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SUMMAEY.

Nearly every foot of soil in Mississippi was once fertile and

productive, and what we have to do to make them all so again is

to bring them back as nearly as possible to their original condi-

tion. Exhausted soils cannot be made fertile at once by the use

of any amount of fertilizer, anymore than a poor steer can be

made fat immediately by giving him a crib full of corn. It takes

time to exhaust a soil, and it also takes time and persistent ef-

fort to restore its fertility. Green crops must be the foundation

of all restorative work, and then a comparatively small amount
ot commercial fertilizers will complete the task.

On clay soils which are too poor to produce other crops, sow

lespedeza, give a top dressing of meal, and plow the ground at

the end of the second season.

When the soil is sufficiently fertile to produce a fair crop,

sow cow peas, and fertilize with meal, acid phosphate, or land

plaster. Sow the peas early, plow them under early, and sow rye.

On lands underlaid with lime, and in the black prairie region,

sowmelilotus and plow under at the end of the second season.

For the sandy lands of the pine woods region, cow peas are

the best restorative crop which can be grown.

On lands which are already in good condition, and which

need only to have their tertihty maintained, sow red clover or

alfalfa.

The poorer and more exhausted the soil, the greater the

need for liberal supphes of humus.

Use chemicals to supply known deficiencies in the soil, rath-

er than as the principal fertilizer.

Save, protect, and use all the stable manure.

Good soils are easily kept in good condition, and should im-

prove with every year of cultivation.



EXHAlI8riOi\ AND RE8T0RATIOIV OF 80IL.

FERTILITY.

W. L- HUTCHINSON

EXHAUSTION.

Wheu the proclucing power of a soil is reduced below

a certain point of supposed profitable culture, which may
be different for different cases or different crops, it is said

to be exhausted, though no one supposes that in any given case

the soil is entirely deprived of producing power. The fertility of

a soil is dependent upon two things, viz: its natural strength,

and its condition. The readiness with which the insoluble plant

food in a soil becomes available by natural agencies, and the
length of time that this will continue, determine the natural

strength, while such physical properties as favor the growth and
development of plant roots and the acquisition by these of the
available plant tood in the soil, determine its condition. The
natural strength of a soil may be practically inexhaustible,

while a soil in good condition may be easily reduced to one of

poor condition. There are few cultivated soils in this state that
have not suffered a material loss of plant food, while their once
favorable condition is changed to such an extent as to reduce
the productiveness of the soil below the point of profitable culti-

vation. It remains for succeeding farmers to restore the once
favorable condition of our soils and, at the same time, obtain
from them at least a living.

Exhaustion may be better prevented when the processes by
which it is brought about are better understood. A knowledge
of the composition of soils and the kind and character of sub-

stances which they furuish plants is necessary in our study of

the processes of exhaustiou. The great bulk of all soils con-

sists of ordinary sand and clay; and the proportion in which these
ingredients occur gives rise to the terms sandy, sandy loam, and
clayey soils. Besides these, soils contain lime, potash, magnesia,
soda, iron, niaganese, phosphoric acid, sulphuric acid, chlorine,

organic matter containing nitrogen, and water. The sand and
the clay are of no importance as plant food; but they have a very
great influence on the productiveness ot a soil, as in most cases
the mechanical condition, and to some extent the temperature, is

determined by the proportion of these substances present. The
clay also exercises a wide influence by its properties, which en-

able it to hold moisture and to fix or preserve other substances
which are to act as plant food, and thus prevent their leaching
from the soil. Plants obtain all of tlieir water, nitrogen, lime.



magnesia, potash, phosphoric acid, and all other mineral food
through their roots; and it is all furnished by the soil except in

certain cases in which a part of the nitrogen is obtained from the
air. Plants cannot take anything from the soil until it is dis-

solved, or brought in solution. The soil water is the principal

dissolving agent, though the plant roots themselves exercise
quite an important solvent action. It is thus seen that when-
ever plants or crops are removed from soils more or less of the
plant-tood ingredients in the soil have been taken from it, de-

pending on the nature and amount of the crop so removed.
This, however, is only one of the ways by which a soil is ex-

hausted. Large' amounts of some of the plant food ingredients

of soils are leached out by the underground water and are car-

ried off by the streams. Nitrogen and potash are especially lia-

ble to be lost in this way. This source of loss is greatest in the
fall and winter months, and is also very much greater from bare
lands than from those covered with growing crops. Boussin-
gault, a French experimenter, made some investigations on a
soil containing, to the acre, as much as 900 pounds of nitrate of
potash to the depth of a foot. After three weeks of rainy weath-
er, during which two inches of rain fell, there was left only forty

pounds of the nitrate. It is estimated that the Ehine daily car-

ries into the sea 220 tons of the nitrate; the Seine, 270; and the
Nile 1100 tons. All streams and drainage waters contain more
or less of these compounds; but in the South both of these sourc-

es of loss have been trifling as compared to the loss trom surface

washing. The greater portion of our surface soil has been al-

lowed to be washed into the valleys or carried by the streams
into the seas. In addition to this, some of the organic matter,
including the valuable nitrogen, has been converted into gas acid

escaped into the air. The removal of crops from the soils of the
South has been a rather small factor in their exhaustion and in

many cases we can hardly regard the soils as having been ex-

hausted at all. They have been washed away. As all loss of
plant-food ingredients from the soil by surface washing can be
prevented, and should be reduced to a minimum. Without this,

any effort to restore fertility to the soil will meet with poor suc-

cess. The losses which are sustained through the leaching of

underground water may be largely prevented, though not en-

tirely. This loss is best prevented by keeping the ground always
covered by a growing crop, especially during the fall and winter,

when this loss is likely to be the greatest. Organic matter and
clay have a tendency to fix the plant food ingredients and pre-

vent their being carried out by the water and this is the reason
that land with a clay subsoil is so well adapted to improvement.
It is also true that by incorporating organic matter into it, a
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sand bed may be made to retain plant food quite satisfactorily.

Tiie cliaracter and amounts of plant-food ingredients contained
in different crops is shown in the following table com-
piled by Mr. Patterson, of the Station staff:

AMOUNT AND VALUATION OF FERTILIZING INGREDIENTS CONTAINED IN
COMMON SOUTHERN AGRICULTURAL PRODUCTS.

PLANTS.

WHEAT—grain
straw
chaff
whole plant.

OATS—grain
straw
chaff
whole plant.

CORN—grain
fodder
cobs
husk
whole plant removed

RYE—grain
straw , .

.

chaff
whole plant

BARLEY—grain
straw
chaff
whole plant

COTTON—seed cotton
lint cotton

25

35

50

25

•COW PEAS—vines (hay)
peas
hulls

SWEET POTATOES

IRISH POTATOES ...

TOBACCO

BERMUDA HAY
•LESPEDEZA HAY .

MELILOTUS HAY .

•RED CLOVER HAY

25

200

100

1500
3500
250

5250

1225
3000
2.50

4475

2800
1200
470
420
4890

1400
3500
310

5210

1200
2500
180

1000
333

fiOOO

1500
500

12000

6000

500

j
4000

j

4000

I

6000

I 4000

30.75
19.00

80
51.55

21.56
16.80
1.60

39.96

46 80
20 28
1 08
2 89
71.05

24 64
14.00
1.79

40.43

19.20
10.00

90
10

27.77
.83

97 80
53 30
5 00

27.60

12.00

17.50

37.20

82.80

118. OOj

87.20
I

8.40
38.50
2.10

49 00

5 88
48.90
1.12

55.90

10 36
46.80
1

6.51
64.75

8.12
30.10
1.61

39.83

5
21.50
2 07

29 21

10.96
2 63

54.78
21.60
2.30

56.40|

I

17.40

53.48

76.40

21 60

109.80

91.20

13.50
7.00
1.00

21 50

2.45
8.40
.32

11.17

15.96
5.88
.09

.34

22.27

11.90
8.75
1.73

22.38

9.36
6.25
.52

16.13

9.50
.20

31.62
13 35

19 20|

4 20

7.00

15 26

17.60

33.48

17.88

$
5.71
5.12
.42

11.25

3.65
5.39
.31

9.35

8.34

.22

.77

15.01

4 69
4.04
.44

9.17

3.63
2 89
.26

6 78

5.19
.27

18.9!»

9.75
.91

7.92

2.89

5.64

10.16

14 3«

24.87

18.49

•Restorative crops.
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In explanation of the table it should be stated that crops
which derive all their nitrogen from the soil are known as "ex-
haustive crops,'^ while those which have the power to assimilate
their nitrogen from the air are commonly known as ''restorative

crops." To the latter class belong cow peas, lespedeza, melilo-

tus, red clover, and other leguminous plants, which are
among the most valuable restorative crops known, even though
they may be cut for hay, and the bulk of the crop removed from
the land.

RESTORATION.

The first effort that should be made in an attempt to restore
fertility to a soil is to stop, as far as possible, any further loss of
plant food ingredients except such as are removed in crops.

Some oi the ways of doing this have been alluded to under the
previous heading. There are various ways known to every
farmer for preventing surface washing, any or all of which may
be resorted to as circumstances may demand. Levying, tile

drainage, deep culture, subsoiling, and sodding are among the
most important means to be used for this purpose. Loss from
leaching is most satisfactorily prevented by keeping the land
always covered with growing crops to take up the plant food as

rapidly as it becomes soluble, while a clay sub-soil and a liberal

amount of organic matter have a tendency to prevent losses by
leaching. Deep culture and all other operations that give land a
large absorbing power for water are beneficial. Having adopted
such precautions as will prevent surface washing and loss from
leaching, or at least reduce them to a minimum, it becomes a
comparatively easy matter to repay the losses sustained by the
removal of crops, and to increase the amount of available plant-

food ingredients in the soil.

Two means may be resorted to for this purpose, viz: the ap-
plication of manures and fertilizers, and the aiding of the pro-

cesses of Nature in bringing into a soluble condition some of the
insoluble ingredients of the soil. Gypsum, or landplaster, and
hme are the two substances which are almost exclusively used
for the latter purpose, and they are sometimes called stimulant
fertilizers. Gypsum releases potash, and the functions of lime
are thus given by Dr. Hilgard:

''a. It improves the mechanical condition of the soil.

b. It renders the phosphoric acid and the potash in the
soil more readily available.

c. It favors nitrification.

d. It preserves the humus."
It is often found advantageous to still further aid the accu-
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muhitiou of available food by turning green crops into the soil.

In returning to tlae soil, by the use of chemical fertilizers, such
ingredients as are removed by crops it has not been found profit-

able to return any except nitrogen, phosphoric acid, and potash.

In many instances it is only necessary to return one; and in

others, two of these three substances. In practice, it has been
found best to apply phosphoric acid in the form that is soluble in

water. Complete commercial fertilizers aim to supply tliese

three substances; and generally contain, to the ton, from 150 to

200 pounds of phosphoric acid and from 25 to 40 pounds each of
nitrogen and potash. Where 500 pounds of such a fertilizer is

put on an acre there is returned to the soil from 35 to 50 pounds
of phosphoric acid and from 6 to 10 pounds each of nitrogen and
potash. On the lime soils of this state, such as are found in the
north-east and central prairie regions, the application of fertil-

izers has failed to produce an increase of crop. The failure

of these soils to produce large crops seems to be due entirely to

their unfavorable mechanical condition, which may be readily

corrected by growing on them such tap-rooted plants as reel

clover, cow peas, and melilotus. On the yellow loam lands of the
state, a return of phosphoric acid seems to do but little good;
while an apphcation of potash and nitrogen gives good results.

On the sandy and sandy-loam lands, a complete fertilizer should
be used in such quantity as to return to each acre at least 40
pounds of water-soluble phosphoric acid, and 10 pounds each of
nitrogen and potash. Larger applications will be found to give
good returns.

NITRIFICATION AND ROTATION OF CROPS.

It is by nitrification that the nitrogen in the soil is converted
into nitrates and ammonia salts, the principal forms in which
nitrogen is available for plant food. The conditions favorable
for the nitrification of the organic matter in the soil are as

follows:

1. Porosity, which allows a free circulation of air through
the soil, and thus oxygen, one of the necessary agents, is fur-

nished.

2. A moderate amount of moisture. Excess of water or
absolute dryness stops the action.

3. Proper temperature, the most desirable being 98 deg.

F., the extremes being 40 and 130 degs. F.

A rich sandy-loam soil usually furnishes these' conditions in

summer in a very satisfactory manner, and by proper tillage and
management all soils may be brought to a condition fav^orable to

nitrification, and to do this should largely be the object of all

field operations.

t
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Rotation of crops may ofteu be used to advantage in iiiain-

taining the fertility of a soil or in restoring fertility to it. Crops
appear to feed almost as differently as animals do, though thi^

difference must be understood to jueau the portions of the soil

from which crops obtain their food, the proportion of the ingredi-

ents taken up, and the relative ease with which they obtain food
from the soil. Some crops appear to be coarse feeders^ and ob-

tain bountiful supplies of food where others can get but little;

and again, some get their food from deep in the soil, while oth-

ers feed near the surface; some take up larger proportions of
potash, while others give preference to nitrogen or phosphoric
acid. Again, some plants leave large quantities of organic mat-
ter, containing nitrogen and mineral ^ingredients in the stubble
and roots which are left in the soil; while others leave very little.

Some are allowed to produce seed; others are not. Some make
their principal growth in winter; others, in summer. All these
facts influence the effects of different crops on soil. Eed clover
leaves in the soil three to four times as much vegetable matter,
in the stubble and roots, as do rye, barley, oats, or wheat; and in

the clover plant there is half as much root as top, while in the
cereals there is only about one-fourteenth as much. Cow peas
and melilotus belong to the same family as red clover; and, like

it, obtain a large amount of their food from the lower layers of
the soil. All of these plants have the power of collecting,

through their roots, atmospheric nitrogen, and this adds to their

fitness to act as restorative crops. They collect and concentrate
in the upper layers of the soil large quantities of available plant

food; and by means of their long tap roots, render the sub-soil

open and porous, faciUtating drainage during excessive rain, and
aiding in the elevation of water from the lower to the upper
layers of the soil during excessively dry weather.
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FERilMZER^ A]\l> THElSt USE.

S. M. TRACY.

During the six years since this station was organized it has
given more attention to the use of fertilizers, the l<:in(ls best for

use on different soils, and the best methods for using them, thauL
to any other subject,/ in this work the station has used fields

representing the four soils most common in the state
;
the sandy

clay region of the north-west, the bhick ])rairie of the north-

east, the yellow clay loam of the central region, and the sandy
pine woods soil of the southern part of the state. Hundreds of

plots have been used, soiue of them continuously with various

forms of commercial fertilizers, others have been fertilized only

by the turning under of green crops, while on still others the
two methods have been combined. Partial reports of the re-

sults of this work have been published in the Annual Iveports of

the station and in Bulletins 5 and 24, while the present bulletin*

gives the results secured up to the close of 1893.

The use of fertilizers is one of the most complex questions
with which the farmer has to deal, as their eflects are always
greatly modified by the condition of the soil to which they are
applied, the previous cropping of the land, and the character of

the season during which they are used. Cotton seeds are always
beneficial to heavy clay soils, while they are almost worthless
for very light and sandy soils; kainit is of no beuelit on newly
cleared hardwood timber lands, while it is of the highest value
on those same lands after they have been in cultivation so long
that the supply of available potash is exhausted.

Fertilizers act both chemically and mechanically, the latter

action being, in many cases, of even greater importance than
the former. A very stiff clay soil may contain an abundance of

plant food for a heavy crop, and at the same time be so hard and
compact as to be almost sterile. If such a soil be made light

and porous by any means, even by mixing with it sand, gravel,

broken brick or any other similar material, its producing power
will be greatly increased ; while if it be made loose by an appli-

cation of cotton seed, coarse stable manure, or even straw, it

will be still more imyjroved. On very light and sandy soils how-
ever, the seed and coarse manure might be positively injurious

by making a too light soil still lighter ; and for such lands meal,
well rotted manure, or commercial fertilizers will be much njore

beneficial. The mechanical condition of a soil has fully as mtich

to do with its i)roductiveness as has its chemical qualities, and
in fertilizing any land the most important thing to be done is to
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first bring it into a good mechanical condition, after which its

natural fertility will go far toward supplying the needs of the
growing crop.

To be in good mechanical condition the land must be well

drained, either naturally or artificially, it must have a subsoil

which is sufficiently porous to allow the roots to penetrate deep,
and it must be free from hard lumps and clods. Good drainage
is, perhaps, the most important, as when that is secured, the
other conditions are easily obtained. Land which is rolling, or
that which has a moderarely sandy subsoil, seldom needs artifi

cial drainage, but on almost every farm there are wet and seepy
hillsides or low and wet places along creek bottoms which can
be greatly improved by a few open ditches to cut off seepage
from above, or can be brought into a still better condition by
laying a few lines of tile. Tile is now manufactured at West
Point, in this state, and though it is more expensive at first, it

gives the best results and leaves the fields free from the open
ditches which make cultivation inconvenient and which require

constant care.

If the subsoil is too compact, as in a great part of the black
prairie region, it can be loosened most easily by the growing of

plants having strong tap roots, like those of melilotus, red clover

and cow peas.

It is commonly said that a "coniplete" fertilizer need con-

tain only the three mineral elements which are usually deficient

in the soil, viz: potash, phosphoric acid, and nitrogen. Practi-

cally however, we find that though a soil may be rich in each of
the elements which go to make up the plant, it is impossible to

secure good, or even fair crops, unless it contains, in addition to

these, a liberal supply of humus, which is formed whenever veg-

etable matter decays in the soil, and it is in the formation of this

material that the practice of plowing under green crops has its

greatest value. It is plentiful in all fresh soils, but becomes ex-

hausted by continued cultivation in hoed crops, especially in the

hill lands, and the supply must be renewed before chemical fer-

tihzers can be used to advantage. It is the necessary founda-

tion of all fertility, and without it the use of any commercial fer-

tilizer is sure to be disappointing. If the fertilizers used do not
contain humus-making material it must, sooner or later, be sup-

plied by the plowing under of green crops, or by turning the

land out to rest.

A chemical analysis ot almost any soil will reveal the pres-

ence of a sufficient amount of potash, nitrogen, and phosphoric
acid to produce good crops for many years to come, but unfor

tunately, such analyses show nothing of their condition or avail-

ability for immediate use, and so are of but little value in deter-
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miniug the amoauts or kinds of fertilizers Deeded for different

fields. The ordinary soils of Mississippi contain over 2,000

pounds of phosphoric acid (equal to about 10,000 pounds of acid

phosphate) per acre, and if tliis were all available it would be
largely in excess of the needs of any crops. As a matter of prac-

tice we tind that, on many soils, when we add 250 pounds of acid

phosphate, or two and one half per cent of the amount already
in the soil, the yield will be nearly or quite doubled.

While it is a simple matter to make an analysis of a soil,

and of tbe crop whicn we may wish to grow upon it, these analy-

ses tell us little as to what may be the best fertilizer for us to

use. The chemical analysis of a soil does not tell us its condi-

tion, whether the plant food it contains is in an available form,

or anything of its mechanical condition. Plant food in the soil

may be available for one kind of plant while it is not so for an-

other, and, for some reason which we are unable to explain, all

plants grow best in a soil containing certain available elements
far in excess of the amounts consumed in growth. It is known
that an abundance of nitrogen is necessary to produce a vigor-

ous growth, that potash is necessary for the production of the
woody parts of the plant, and that phosphoric acid is consumed
largely in the production of the seeds; but in order to produce
the best results these elements should be furnished to the soil

in different proportions for different plants, and these propor-
tions are by no means those found in the plants themselves.

The whole question of fertilizing thus resolves itself into a
consideration of whether we can best modify the soil so as to

make the food which is already present available, or whether it

will be cheaper to add fresh supplies. In nearly all cases we
find a combination of the two methods more economical than is

the close following of either. Much of the unavailable food in

the soil can be made available by draining and thorough cultiva-

tion and pulverization of the soil, the plowing under of an occa-
sional green crop will maintain the supply of humus, and with
such treatment the addition of comparatively small amounts of
commercial or other fertilizers will be all that is needed. Wheth-
er it will be most economical to produce all the fertilizers needed
on the farm, or to purchase the more concentrated commercial
forms, must depend largely on the circumstances of the farm
where they are to be used, and is a matter which will be consid-

ered in later pages of this bulletin.

A fertilizer is any substance used for increasing the availa-

ble plant food in the soil.

Fertilizers may be classed as (1) Natural, and (2) Chemical.
Natural fertilizers include stable manure, composts, cotton seed
in its various forms, green crops, and marls.
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STABLE MANURE.

Stable manure is undoubtedly the best fertilizer we have for

general use, as it contains all the elements needed for plant

growth in a condition in which they soon become available; and
in addition, its principal bulk is composed of hunms-making
material which is needed for all excepting very fresh or alluvial

soils.

Although stable manure is regarded as a ''complete" fertil-

izer, and is a standard with which others are compared, it is of

very variable composition, its value being determined by the an-

imals from which it comes, their food, age, and condition, the

amount of straw and bedding which lias been mixed with the

droppings, whether it has been sheltered or exposed to leaching

rains, the length of time since it was made, and by many other
causes. An increase in the amount ot cotton seed meal led to

the animals is very quickly followed by a corresponding increase

in the amount of nitrogen in the manure, wheat bran gives a

marked increase in the phosphoric acid, while there are few feeds

which give a manure richer in potash than does clover hay. In

some recent experiments made at the New York (Cornell) Station

the value of the maimre from cows fed on different rations vari

ed from $1.7C to $2.47 per ton, and from $1.69 with calves to

$4.17 with sheep These figures give the results of work done
where the ration was rich in grain, and where nearly all the urine

was saved by using water-tight floors or a sufficient amount of

bedding. Had the urine been allowed to waste the value of the

manure would have been much less, as large i)roportions of both

potash and nitrogen are excreted in the urine.

The fertilizing values of some of the more common feeding

stuffs, as given in the! "Experiment Station Hand-book" per ton

are as follows:

Potash. Phosphoric Acid. Nitrogen. Total.

Mixed Hay, ^51.05 $ .27 $4.23 $5.55

Eed Clover, 2.20 .38 6.21 8 79

Alfalfa, 1.68 .51 6.57 8.76

Melilotus, 1.83 .56 5.94 8.33

Cow Pea,

Corn Silage,

1.47 .52 5.70 7.69

.37 .11 .84 1.32

Oat Straw, 1.24 .20 1.86 3.30

Oats, .62 .82 6.18 7.62

Corn Meal, .80 .63 4.74 6.17

Corn and Cob Meal, .47 .57 4.23 5.27

Wheat Bran, 1.61 2 39 8.01 12.01

Rice Bran, .24 .29 2.13 2.66

Cotton Seed Meal, 1.79 2.68 19.92 24.39
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It should be borne in mind tliat the tigures given above rep-

resent the nominal fertilizing vakies of tlie different feeds, and
are far from showing llieir actual values when used in the field.

Under good barn management not more than eighty i)er cent of
the fertilizing value of food given to stock is recovered in the
mannre, and when the urine is allowed to waste not more than
tifty or sixty per cent is recovered. There is a still further loss

from the fact that lields seldom need the different fertilizing ele-

ments in the exact pr()i)()rtions in which they are found in the
manure, and so a portion of such as are in excess of the amounts
needed will not be consumed. To balance this loss however,
there is a positive gain in the humus-niaking material which has
not been counted in the estimated value, and for clay soils which
have been in cultivation for a long time the humus is often of
greater value than the combined potash, phosphoric acid, and
nitrogen. The actual value of stable manure will vary with
every variation of the held to which it is applied.

As the most valuable parts of the manure are the urine and
the soluble portions, it is very poor economy to take it out of the
stable and expose it to the weather in the yard. In order to re-

tain its original value it must be preserved from both leaching
and heating, and this may be accomplished in several ways.
Where neat cattle alone are fed it is a very common practice to

allow the manure to accunmlate in the stalls during the whole
feeding season. This is an excellent plan when sufficient bed-

ding is given to absorb the urine and keep the stalls dry. All

the excrement is saved, and when kept tramped down in such a
compact mass there will be no heating. Horse manure cannot
be kept long in this way, as it heats more readily. A cheaj) and
convenient shelter for manure n)ay be made by digging a pit two
feet deep, throwing the dirt to the sides so as to make them
higher than the level of the yard, and slo{)ing the ends so that a
wagon can be driven through. Make the pit twenty-live feet

wide, and long enough to hold the accumulations of six months,
covering it with a roof extending two feet beyond the sides, and
high enough so that a wagon can be driven through. Kun a sin-

gle line of plank from the stable door to this pit, and the manure
can be wheeled out daily and thrown in with very little tnmble.
In this way most of the urine can be saved, and if the bottom
of the pit is of well tramped clay there will be almost no loss

fiom leakage. Should the pit contain a large proportion of horse
manure, heating may be prevented by arranging a gutter to car-

ry water from the roof, and give the jnle an occasional wetting
down. A [)it similar to the one described, and twenty five by
forty feet, has been in use here for several years, and holds ail

the accumulations from about eighty cattle and fourteen mules
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during four months, and 1ms never given trouble by heating.

There will always be more or less manure scattered about the yard
and this, together with the refuse feed, mouldy hay or grain,

blood and entrails from butchering, and other waste material
should always be thrown into the pit with the manure. If hogs
are kept where they can have access to the pit, they will secure
a considerable amount of food from it, especially when the cattle

areled with whole corn, and will add largely to its value by their

own droppings, and by keeping it so thoroughly, stirred as to

prevent heating.

While the two methods of keeping manure which have been
described are the best economy, there are many farms on which
it is not convenient to practice either, and the manure umst be
left exposed to the weather from the time when it is taken out
of the stable. In such cases it is usuully best to haul and spread
it on the field at once, and then plow it under when convenient.
When spread on the field there will be no loss from heating, and
nearly all of the soluble matter which is waslied out by the rains

will find its way into the soil and be retained near the surface.

Clay absorbs impurities from water much more thoroughly than
does sand, so that if the manure is to lie in the field for some
time before plowing under, it should be put on those fields having
a clayey rather than a sandy soil. Heavy clay soils are greatly
improved in their mechanical condition by the use ot coarse and
fresh manures, while for sandy soils which are already too light

it is better to use the older and more decayed manures. The
custom of hauling manure to the field and piling it in heaps is

seldom good economy, as if the heaps are large, they are almost
sure to lose by heating, and in any case, the manure has to be
handled the second time. The principal cause of loss, both in

value and amount, are from the washing and leaching to which
manure is exposed in an open yard, and any plan which will pre-

vent these, or which will transfer the leaching process Irom the
stable lot to the field, will save fully one-half the value of the

manure from an open lot which is cleaned up but once a year.

COMPOSTS.

In the northern states, where the seasons are short and the
period of active plant growth extends over only a few weeks,
great stress is laid on the importance of composting manures
and having them thoroughly rotted before using. Fresh stable

manure contains a very large percentage of water, and a smaller
percentage of soluble plant food than it does when composted
and thoroughly rotted, but in composting nothing is added to the
material already in the manure. By composting, it becomes
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more thoroughly mixed, and decay is hastened so that a larger
proportion ot it can be used at once by the phmt, but it is also

rendered less lasting in its effects. Here, where the growing
season is longer than at the nortii, the rainfall greater, and
decay more rapid, composting is of much less advantage, and for

ordinary farm cro[)s for which stable manure alone is used, it

will seldom pay for the necess;iry labor. When the manure is

wanted as a top-dressing and for immediate effect, or where the
su|)ply is limited and is to be increased by the use of commercial
fertilizers, it will often pay well to compost in order to secure a

thorough mixing and more even distribution in the field.

COTTON SEED.

When a sufficient supply of stable manure is not available,

cotton seed, in some form, is an excellentsubstitute, and is prob-
ably the best material which can be used on soils which need
either nitrogen or vegetable matter. I'ive years ago, when the
seed could be purchased for six dollars per ton they were, in near-

ly all cases, the most effective fertilizer which could be bought
for the money, but with the increased demand for them, and the
higher price for which they are now sold, it will often be found
cheapef to supply the needed vegetable matter by the plowing
umler of green crops, and to supplement that by the use of com-
mercial fertilizers. Whether whole seed, meal, or hulls, can be
used to best advantage dei)ends on the condition of the soil and
crop to which they are applied. On heavy clay soils seed will be
much more beneficial than meal, both on account of its greater
bulk of humus-making material, and also its greater mechanical
effect in making the soil lighter.

The form in which the seed is used will influence the rapidity

of its action. It must decay and become soluble before it can be
used by the growing crop. If fresh seed is used, this will re-

quire some weeks; if the seed is killed by wetting and heating, or
by steaming, the processs of decay is hastened; and if the seed
is crushed, it will be ready to act still more quickly.

When a stimulating fertilizer is wanted to push a crop for-

ward rapidly for a short time only, the meal is better than even
crushed seed, as it decomposes so rapidly as to become available

in a few days, and will produce its whole effect within a few
weeks. On very light and sandy soils which are already loose

and friable, and where the soil is underlaid with gravel so as to

leach badly, meal is more economical than seed, and when the
fertilizer is to be applied to growing crops, meal is always to be
preferred. Cotton seed hulls have but little fertilizing value.

Where the main object is to loosen a too heavy soil, or a mulch
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is wanted to protect tender plants, strawberries, etc., they are

useful, but under ordinary circumstances are worth more to use
as food for stock than as a fertilizer for field crops.

GREEN MANURING.

Green manuring, or the plowing under of green crops, is the
cheai)est and most effective method for building up poor soils,

and for maintaining the fertility of those already iii good condi--

tion. It fnrnishes the necessary humus, it leaves supplies of
potash and phosphoric acid in the surface soil where they are
immediately available for future croj^s, and when leguminous
crops are used, large amounts of nitrogen are assimilated from
the air aud made ready for other crops to use. On heavy soils

its mechanical effects are very marked, not only in loosening the
surface soil which is turned by the plow, but also by loosening

the subsoil deeply and so making it permeable to the roots of

other crops. Green manuring is to fertilizing what grazing is to

raising cattle. Crops can be grown by the use of stable manure,
cotton seed, and chemicals, and cattle can be grown on a diet of

dry hay and grain, but neither is the most economical plan to be
pursued permanently. In MississipiM we are fortunate iu'haviug

a large number of plants which can be used for this puri)Ose,

some of which are perennials like alfalfa and red clover, others

like melilotus are biennials and do their work in two seasons,

while still others, like lespedeza and cow peas, are annuals.

Vetches and rye can be grown during the winter months, and a

crop of pea vines can be grown in two months of summer weath-
er. There is no time in the year when it is not possible to have
restorative crops growing which will go far toAvard preparing the

ground for succeeding crops. The plants most commonly used
tor green manuring are the legumes, the best of which are cow
peas, melilotus, alfalfa, red clover, and lespedeza; and also the

grasses. Of these, the leguminous plants are far more valuable

than are grains and grasses, from the fact that they have much
larger and stronger root systems, and so are able to gather food

which is beyond the reach of the more shallow rooting grasses.

They are all plants having strong tap roots which will force their

way through the subsoil and so make it loose and porous; they
bring up from the subsoil a large amount of potash and phos-

phoric acid which is left in the surface soil, and as nearly all

legumes are rank growers they furnish more humus-making mate-
rial than do the grasses. The most important reason, however,
for using the legumes is the fact that they are able to assimilate

nearly or quite all their nitrogen from the atmosphere, while most
other plants consume only that which is already in the soil. Ni-
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trogen is the most expensive element of plant food, and the one
which it is the most difficult to secure. The roots and stems of
of grasses contain only about one and one-half per cent of nitro-

gen, while the amount found in legumes is about two and a half

per cent. While the grasses take one and a half pounds of nitro-

gen from the soil, elaborate it into plant food, and then leave it

in an available condition for future crops, the legumes take nearly

double the amount from the air where it is unavailable for other

plants, and add it to the amount already in the soil. The roots

and stems of legumes are also richer in both potash and phos-

phoric acid than are the grasses, and so, both chemically and me-
chanically, they are the more valuable plants for use as green
manures.

Cow peas are very commonly used for green manures from
the fact that they will grow on almost any soil, will make a large

bulk of stems and roots, and can be grown in one season. When
a restorative crop is wanted to occupy the ground for one sum-
mer only this is the best which can be grown, and if planted early,

the crop will mature in time for a second crop to be grown on the
same land if desired. Whether the vines should be cut for hay
and only the roots and stubble used for manure, and whether the
vines should be plowed under in the fall or left to protect the
surface from washing during the winter, are the questions which
bring out long discussions at almost every farmer's institute, and
which no single statement will answer. Various plans have been
followed at the Station, and we find that in this, as in all other
work with fertihzers, we must be governed by the condition of

the held in which the crop is grown. On heavy soils we have
found it much better to plow under the whole crop, while on
lighter and more sandy soils we have found it better economy to

graze the crop, as such soil needs compacting rather than loosen-

ing, and the droppings from the cattle compensate for a large part
of the fertilizing material carried ofi'. If soils are liable to wash,
it is desirable to have them covered during the winter, and in such
fields it is better to defer plowing until spring than to leave the
ground bare three or four months. If the peas are planted so as

to mature in August and are then plowed under, the ground will

soon be covered with a second growth of vines, wild grasses and
weeds, which will give fair winter protection. When pea vines are
allowed to remain on the surface ofthe ground during the winter they
lose very largely, both in humus-making matter and in nitrogen,

and so are far more effective as a fertilizer when plowed under in

the fall. Cow peas respond very quickly to an apphcation of fer-

tilizer, meal, acid phosphate, and land plaster being the best for

such use, and in many cases we have found that it paid better to

secure a rank growth by using fertilizers on the peas than to have



the smaller crop of vines and to use the fertihzer on the succeed-

ing crop. When grown on very stiff soil where all the vines were
to be plowed under for their loosening effect on the laud, we have
found it an economical plan to plow as soon as the vines were
mature, and then to sow rye, oats, or barley for a winter growth.
In this way the full efl'ects of the vines are secured to the soil,

while the grain crop covers and protects the soil from washing
during the winter. Of the three crops named, rye is the most
hardy and the one to be preferred. It is only when such a crop
is wanted for winter growth that any of the grains or grasses can
be recommended for green manuring, as they are all shallow
rooting plants which add nothing to th^ soil except humus-making
matter, and their principal value is in their power to grow during
the winter, and so hold in the soil the fertility which has been
accumulated and made available by the leguminous crops.

For lime soils in wbich the supply uf humus has been ex-

hausted by long cultivation, and wbich are too poor and hard to

produce a good growth of jjeas, les|)edeza is the best crop which
can be grown, as it will make a fair growth on the hardest and
thinnest of soils, and even there it will send its tap roots a foot

or more into the ground and do good work in preparing the
land for peas or other more rank growing i)lants. A top dress-

ing of meal applied in June is a wonderful stimuhnitto lespedeza^

and where the field is to be cultivated the next season, will make
a good profit on its use. Lesi)edeza will make a moderate
growth on the poorest clay hills, and will improve with each
succeeding crop so that, in time, the most exhausted fields may
be made i)roductive by its use, though the work may be greatly

hastened by plowing the land after one or two years. As ii does
not mature until late in the fall it is better not to i)low the land

until spring, when if plowed early, thelespedeza will again cover
it without reseeding, and will make a much better growth than
on land which has not been plowed.

Red clover is undoubtedly the best plant which can be grown
for green manuring on soils where it will succeed, and when a

crop is wanted to occupy the ground for two years or more. It

requires a fairly good soil for its growth, and its bulk of root i&

not equal to that ofmelilotus, but its hay is of such superior

quahty that, on the whole, it is the best plant to use for main-
taining fertility on soils which are already good. As a green

crop to be grown as a part of a rotation it has no equal, but it is

not advisable to plant it on very thin soils, or on soils which are

pool ly drained or very sandy. It is a plant for maintaining fer-

tility rather than for the building up of exhausted soils. It suc-

ceeds admirably on the black prairie soils, and its culture can be
made very profitable in all that section of the state.
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For strung lime lauds, even those which have become great-
ly exhausted and are iu^ bad mechanical condition, melilotus is

the best restorative crop whicl; can be grown. It will grow on
the white limestone points which will support no other plants,

and will make heavy crops on the black prairie lands where the
subsoil has become so compact that it cannot be penetrated by
the roots of cotton and other plants. Its large roots give it a
i-emarkable power in rendering this subsoil porous, and by their

decay at the end of the second season they leave the ground
full of small openings which assist greatly in draining and aerat-

ing the soil. It requires much less care in planting than does
red clover, will grow on a poorer soil, will make a larger bulk of
both stems and roots, and if cut when not more than two feet

high, will make excellent hay.

Although alfalfa grows well in many parts of the state, and
is one of the best hay plants on loose and well drained soil, it is

not often grown where green manuring is the main object of the
crop. Pound for pound, its roots and stems are worth about the
same as those of red clover, but it is more diflQcult to secure a
good stand of the plants, and as when the stand is once secured
it will remain good for many years, it is more valuable as a hay-
producing plant than as a fertilizer.

To sum up the whole matter: we find lespedeza the be^t
restorative crop for very thin and barren soils. When the soil

has been partially restored by the use of lespedeza, improvement
can be hastened by using cow peas; and on land which is to be
used for a green crop during one season only, peas are best. On
all lime soils which are in poor condition, melilotus gives the
best results; and tor soils which are already fertile and in good
condition, needing only to be kept up and gradually improved,
red clover is the best green manuring plant we have.

MARLS.

Marls are found quite commonly in the northern part of the
state, and occasionally in the central and southwestern sections,
but are seldom rich enough to make them of sufQcient value to

I)ay for hauling long distances The best specimens we have re-
ceived have been from Wayne and Newton counties, and which
had a nominal value of about two dollars per ton. None of the
Mississippi marls, so far as known, contain over 2.06 per cent of
phosphoric acid, which was found in a sample from Lowndes
county; and a sample from Wayne county contained 2.27 per cent
of potash. If the beds are near at hand, it will be ])rofitable to
haul such marls for use on creek bottoms and '^sour" soils, but
there are few cases in which it will pay for hauling more than
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two or three miles. From teo to twenty loads per acre should
be used, aud it will be more eflective if applied to the laud just
before plowing under some green crop. In estimating the values
of our marls, no account has been taken of the lime which they
contain, as nearly all lands in the immediate vicinity of marl
deposits are already well supplied with that material, x

COMMERCIAL FERTILIZERS.

The economical use of commercial fertilizers is one of the
most difficult problems with which we have to deal, as in many
cases they are the cheapest and best^ fertilizer which can be ob-

tained, while in other cases the money paid for them might as

well be thrown away. The so-called ''complete" fertilizers, which
are so commonly used, are composed largely of acid phosphate,
which supplies the necessary phosphoric acid. The potash is

supplied in the form of kaiuit, muriate of potash, or sometimes
hull ashes; and the nitrogen is added in nitrate of soda, sulphate
of ammonia, cotton seed meal, castor pomace, dried blood, and
other similar materials. Tbe composition and values of the dif-

ferent brands sold in this state are so fully treated in Bulletin

No. 2, published by the State Chemist, that the matter need not

be repeated here. Copies of this Bulletin may be had by address-

ing Prof. W. L. Hutchinson, State Chemist, Agricultural College,

Miss.

In many cases these "complete" fertilizers are the best and
most economical which can be used, but as most soils already

contain a sufficient supply of one ortwoofthe fertilizing elements,

it is usually better to purchase the raw materials, and mix them
in the proportions in which they may be needed. It is needless

to apply nitrogen to fields in which pea vines or clover have re-

cently been plowed under, or potash to recently cleared timber
lands. Whether it will be best to purchase potash, phosphoric
acid, or nitrogen, will depend on the natural character and pres-

ent condition of the field where it is to be used.

On soils which have been in cultivation some time, potash

has always given good results, and the best forms in which it

can now be purchased are as kainit, muriate of potash, and
hull ashes. The Station has used each ofthese continuously, aud
for all ordinary crops there seems to be but little difference in

the value of the same amount of potash from either. Kainit usu-

ally contains about twelve per cent of potash, muriate about
fifty, and hull ashes about twenty With these proportions, four

hundred pounds of kainit contains the same amount of potash as

is found in ninety-six pounds of muriate, or in two hundred and
forty pounds of hull ashes. In other words, if the kainit is worth
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tiiteeii dollars per ton, then the muriate will be worth sixty-two

and one-half dollars, and the hull ashes twenty-five dollars.

Which should be ijurchased will depend on the local selling price

of each. It should be noted, however, that hull ashes, in addi-

tion to the twenty per cent of ])otash, contain about uine per
cent of phosphoric acid, which gives them an additional value of

about five dollars per ton for use where phosphoric acid is need-

ed. At the prices for which these materials have been sold for

the last three years, hull ashes has been the cheapest form in

which potash could be purchased, but at present the prices of

both hull ashes and kainit are increasing, while muriate of pot-

ash is sold for much less than was its price a few years ago.

Where phosphoric acid is needed, as it is in considerable

quantities on all soils not rich in lime, and to a less degree on
lime soils, acid phosphate is undoubtedly the cheapest and best

form in which it can be obtained. The fertilizer values of the

different brands of acid phosphate vary with the amount of water
and citrate soluble phosphoric acid which they contain, those
having the larger proportions of these being the more prompt in

their action, and more expensive to purchase. We have found
it more profitable to use the more soluble forms on early matur-
ing crops like grain and corn, while for cotton, which continues
to grow until killed by frost, the less soluble and less expensive
grades have given good results.

When both hull ashes and phosphoric acid are to be used
on the same held, they should never be applied at the same time
as, if mixed while fresh, the ashes render the phosphoric acid in-

soluble and unavailable for immediate use by the plant, though
kainit and acid phosphate may be mixed without injury to the
latter. Potash fertilizers being more easily soluble than the
phosphates, we have found it better to apply the phosphates from
one to two weeks before using the potash. When large amounts
of fertilizers have been used we have found it more profitable to

apply tliem broadcast before planting, but where the application

is small, three hundred pounds or less per acre, we have found it

better to put it in the drill and mix thoroughly with the soil by
running a '^bull tongue" plow along the rows before planting.

When using both phosphate and potash fertilizers we have found
it better to apply the phosphate before planting and the potash
at the first cultivation.

When a soil is rich in humus it is seldom necessary to

make any further application of nitrogenous fertilizers, and
as they are very quickly soluble, and are soon lost to the
soil by both leaching and volatilizing, they should never be
used until the crop has made a considerable growth. Cotton seed
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meal and nitrate of soda are the best forms in which nitrogen can
be purcliased, and for general use the meal is preferable. As ni-

trogenous fertilizers have a much greater efitect upon the growth
of the plant than upon the production of fruit, they are not need-
ed on soils which wih produce a satisfactory growth of stalk, but
may be used to great advantage where the plant growth is weak
and small.

Very few commercial fertihzers contain any appreciable

amount of humus-making material which is so essential to a vigo-

rous plant growth, and so are, to that extent, deficient as a perfect

fertilizer, and will usually be more effective when composted with
stable manure, cotton seed, or some other vegetable matter. The
well known ^'Furman's Formula" is one of the best forms of com-
post, and is made by using 750 pounds each of stable manure and
cotton seed with 367 pounds of acid phosphate and 133 of kainit.

For use on soils which are deficient in lime, as in the extreme
northeastern corner of the state, and in nearly all of the state ly-

ing south of the Vicksburg and Meridian Rail Eoad, these seem to

be the best proportions which can be used. In the region where
the soil is already rich in hme, as in nearly all of the northern
part of the state, we have found it better to reverse the propor-

tions of acid phosphate and kainit, or even to omit the phosphate
altogether and replace it with an equal weight of kainit, or half

the amount of hull ashes. The cost of either of these composts
will be about five dollars per ton, and for the first year not more
than five hundred pounds per acre need be used. As the land
improves in condition larger amounts can be assimilated, and the

apphcation should be increased five hundred pounds yearly so

long as it produces a corresponding increase in the crop. Furman
claimed to have found it profitable to use at least four tons per
acre, and that by its use he increased the yield of cotton from less

than one-fourth of a bale to more than three bales.

Both the regular Furman mixture, and the mixture in which
the acid phosphate was replaced with kainit, have been used on
the yellow clay loam of the Station farm, for four years, and in

every case the results have been in favor of the mixture contain

-

taining the larger amount of kainit. The soil here is rich in lime,

and the average yields during the four seasons have been:

Unfertilized Plots
250 pounds Acid Phosphate
250 ' ' Kainit ...

Furman 's Formula, Regular
" Acid Phosphate replaced by Kainit

Eesults almost the reverse of these have been secured during
the three years of work at the branch station at Lake, which is in

. 435 lbs. per Acre.
.423 " "

. 721 " "
810 "
1174 "
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the pine woods region on a soil poor in lime. There the fertilizers

used and yields secured have been:

Unfertilized Check Plots . ..

3") bushels Cotton Seed, or 200 pounds Meal
200 pounds Kainit
;]•) bushels Cotton Seed, or 200 pounds Meal
200 ])ounds Acid Phosphate
3") bushels Cotton Seed, or 200 pounds Meal
200 pounds Acid Phosphate
200 ' • Kainit
no bushels Cotton Seed )

400 pounds Acid Phosphate >

200 " Hull Ashes )

100 bushels Cotton Seed )

200 pounds Acid Phosphate > (Two years)
200 " Hull Ashes )

The results of the work at Lake have been more uniform
and constant than at either of the other stations where similar

work has been done, and indicate very plainly that, for such soil,

no i)otasli is needed in addition to that supplied in the cotton seed;

that 200 pounds of acid phosphate will ])roduce a large increase

in tlie yield, and ai)parently as great an increase as will be secured
by double the amount. The plots receiving potasli and cotton

seed showed an increase of 232 pounds over the' yields of the un-

fertilized check plots, but this increase may reasonably be credit-

ed to the apphcation of the 85 bushels of cotton seed, while the

average yield of all the i)lots which received acid phosphate was
1104 pounds.

At the Holly Springs branch station, th(jugh similar work lias

been continued through four seasons, the results are far from be-

ing decisive, and show very plainly rhe necessity for continued
rei)etitions and dui)lication before any final conclusions can be
drawn. In some of the series acid phosi)hate has appeared de-

cidedly superior to kainit, while in other series, on what ap})eared

to l)e similar soils, kainit has given much the better results. In

nearly every case, however, a mixture of co ton seed meal with
the chemical fei-tilizer used has been highly advantageous, while
meal alone has seldom beeii' as profitable as have been some of

the mixtures and composts.

So far as can be seen from the work done, the upland clay

soils of that region will* be fertilized most economically by the use
)f either meal or compost to furnish vegetable matter and nitro-

gen, and to tliese should be added both ])h()sphoric acid and pot-

ish, more of the latter than the former being needed. For the
;audy valley lands cotton seed meal seems the best foundation
or the fertilizer, and to that should be added more phosj)h()ric

,cid than potash, though both are needed.

Whether commercial fertiliz(M\s and composts should be ap-
)Ued broadcast or in drill dejx'uds })riiicipally on the' amounts

..Yield 614 lbs.

.. 846

^ " 1253 '*

.
'* 1105 "

. 1169 "

1249 "
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used. When the amount is small^ we have secured the best re-

sults by placing it in the drill; and when a second apphcation is to

be made during the growing season the first should always be in

the drill. When the application is large, and is of such materials
as acid phosphate, ground bone, or hull ashes, all of which act

more slowly than do meal and the ordinary commercial brands,
we have found it to be fully as well to make the apphcation
broadcast. When fertilizers are put in the drill before planting,

care must be taken to have them thoroughly mixed with the soil

as, if left in bulk, the young roots are sure to be burned and
withered as soon as they reach it. Any ordinary amount can be
mixed with the soil by running a bull-tongue along the rows after

the fertilizer is applied. When a second application is made it

should be followed at once by a cultivator to mix it with the soil.

At neither the home station, nor at either of the branch sta-

tions have as good results been secured by the use of commer-
cial fertilizers alone, as when they have been used in connection
with a liberal amount of vegetable matter. Humus is just as

necessary to a fertile field as is potash or phosphoric acid, but a

soil which is rich in humus will often give a much larger yield if

stimulated and assisted by the addition of other materials. Lands
may be built up and kept in good condition by the use of stable

manure, cotton seed, and green manuring, but the same results

maybe secured at less expense if these are supplemented by a
judicious use of chemicals.
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