r e t u r n e d  a n d  t h e  p a r t  of t h e  c rop  no t  r e m ove d  is t u r n e d
u n d er.

LENGTH OF THE ROTATION

The  leng t h  of t h e  ro t a tion  m ay  va ry fro m  a  t wo-cou r s e
o r  t wo  c ro p  ro t a tion  to  on e  of s eve r al  cou r s e s.  
C rimso n  clove r  m ay  b e  al t e r n a t e d  wit h  co rn ,  bo t h  c rops
b ein g  g ro w n  wit hin  a  ye ar.

A t h r e e-cou r s e  ro t a tion,  pop ula r  in  so m e  p a r t s  of
t h e  cou n t ry, is w h e a t ,  clover, a n d  po t a to e s;  po t a to e s
b ein g  t h e  m o n ey c ro p  a n d  cle a n sing  c ro p,  w h e a t  a  s e con d a ry
m o n ey c ro p  o r  feeding  c ro p,  a n d  clove r  t h e  m a n u ri al
a n d  fee ding  c rop.

A pop ula r  fou r-cou r s e  ro t a tion  is co r n,  po t a to e s  o r
t r uck, s m all g r ain,  clove r;  t h e  po t a to es  b ein g  t h e
c hief m o n ey c ro p,  co r n  t h e  fee ding  c ro p,  t h e  s m all
g r ain  t h e  s e con d a ry m o n ey o r  fee din g  c rop,  a n d  clove r
t h e  m a n u ri al a n d  fee din g  c ro p.

On  m a ny  N e w  E n gla n d  fa r m s  n e a r  tow ns,  h ay  a n d  s t r a w
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a r e  t h e  c hief m o n ey c ro ps.   H e r e  t h e  ro t a tion
is g r a s s  t wo  o r  m o r e  ye a r s ,  t h e n  a  cle a n sin g  c rop
a n d  a  g r ain  c rop.   A Ca n a dia n  ro t a tion  is w h e a t ,
h ay, p a s t u r e,  oa t s ,  p e a s .   A ro t a tion  for  t h e
Sou t h  mi g h t  b e  co r n,  c rim so n  clover, co t to n,  c ri m son
clove r;  t his  ro t a tion  cove ring  a  p e riod  of t wo  ye a r s .  
A Sou t h  Ca rolina  ro t a tion  is oa t s ,  p e a s ,  co t ton,  co r n—a
t h r e e-ye a r  ro t a tion.   I t  mi g h t  b e  imp roved  a s  follows: 
O a t s,  p e a s ,  c rim so n  clover, co t ton,  c rim so n  clover,
co r n.

CHAPTER XXV

FARM D RAI NAGE
So m e  fa r m  land s  con t ain  so  m u c h  w a t e r  t h a t  t h e  con di tions
of fe r tili ty a r e  in t e rfe r e d  wi th  a n d  t h e r efo r e  t h e
c rop  p rod ucin g  pow e r  of t h e s e  lan ds  is low e r e d.

HOW SURPLUS WATER AFFECTS FERTILITY

This  s u r plus  w a t e r  di minish es  fe r tili ty by r e d u cin g
t h e  a r e a  of film w a t e r  in t h e  soil.

I t  c h ecks  soil ven til a tion.

It  t e n d s  to  ke e p  t h e  soil cold.

It  dilu t e s  pl a n t  food  in t h e  soil.

I t  in t e rfe r e s  wi th  p ro p e r  tillag e.

INDICATIONS OF A NEED OF DRAINAGE

The  a bove-m e n tion e d  s t a t e  of affai r s  occu r s  so m e ti m e s
in fields  a t  t h e  foot  of hills,  o r  on  sloping  u pla n ds
w hich  r e c eive  s p rin g  w a t e r  o r  s e e p a g e  w a t e r  fro m  high e r
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land s.   So m e  fields  a r e  u n d e rl aid  by a  clos e,
co m p a c t  s u b soil w hich  so  ch e cks  p e r cola tion  t h a t  t h e
s u rfac e  soil is too  w e t  for  tillag e  op e r a tions  t h e
g r e a t e r  p a r t  of t h e  ye ar.  In  s uc h  c a s e s:  
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A n e e d  of d r ain a g e  is g e n e r ally indica t e d  by  t h e  p r e s e n c e
of m o r e  o r  les s  fr e e  w a t e r  s t a n din g  on  t h e  s u rf ac e.

In  so m e  lan ds  t h e  s u rf ac e  w a t e r  do es  no t  a p p e a r  a s
fre e  w a t e r  s t a n din g  on  t h e  s u rf ac e.   In  s uc h  c a s e s:  

A n e e d  of d r ain a g e  is indica t e d  by  t h e  c u rling  a n d
wilting  of t h e  leaves  of co r n  a n d  o t h e r  c ro ps  d u ring
d ry, ho t  w e a t h er.  This cu rling  a n d  wil ting  is
d u e  to  t h e  fac t  t h a t  d u ring  t h e  e a rly g ro w t h  of t h e
c rop  fre e  w a t e r  s t a n d s  so  high  in t h e  soil t h a t  t h e
c rop  roo t s  a r e  confine d  to  a  s h allow laye r  of soil. 
Whe n  d ry, ho t  w e a t h e r  co m e s,  t h e  fre e  w a t e r  r e c e d e s,
t h e  u p p e r  soil d ri e s  ou t ,  a n d  t h e  roo t s  c a n no t  g e t
s ufficien t  w a t e r  to  s u p ply t h e  d e m a n d s  of t r a n s pi r a tion,
h e n c e  t h e  c u rling  a n d  wil ting  of t h e  leaves.

If d r ain s  a r e  pl ac e d  in t his  soil, t h e  fr e e  w a t e r
will b e  k e p t  a t  a  low e r  level in  t h e  s p ring  a n d  t h e
pla n t  roo t s  will d evelop  d e e p e r  in t h e  soil, w h e r e
t h e r e  will b e  cons t a n t  s u p ply of film w a t e r  d u ring
t h e  d rye r  a n d  w a r m e r  s u m m e r  w e a t h er.

The  wi ry a n d  s pindling  g row t h  of g r a s s  a n d  g r ain  c rops
m ay indic a t e  too  m u c h  w a t er.

The  g ro wt h  of m os s  on  t h e  s u rfac e  of t h e  g ro u n d  a n d
t h e  c r a cking  of t h e  soil in  d ry  w e a t h e r  a r e  al so  indica tions
of too  m u c h  w a t er.

DRAINS

H ow  c a n  w e  g e t  r i d  of t his  s u r plu s  fre e  w a t e r?

We c a n  m a k e  p a s s a g e w ays  t h ro u g h  t h e  soil to  a  low e r
level a n d  t h e n  le t  g r avity p ull t h e  w a t e r  t h ro u g h
t h e m  to  lowe r  g ro u n d  b elow.  Thes e  p a s s a g e w ays
a r e  c alle d  d r ains.
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Dr ains  m ay  b e  cla s s e d  a s:  

S u rfac e  d r ain s  w hich  a r e  s h allow, op e n  c h a n n els  m a d e
in t h e  soil wi th  a  plow, ho e  o r  o t h e r  tool, to  c a r ry
off s u rf ac e  w a t er.  They a r e  t e m po r a ry  a n d  n e e d
fre q u e n t  r e n e win g.

Op e n-di tc h  d r ain s  a r e  d e e p er, m o r e  p e r m a n e n t  w a t e r
p a s s a g e w ays  a ro u n d  o r  a c ro s s  t h e  fields.

S u rfac e  a n d  op e n-di tc h  d r ain s  t ak e  only s u rfac e  w a t er. 
They al so  c a r ry  off s u rfac e  soil a n d  m a n u r e s  w a s h e d
into  t h e m.   They fre q u e n tly b eco m e  chok e d  o r  s top p e d
by t r a s h  a n d  soil, a n d  a r e  in t h e  w ay of cul tiva tion
a n d  h a rv es ting  op e r a tions.

Cove r e d  d r ain s,  u n d e r  d r ains  o r  blind  di tc h e s  a r e
w a t e r  p a s s a g e w ays  m a d e  of b r u s h,  poles,  s ton es ,  tile s,
e t c . (Figs.  8 0-8 1), pl ac e d  in t h e  bo t to m s  of
di tc h e s  a n d  t h e n  cove r e d  wi t h  soil.

INFLUENCE OF COVERED OR UNDER DRAINS ON 
FERTILITY

Influ e nc e  on  soil w a t er.
Cove r e d  o r  u n d e r  d r ain s  t ak e  no t  only s u rfac e  w a t er,
b u t  also  r e m ove  fre e  w a t e r  fro m  t h e  soil b e n e a t h  do w n
to  n e a rly t h e  level of t h e  bo t to m  of t h e  d r ains,  a n d
t h u s  inc r e a s e  t h e  a r e a  of film w a t er.  Re moving
t h e  fre e  w a t e r  e n a ble s  t h e  soil to  a b so r b  m o r e  r e a dily
r ain  w a t e r  falling  on  t h e  s u rfac e  a n d  t h e r efo r e  c h ecks
s u rfac e  w a s h  a n d  t h e  g ullying  of fields.

Influ e nc e  on  soil v e n tilation.
Low e ring  t h e  fr e e  w a t e r  allows  a  d e e p e r  p e n e t r a t ion
of ai r  a n d,  t h e r efo r e,  a  d e e p e r  roo t  d evelop m e n t  a n d
e n a ble s  c rops  to  b e t t e r  r e sis t  d ry p e riods.
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Influ e nc e  on  soil t e m p era t ur e.
Low e ring  t h e  fr e e  w a t e r  in t h e  soil influe nc e s  soil
t e m p e r a t u r e :  

By di minishing  t h e  a m o u n t  of w a t e r  to  b e  h e a t e d .

By c h e cking  ev a po r a tion.

By le t ting  w a r m  s how e r s  sink  do w n  in to  t h e  soil.

By inc r e a sin g  ven til a tion  a n d  t h e r efo r e  p e r mi t ting
t h e  ci rc ula tion  of w a r m  ai r  in t h e  soil.

The  c ro p ping  s e a so n  is leng t h e n e d  by c a u sing  t h e  soil
to  b e  w a r m e r  a n d  d rie r  e a rlie r  in t h e  s p ring  a n d  la t e r
in  t h e  fall.

Influ e nc e  on  plan t  food  in t h e  soil.
Cove r e d  o r  u n d e r  d r ain s  c h e ck  loss e s  of pl a n t  food
t h a t  occ u r  wi th  s u rfac e  a n d  op e n  di tch  d r ains .  
They r e n d e r  av aila ble  m o r e  pl a n t  food, for  lowe ring
fre e  w a t e r  a n d  inc r e a sing  ven tila tion: 

Dee p e n  t h e  fee din g  a r e a  of t h e  roo t s.

Aid t h e  p roc e s s  of ni t rifica tion.

Aid c h e mic al c h a n g e s  w hich  m a k e  pl a n t  food  av ailable.

Ch eck  d e ni t rifica tion.

LOCATION OF DRAINS

As g r avity is t h e  forc e  t h a t  is to  t ak e  t h e  s u r plu s
w a t e r  fro m  t h e  soil, t h e  ou tl e t  of t h e  d r ain a g e  sys t e m
s ho uld  b e  a t  t h e  low es t  p a r t  of t h e  a r e a  to  b e  d r ain e d.

[Illus t r a tion:  FIG. 8 3.—CROS S-SECTION S
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OF STO N E-DRAINS.]

[Illus t r a tion:  FIG. 8 4.  A.  Cross-s ec tion
of a  pole-d r ain.  B.  C ros s-s ec tion  of a  tile-d r ain.]

[Illus t r a tion:  FIG. 8 5.—A COLLECTION
OF DRAINAGE TOOLS.]

[Illus t r a tion:  FIG. 8 6.  A  r e p r e s e n t s
a  poo rly laid tile-d r ain.   I t  is poo rly g r a d e d,
a n d  h a s  p a r tly filled  wi th  soil.  I t  h a s  los t
m o r e  t h a n  h alf it s  w a t e r  c a r rying  c a p a ci ty. B
w a s  p ro p e rly g r a d e d,  a n d  h a s  ke p t  fre e  fro m  s e di m e n t.]

The  m ain  d r ains  s hould  b e  loca t e d  in t h e  low es t  p a r t s
of t h e  fields,  indic a t e d  by cou r s e s  t ak e n  by w a t e r
af t e r  a  r ain  o r  by  s m all s t r e a m s  r u n ning  t h ro u g h  t h e
fa r m.

The  la t e r al d r ain s,  if s u rf ac e  o r  op e n  di tc h  d r ains,
s ho uld  r u n  a c ros s  t h e  slop e s; if u n d e r  d r ain s,  t h ey
s ho uld  r u n  u p  a n d  dow n  t h e  slop es .

Grade  or slope  of  t h e  drain.
The  g r a d e  of t h e  d r ain  s ho uld  b e  s ufficien t  to  c a u s e
a  flow of t h e  w a t er.  In  t h e  c a s e  of op e n  di tc h e s
it  s hould  no t  b e  s t e e p  e no u g h  to  c a u s e  too  r a pid  a
c u r r e n t  a n d  a  cons e q u e n t  s e rious  w a s hing  of t h e  b a nks
of t h e  di tc h.   La r g e,  d e e p  di tc h e s  will c a r ry  w a t e r
wi th  a  g r a d e  of on e  inch  to  a  h u n d r e d  fee t .

Tile  drains.
Cove r e d  o r  u n d e r  d r ain s  a r e  m a d e  of b r u s h,  pole s,
pl a nks,  s to n e s ,  tile s,  e t c . (Figs.  8 3-8 4). 
Whe r e  tile s  c a n  b e  ob t ain e d  a t  r e a so n a ble  p rice s  t h ey
a r e  co nsid e r e d  b e s t .   Tiles  a r e  m a d e  of clay a n d
a r e  b u r n t  like  b rick.   They a r e  m o r e  las ting  t h a n
wood  a n d  a r e  e a si e r  a n d  c h e a p e r  to  lay t h a n  s to n e,
u nle ss  t h e  s ton e  m u s t  b e  go t t e n  rid  of.

The  m o s t  a p p rove d  for m  of d r ain  tile  is t h e  ro u n d
or  ci rc ul a r  for m.   Thes e  a r e  m a d e  in size s  r a n ging
fro m  t wo  a n d  on e-h alf to  six a n d  eigh t  inc h e s  in di a m e t er,
a n d  in pi ec es  on e  foot  in  len g t h .
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The  size  u s e d  d e p e n d s  on  t h e  leng t h  of t h e  d r ain,
t h e  a m o u n t  of w a t e r  to  c a r ry, t h e  fr eq u e n cy of h e avy
r ainfalls  a n d  t h e  ch a r a c t e r  of t h e  soil.

The  dis t a nc e  a p a r t  va rie s  fro m  tw e n ty-five fee t  in
h e avy soils  to  ove r  t wo  h u n d r e d  fee t  in ligh t  soils. 
The  u s u al  d e p t h  is a bo u t  t h r e e  fee t ,  t ho u g h  t h e  fa r t h e r
a p a r t  t h e  d e e p e r  t h ey a r e  p u t .

A la t e r al  tile  d r ain  s hould  e n t e r  a  m ain  a t  a n  a c u t e
a n gle  to  p r ev e n t  too  g r e a t  a  ch eck  in  t h e  cu r r e n t .

In  p u t tin g  in a  d r ain a g e  sys t e m  t h e  fir s t  t hing  to
b e  do n e  is to  m a k e  a  pl a n  of t h e  g ro u n d  a n d  d e t e r min e
t h e  slop e  of t h e  lan d  a n d  t h e  g r a d e  of t h e  d r ain.  
The  di tc h es  a r e  t h e n  s t ak e d  ou t  a n d  t h e  digging  p roc e e d s.  
In  dig ging  t h e  di tc h e s  plows  a r e  so m e ti m e s  u s e d  to
t h row  ou t  t h e  top  soil, t h e n  t h e  wo rk  is finish e d
wi th  s p a d e s  a n d  s hovels.

P rofes sion al di tc h e r s  u s e  s p e ci al tools a n d  t h ey t ak e
ou t  only s ufficie n t  e a r t h  to  m a k e  roo m  for  t h e  tiles
(Fig.  8 5).  The  tiles  a r e  t h e n  laid e n d  to  e n d,
t h e  join t s  cove r e d  wi th  a  pi ec e  of sod,  so m e  g r a s s,
s t r aw, p a p e r  o r  clay, to  p r eve n t  loos e  soil sif ting
in.  As t h e  tile s  a r e  laid,  e no u g h  soil is pl ac e d
on  t h e m  to  hold  t h e m  in pl ac e  u n til t h e  di tc h  is filled.

In  laying  t h e  tiles  a n  eve n  g r a d e  s hould  b e  m ain t ain e d
(Fig.  8 6).  A less e nin g  of t h e  g r a d e  ch ecks  t h e
c u r r e n t  of w a t e r  a n d  t e n d s  to  c a us e  a  s top p a g e  of
t h e  d r ain.

The  w a t e r  g e t s  in to  t h e  d r ain  t h ro u g h  t h e  join t s  w h e r e
t h e  tiles  co m e  tog e t h er.

The  ou tle t  of a  tile  d r ain  s ho uld  b e  p ro t e c t e d  by
b rick  wo rk  o r  s hould  b e  of gl aze d  tile  s uc h  a s  t h e
so-c alled  t e r r a-co t t a  tile, to  p r eve n t  inju ry by  fros t .

The  m o u t h  of t h e  d r ain  s ho uld  b e  p ro t ec t e d  by a  sc r e e n
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of wi r e  to  p r eve n t  t h e  e n t r a nc e  of r a t s  a n d  o th e r
s m all a ni m als.

GLOSSARY

= A cid = ,  a  c h e mic al n a m e  give n  to  m a ny so u r  s u bs t a nc e s .

= Albu m e n = ,  a  ni t ro g e no us  o r g a nic  co m po u n d.

= Albu minoid = ,  a  ni t rog e no us  s u bs t a n c e  r e s e m bling  alb u m e n.

= A m m o nia = ,  a  g a s  co n t aining  ni t rog e n  p ro d uc e d  by t h e
d ec ay of o r g a nic  m a t t er.

= A n n u al = ,  a  pl a n t  t h a t  lives  only on e  ye a r;  co r n  a n d
s u nflow e r  a r e  exa m ples.

= A n t h e r = ,  t h e  p a r t  of a  s t a m e n  t h a t  b e a r s  t h e  pollen.

=Available = ,  t h a t  w hich  c a n  b e  u s e d .

= B a c t e ri a = ,  ve ry s m all pl a n t s,  so  s m all t h a t  t h ey
c a n no t  b e  s e e n  wit ho u t  t h e  aid  of a  pow e rful mic ros cop e.  
They a r e  so m e ti m e s  c alle d  “ge r m s.” 
So m e  of t h e m  a r e  b e n eficial, so m e  do  g r e a t  h a r m  a n d
so m e  p rod uc e  dis e a s e.

= Bi e n nial = ,  a  pl a n t  t h a t  lives  t wo  yea r s,  u s u ally
p ro d ucing  s e e d s  t h e  s e co n d  ye ar.

= B o r d e a ux mixtu r e , =  a  mixt u r e  of cop p e r  s ulph a t e,
lim e  a n d  w a t e r  u s e d  to  p r eve n t  pl a n t  di se a s es .  
I t  w a s  inven t e d  in Bord e a ux, F r a n c e .

= B u d = ,  a n  u n d evelop e d  b r a n c h.

= C alyx = ,  t h e  ou t e r m os t  p a r t  of a  flow er.

= C a m biu m = ,  t h e  a c tive  g rowing  laye r  b e t w e e n  t h e  b a rk
a n d  t h e  wood  of a  t r e e .

= C a pilla ry = ,  H ai r-like.   A n a m e  give n  to  ve ry
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s m all s p a c e s  t h rou g h  w hich  w a t e r  flows  by t h e  forc e
of c a pilla ry a t t r a c tion.
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= C a r bo hyd r a t e = ,  a n  o r g a nic  s u bs t a nc e  m a d e  of oxyg e n,
hyd ro g e n  a n d  c a r bo n,  b u t  con t aining  no  ni t rog e n;  c ellulos e
o r  woody fib r e,  s u g ar, s t a r c h  a r e  ex a m ples.

= C a r bo n = ,  a  c h e mic al el e m e n t .   Ch a rco al is n e a rly
p u r e  c a r bo n.

= C a r bo nic  a cid  g a s = ,  a  g a s  consis ting  of c a r bo n  a n d
oxyge n.   I t  is p ro d u c e d  fro m  t h e  lun gs  of a ni m als,
a n d  by t h e  d e c ay o r  b u r ning  of o r g a nic  m a t t er.

= C a tc h  c rop = ,  a  c rop  g rowing  d u ring  t h e  in t e rval b e t w e e n
r e g ul a r  c rops .

= C e r e al = ,  a  n a m e  given  to  t h e  g r ain  c ro ps  t h a t  a r e
u s e d  for  food.

= C hlo ro p hyl = ,  t h e  g r e e n  m a t t e r  in pl a n t s.

= C o m m e r cial fe r tilize r s = ,  m a t e ri als  con t aining  pla n t
food  w hich  a r e  bo u g h t  a n d  sold  in t h e  m a rk e t s  to  imp rove
t h e  soil.

= C o m pos t = ,  a  mixt u r e  of d e c aying  o rg a nic  m a t t e r  u s e d
to  e n rich  t h e  soil.

= C r o ss  pollina tion = ,  t h e  pollina tion  of a  flow e r  by
pollen  b ro u g h t  fro m  so m e  o t h e r  flower.

= C ove r  c rop = ,  a  c ro p  to  cove r  t h e  soil d u ring  t h e
in t e rval b e t w e e n  r e g ula r  co r p s.

= C ul tiva to r = ,  a  fa r m  imple m e n t  u s e d  to  loos e n  t h e
s u rfac e  of t h e  soil a n d  to  kill w e e d s  af t e r  a  c ro p
h a s  b e e n  pl a n t e d .

= C u t ting = ,  a  p a r t  of a  pl a n t  plac e d  in  m ois t  soil,
w a t e r  o r  o th e r  m e diu m  with  t h e  objec t  of its  p rod ucin g
roo t s  a n d  m a king  a  n e w  pla n t .

= D o r m a n t = ,  s aid  of pl a n t s  w h e n  t h ey a r e  r e s ting  o r
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inac tive.   Mos t  pl a n t s  a r e  do r m a n t  d u ring  t h e
win t e r  s e a so n.

= D r ain a g e = ,  t h e  m e t ho d  by w hich  s u r plu s  w a t e r  is r e move d
fro m  t h e  land.

= El e m e n t = ,  a  s u b s t a nc e  t h a t  c a n no t  b e  divide d  in to
si m ple r  s u b s t a nc e s .

= F e r m e n t a tion = ,  t h e  p roc es s  by w hich  o r g a nic  s u b s t a n c e s
a r e  b roke n  do w n  o r  c h a n g e d  a n d  n e w  s u b s t a n c es  for m e d.

= F e r tili ty = ,  t h a t  s t a t e  o r  co n di tion  of t h e  soil w hich
e n a ble s  it  to  p ro d uc e  c ro ps.

= F i b r e = ,  long  t h r e a d-like  s t r uc t u r e .

= F locc ula t e = ,  to  m a k e  c r u m bly.

= F r e e  w a t e r = ,  s t a n din g  w a t e r  o r  w a t e r  w hich  flows
u n d e r  t h e  influe nc e  of g r avity.

= F u n c tion = ,  t h e  p a r ticul a r  a c tion  of a ny p a r t  of a n
o r g a nis m.

= F u r ro w = ,  t h e  t r e n c h  left  by  t h e  plow.

= F u r ro w  slice = ,  t h e  s t r ip  of e a r t h  w hich  is t u r n e d
by t h e  plow.

= G e r min a t e = ,  to  s p ro u t .

= G r af ting = ,  t h e  p roc e s s  of inse r ting  a  cion  o r  b u d
in a  s tock  pl a n t .

= G r e e n  m a n u r e  c ro ps = ,  c rops  in t e n d e d  to  b e  plow e d
u n d e r  to  im p rove  t h e  soil.

= H a r r ow = ,  a n  im ple m e n t  u s e d  to  p ulve rize  t h e  s u rf ac e
of t h e  soil.

= H e avy soils = ,  soils  t h a t  a r e  h a r d  to  wo rk; s tiff,
cloddy soils.

= H o r ticul tu r e = ,  t h a t  b r a n c h  of a g ricul tu r e  w hich  d e als
wi th  t h e  g rowing  of frui t s ,  veg e t a ble s,  flowe r s  a n d
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or n a m e n t al  pl a n t s.

= H u m u s = ,  p a r ti ally d e c aye d  a ni m al a n d  veg e t a ble  m a t t e r
in  t h e  soil.

= H y d ro g e n = ,  a  g a s eo u s,  c h e mic al el e m e n t,  on e  of t h e
con s ti t u e n t s  of w a t er.

= I n t e r-tillag e = ,  tillag e  b e t w e e n  pl a n t s.

= I r rig a tion = ,  t h e  p r a c tice  of s u p plying  pl a n t s  wi th
w a t e r  by a r t ificial m e a n s.
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= K ainit e = ,  a  po t a s h  s al t  u s e d  in  m a kin g  fe r tilizer.

= K e r n el = ,  a  sin gle  s e e d  o r  g r ain.

= L e a c hing = ,  p a s sin g  t h ro u g h  a n d  going  off in d r ain a g e
w a t er.

= L e g u m e = ,  a  pl a n t  b elonging  to  t h e  b e a n,  p e a  a n d  clove r
fa mily.

= Lig h t  soils = ,  soils  w hich  a r e  loos e  a n d  op e n  a n d
e a sy to  work.

= L o a m = ,  a  mixtu r e  of s a n d,  clay a n d  o rg a nic  m a t t er.

= M o uld  bo a r d = ,  t h e  c u rve d  p a r t  of t h e  plow w hich  t u r n s
t h e  fu r row  slice.

= M ulch = ,  a  cove ring  on  t h e  soil.  I t  m ay  b e  of
s t r aw, le aves,  p ulve rized  soil o r  o t h e r  m a t e r ial.

= N e c t a r = ,  a  s w e e t  s u bs t a nc e  in flow e r s  fro m  w hich
b e e s  m a k e  ho n ey.

= N i t r a t e = ,  a  soluble  for m  of ni t rog e n.

= N i t rifica tion = ,  t h e  c h a n gin g  of ni t rog e n  in to  a  ni t r a t e .

= N i t rog e n = ,  a  g a s  for min g  fou r-fifths  of t h e  air. 
Ni t rog e n  is a  ve ry n e c e s s a ry food  of pl a n t s.

= O r g a nic  m a t t e r = ,  s u b s t a n c e s  p ro d u c e d  by t h e  g ro wt h
of pl a n t s  a n d  a ni m als.

= O s m os e = ,  t h e  m ove m e n t  of fluids  t h ro u g h  m e m b r a n e s
o r  t hin  p a r ti tions.

= O xyg e n = ,  a  g a s  w hich  for m s  on e-fifth  of t h e  air. 
I t s  p r e s e n c e  is n e c e ss a ry  to  t h e  life  of all g r e e n
pla n t s  a n d  all a ni m als.
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= O v a ry = ,  t h e  p a r t  of t h e  pis til t h a t  b e a r s  t h e  d eveloping
s e e d s.

= O v ule = ,  a n  im m a t u r e  s e e d  in t h e  ova ry.

= P e r e n ni al = ,  living  t h ro u g h  s eve r al  ye a r s .

= P h os p ho ric  a cid = ,  a n  impor t a n t  pl a n t  food foun d  in
p hos p h a t e s .

= P i s til = ,  t h e  p a r t  of t h e  flow e r  w hich  p ro d uc e s  s e e d s .

= P r o p a g a t e = ,  to  inc r e a s e  in n u m b er.

= P ollen = ,  t h e  po w d e ry  s u bs t a nc e  p ro d u c e d  by s t a m e n s.

= P ollina tion = ,  t h e  t r a n sfe r  of polle n  fro m  s t a m e n s
to  pis tils.

= P o t a s h = ,  a n  impo r t a n t  pl a n t  food.

= P r u ning = ,  r e m oving  p a r t s  of a  pl a n t  for  t h e  good
of w h a t  r e m ains .

= R e t e n tive = ,  holding,  r e t aining,  s aid  of soil w hich
holds  w a t er.

= R ev e r t e d = ,  s aid  of p hos p ho ric  a cid  in  t h e  p roc e s s
of b e co min g  insoluble.

= R o t a tion  of c rop s = ,  a  c h a n g e  of c rops  in r e g ul a r
o r d er.

= S a p = ,  t h e  juice  o r  liquid  con t e n t s  of pl a n t s.

= S e e d  b e d = ,  t h e  e a r t h  in  w hic h  s e e d s  a r e  sow n.

= S e e dling = ,  a  youn g  pl a n t  jus t  fro m  t h e  s e e d.  
Also a  pl a n t  r ai s e d  fro m  a  s e e d  in di s tinc tion  fro m
on e  p ro d uc e d  fro m  a  g r af t  o r  a  c u t ting.

= S e p al = ,  on e  of t h e  p a r t s  of t h e  c alyx.

= S lip = ,  a  c u t ting  pl ac e d  in  w a t e r  o r  m ois t  soil o r
o th e r  s u bs t a nc e  to  p ro d uc e  roo t s  a n d  for m  a  n e w  pla n t .
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= S oil = ,  t h a t  p a r t  of t h e  e a r t h’s c r u s t  in to
w hich  pl a n t s  s e n d  t h ei r  roo t s  for  food a n d  w a t er.

= S t a m e n = ,  t h a t  p a r t  of a  flowe r  w hich  b e a r s  t h e  polle n.

= S t ig m a = ,  t h e  p a r t  of t h e  pis til w hich  r ec eives  t h e
pollen.

= S t o m a t a = ,  b r e a t hin g  po r e s  in pl a n t s .

= S u b soil = ,  t h a t  p a r t  of t h e  soil w hich  lies  b e n e a t h
t h e  soil t h a t  is wo rk e d  wi th  t h e  tillag e  tools.

= S a p  roo t = ,  a  m ain  roo t  t h a t  r u n s  s t r aigh t  dow n  in to
t h e  soil.
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= Tillag e = ,  s ti r ring  t h e  soil.

= T r a n s pi r a tion = ,  t h e  giving  off of w a t e r  fro m  pla n t s.

= T u b e r cle = ,  a  s m all no d ula r  g ro wt h  on  t h e  roo t s  of
pl a n t s.

= U n d e r  d r ain a g e = ,  d r ain a g e  fro m  b elow.

= Vit ali ty of s e e d s = ,  t h e  a bili ty of s e e d s  to  g row.

INDEX

  Acid p hos p h a t e s ,  1 9 6.

  Adob e  soils, 3 0.

  Afte r-cul tiva tion,  1 5 8,  1 6 4.
    b e n efi t s  fro m, 1 6 4.
    fla t ,  1 6 9.
    fr e q u e ncy of, 1 6 7.
    s ave s  w a t er, 1 6 4.
    s h allow, 1 5 ,  1 6 7,  1 6 9.
    tim e  for, 1 6 6.
    tools  for, 1 6 7.

  Agencies  a c tive  in  m a kin g  soils, 3 2 .

  Agen t s,  wi th  w hich  fa r m e r  works,  5 .
    m o s t  impo r t a n t ,  6 .

  Agricul tu r e ,  foun d a tion  fac t s  a n d  p rinciple s
of, 2 2.

  Air, a n d  t h e  fa r m er, 5 .
    in  r el a tion  to  g e r min a tion,
7 2 .
    n e c e s s a ry  for  roo t  g ro wt h,
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2 0.
    wo rk  of, in  m a kin g  soils,
3 6 .

  Albu minoids  in pl a n t s,  6 4,  6 6.

  Alfalfa  o r  luce r n ,  6 8.
    roo t s,  1 3.
    soils, 2 9.

  Am mo nia  in fe r tilize r s,  2 0 4,  2 0 5.
    in  b a r n  m a n u r e s ,  1 7 5.
    los t  by fe r m e n t a tion,  1 7 5.
    s ulp h a t e  of, 1 9 4.

  Analysis  of pl a n t s,  1 6 3-1 6 6.
    of fe r tilize r s,  2 0 3.

  Anim als, 5 .
    a n d  t h e  fa r m er, 5 .
    d e p e n d e n t  on  pl a n t s,  6 .
    wo rk  of, in  m a kin g  soils,
3 7 .

  Annu al pl a n t s,  1 2 5.

  Anth e r s ,  1 2 9.

  Aphis,  1 1 6.

  Apple,  flowe r  of, 1 2 9,  1 3 0.

  Ash in pl a n t s,  6 5,  6 6.

  Ashes,  a  sou rc e  of po t a s h ,  1 9 9.
    co t ton  h ull, 1 9 9.

  Bac t e ri a ,  6 8,  1 4 3.
    a n d  t h e  fa r m er, 5 ,  1 4 4.
    d e ni t rifying,  1 4 4.
    in  m a n u r e s ,  1 7 4.
    in  t h e  roo t s  of leg u m e s,  6 8 .
    in  t h e  soil, 6 8,  1 4 3.
    ni t rifying,  1 4 4.
    ni t ro g e n-fixing,  1 4 4.
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  Ba r e  fallow, 1 0 0.
    w h e n  a dvis a ble,  1 0 0.

  Ba r n  m a n u r e s ,  1 7 1.
    a p plica tion  of, 1 7 7.
    con di tion  of, 1 7 9.
    effec t  of on  soil t ex t u r e ,
1 7 2.
    los s  of valu e  of, 1 7 3.
    m e a ning  of t e r m,  1 7 3.

  Bee t,  6 .

  Bee t s,  4 .
    ni t ro g e n  for, 2 1 4.

  Biological p ro p e r ti e s  of a  fe r tile  soil,
1 4 3.

  Biology, 1 4 3.

  Blood, d rie d,  1 9 4.
    a s  a  fe r tilizer, 1 9 4.
    ni t ro g e n  in, 1 9 4.

  Bokh a r a  clover, 1 9 0.

  Bon e,  di ssolved,  1 9 7.
    d u s t ,  1 9 7.
    g ro u n d,  1 9 7.

  Bon e  fe r tilize r s,  1 9 7.
    m e al, 1 9 7.
    r aw, 1 9 7.
    s t e a m e d,  1 9 7.

  Bon e  bl ack,  1 9 7.
    dis solved,  1 9 8.

  Bon es ,  1 9 5,  1 9 7.

  Bor d e a ux mixtu r e ,  1 1 8.

  Br e aking  ou t  t h e  mid dle s,  9 7.

  Brick,  3 0.
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  Brus h  h a r row, 1 0 2,  1 0 5.

  Buds,  1 2 0.

  Buildings,  5 .
    a n d  t h e  fa r m er, 5 .

  Bu r e a u  of soils, U ni t e d  S t a t e s ,  2 8.  
    De p a r t m e n t  of Agricul tu r e ,
2 8 .
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  Bu t t e r c u p,  flow e r  of, 1 2 9,  1 3 0.

  Ca b b a g e,  fe r tilize r  for, 2 1 1.
    soil, 2 8,  1 6 1.
    t r a n s pla n ting,  8 7,  8 8.
    wo r m,  1 1 7.

  Ca b b a g e s ,  4 .

  Calciu m  in pl a n t s,  6 6 ,  6 7 .
    in  soils, 6 8.

  Calyx, 1 2 9.
    func tion  of, 1 3 2.

  Ca m biu m,  1 2 6.

  Ca n a dia n  field  p e a ,  1 8 9.

  Ca n t eloup e  soil, 2 8.

  Ca pilla ry force,  4 9.
    m e a ning  of t e r m,  4 9.
    t u b e s ,  4 9 .
    w a t er, 1 5 3.

  Ca r bo n  in pl a n t s,  6 6.

  Ca r bo nic a cid  in soil, 3 7.

  Ca r ro t s,  4 ,  6 .

  Ca uliflow e r  soil, 2 8.

  Cele ry, 4 .

  Cellulos e  in  pl a n t s,  6 3,  6 6.

  Ch ain  h a r row, 1 0 2,  1 0 5.

  Ch e mical p rop e r ti e s  of a  fe r tile  soil,
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1 4 7.

  Ch e r ry flow er, 1 2 9,  1 3 0.

  Chlorop hyl in leaves,  1 1 3.

  Cla ssifica tion  of soils, 2 6.

  Clay, 2 7,  3 8.
    a n d  lime,  4 2.
    loa m s,  2 9.
    po w e r  to  a b so r b  w a t er, 4 1,
4 2 .
    r el a tion  to  w a t er, 2 5,  4 1,
4 3 .
    soils, 2 9.
    soils  inju r e d  by wo rking  w h e n
w e t,  4 5.
    to  imp rove  t ext u r e  of, 4 2.
    w a t e r-holding  po w er, 4 4 .

  Clevis, 9 3.

  Climbing  pl a n t s ,  1 2 1.

  Clover, 6 8.  
    Bokh a r a ,  1 9 0.
    c ri mso n,  1 8 9.
    m a m m ot h,  1 8 9.
    r e d,  1 8 8.

  Clove r s,  a s  g r e e n  m a n u r e-c ro ps,  1 8 8.
    a s  ni t rog e n  g a t h e r e r s ,  1 8 4.
    no d ule s  on  roo t s  of, 1 8 4.

  Co m m e r cial fe r tilize r s,  1 7 1,  1 9 2.
    a m o u n t  to  b uy, 2 1 2.
    ho m e  mixing,  2 1 1.
    kind  to  b uy, 2 1 2.
    r a w  m a t e r ials,  1 9 2.  
    (S e e  also  Fe r tilize r s.)

  Co m pos t s,  1 7 1,  1 8 1.

  Con di tions  n e c e ss a ry for  roo t  g row t h,
2 0.
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  Cor n,  a  h u m u s  w a s t er, 2 2 6.
    d e p t h  of r oo t  g row t h  of, 1 3.
    flowe r  of, 1 3 2.
    g e r min a tion  of, 7 8 ,  7 9 .
    in  ro t a tion,  2 2 6,  2 2 9,  2 3 4.
    pla n t ,  6 .
    pollina tion  of, 1 3 3.
    r a pid  g row t h  of roo t s  of,
1 3 .
    roo t s  cu t  by plow, 1 4.
    soils, 2 8,  2 9,  3 0,  1 6 1.
    s t r u c t u r e  of s e e d,  7 8.
    w a t e r  u s e d  by, 4 0.

  Corolla,  1 2 9.
    func tion  of, 1 3 2.

  Cot ton,  5 ,  1 6 1.
    a  h u m u s  w a s t er, 2 2 1.
    in  ro t a tion,  2 2 5-2 2 9.
    pla n t ,  6 .
    pla n t  food  r e m oved  by, 2 2 7.  
    S e a  Isla n d,  1 6 1.
    soils, 2 8,  2 9,  1 6 1.
    u pl a n d,  1 6 1.

  Cot ton  h ull a s h e s ,  1 9 9.

  Cot ton-s e e d  m e al, 1 9 4.

  Cotyledons,  7 7.
    u s e  of, 7 9.

  Coul t e r  of plow, 9 4 .

  Coul t e r-too t h e d  h a r row, 1 0 2,  1 0 4.

  Cow m a n u r e ,  1 7 8.
    los s e s  by expos u r e,  1 7 8.

  Cow p e a s,  6 8,  1 8 6.
    for  g r e e n  m a n u rin g,  1 8 6.
    pla n t  food  in, 1 8 7.
    roo t  g row t h  of, 1 2.
    soils  for, 1 8 7.
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  Crop pin g  a n d  soil w a t er, 1 5 9,  1 6 0.

  Crops,  cle a n sin g,  2 3 2.
    fee ding,  2 3 2.
    in  ro t a tion,  2 1 9.
    m a n u ri al, 2 3 2.
    m o n ey, 2 3 2.
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  Cuc u m b e r  flow er, 1 3 3.

  Cultiva tion.  
    (S e e  Afte r-c ul tiva tion.)

  Deni t rifica tion,  1 4 7.
    con di tions  favoring,  1 4 7.

  Deni t rifying  g e r m s,  1 4 4,  1 4 7.

  Dr af t  r in g  of plow, 9 3.

  Dr aining,  n e e d  of, 2 3 5.

  Dr ain s,  1 5 8-2 3 9.
    a n d  c a pilla ry w a t er, 2 3 7.
    cove r e d ,  2 3 7.

  Dr ain s,  effec t  on  film w a t er, 2 3 7.
    effec t  on  pl a n t  food, 2 3 8.
    effec t  on  soil t e m p e r a t u r e ,
2 3 8.
    effec t  on  soil w a t er, 2 3 7.
    g r a d e  of, 2 3 9.
    la t e r al,  2 3 9.
    loca tion  of, 2 3 8.
    m ain,  2 3 9.
    op e n  di tc h,  2 3 7.
    s u rfac e,  2 3 7.
    tile, 2 3 9.

  Dried  blood, 1 9 4.
    a s  a  fe r tilizer, 1 9 4.
    ni t ro g e n  in, 1 9 4.

  E a rly c ro ps,  soils  for, 2 7,  2 8.

  Eg g  exp e ri m e n t s  to  s how  os mos e,  1 8,  1 9.

  Eg g  pl a n t ,  soil for, 2 8.
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  El e m e n t s  in pl a n t s ,  6 6.

  El m t r e e  leaf b e e tl e,  1 1 7.

  En dos p e r m,  7 8.
    u s e  of, 7 9.

  Epico tyl, 7 8.

  Es s e n ti al o r g a n s  of flow e r s ,  1 3 1.

  Eva po r a tion,  los s  of w a t e r  by, 5 4.
    los s  of h e a t  by, 5 9.

  Excu r sion,
    to  exa min e  soils, 2 4.
    to  s e e  plow cu t tin g  roo t s,
1 4 .
    to  s t u dy roo t s,  1 1.
    to  s t u dy le aves,  1 0 8.
    to  s t u dy s t e m s,  1 2 0.
    to  visi t  fa r m,  4.

  Expe ri m e n t  to  s how,
    ai r  n ec es s a ry  for  g e r min a tion,
7 3 .
    a m o u n t  of t r a n s pi r a tion,  1 1 0.
    c a pilla ri ty, 4 9.
    c a p a ci ty of soils  for  film
w a t er, 5 1.
    ch e cking  loss  of w a t e r  by
ev a po r a tion,  5 5 .
    chlo rop hyl n e c e ss a ry for  s t a r c h
m a king,  1 1 3.
    effec t  of soil m ulch,  5 5 .
    d e p t h  of pl a n ting  s e e d s,  8 1.
    effec t  of lim e  on  cl ay soil,
4 2 .
    effec t  of wo rking  soil w h e n
w e t,  2 6,  4 5.
    exclusion  of oxyge n  by leaf,
1 1 3.
    film w a t er, 5 0 .
    g ro w t h  in leng t h  of roo t s,
1 6 .
    h e a t  n e c e ss a ry  for  g e r min a tion,
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7 3.
    ho w  food  a n d  w a t e r  g e t  in to
t h e  roo t,  1 8,  1 9.
    ho w  soils  a r e  w a r m e d,  5 8.
    ho w  soils  lose  h e a t ,  5 9.
    impo r t a n c e  of roo t s,  7 .
    m ois t u r e  n e c e s s a ry  for  g e r min a tion,
7 1 .
    no  s t a r c h  for m e d  in d a rk,
1 1 2.
    os mos e,  1 8,  1 9.
    pla n t s  con t ain  albu minoids,
6 4 .
    pla n t s  con t ain  a s h e s ,  6 5.
    pla n t s  con t ain  c ellulos e,
6 3 .
    pla n t s  con t ain  g u m,  6 4.
    pla n t s  con t ain  oil, 6 4.
    pla n t s  con t ain  s t a r c h,  6 4.
    pla n t s  con t ain  s u g ar, 6 4.
    pla n t s  con t ain  w a t er, 6 5.
    po w e r  of soils  to  a b so r b  r ain,
4 0 .
    po w e r  of soils  to  hold  w a t er,
4 4 ,  4 5 .
    po w e r  of soils  to  p u m p  w a t er,
4 3 .
    roo t s  a b so r b  m ois t u r e,  9 .
    roo t s  t ak e  food  fro m  soil,
9 .
    roo t s  p ro d uc e  n e w  pla n t s ,
1 0 .
    roo t s  n e e d  air, 2 1.
    soil c h a r a c t e ris tics,  2 4 ,
2 5 .
    soil t e m p e r a t u r e ,  5 7,  6 0.
    s t a r c h  in  leaf, 1 1 1.
    s t e m s  c a r ry  s a p,  1 2 2.
    s t e m s  s to r e  food, 1 2 4.
    t r a n s pi r a tion,  t h e  fac t ,  1 0 9.
    t r a n s pi r a tion,  a m o u n t ,  1 1 1.
    u s e  of co tyle do ns,  7 9.
    w h a t  b e co m e s  of w a t e r  t ak e n
by roo t s,  3 9.
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  Fallow, b a r e ,  1 0 0.

  Fall plowing,  9 9.

  Fa milies  of pl a n t s ,  8 6.

  Fa r m  d r ain a g e,  2 3 5.

  Fa r m  m a n u r e s ,  1 7 1,  1 8 3.
    cl as sifica tion  of, 1 7 1.
    impo r t a n c e  of, 1 7 2.

  Fa r m e r  d e als  wi t h  a g e n t s ,  laws  a n d  forc es,
5.

  Fa t  in pl a n t s ,  6 4.

  Fe r m e n t a tion  of m a n u r e s ,  1 7 4.

  Fe r til e  soil, a ,  1 4 1.
    biological p ro p e r ti e s  of,
1 4 2,  1 4 3.
    ch e mic al p ro p e r ti es  of, 1 4 2,
1 4 7.
    m o s t  impo r t a n t  p rop e r ti es
of, 1 5 0.
    p hysical p rop e r ti e s  of, 1 4 2.

  Fe r tili ty of t h e  soil, 1 5 0.
    e co no mizing  t h e ,  1 5 0.
    m ain t aining  t h e ,  1 5 0.

  Fe r tilize r s ,  co m m e r cial, 6 8,  1 9 2.
    a n alysis  of, 2 0 3.
    cl as sifica tion  of, 1 7 1.
    ho m e  mixing,  2 1 1.
    ho w  to  know w h a t  kind  is n e e d e d,
2 1 2.
    impo r t a n c e  of t ho rou g h  mixing
wi th  t h e  soil, 1 5.
    m a n ufac t u r e d ,  2 0 2.
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    m a ny b r a n d s,  2 0 2.
    mixe d,  2 0 2.
    r a w  m a t e r ials,  1 9 2.
    sou rc e s  of lime,  1 9 3,  2 0 0.
    sou rc e s  of ni t rog e n,  1 9 3.
    sou rc e s  of p hos p ho ric  a cid,
1 9 3,  1 9 5.
    sou rc e s  of po t a s h ,  1 9 3,  1 9 9.
    u s e  of by fa r m er, 1 7 2,  1 9 2.
    value  of pl a n t  food  in, 2 0 5.

  Fila m e n t  of s t a m e n,  1 2 9.

  Film  w a t er, 5 0.

  Fis h  sc r a p  a s  a  fe r tilizer, 1 9 4.

  Flow er,
    of a p ple,  1 2 9,  1 3 0.
    of b u t t e r c u p,  1 2 9,  1 3 0.
    c alyx, 1 2 9.
    of c h e r ry, 1 2 9,  1 3 0.
    co rolla,  1 2 9.
    of c uc u m b er, 1 3 3.
    func tions  of p a r t s  of, 1 3 0.
    of ho n eys uckle,  1 2 9.
    of m elon,  1 3 3.
    p a r t s  of, 1 2 9.
    of p e a c h,  1 2 9,  1 3 0.
    p e t al s,  1 2 9.
    of p e t u nia,  1 2 9.
    pis til, 1 3 0.
    pollen,  1 3 0.
    of po t a to,  1 2 9.
    s e p al s,  1 2 9.
    s t a m e n,  1 2 9.
    of s q u a s h,  1 3 3.
    of to m a to,  1 2 9.
    of wild m u s t a r d,  1 2 9,  1 3 0.

  Flow e r s ,  8 ,  1 2 8.
    e s s e n ti al p a r t s  of, 1 3 1.
    func tions  of, 1 3 0.

  Food  of pl a n t s,  6 3.
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  Forc e s  of n a t u r e  a n d  t h e  fa r m er, 5 .

  For e s t  soils, 2 9.

  Fou n d a tion  fac t s  a n d  p rinciple s  of a g ric ul tu r e ,
2 2 .

  F r e e  w a t e r  in t h e  soil, 4 8,  1 5 3.
    inju rious  to  roo t s,  1 5 3.
    sou rc e  of c a pilla ry a n d  film
w a t er, 1 5 3.

  F r e s no  s a n d,  2 8.

  F r ui t,  8 ,  1 3 6.

  F r ui t  soils, 2 9.

  F r ui t s ,  2 7.

  F u r ro w  slice,  9 6.

  Gas  lim e,  2 0 1.

  Ge r a niu m,  6.

  Ge r min a ting  s e e d s ,
    n e e d  air, 7 3.
    n e e d  h e a t ,  7 3.
    n e e d  w a t er, 7 1 .

  Ge r m s,  1 4 3.
    d e ni t rifying,  1 4 4,  1 4 7.
    ni t rifying,  1 4 4,  1 4 5.
    ni t ro g e n  fixing,  1 4 4.

  Goos efoo t  fa mily, 8 6.

  Gour d  fa mily, 8 6.

  Gr af ting,  1 3 6.

  Gr ain  c rops  h u m u s  w a s t e r s ,  2 2 4.

  Gr ain  soils, 2 8.
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  Gr as s,  5 .
    fa mily, 8 6.
    soils, 2 8,  2 9,  3 0,  1 6 2.

  Gr avel, 2 6.
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  Gr avelly loa m s,  2 9.

  Gr e e n-c ro p  m a n u r e s ,  1 7 1,  1 8 3.
    b e n efi t s  fro m, 1 8 5.
    b e s t  pl a n t s  for, 1 8 5.

  Gr e e n  m a n u r e-c ro ps,  1 8 6.
    clove r s  a s ,  1 8 8.
    cow p e a s  a s ,  1 8 6.
    legu m e s  a s ,  1 8 6.
    no n-leg u minous,  1 9 1.
    soy-b e a n  a s ,  1 8 9.
    tim e  for  g ro wing,  1 8 6.

  Gu m  in pl a n t s ,  6 4,  6 6.

  Gyps u m,  2 0 1.

  H a bi t  of g row t h  of r oo t s,  1 1.

  H a n dle s  of plow, 9 3 .

  H a r rowin g,  1 0 1,  1 5 8.
    objec t s  of, 1 0 1.
    tim e  for, 1 0 1.

  H a r row s,  4 ,  1 0 2.
    b r u s h ,  1 0 2,  1 0 5.
    ch ain,  1 0 2,  1 0 5.
    coul t e r-too th e d,  1 0 2,  1 0 4.
    pla nk,  1 0 2,  1 0 5.
    rolling  c u t t er, 1 0 2,  1 0 3.
    s pike-too t h e d,  1 0 2,  1 0 4.
    s p rin g-toot h e d,  1 0 2,  1 0 3.

  H ay  soils, 2 9,  3 0.

  H e a t  a n d  t h e  fa r m er, 5 .

  H e a t  n ec es s a ry  for  g e r min a tion,  7 3.
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  Hilling  t h e  c ro p,  1 6 9.

  Hilu m, 7 7.

  Ho eing  a n d  soil w a t er, 1 5 8.

  Ho es,  4 .

  Ho r n  s h avings  a s  fe r tilizer, 1 9 5.

  Ho r s e  m a n u r e ,  1 7 6.
    los s e s  w h e n  piled,  1 7 6.

  Ho u s e  pla n t s ,  w a t e ring  of, 5 1.

  Ho w  t h e  b e a n  g e t s  u p,  7 8 .

  Ho w  t h e  co r n  g e t s  u p ,  7 9.

  H u m u s,  2 7,  3 8.
    influe nc e  on  soil t ex t u r e ,
6 2 .
    ni t ro g e n  in, 6 7.
    a  sou rc e  of ni t rog e n,  6 7 .
    w a t e r-a b so r bin g  pow e r  of,
4 1 .
    w a t e r-holding  po w e r  of, 4 4.
    w a t e r-p u m pin g  po w e r  of, 4 3.

  Hyd ro g e n  in pl a n t s,  6 6.

  Hypoco tyl, 7 8.

  Ice,  wo rk  of, in m a king  soils, 3 5.

  Ins ec t s,  c h e wing,  1 1 7.
    ho w  to  co m b a t ,  1 1 6,  1 1 7.
    inju r e  le aves,  1 1 6.
    s ucking,  1 1 6.

  Ins ec t  pollina tion,  1 3 1.

  In t e r-tillag e,  1 6 4.

  Iodin e,  t e s t  for  s t a r c h,  6 4.
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  I ron  in pl a n t s,  6 6.

  Join t e r  of plow, 9 5.
    value  a s  a  p ulve rizer, 9 5.

  Kaini t e ,  1 9 9.

  Knowled g e  of flow e r s ,  valu e  of, 1 3 4.

  Lan d  pl a s t er, 2 0 0.

  Laws  of n a t u r e ,  5 .

  Leaf wo rk,  con di tions  n e c e s s a ry  for, 1 1 4.
    in t e rfe r e d  wi th,  1 1 5,  1 1 8.

  Lea t h e r  a s  a  fe r tilizer, 1 9 5.

  Leave s,  8 ,  1 0 8.
    dig e s t  food, 1 1 4.
    fac t s  a bo u t ,  1 0 8.
    func tions  of, 1 0 9.
    m a n ufac t u r e  s t a r c h,  1 1 2.
    t r a n s pi r e  w a t er, 1 1 0.

  Legu m e  fa mily, 8 6.

  Legu m e s,  d efini tion  of, 6 8.
    ni t ro g e n  fixe r s,  6 8,  1 8 6,
1 4 4.
    value  a s  g r e e n  m a n u r e  pl a n t s ,
1 4 4,  1 8 5.

  Legu minous  pl a n t s,  6 8 .

  Ligh t  n ec es s a ry  for  le af wo rk,  1 1 4.

  Lily family, 8 6.

  Lim e,  2 0 0.
    a m o u n t  to  u s e,  2 0 0.
    effec t  on  s a n d,  2 0 0.
    effec t  on  clay, 2 0 0.
    in  soils, 1 4 9.
    it s  a c tion  on  soils, 1 4 9,
2 0 0.
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    s e t s  fr e e  po t a s h ,  1 4 9.
    sou rc e s  of, 1 7 1,  2 0 0.

  Lim e  s ton e  soluble  in w a t er, 3 1.

  Loa m,  2 8 .
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  Loa my soils, 2 8.

  London  p u r ple,  1 1 7.

  Loss  of soil w a t er, 5 3,  1 5 5.

  Luc e r n ,  1 3.
    roo t s,  1 3.

  M a g n e siu m  in pl a n t s,  6 6.

  M ain t e n a nc e  of fe r tility, 1 5 0.

  M a t e r ials  co m posin g  soils, 2 6.

  M allow fa mily, 8 6.

  M a n u r e s ,  b a r n ,  1 7 1,  1 7 3.
    a p plica tion  of, 1 7 7.
    c a r e  of, 1 7 3.
    ch e cking  loss e s  fro m, 1 7 6.
    effec t  on  soil t ex t u r e ,  1 7 2.
    effec t  on  soil w a t er, 1 5 9.
    func tions  of, 1 7 1.
    los s e s  fro m  leac hing,  1 7 3.
    los s e s  fro m  h e a ting,  1 7 4.

  M a ny t hin gs  t h e  fa r m e r  d e al s  wi th,  5 .

  M a rigold,  6 .

  M a rl, 2 0 1.

  M elon  flow er, 1 3 3.

  Mia mi s a n d,  2 8.

  Microscopic o r g a nis m s,  5 .

  Mixed  fe r tilize r s,  2 0 2.
    infla ting  t h e  g u a r a n t e e ,  2 0 4.
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    low g r a d e,  2 0 4,  2 0 7.
    m a ny b r a n d s,  2 0 2.
    valu a tion  of, 2 0 5.

  Mo r ning-glo ry, 1 2 9.

  Mos t  impo r t a n t  fac to r  in  t h e  r aising  of
c rops ,  1 5 1.

  Mo uld  bo a r d  of plow, 9 4.

  M uck,  s w a m p,  3 0.

  M ulch,  soil, 5 6.
    ho w  m a d e ,  5 6.
    to  s ave  w a t er, 5 6.

  M u ri a t e  of po t a s h ,  1 9 9.

  M u s t a r d,  fa mily, 8 6.
    flower, 1 2 9,  1 3 0.

  M u sk m elon  soils, 1 6 1.

  Nig h t  s h a d e  fa mily, 8 6.

  Ni t r a t e s ,  w h a t  t h ey  a r e ,  1 4 6.
    availabili ty of, 1 4 6,  1 9 3.
    solubili ty of, 1 4 6.

  Ni t r a t e  of so d a,  1 9 3.
    ni t ro g e n,  1 9 3.

  Ni t ric  a cid  in soil, 1 4 6.

  Ni t rifica tion,  1 4 6.
    aid e d  by plowing,  1 4 6.
    aid e d  by lim e,  1 4 6.
    con di tions  favor a ble  to,  1 4 6.

  Ni t rifying  g e r m s,  1 4 4,  1 4 5.

  Ni t rog e n,  6 6 .
    a d d e d  to  t h e  soil by leg u m e s,
6 8.
    g ro w n  on  t h e  fa r m,  6 8 .
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    in  h u m u s,  1 6 7.
    in  soils, 6 7,  1 4 8.
    in  pl a n t s ,  6 6,  6 7.
    in  fe r tilize r s,  1 9 2.
    los s  of, 6 7.
    sou rc e s  of, 1 7 1.

  Ni t rog e n-fixing  g e r m s,  1 4 4.

  No n-legu mino us  g r e e n  m a n u r e-c rops ,  1 9 1.

  No rfolk s a n d,  2 8.

  Oa t s,  soil for, 2 9.

  Objec t  of t his  book, 3 .

  Odorle s s  p hos p h a t e ,  1 9 8.

  Oil in pl a n t s,  6 4,  6 6.

  On e-c rop  sys t e m,  2 2 1.
    effec t  on  fe r tili ty, 2 2 1.

  Onion, 6 .

  Org a nic  m a t t er,
    in  soils, 3 2,  6 2,  2 2 0.
    value  of, 6 1.

  Os mos e,  1 8.

  Ova ry of flow er, 1 3 0.

  Ovules,  1 3 0.

  Oxyg e n  in pl a n t s,  6 6.

  Pa ris  g r e e n  to  d e s t roy ch e win g  ins ec t s,
1 1 7.

  Pa r sl ey fa mily, 8 6.

  Pa r s nip  roo t ,  d e p t h  of g row t h,  1 3.

  Pa r s nips,  4 .
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  Pas t u r e ,  soils  for, 3 0.

  Pe a  fa mily, 8 6.
    soils, 2 8.

  Pe ac h  bo r er, 1 2 7.
    flower, 1 3 0.

  Pe a n u t s,  5 .

  Pe a t ,  3 0.

  Pe p p e r s,  soil for, 2 8.
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  Pe rcola tion  of w a t er, 4 1.

  Pe t als,  1 2 9.

  Pe tu nia,  1 2 9.

  Pigw e e d s,  5 ,  6 .

  Pis til, 1 3 0.
    func tion  of, 1 3 1.

  P hos p h a t e ,  odo rle s s,  1 9 8.
    rock,  1 9 5.
    sl a g,  1 9 5,  1 9 8.

  P hos p ho ric  a cid,  1 9 5.
    available,  1 9 5,  1 9 6.
    in  fe r tilize r s,  1 9 5.
    in  soil, 1 4 8.
    insoluble,  1 9 5,  1 9 6.
    r eve r t e d,  1 9 6.
    soluble,  1 9 6.
    sou rc e s  of, 1 7 1.

  P hos p ho r us  in  pl a n t s,  6 6 ,  6 7 .
    in  soils, 6 8.

  Pla nk  h a r row, 1 0 2,  1 0 5.

  Pla n t ,  a n alysis  of, 6 3.
    m o s t  impo r t a n t  p a r t  of to
pla n t  it s elf, 7 .
    m o s t  impo r t a n t  p a r t  of to
pla n t  g row er, 7 .

  Pla n t  dis e a s e s ,  1 1 8.

  Pla n t  food, 6 3.
    a n d  t h e  fa r m er, 5 .

  Pla n t  food, in soil, 6 3.
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    in  fe r tilize r s,  6 8,  1 9 2,  2 0 5.
    w h a t  it  is, 6 3,  6 9.

  Pla n ting,
    co r n ,  8 4 .
    g r a s s  s e e d ,  8 4.
    g r ain  s e e d,  8 4 .
    m e t ho d  of, 8 3 .
    s e e d s ,  8 1 .
    veg e t a ble  s e e d s ,  8 4 .

  Pla n t s ,  5 .
    a n d  t h e  fa r m er, 5 .
    con di tions  for  g ro w t h,  6 .
    co m position  of food  of, 6 3.
    for  s t u dy, 6 .
    living,  g rowin g  t hin gs,  6 .
    p a r t s  of, 6 .
    r e s e m ble  on e  a no t h er, 6 .
    w hy r ai s e d,  6 .
    wo rk  of in  m a kin g  soils, 3 6 .

  Plow b e a m,  9 3.
    coul t er, 9 4.
    ch a r a c t e ris tics  of, 9 5.
    cl evis, 9 3.
    cu t ting  roo t s,  1 5.
    d r af t  r in g,  9 3.
    h a n dle s,  9 3 .
    join t er, 9 5.
    lan d sid e,  9 4 .
    m o uld bo a r d ,  9 4.
    p a r t s  of, 9 2.
    s h ackle,  9 3.
    s h a r e ,  9 3.
    s t a n d a r d,  9 2.
    t r uck,  9 5.

  Plowing,  9 0.
    d e p t h  of, 9 6.
    effec t  on  soil w a t er, 1 5 6.
    favors  roo t  g row t h,  1 4.
    in  fall, 9 9,  1 5 7.
    in  s p ring,  9 8,  1 5 7.
    impo r t a n c e  of d e e p,  1 5,  1 7.
    objec t s  of, 9 1,  9 2.

282



    to  s ave  w a t er, 9 2.
    tim e  for, 9 8.

  Plows,  4 .

  Plu m ule,  7 8.

  Pollen,  1 3 0.

  Pollina tion,  1 3 1,  1 3 2,  1 3 5.
    c ro ss,  1 3 2,  1 3 3,  1 3 5.
    of wild goos e  plu m,  1 3 4.

  Pot a s h,  1 9 9.
    in  fe r tilize r s,  1 9 9.
    in  soils, 1 4 9.
    sou rc e s  of, 1 7 1.

  Pot a s siu m,  in pl a n t s,  6 6,  6 7.
    in  soils, 6 8.

  Pot a to,  6 .
    soils, 2 8,  2 9,  1 6 1.

  Pot a to,  s w e e t ,
    roo t s  of, 1 3.
    soils, 2 8,  1 6 0.

  P rop e r ti e s  of a  fe r tile  soil, 1 4 1.

  P r u ning,  1 3 7.

  Qui tc h-g r a s s ,  1 2 1.
    u n d e r g ro u n d  s t e m  of, 1 2 1.

  Ra dicle,  7 8.

  Ra dish,  s h r u nk e n  roo t  of, 1 0.

  Ra g w e e d,  5 .

  Rain,  wo rk  of in m a king  soils, 3 3.
    on  cl ay soils, 4 1.
    on  s a n dy soils, 4 1.

  Rak e,  1 0 1.
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  Rak e s,  4 .

  Raking  a n d  soil w a t er, 1 5 8.

  Red  s pider, 1 1 7.

  Rh u b a r b  soil, 2 8 .

  Ridging  t h e  soil, 9 8,  1 5 8,  1 6 9.
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  Rock s al t ,  3 1.

  Rolle r s,  1 0 7.

  Rolling,  1 0 1,  1 0 6,  1 5 8.
    a u t u m n-sow n  g r ain,  1 0 6.
    ligh t  soils, 1 0 6.
    r e a so n  for, 1 0 6.
    s p rin g-sow n  g r ain,  1 0 6.

  Rolling  cu t t e r  h a r row s,  1 0 2.

  Roo t,  8 .
    ho w  it t ak e s  m ois t u r e ,  1 8.
    m o s t  impo r t a n t  p a r t  of pl a n t ,
7 .

  Roo t  h ai r s ,  1 7,  1 8.

  Roo ts,
    a b so r b  w a t er, 9 ,  1 1 ,  1 7 .
    a b so r b  pl a n t  food, 1 0,  1 1.
    alfalfa,  1 3.
    a n d  fe r tilize r s ,  1 5.
    g ro w t h  of in leng t h,  1 6.
    con di tions  n e c e s s a ry  for  g row t h
of, 8 ,  2 0,  1 4 1,  2 2 0.
    co r n ,  1 3 .
    cow p e a,  1 2.
    d e p t h  of g row t h  of, 1 2.
    ex t e n t  of g row t h  of, 1 2.
    h a bi t  of g row t h  of, 1 1,  1 5.
    hold  pl a n t  in pl ac e,  9 ,  1 1 ,
1 5 ,  1 6 .
    impo r t a n t  les so ns  fro m, 1 3,
1 5.
    loca tion  of, 1 2,  1 3.
    n e e d  fir m  soil, 2 0 ,  2 2 ,  2 3 .
    n e e d  m ellow soil, 2 0,  2 2,
2 3 .
    n e e d  m ois t  soil, 2 0,  2 2,  2 3.
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    n e e d  pl a n t  food in soil, 2 0,
2 2 ,  2 3 .
    n e e d  w a r m  soil, 2 0,  2 2,  2 3.
    n e e d  ai r  in soil, 2 1,  2 2,
2 3 .
    p ro d uc e  n e w  pla n t s,  1 0 ,  1 1 .
    r a pidi ty of g row t h  of, 1 5.
    soy-b e a n,  1 2 .
    s to r e  food, 1 0,  1 1.
    s w e e t  po t a to,  1 3.
    t r e e ,  1 3.
    u s e s  of, 9 ,  1 0,  1 1,  1 5.
    wo rk  of, 9 ,  1 0,  1 5.

  Rot a tion  of c rops ,  2 1 9.
    b e n efi t s  fro m, 2 3 0.
    con di tions  w hich  m o dify, 2 3 2.
    effec t  u po n  fe r tili ty, 2 2 4.
    exa m ples  of, 2 3 4.
    g e n e r al  r ul e s  for, 2 3 3.
    len g t h  of, 2 3 3.
    typic al, 2 3 1.

  S a m pling  soils, 1 6 3.

  S a n d,  2 6,  3 8.  
    F r e s no,  2 8.
    g r a d e s  of, 2 6.  
    Mia mi, 2 8 .  
    N o rfolk, 2 8.
    po w e r  to  a b so r b  w a t er, 4 1,
4 3 .

  S a n dy soils, 2 7.
    a d a p t e d  to  e a rly t r uck, 2 7.
    effec t  of h u m u s  on,  4 3 ,  4 4 ,
2 2 0.
    imp roving,  4 3 .
    w a t e r-holding  po w e r  of, 4 4.

  S a n dy loa m,  2 8.

  S a p wood,  1 2 6.

  Scy th e s ,  4 .
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  S e e d  leaves ,  7 7.

  S e e d,  1 3 0.
    cl as sifica tion  of, 8 5.
    c r a b,
    d rills,  4 ,  8 4.
    pla n ting,  8 1,  8 3.

  S e e d s ,  8 .
    d e p t h  to  pla n t ,  8 1.
    ho w  t h ey co m e  u p,  7 7.
    ho w  to  t e s t ,  7 5.
    w hich  g e r min a t e  a t  a  t e m p e r a t u r e
of 4 5  d e g r e e s ,  7 4.
    w hich  g e r min a t e  a t  a  t e m p e r a t u r e
of 6 0  d e g r e e s ,  7 4.

  S e e d s  to  g e r min a t e ,
    n e e d  air, 7 2,  7 3,  7 5.
    n e e d  h e a t ,  7 3,  7 5.
    n e e d  m ois t u r e ,  7 1,  7 5.

  S e p als,  1 2 9.

  S h allow c ul tiva tion,  1 4,  1 5,  1 6 7,  1 6 9.

  S h a r e  of plow, 9 3 .

  S h a ckle  of plow, 9 3 .

  Silt,  2 7 ,  3 8 .

  Silt  loa m, 2 9.

  S m all frui t  soils, 2 0.

  Soil,
    a  fe r tile,  1 4 1.
    d efini tion  of, 2 3.
    for m a tion  of, 3 0,  2 3 7.
    m a t e ri al co m posing,  1 4 7,  2 6.
    m ulc h,  5 6.
    t e m p e r a t u r e ,  5 7,  6 0.
    t e s ting,  1 6 2,  2 1 5.
    t ex t u r e ,  3 7,  1 4 2.
    t ex t u r e  impo r t a n t ,  1 4 2,  1 4 3.
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    ven tila tion,  6 8 ,  1 4 2.
    w a r m e d  by s u n,  5 8.
    w a r m e d  by con d uc tion,  5 8.
    w a t er, 4 0,  1 5 1.
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  Soils, 5 ,  2 3.
    a do b e,  3 0.
    alfalfa,  2 9.
    a n d  t h e  fa r m er, 5 .
    a t t i t u d e  of tow a r d  w a t er,
4 0 .
    c a b b a g e,  2 8,  1 6 1.
    c a n t eloup e,  2 8 ,  1 6 1.
    c a p a ci ty for  film w a t er, 5 1.
    c a uliflow er, 2 8.
    cl as sified,  2 6.
    cl ay, 2 9.
    cloddy, 3 8.
    close ,  3 8.
    coa r s e,  3 8 .
    co m p ac t ,  3 8 .
    co r n ,  2 8 ,  2 9 ,  3 0 ,  1 6 1.
    co t ton,  2 8,  2 9,  1 6 1.
    effec t  of wo rking  w h e n  w e t ,
2 6 ,  4 1 .
    e g g  pl a n t ,  2 8.
    fine,  3 8.
    for e s t ,  2 9.
    frui t,  2 7,  2 9.
    g e n e r al  fa r ming,  2 8,  2 9.
    g r ain,  2 8,  1 6 2.
    g r a s s ,  2 8 ,  2 9 ,  1 6 2.
    g r avelly, 2 9.
    h a r d ,  3 8 .
    h ay, 2 9,  3 0.
    h e avy, 3 8.
    ho w  m a d e ,  3 0.
    h u m u s ,  2 7,  3 8.
    le ac hy, 3 8.
    loa my, 2 8 .
    loos e,  3 8.
    los e  h e a t ,  5 9.
    ligh t ,  3 8.
    lim e  in, 6 7,  1 4 9.
    los s  of w a t e r  fro m,  5 3,  1 5 3.
    lu m py, 3 8.
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    m ellow, 3 8.
    o a t ,  2 9.
    op e n,  3 8.
    o rg a nic  m a t t e r  in, 2 2 0.
    p a s t u r e ,  3 0.
    p e a ,  2 8.
    p e a t ,  3 0.
    p e p p e r s ,  2 8.
    pla n t  food  in, 6 3.
    po t a to,  2 8,  2 9,  1 6 1.
    po ro us,  3 8.
    r el a tion  of to  w a t er, 3 9 ,
4 6 .
    r el a tion  of to  pl a n t s,  2 3.
    r e t e n tive,  3 8.
    r h u b a r b ,  2 8.
    s a n dy, 2 7.
    s m all frui t,  2 8,  2 9.
    sof t,  3 8.
    so r g h u m,  1 6 2.
    s t iff, 3 8.
    s to ny, 2 9.
    s t r a w b e r ry, 2 8 .
    s w a m p,  3 0.
    t e s ting,  1 6 2,  2 1 5.
    to b a cco, 2 7.
    to m a to,  2 8,  1 6 1.
    t r uck,  2 7,  2 8,  2 9,  1 6 1.
    veg e t a ble,  2 8.
    w a t e r-a b so r bin g  pow e r  of,
4 0 ,  4 3 ,  4 6 ,  1 4 2.
    w a t e r-holding  po w e r  of, 4 4,
1 4 2.
    w a t e r m elon,  2 8,  1 6 1.
    w h e a t ,  2 9,  3 0.

  Soil w a t er, 1 5 0,  1 5 1.
    a m o u n t  of u s e d  by pl a n t s,
4 0 .
    a n d  fa r m  op e r a tions,  1 5 6.
    con t rol of, 5 3.
    for m  of, 4 8,  1 5 3.
    g r e a t e s t  fac to r  in  g ro w t h
of c rop,  4 6.
    impo r t a n c e  of, 3 9,  1 5 1.
    los s  of, 5 3,  1 5 5,  1 5 7,  1 6 4.
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    los s  of by ev a po r a tion,  5 4.
    los s  of by w e e d s,  5 4,  1 6 5.
    los s  of by s u rf ac e  w a s h,  5 3.
    n e c e s si ty for, 1 5 1.
    no t  e no u g h,  1 5 4.
    s aving,  1 6 5.
    sou rc e s  of, 4 0,  1 5 3.
    too  m u c h,  1 5 4.

  Soil w a t e r  influe nc e d,
    by  c ro p ping,  1 5 9.
    by  h a r rowing,  1 0 1,  1 0 3,  1 5 8.
    by  h u m u s ,  4 2 ,  4 3 ,  4 4 ,  4 5 ,
2 2 0.
    by  plowing,  9 1,  1 5 6.
    by  rid ging,  9 8,  1 5 8.
    by  rolling,  1 0 6,  1 5 8.

  So r g h u m  soils, 1 6 2.

  Soy-b e a n,  a s  a  g r e e n  m a n u r e  c ro p,  1 8 9.
    g ro w t h  of roo t s,  1 2.

  S p a d e,  9 0.

  S p a din g,  9 0.

  S p a din g-fork,  9 0 .

  S pike-too t h e d  h a r ro w s,  1 0 2,  1 0 4.

  S p r aying,  1 1 8.

  S p rin g  plowing,  9 8.

  S p rin g-too t h e d  h a r ro ws,  1 0 2,  1 0 3.

  S q u a s h  flow e r s,  1 3 3.

  S t a ble  m a n u r e ,  1 7 1,  1 7 3.

  S t a m e n,  1 2 9.
    func tion  of, 1 3 1.

  S t a min a t e  flowe r s ,  1 3 3.
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  S t a r c h  in pl a n t s,  6 4,  6 6.
    iodine  t e s t  for, 6 4.

  S t e m s,  8 ,  1 2 0.
    dis ting uis h e d  fro m  roo t s,
1 2 0.
    h a bi t  of g row t h  of, 1 2 1.
    s t r u c t u r e  of, 1 2 5.
    u n d e r g ro u n d,  1 2 1.
    u s e s  of, 1 2 0.
    wo rk  of c h e ck e d,  1 2 6.

  S tig m a,  1 3 0.

  S to m a t a ,  1 1 0.

  S to n es ,  2 6,  3 1.

  S to ny loa m,  2 9.

  S t r a w b e r ry  flow e r s ,  1 3 4.
    p e rfec t ,  1 3 5.
    pis tilla t e ,  1 3 5.

  S t u dy of pla n t s  b e g u n,  6 .

  S tyle, 1 3 0.

  S u g a r  c a n e,  5 .
    soil, 1 6 2.

  S u g a r  in  pl a n t s,  6 4,  6 6.

  S ulp h a t e  of a m m o nia,  1 9 4.

  S ulp h a t e  of po t a s h ,  1 9 9.

  S ulp h u r  in  pl a n t s,  6 6.

  S u n,  wo rk  of in m a kin g  soils, 3 2,  3 4.
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  S u nligh t ,  a n d  t h e  fa r m er, 5 .
    n e c e s s a ry  for  le af wo rk,  1 1 0,
1 1 1,  1 1 2.

  S u p e r p hos p h a t e s ,  1 9 8.

  S w a m p  m u ck,  3 0.

  S w e e t  clover, 1 9 0.

  S w e e t  po t a to  roo t s,  1 3.
    soils, 2 8,  1 6 0.

  S w e e t  po t a to e s,  5 .

  Sylvini t e ,  1 9 9.

  Sys t e m s  of c ro p ping,  1 1 9.

  Tanka g e,  1 9 4.
    a s  fe r tilizer, 1 9 4.
    ni t ro g e n  in, 1 9 4.
    p hos p ho ric  a cid  in, 1 9 4.

  Temp e r a t u r e  of soil, 5 7.

  Tend rils, pl a n t s  clim b  by, 1 2 2.

  Testing  s e e d s ,  7 5.

  Testing  soils  for  w a t er, 1 6 2.
    for  pl a n t  food, 2 1 5.

  Textu r e  of soils, 3 7,  1 4 3,  1 5 0.

  Thinning  frui t ,  1 3 7.

  This tl e,  6 .

  This tl e  fa mily, 8 6.

  Tho m a s  sla g,  1 9 8.
    a s  fe r tilizer, 1 9 8.
    p hos p ho ric  a cid  in, 1 9 8.

  Tillag e  a n d  pl a n t  food, 6 7.
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    a n d  fe r tility, 1 5 0.

  Tim e  to  b e gin  t his  s t u dy, 3 .

  Tim e  to  plow, 9 8.

  Tobacco  soils, 2 7 .

  Tom a to  soils, 1 6 1.

  Tools, 5 .
    a n d  t h e  fa r m er, 5 .

  Tra n s pi r a tion,  t h e  fac t,  1 1 0.
    a m o u n t  of, 1 1 1.

  Tra n s pla n tin g,  8 7.
    m a c hin e s,  8 9 .

  Truck  of plow, 9 5.

  Truck  soils, 2 7,  2 8,  2 9,  1 6 1.

  Tub e r cle s  on  roo ts  of legu m e s,  6 8,  1 4 4.

  Tur nip,  6 .

  Type  soils, 2 6.

  U n d e r  d r ain s,  2 3 7.
    a dv a n t a g e  of, 2 3 7.

  U n d e r g ro u n d  s t e m s,  1 2 1.

  Value  of knowled g e  of flow e r s,  1 3 4.

  Vege t a bles,
    roo t s,  1 3,  1 4,  1 5.
    soil for, 2 8.

  Ventila tion  of soils, 6 8,  1 4 2.
    n e c e s s a ry  for  g e r min a tion,
7 3 .
    n e c e s s a ry  for  roo t  g ro wt h,
2 1,  2 2 ,  2 3 .
    n e c e s s a ry  for  fixa tion  of
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ni t rog e n,  1 4 4.

  Water, a b s o r p tion  of by soil, 4 0 ,  4 3 ,
4 6 ,  1 4 2.
    a m o u n t  u s e d  by pl a n t s,  4 0.
    c a pilla ry, 4 9,  1 5 3.
    eva po r a tion  of, 5 4,  1 5 5.
    fr e e,  4 8,  1 5 3.
    film, 5 0 .
    g ro u n d,  4 8.
    impo r t a n c e  of to  pl a n t s ,  3 9.
    p e r cola tion  of, 4 1.
    r el a tion  of soils  to,  3 9.
    s t a n ding,  4 8 .
    wo rk  of in  m a kin g  soils, 3 3 ,
3 5 .
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Page 129

  Wate r  a n d  t h e  fa r m er, 5 .

  Wate r  in  pla n t s,  6 5.

  Wate rin g  ho us e  pl a n t s ,  5 1.

  Wate r m elon  soils, 2 8,  1 6 1.

  Weed e r s ,  1 6 7.

  Weeds,  5 4.
    ho w  t h ey inju r e  c rops ,  5 4,
9 2 .
    ho w  to  kill, 1 1 9.
    w a s t e  soil w a t er, 5 4 .

  Wh e a t  soils, 2 9,  3 0.
    w a t e r  u s e d  by, 4 0.

  Wh e el  ho es ,  1 6 8.

  Whit e  h ellebo r e,  1 1 7.

  Wind  pollina tion,  1 3 2.

  Work of r oo t s,  9 ,  1 0,  1 5.

  Work of s u n  in m a king  soils, 3 2,  3 4.
    ai r  in m a king  soils, 3 6.
    a ni m als  in m a kin g  soils, 3 7.
    m oving  ice  in m a king  soils,
3 5 .
    m oving  w a t e r  in m a king  soils,
3 3 ,  3 5 .
    pla n t s  in m a king  soils, 3 6 .
    r ain  in m a kin g  soils, 3 3.

  Wood a s h e s ,  1 9 9.

  Wool w a s t e  a s  fe r tilizer, 1 9 5.
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