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FEEDING THE ORCHARD.

By H. J. Waters, Dean of the Oollege of Agriculture and Director of the Experiment Station.

Information on orchard fertilization gained from accurate ex-
perimental work or based upon long conducted observations is almost
entirely lacking. Moreover this phase of plant feeding presents many
very intricate and difficult problems. An orchard means a large outlay
of money, labor and time. If by improper or incorrect fertilization a
late or soft growth be induced, the dangers of winter-killing are largely
increased, the probabilities of serious attacks of fﬁngous diseases are
greater, and if this process be continued long enough, and these dangers
even be eliminated, the time of coming into fruit is very much deferred
and the tree is made so large as to increase materially the expense of
spraying and harvesting.

In these respects mistakes in orchard management and especially in
orchard feeding are particularly costly and disastrous, and have no par-
allel in the management and fertilization of other agricultural plants.
A mistake, for example, in the fertilization of a corn crop is limited
in its unfavorable results to the season in which the mistake is made,
and under ordinary circumstances involves only a loss of the money
paid for the fertilizer—the fertilizer at the most failing to produce
any gain. It is possible, however, for a mistake in the fertilization of
a pear orchard for example to result in the total destruction of that
orchard by blight, or the limiting of the usefulness of the trees for many
years to come.

On the other hand, there are somewhere and at some time forces
at work which determine whether a bud shall result in the growth of
leaf, stalk and stem or shall produce fruit. Without doubt, the kind and
amount of available plant food in a soil during the previous season,
together with the physical condition of the soil, taken in connection
with the treatment of the land from the opening of spring until the
latter part, of June, exert a large influence upon the question as to
whether a tree will set fruit buds for the following year or produce only-
growth buds. So far as we know, at some time between the starting
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of growth in the early spring and the practical limit of length of growth
in the latter part of June or early July, for the latitude of Central Mis-
souri, this differentiation between fruit buds and growth buds occurs.
Part of the influences affecting this differentiation are unquestionably
climatic, and are, therefore, practically beyond our control. Apparently,
however, the chief factors affecting this result are within our control,
if we knew just what combination of conditions to make.

Theoretically, it would seem to be possible to take a soil very de-
ficient in plant food but having a proper physical condition, and by
supplying the plant food artificially, and therefore in the proper pro-
portions, so as to hasten or retard growth as it might be found neces-
sary, and, barring seasons when the fruit is killed by the weather,
insure full fruiting every year. ‘

The farmer in the arid region finds it more convenient and profit-
able in irrigating to supply all the water that the crops require so as
to be able to control conditions rather than to have his plans entirely
upset by an unexpected rain. For this reason, irrigation in this humid
climate is fraught with many difficulties and uncertainties, just as is
the feeding of fruit trees on a soil that itself supplies a goodly amount
of plant food, but an amount that varies from season to season. Moreover
the trees vary greatly in the amount of plant food required in different
seasons. For example, in a very unfavorable season for growth on
account of dry weather, if the orchard be barren of fruit, the amount
of plant food taken would be very small in comparison with the amount
used in full fruiting and when a good growth is made.

It should be remembered, however, that the principal amount
of plant food used by the tree is for the production of fruit and leaves,
the amount stored up in the tree in the form of wood being compara-
tively small.

THE EFFECT OF TFERTILITY UPON THE LIFE OF THE TREE.

Two conditions affect the life of a tree, and especially the pro-
ductive life. One is the physical condition of the soil upon which it
grows, and the other is the amount of plant food supplied, either
naturally by the soil or artificially by the orchardist.

It is a matter of common observation that fruit trees on thin
soils come into bearing early, exhibit a strong tendency toward fruitful-
ness for a comparatively short time, and die, and that trees on good
strong land come into bearing as a rule somewhat later, grow to much
greater size, and live for a very much greater number of years. It is
safe to say that well fed trees may have more than double the number of
productive years than those which are underfed usually have. This is
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strikingly shown by the results of an experiment conducted by the New
Jersey Experiment Station* with peaches, in which it was observed
that on the unmanured land the crops secured at end of eight years
were so small as to very materially reduce the average for the whole
productive period, while in the case of the manured land the average
for the entire period was not only not reduced, but very materially in-
creased. Thus, the crops secured from the manured trees, after those
receiving no manure had practically ceased to bear, were greater
proportionately than those secured previous to that time. That is to
say, that the properly fed trees were at their very height of productive-
ness at the time when the unmanured trees had practically ceased to
bear.

In the case of an orchard that ceases to be productive at the expira-
tion of a twenty-year period, almost half of this period was practically
unproductive and was little else than a dead expense, namely, the first
ten years and before the trees had come into bearing; whereas, if by more
judicious handling and better feeding the productiveness of this orchard
may be extended to thirty years, less than one-third of the total expense
is for getting the tree up to the point of bearing, and two-thirds of the
life of the tree is productive. ;

Above all is it important to have a uniform supply of avallabIe
food for the orchard. Fat years alternating with lean years are very
much more to be avoided than either poverty or riches as a steady diet.
All radical changes in the soil condition, ecither with respect to the
supply of plant food or the physical characteristics, should be carefully
avoided. Practically all of the bad effects of overfeeding have come
from the sudden change from extreme poverty to a surplus of food.
It is a matter of common observation that trees in a poultry yard, when
the land is manured heavily every year or lies near a dry earth closet, or
adjoining a barnyard, when the supply of available plant food is exces-
sive but regular, produce enormous crops and live to good ages.

THE SOIL.

So much has been said about the type of soil best suited to fruit
that little need here be added. Naturally, the soil upon which the
orchard is being grown will have much to do with the methods of
fertilization and general cropping and cultivation. So also will the
previous treatment of this land have an important bearing upon these
matters.

If we could determine accurately the amount of available plant food

*Voorhees' ‘‘Fertilizers.” Page 295.



4

in a soil and the amount that would be rendered available each year,
and then know the amount required by the crops grown on the land,
it would be an easy matter to strike a balance and determine exactly
what amounts and kinds of food it would be necessary to supply arti-
fically to produce a normal crop. While we are able to say with a fair
degree of accuracy what amounts are required by the growing and
bearing trees per year, we do not yet know and cannot, unfortunately,
yet determine how much of this the soil may be relied upon to supply.
It is comparatively easy to determine the aggregate amount of plant
food in a given soil, but to say how much of this an apple tree or“a crop
of corn or wheat will be able to take out or utilize this year or next year,
is a totally different matter, and, unfortunately, the agricultural chemist
has not yet been able even to approximate the solution of this important
matter.

AMOUNT OF PLANT FOOD IN A SOIL.

To illustrate this point, the following tables show the total amount
of the more important elements of plant food contained in an acre of
three types of Missouri soils, one a good corn and wheat land, capable
in favorable seasons of producing 60 to 70 bushels of corn and 30 to
35 bushels of wheat, another a red limestone clay, which has been con-
sidered a fine fruit soil, and a third a pine ridge clay that is considered
to be practically unproductive.

PLANT FOOD PER ACRE IN THE SURFACE SOIL TO A DEPTH OF 7 INCHES.

Nitrogen | Potash |Phos. acid| Lime Magnesia
Kind of soil. lbs% 1bs. 1bs. 1bs. Ths.
Olay limestone, Oollege Farm............ 4,840 60, 621 2,541 21,054 13,794
Red limestone clay, Wayne county..... 2,575 8,3% 700 11,925 11,450
Pine ridge, Shannon county .......... 2,050 5,350 325 4,325 7,900

SUBSOIL, TO A DEPTH OF 30 INCHES.

Nitrogen | Potash {Phos. acid| Lime Maﬁr)msia
1bs. 1bs. 8.

Kind of soil. 1bs. bs.
‘Oorn land, College Farm, Boone Oo. .. 8,150 208, 785 9,317 66,066 44,467
Red soil, Patterson Basin, Wayne Co..| 8,225 53,375 3,062 50,137 87,892
Pine ridge, Shannon 00 ........ceu..... o 3,412 33,162 1,137 Trace 44,662

There is a striking difference in the quantities of these elements of
plant food contained in these soils, and particularly between the so-
<called corn land and the pine ridge. At the same time, there is sufficient
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plant food within the first seven inches of this pine ridge to produce I5
crops of apples of 500 bushels per acre, besides furnishing the material
necessary to grow the trees. In other words, while there is sufficient
plant food in even the poorest of these soils to make a man rich in the
orchard business if he could only get it out, the difficulty is that it is
so locked up and is rendered available so very slowly that the orchardist
would be unable to wait for his trees to grow or bear.

Clearly the clay soil of the College Farm, judged by its content
of plant food, is far superior to any of the others. We might safely
conclude from this table that the soil would be the best of the three
for general agricultural purposes, but experience has abundantly demon-
strated that this is a poor orchard land on account of its very close
texture and because it is not well aerated beyond the first few inches
of the surface.

The practical orchardist would choose the red soil, because it has
been found that soils of this color, generally speaking, have proven
tc be good orchard lands, i. e., trees on such soils make a good growth,
reach an old age, and are uniformly fruitful. So far as we know,
this is not due, as was formerly supposed, to the presence of this red
oxide of iron, this iron simply indicating that the soil is open and
porous, and furthermore that it is-not a leached soil.

Sufficient red oxide of iron to make the soil highly colored, then,
shows conclusively that the soil is well aerated and that the plant food
is likely to be in a rcadily available form.

A red subsoil is of special importance to the orchardist, because it
indicates that the soil has been aerated to a good depth, enabling the
roots of the trees to reach a normal development at a good depth, so
as to be protected against the excessive heat of summer, the varia-
tions in moisture content. and the fluctuations of the seasons.

The red oxide of iron furthermore indicates that the soil has not
been leached. A gray or a light brown soil may have quite as good
a physical texture as the best of the red soils and yet be in general un-
suited to orchard purposes, for the reason that the plant food originally
contained in this soil has been leached out and lost. The red color,
therefore, indicates a soil of good physical condition to a good depth,
with plant food still present in reasonable quantities and in a fairly
available form. These constitute the essential characteristics of a good
fruit soil.

It is believed that a soil of moderate fertility, but of such structure
as to insure the presence at all times of a moderate supply of available
plant food, will prove to be, all things considered, the best fruit soil.
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Here the trees will make a regular, uniform, healthy growth, will be
fruitful and will ripen their wood properly to withstand the rigors of
winter.

If this be true, then we have an important suggestion in the hand-
ling of soils that for one reason or another do not furnish precisely
these conditions. In one case the soil may be naturally somewhat poor,
but have the proper physical condition, wherefore we can supply the
food in a slowly available form, and in this form the plant food is re-
latively cheap, so that we may be able to make liberal applications.

In another case the land may be rich enough but of such close -
texture that disintegration goes on slowly and the trees cannot root.
Here the correction of the physical condition will furnish the remedy
cheaper than an application of available plant food. If the land be
a clay, a copious dressing of lime, say 2000 pounds per acre, will do
much to remedy the defect.

If perchance the soil be too open and porous, as in the case of a
sandy soil, so that the organic matter burns out readily, and the soil
dries to a great depth in midsummer, to the detriment of the trees, an
application of lime will correct this evil, and make the soil more com-
pact and more drouth-resistant.

RED SOILS OXIDIZE ORGANIC MATTER READILY.

While red soils are known to be good fruit soils, it should be re-
membered that they oxidize or burn out their supply of humus or or-
ganic matter very rapidly:

Because this organic matter is exposed to the air, just as it is in
the sandy soil, and is therefore quickly oxidized, therefore manure ap-
plied to a red soil or a sandy soil will show greater results in the first
year or two than on a tight, close clay, but the benefits will not be nearly
so lasting. The same is true of a crop of green manure. Such types
of soils as these therefore become deficient in humus much quicker than
what we commonly term slower and tighter clay lands.

It is, furthermore, true in the case of the red soils that in the
change from a moist to a dry condition of the soil there are important
chemical changes in the iron itself which greatly facilitate the burning
out of the organic matter. This is due to the fact that the red oxide of
iron in contact with organic matter and in the presence of moisture is
reduced to a sub-oxide, giving off by this process a portion of its oxygen
to burn the organic matter present in the soil. In the drying of the
soil, the sub-oxide of iron is quickly raised to the higher form of the
red oxide, ready to give up again in the presence of moisture its oxygen
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to burn out the vegetable matter. This process of oxidizing organic
matter continues as the land alternates between wet and dry conditions.
Tt is of the utmost importance, therefore, that he owners of red land
should be especially careful to maintain a liberal supply of humus under
all circumstances, and to calculate upon this extra loss due to the

presence of the iron.

FOOD REQUIREMENTS OF DIFFERENT CLASSES OF FRUIT TREES IN BEARING.

While the different kinds of fruit trees present important differ-
ences in their habits of growth and productiveness, yet in the propor-
tions of the different elements of food required for their normal growth
and fruitfulness, they exhibit a striking similarity, as is shown by some
recent investigations conducted at the New York Experiment Station.*

RELATIVE PROPORTIONS OF PLANT FOOD OONSTITUENTS USED BY BEARING

TREES.
Phos. acid| Potash Lime |Magnesia
Varlety. Nifrogen. )™ (pios) (K20, (0a0) tMg0)
. 1bs. 1bs. Ibs. 1bs,

ADDIO e eeeaeeee ereeetrenerrann e 1 0.27 1.07 1.10 0.45
POACH. . everen e eeeneee eeeeeeerraaaens 1 0.2 _0.97 1.58 0.47
POAT. e eeeeeeeeeeeeeeee e eenaeee s 1 0.24 1.10 1.30 0.37
Plum 1 0.20 1.2 1.40 0.52
QUIDCE. ueneereis eeeeaeenenieeenananas 1 0.33 1.% 1.44 0.42
Average of all cee. eeiveresnn 1 0.27 1.14 1.35 0.45

It will be noted that these proportions apply to the food require-
ments for trees in full bearing, and represent the food necessary mnot
only for the development of the fruit, but of the leaf and twig growth.
It will be observed that there is very little difference between the dif- '
ferent kinds, all requiring plant food in quite similar amounts.

This means, of course, that as far as the chemical composition of a
fertilizer is concerned, it would be quite as well adapted to one fruit
as to another.

AMOUNTS OF PLANT FOOD REMOVED PER ACRE BY BEARING TREES.

It is impossible to supply data on this point applicable to all classes
of trees and to all seasons. In other words, it would be exceedingly
difficult to find a number that would apply to the average season and
soil. When it is realized that of the total plant food required to nourish
a tree during the season,, including the wood growth, the crop of leaves,

*Bulletin 285. Plant Food Oonstituents for Bearing Fruit Orchards.
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and the crop of fruit when the tree is in full bearing, some 79 per
cent of the dry matter formed by the tree is in the fruit pulp, in the case
of the apple, about 19 per cent in the leaves, and 2 per cent in the new
growth, and that in general the fruit requires about half of all the plant
food used by the tree during the growing season, it is obvious that the
size of the fruit crop will affect very materially the amount of plant food
used.

On the other hand, during a season when a tree is bearing a heavy
 fruit crop, there is, as is well known, a comparatively small amount of
new wood formed, and the requirements of plant food for this purpose
are in such a season very small indeed. Yet in seasons of crop failure
or when very little fruit is borne, there is a relatively large wood growth,
except when it is too dry, so that the tree draws more heavily upon the
soil for this particular purpose in such a year than when it is carrying
a full load of fruit.

Moreover, in seasons of extensive wood growth, the leaf growth is
also larger than when a tree is carrying fruit, and for the development
of the leaf crop there is required about the same amount of plant food
as for the normal fruit crop. In fact, to produce the leaves requires
nearly double the amount of nitrogen that is used by the fruit, and ten
times as much lime, although only about half as much potash and
phosphoric acid.

The New York Experiment Station* has in a recent bulletin given
us some very interesting and valuable data on this point that will serve
as a general guide, and are fully set forth in the following table:

AMOUNTS OF PLANT FOOD USED PER AORE.

Number of| Nitrogen |Fh0s. acid| Potash Lime |Magnesia

Varfety. trees per | 3108 (P205) | (K20) (0a0) | (MgO)

acre. . 1bs. 1bs. Ibs. 1bs.
Apple.c.ceeiiins viinan e, 35 51.5 14.0 55.0 57.0 23.0
Peach.......eveeens cenennn.... 120 4.5 18.0 72.0 114.0 35.0
Pear.......cvineins e, 120 29.5 7.0 33.0 32.0 11.0
820 ) T 120 20.5 8.5 38.0 41.0 13.0

The plant food in the above fable represents that required for the
building of all the new wood growth, for what was deemed to be
a normal fruit crop, and for the leaves, from representative trees in
the full vigor of bearing.

“The fruit, leaves, and the new wood, as represented by the tips
of the branches, were carefully gathered, weighed, dried and analyzed.
Precautions were taken when necessary to avoid the loss of foliage by



An Old Orchard Showing the Effect of Sod and General Neglect.
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enclosing the entire tree in mosquito netting. A record was kept of the
fruit that fell before the final picking. The fruit was picked at the
stage of ripeness usual in common practice. The foliage was left until
it showed a tendency to drop. The twigs of new wood were removed
soon afterwards.”*

It will be noted that in the above estimate only 35 apple trees are
computed per acre, while it is customary in Missouri to set 70. The
amounts of plant food used per acre should not, however, be doubled to
make the data apply to our conditions, for the reason that these were
larger trees than we grow and perhaps as fully occupied the ground
as our 70 trees would under normal conditions. This being true, it
is likely that as much plant food was required as would be needed for
an acre of trees planted in our way, and in my judgment, the figures
as given are high enough for our conditions. The number of trees
grown per acre of the other sorts is essentially the same as grown by us.

It will be observed that the peach requires a larger amount of
plant food per acre than any of the other classes of fruit, with the apple
second, and then a large decline occurs to the pear and the plum, which
did not differ materially.

It is of further interest to note that the amounts of nitrogen and
potash used by a given kind of fruit tree are essentially the same, i. €.,
the tree requires these two elements of plant food in about the same
amounts. The trees require only about one-fourth as many pounds
of phosphoric acid as of nitrogen or of potash. “In most commercial
fertilizers recommended for fruit trees, phosphoric acid is present in
proportions about four times the nitrogen. This is doubtless on the
assumption that the soil contains more nitrogen relatively than phos-
phoric acid, which may or may not be true in individual cases. The
question may be raised as to whether quantities of phospheric acid are
not frequently applied much in excess of the actual need of a season’s
crop.”’*

AMOUNTS OF PLANT FOOD USED PER ACRE BY DIFFERENT PARTS OF THE TREE.

Referring again to the use to which the tree puts the plant food,
as shown in the previous table, it will be of interest to observe the -fol-
lowing data *

*New York Experiment Station, Bulletin No. 265.
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AMOUNTS OF PLANT FOOD USED PER ACORE BY THE DIFFERENT PRODUOTS OF

THE TREE.
Phos. acid| Potash Lime Magnesia
Kind of | Nitrogen ﬁ
Part of tree. (PZO (K20) (0a0) (8)
fruit tree.| 1bs. ) b5, The, (Dfs.)
20.0 8.5 45.0 3.9 6.4
17.5 8.6 36.0 2.2 4.1
9.0 3.2 20.2 2.2 2.6
13.3 4.7 18.5 4.4 3.0
30.3 4.8 9.5 49.7 16.3
50.4 8.0 32.9 94.6 28.5
18.5 3.0 10.7 .30.7 7.2
13.2 2.9 17.6 26.8 8.5
1.1 0.4 0.6 3.0 0.6
6.6 1.6 3.4 17.4 2.6
2.2 0.8 2.0 - 5.4 1.1
3.0 1.0 1.8 10.0 1.5

In respect to the amounts of plant food used per acre by the fruit
of the different varieties of trees, the amounts of nitrogen, phosphoric
acid and potash in the different fruits are in about the following order:

Apples, peaches, plums and pears.

Potash is present in the fruit in larger quantities than is any other
plant food constituent; nitrogen coming second and being present to
the extent approximately, of one-half the amount of potash. Then
follow, in order, phosphoric acid, magnesia and lime, all of these being
present in much smaller amounts.

In the leaves, the plant food constituents used per acre are great-
est in the case of the peach, the apple coming second, then the pear and
plum.

Lime is present in the leaves and also in the new wood in much
larger quantities than any other plant food constituents; nitrogen com-
ing second, followed in their order by potash, magnesia and phosphoric
acid.

In the new wood, the plant food constituents used per acre are
greatest in the case of the- peach trees, after which comes in their
order plum, pear and apple.
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THE AMOUNTS OF PLANT FOOD REQUIRED BY AN ACRE OF BEARING APPLE
TREES COMPARED WITH OTHER FARM CROPS.

It will be interesting to note the following comparison between the
amount of plant food used per acre for trees in full bearing as already
reported, and the amount of material ordinarily used by the different
farm crops, as shown in the following table:

AMOUNTS OF PLANT FOOD USED PER AORE BY BEARING APPLE TREES AND
OTHER FARM CROPS COMPARED.

Nitrogen Phos. acid Potash
Ibs. 1bs. 1bs.
Apple:
Britiwiss qovame sssisnee comvormass savan smn samsive 20 8.5 45.
LIBBVOS.caracaisisssenrassnassuarenans o sacuse sone 30 5.0 9.5
NEeW WOOW.eeeevarreraiensiiosnonsosaciocssancsonss 1 .5 .6
Total..... 51 14.0 55.1
Corn, 30 bu. per acre:
GFBIT e svomny suvey Aes PURTRBESREIYE SRR Henresen 27.6 12. 10.
BUOVEr. ces vevnevmcanssn, susvmasvanasnssnses ooe 14.3 0.9 22.
41.9 12.6 32.
Wheat, 15 bu. per aere. i
QRN s o sansnss  SRENESEETTE sespuoR st swes 16.6 8.5 5.
SUIAW. .o v vevviiinianeneieraaanne sannarasnens 16.8 7.6 19.
Total.......... 3.4 | 161 %,
Timothy hay, 1% tons per acre: 35.4 22.8 38.

The notion that a bearing orchard requires an insignificant quantity
of plant food as compared with the ordinary farm crops is shown by
this table to be entirely wrong. In fact, apple trees bearing a normal
crop require for - fruit leaves and new wood more pounds of each of
the three commercial elements of plant food, viz.: nitrogen, potash and
phosphoric acid, than a 30-bushel crop of corn for the grain and stalks,
and very much more than a 15-bushel crop of wheat and its accompany-
ing straw.

MAKING THE PLANT FOOD IN THE SOIL AVAILABLE.

As is well known, only a small portion of the plant food contained
in any good soil is at any one time available to growing crops. The
processes which render this plant food available are going on more or
less actively, practically all the time. The rate, however, at which this
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food is made available to the growing tree will vary according to the
season and to the method of treating the soil.

For example, during an excessive wet- season, when the soil is
either water-logged or being leached much of the time, there is unlocked
in the soil a relatively small amount of plant food, and much of that
which was already made avasdable is lost either temporarily or perma-
nently through the processes of leaching. This means that the soil
should be watched carefully the year following an excessively wet sea-
son. This is particularly true if the trees following such a season happen
to set a large crop of fruit.

Then, during a very wet season, the soil solutions are so diluted that
the trees will actually find less plant food and have greater difficulty in
getting that which they do find.

Likewise, in a very dry season the chemical and b1olog1ca1 changes
are very much retarded, owing to the absence of moisture. Neverthe-
less, it should be remembered that in such a season the movement of
soil moisture is upward from great depths, and large quantities of mois-
ture are brought to the surface and vaporized. The plant food that
had in wet seasons been carried beyond the depths of the ordinary grow-
ing crop is brought by this upward movement of the water to the
surface and by the vaporization of the water deposited there in a readily
soluble form. This does not mean, however, that the plants derive bene-
fit from these salts during the drouth, for there is not sufficient moisture
in the soil to make this possible. Therefore, while a dry season does
not favor the breaking down of the plant food compounds in the surface
soil, it does in fact favor the accumulation of this soluble plant food in
the surface soil, by bringing it from great depths, and also by the limited
amounts used by the trees on account of the small fruit crop and the
very sparse growth they make in such an unfavorable season.

Thus should we expect following a very dry season an extra-
ordinary season of growth, and if by any treatment in that dry season
we can without permanent injury to the trees induce them to set a good
fruit crop the following year, it is very likely to prove exceedingly
favorable for the development of this fruit. Not only are the condi-
tions likely to be favorable for the development of a fine crop of fruit
following a dry year,  from the standpoint of an abundance of plant
food to mature a maximum crop, but from the standpoint of a diminu-
tion of insect pests and a reduction of the prevalence of fungous dis-
eases.

In the ordinary season it is necessary for orchardists to put forth
some effort in order to unlock the plant food contained in this soil.
The conditions most favorable for the unlocking of this food and render-
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ing it available are the presence of air, carrying as it does free oxygen,
and carrying also carbonic acid gas, which is indirectly a very powerful
solvent. Thus the systematic aeration of the soil favors its breaking
down and increases the ratio of available plant food. This aeration may
be acomplished in two important ways: One, by systematic tillage,
another by keeping up the supply of vegetable matter. Humus or vege-
table matters keeps the soil open and porous, so that the air may circu-
late freely, and in addition, through the decaying of organic matter,
liberates a large quantity of carbonic acid gas, which we have just
learned is effective in unlocking plant food. Humus also assists in main-
taining a more uniform water content in the soil, preventing it from
becoming water-logged for long periods after a rain and preventing it
from drying out to that point where very little or no chemical changes
occur.,

In soils deficient in humus this dry condition occurs as a rule in
midsummer, when the temperature and other conditions are naturally
most favorable to the breaking down of the soil, and at the same time
when the trees are carrying the maximum of fruit and when they
stand in greatest need of a copious supply of moisture and plant food.
And even if the trees are not carrying fruit, they need food at this time
of the year to mature the growth they have started in the spring and to
fill out and perfect the fruit buds they have formed, in order that both
wood and buds may be in good condition for the succeeding winter.

HUMUS AN IMPORTANT FACTOR.

Thus does humus play a very important part:
(1) Inkeeping the soil from washing.
(2) In keeping it from becoming too dry in rrndsummer
(3) In keeping it cool in the heat of the summer.
(4) In draining it in a manner.
(5) In assisting in unlocking mineral plant food.
(6) In holding in an available form and in preventing loss by
leaching of the mineral constituents.
(7) In adding nitrogen.
(8) In making the soil warmer in spring.
(9) In making the soil more friable and loamy, and therefore
cheaper and easier to handle.
As to the best methods of getting this humus in orchard soil, cir-
circumstances must govern in all cases.
On land of fair fertility and not so rolling as to prohibit cultivation
on account of washing, it has been found muost profitable to employ both
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cultivation and humus for derating the soil and unlocking this plant
food. That is to say, cultivation is carried on from the very earliest
spring until the buds for next year are fully formed and until after the
differentiation between fruit and growth buds occurs, say the latter part
of June or early July, when this treatment in the ordinary season and
under average conditions ceases, and the land is seeded to some crop
that will cover the surface during the middle of the summer, autumn,
and if possible during the winter, to prevent washing, and to prevent as
far as possible the alternate freezing and thawing that favors the
eroding of the surface. This growth should not be so rank as to be
difficult to incorporate with the soil the following spring. At the same
time, it should be of rank enough growth to produce a goodly supply
of vegetable matter. For this reason, the orchardists of the east, par-
ticularly of New Jersey, Delaware and Maryland, employ the crimson
clover. This crop may, in my judgment, be successfully employed on
the southern slopes of the Ozarks in seasons when there is sufficient rain-
fa'l in early September to insure germination and a good start, but is
not reliable north of that point.

A second crop, and a much more important one for this purpose, is
the cowpea. There is less risk of crop failure from its use, and it stands
the drouth better than any other legume known to us and has greater
ability to get along on a variety of soils and produce a large growth
and to accumulate a large quantity of nitrogen. Unfortunately, the
-plants die with the first frost, and the land is not, therefore, so well
iprotected in winter against washing as is the case when crimson clover
is grown. :

In favorable seasons the ordinary red clover may be sown in July
and a good winter cover and a liberal quantity of humus secured, to be
disced or plowed in the soil the following spring.

It too often happens that the orchardist limits his effort to the
supplying of humus and nitrogen through leguminous crops, and trusts
to the soil entirely for the mineral ingredients necessary to the proper
nourishment of his orchard. He should remember, however, that on
many soils the introduction of the humus and the cultivation necessary
to incorporate it with the soil, while effective in unlocking the mineral
constituents, do not operate rapidly enough to supply the trees in full
bearing with the necessary potash, and in some cases the phosphoric-acid
required. To make the nitrogen that he is adding to the soil really
effective, it is necessary to introduce, in a commercial fertilizer, a quan-
tity of potash and phosphoric acid. As is pointed out elsewhere, the
application of these minerals in amounts somewhat in excess of the im-
mediate requirements of the trees is not such a serious waste, in view of
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the fact that, unlike nitrogen applied in available form, comparatively
litthe of these elements of plant food is lost when not used by the
growing plants the first season. Under good handling, practically all
of the potash and phosphoric acid may be recovered in succeeding
crops, in case more than is needed is applied at one time.

IMPORTANCE OF TILLAGE.

As has already been pointed out, tillage will greatly facilitate the
liberation of the mineral food of the soil, and it should not be forgotten
that a relatively large quantity of these minerals is required. For ex-
ample, a considerable part of the ash of wood growth is potash; con-
siderably more than half of the ash in fruit comsists of this material,
while, as we know, this element forms the basis of the common fruit
acids.

The western orchardist has, I believe, led in the extent and thor-
oughness of orchard cultivation, and the eastern man, particularly the
New England, New York and Pennsylvania fruit man, has been dis-
posed, in the past, to look with disapproval upon this western practice.
It.appxears, however, from recent reports issued by the Cornell Univer-
gitv.® that the sod treatment of bearing orchards, even on the best
apple land of New York, is proving less profitable than the culture treat-
ment. It is true that only about 11 per cent of the orchards there have
been in cultivation during the past five years, while 33 per cent have been
in sod in this leading apple export county of New York, where some
8 per cent of the entire tillable area of the county is in apple orchards,
and where are about I-25 as many apple trees as in the entire State of
Missouri. Of the young orchards, however, it may be of interest to
note that only 36 per cent of the area is sown to grass, 9 per cent sown
to small crops, while the remaining 55 per cent is given clean culture.

VIELD OF CULTIVATED AND UNCULTIVATED ORCHARDS CONTRASTED.

Five-year average per acre, I1Q00-IQOS5. Orchards all well cared
for.{

Bushels. | Income.
Tilled ten YearS OT MOT@, ..uvveis  sorenssvonunsasaasnnasastosnorinn tarnysssss 337. $189 00
Tilled five FOArS OF MIOXS ...ecv vorerarnrnnnas. v ot som ki FORFEHERSEEE 206 148 00
Tllledov_erha.ltotprecedingﬁveyears................... 234 121 00
Sod over half of preceding five FOATS..... -vovevre criirane cariiininanaaians 242 118 00
Sod five years Or MoOTe..... ...-. B T TR TTTEEE T LT RLILA 258 134 00
SO0 £OX FOALS OF TUOTC ee e eunnennsrnarrsnnsssetassonnssanssastosessnasrnonesones ; 232 117 00

*A Bearing Orchard Survey of Orleans Oounty. Bulletin 229, May, 1905.
+An Apple Orchard Survey of Orleans Jounty, N. Y. Bulletin 229, Cornell University.
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It should be noted that these orchards were al! well cared for,
all receiving some fertilizer, and were sprayed, yet cultivation shows an
increase in the average return during the last five years of $72.00 per
acre, or OI per cent, as compared with similar orchards grown in sod.

In another report from the same institution,* on Wayne county,
New York, a county producing apples chiefly for evaporating purposes,
some very interesting and valuable data still further emphasizing the
advantages of tillage are presented, of which the following is a brief
summary : '

WAYNE COUNTY, N. Y., YIELD IN BUSHELS OF TILLED AND UNTILLED

ORCHARDS.
Number Acres. | Average
orchards. yield.
1900.
Tilled five FEars OF MOT€. . et oeiires cevenanceens en vnennn.s 35 2223 341
Tilled MOSE FOATSemunen e eritirieinitiiee e vennernennn onen 36 208% 309
Sod most years, tilled occasionally. 43 241 301
Sodﬁveyeamormore... feiteieeseensae tessascensannans 51 62014 156
1901. i
Tilled ive FOATS OF MIOTC.. o e et vurarreeen ciieen o veeveneeansonns 32 2323 82
Tiled POOSE FOATB. vununes soun wvsasanasans askoiens connneremone same 38 319 73
Sod most years, tilled 0ceasionally ..o.o.eveeeneenneneennnn..... 54 202% 56
S0d fiVe FOarS OF MOT€..c.vnees.veneeinns ceerarins e earnenennnns 69 609 31
1902.
Tilled five years or more...... ...... .. RS Semmmmane smieninp 53 4833 317
TH11ed 08t FOATS. .- en e eeeeeeerereeesreeeeeaenniaeenss oo 67 428% 279
Sod most years, tilled 0ccasionally........ouueeenrrnennen...... 8 491% 214
S04 MANY FOATS.teuenirnrreneirinans cen veerrennnannns . 122 1,100 176
1903.
Tilled five years or more.................... . Eee I G 31 379 325
Tilled MOSt FEATS..eeenrers vuvennn ... 24 125 255
Sod most years, tilled occasionally 31 225% 238
800 fiVe FOars OF MOTe. .. e eumenmrnnetenennenanannen oeoeoonnon, 43 36812 230
Bushels.
Pour-year averages per acre:
Tilled fiVe FOaTS OF MIOTC..uuuurietveeenaeann et e ceson e veeens s e e 286
Tilled most years. .......... ¥ S5 Elnedionnn - AN 229
Sod most years, tilled occasionally.... ................ avesnrmussadenes iseninns 202
Sod five years or more.. 148

*COornell University Bulletin 226. An Apple Orchard Survey of Wayne Oounty, N. Y.
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Thus it is seen that orchards tilled five years or more produced
266 bushels per acre, while those that had been in sod for five years or
more produced only 148 bushels per acre, as an average for the four
years from 1900 to 1903.

When it is realized that this represents a large number of orchards
and involves thousands of acres, the figures are entitled to the greatest
weight.

In one sense the foregoing figures are misleading, in that they in-
clude all of the orchards examined, whether well cared for or neg-
lected.

It goes without saying that the man who does not cultivate is likely
al the same time to fail to spray, prune, fertilize, etc., and that the bene-
fits of tillage in these figures are magnified.

Eliminating all of the orchards that were in any sense neglected,
and taking those where the only difference in management was tillage,
we have the following results:

*WAYNE OOUNTY, N. Y., YIELD OF APPLES FROM TILLED AND UNTILLED OR-
OHARDS AVERAGE OF THE COUNTY FOR TREES SET BEFORE 1880.
ALL OROHARDS WELL CARED FOR.

Four-year
Treatment. Number. | Acres. Average | average
yield. yield.
1900.
Tilled five years or more... 25 176% 348 |ieiinnn
Tilled MOSE FEATS. v evve veve virrraeennnenenn covannn 22 181 353
2051 e o R ——————— 24 209 T
S0d five YeArS O MOre «uuvveverrerennenresnnnneenrnans 25 206 2% |ivan swsvanss
1903.
Tilled iVe JOALS OF MOTOuers vevrreere v ennseanrnnns 23 345 326 211
TIe TOOBEYOBIB. s vivinsisssinnsus vorssesenyiieses 16 99% 249 245
H0d MO0BE FOATSi-vissin veumvnpmmssioviis se senisvnssies 15 122 257 206
S0d five FOArS OF MOTG..c.vereueverrneeneeranns nenean 22 157% 263 200

“The real difference, therefore, due to sod or due to the lack of till-
age, is between 80 per cent, shown in the table including all of the or-
chards, and 35 per cent, shown in the table relating only to the orchards
well cared for.”

It does not follow that under any and all circumstances an orchard
should be tilled. In many cases the land is too rough or stony, and in
other cases, if the orchards are giving good yields and the trees are
making sufficient growth to keep up their vitality, it is possible that it

*Cornell University Bulletin, 226.
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will be safe to allow them to remain in sod. By the liberal use of
barnyard manure, it is possible to keep an orchard in good condition
without tillage.

It should be remembered, however, that the results of good and bad
treatment are not always apparent the first year. The great difficulty
in determining what kind of treatment pays best in any particular or-
chard is the fact that it may be several years before the results are ap-
parent in the difference in crops. Very frequently a grower has fol-
lowed a few years of good care by a period of neglect, and has received
an increased yield as a result. The trees may be making almost no
new wood, and may be easy victims to insects, drouth and disease. Yet
the increased crop may have persuaded the grower that this is the most
profitable treatment.

“No care can be good that does not takc heed of the future of
the orchard.

“In some cases the orchard may need such treatment as will act-
ually decrease the yield for several years, in order that new wood may
be formed and new vitality given the trees. On the other hand, it fre-
quently occurs that the orchard is growing too fast, producing too
much wood, and is not as fruitful as it should be, and will need such
treatment as will retard growth and increase fruitfulness.”

It is claimed by some that apples from uncultivated orchards are
more highly colored, have a higher flavor, are firmer and keep better.

On the other hand, these apples are usually smaller, and statistics
recently compiled by the Cornell University* show that the apples from
cultivated orchards sold for a slightly higher price per bushel during:
the past five years than did those from the orchards that were not cul-
tivated. That is to say, the extra size of the apples from the cultivated
orchards more than compensated for whatever difference in color,
flavor or firmness there may have been.

It may be said, in passing, that the apples of the Ozark region and
of the river bluffs of Missouri are likely to be sufficiently well colored
for all practical purposes, without adopting the apparently unprofitable
practice of growing the trees in sod.

BENEFICIAL RESULTS FROM CULTIVATION IN MISSOURI.

Unfortunately, the commercial orchard industry in Missouri is
too young to permit the gathering of such data from our own experi-
ences as have been presented for the two leading apple counties of New
York.

*An Apple Orchard Survey of Orleans Oounty. Bulletin 229.
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Professor Whitten of the Missouri Experiment Station gathered
a number of years ago** some very important data on the difference in
the rate of growth of trees cultivated and uncultivated, of which the
following table is a summary:

TABLE SHOWING INFLUENOE OF CULTIVATION AND CARE UPON THE GROWTH OF
APPLE TREES.

;’: Growth in inches.

® Kind of cultivation.
5

7

No. Varlety.

"SIB9A

1895 | 1806 | 1897 | 1898 |

1 | Ben Davis...... 17.6 | 21.7 | 23.2 | 24.5 | Clean cultivation throughout each growing
s$eason.
2 | Ben Davis...... 11 | 12.1| 12.4 | 16.6 | 14.5 | Olean cultivation until 1895; since then clean
cultivation until June, When cover crop
of cow peas or clover was sown

3 | Ben Davis......| 14 [ 17.0 | 9.5 | 16.2 | 10.8 | Olean cultivation until 1895; then seeded to
clpover. clover giving away to bluegrass in
4 | Jonathan.......| 9|17.2| 9.3|13.6 | 11.0 | Cultivated with corn between trees until
1895, Incloversince 1895; space cultivated

under each tree throu hout each summer.

5 | Jonathan....... 10| 7.3| 8.6|11.4| 9.6 Olean cultivation until 1895. Since then

clean cultivation until June, when crop

of cOw peas or clover was sown

4.2 6.1]10.4| 6.6 | In bluegrass and clover; some cultivation
around each tree.

3.6| 5.6 8.9 | 4.4 | Inbluegrass pasture

18.0| 9.3|11.2| 7.4 Inclover;no cultivation since 1895.

11.0 | 11.8 | 19.8 | 12.0| Plowed each spring, cultivated, seeded in
summer to cow peas, ryeor whea.t

It will be noted that in every instance the growth was materially
larger wherever the orchards received good cultivation. Of more im-
portance, it is shown that the trees under cultivation made a more
uniform growth than did those that were in sod.

EFFECT OF FERTILIZERS IN OVERCOMING UNFAVORABLE CONDITIONS.

In the case of such disastrous drouths as in Igor, it is always the
neglected and underfed orchard that suffers most. It is likewise true
that underfed trees fall a victim to the attacks of borers, aphis, root rot,
etc., much more readily than those 'that are well nourished. As in the
animal kingdom, it is the starved animal that carries all the parasites
known to the kingdom, whereas, sleek, fat, well fed animals escape their
ravages.

When an unfavorable season finds an orchard well set with fruit
the fact as to whether it has been well cultivated and is well nourished
or not, in other words, as to whether there is present a reasonable sup- .
ply of available plant food in the soil, exerts a profound influence upon
the effect of this unfavorable season upon the crop and upon the life and
vitality of the trees. This is well shown in an experiment recently re-
ported from the New Jersey Experiment Station with peaches.*

**Bulletin 49 Missourl Experiment Station, *‘The Apple Orchard.”
*Voorhees' “Fertilizers.” Page235.



YIELD OF PEACHES IN UNFAVORABLE YEAR.

Baskets per
acre.

1889 | Unmanlred. coeeiuieeieieces ciemeiecneenace seonntrsetonncans sesessananesanan s 10.9
1889 | FertiliZOG. . cuveuinn et iaet ceiian e sanionenatataetettcaaaanans sasresinananasanan 152.5
162.5

1889 | MAnUTed.e.ccuiiieriiir teainanieniiiraniactiatiaanaann R SRR

It will be observed that the unmanured plot yielded in all about
eleven baskets per acre, while the manured plots produced more than
150 baskets. “The manure strengthened and stimulated the trees, and
enabled them to successfully resist such conditions as were fatal to the
crop on the unmanured land.”**

NITROGEN SUPPLY.

On practically any soil in Missouri that is likely to be planted to
crchard, it is possible to keep up the supply of nitrogen as well as the
supply of humus by growing such crops as have been indicated, and at
the same time pursue what is commonly known as “clean cultivation”
for the orchard.

While the temptation is very strong to make the land earn some-
thing during the early life of the orchard when the trees are small and
occupy but a small portion of the area, and when, without some such
crop, the orchard is a dead expense, the utmost care should be exercised
on the lighter and thinner soils, lest the supply of humus and of avail-
able plant food be to a large extent exhausted by the growing of such
crops as corn, thus leaving the land in no condition to preduce a thrifty
and healthy growth of trees.

One can readily determine whether the nitrogen supply is inade-
quate for the trees by observing closely the color of the leaves and the
length of the growth in the average season. When these leaves are
somewhat sparse, that is, thin on the tree, pale or yellowish in color, it
is certain that the soil is deficient in available nitrogen. Likewise, if
the length growth in an average season, particularly when there is no
fruit crop to nourish, is deficient, the limbs knotty, the bark rough,
instead of the new growth being long, straight and having a smooth
bark, we may conclude that there should be more nitrogen present in
the soil to normally develop the tree.

If, on the other hand, the opposite of all these conditions are to
be observed, that is, an abundant growth of foliage of a dark, rich

**Voorhees’ “Fertilizers.” Page 297.
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green color, and the new growth is ample, we may say that the soil is
supplying plenty of nitrogen, and that it is not necesary to add more.
When these latter conditions are emphasized, that is, when there is an
unusual and even an unnecessary leaf and wood growth, when the
vegetative processes are particularly active at the expense of fruitful-
ness, we may conclude that there is more available nitrogen than is nec-
essary, and it will be profitable to grow some crop in the orchard that
will remove a portion of this nitrogen, such as a corn crop, if the trees
are small enough to make this feasibls, or of timothy in an older or-
chard, the timothy being mown and removed from the land. It is never
advisable, however, to allow orchards to remain long in timothy, even
though it be necessary to plow the land in the sprifig, cultivate during the
summer and resow in September, for while in sod there is a tendency for
the tree roots to develop very near the surface, and if this process be
permitted to go on for several years there will be a serious disturbance
of the root system when the land is again put in cultivation.

SUPPLYING MINERALS.

The mineral element of plant food required in the largest quantity
by the fruit, as has already been pointed out, is potash. Only about
one-fourth as much phosphoric acid as of potash is required. A rela-
tively large amount of lime is required for the development of the leaf.
By reference to the table of the composition of soils, already presented, it
will be observed that the content of potash is, relatively large in most
of our Missouri soils, particularly if we consider the subsoil to a depth
of three feet, which is certainly not beyond the reach of a growing tree
on any soil on which a sane man would plant an orchard. In other
words, there would seem to be sufficient potash to supply' all the needs
of trees for many years to come, and that this would be one of the last
elements to be supplied artifically. Considering, however, the special
need of bearing trees for potash, it is believed that this element can be
profitably applied over most of the Ozark region at any rate.

The amount of phosphoric acid in the soil is not nearly so large,
and perhaps is rendered available more slowly, and is one of the first
elements to be exhausted under the ordinary system of grain farming.

Land, therefore, that has been grown in the ordinary farm crops
for many years before it was planted to orchard, is quite likely soon to
need a limited supply of phosphoric acid in some reasonably readily
available form. Virgin soils planted to orchards would naturally seem
to be less in need of this element, and at the same time, when it is con-
sidered that these soils are in all probability thinner and contained orig-
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inally a much smaller amount of phosphoric acid than the lands that
were brought into cultivation earlier, as will be seen by observing the
composition of the red limestone land, or of the pine ridge land, shown
in the table of plant food in soil. It is likely, therefore, that if two or
three corn crops have been taken off of this land while the trees are
young, that it will stand in very sore need of a limited amount of phos-
phorous in some artificial form.

In view of the great abundance of limestone in Missouri and of
the fact that most of the soils of South Missouri are the result of a lime-
stone decayed in place, it has been assumed that our soils are very rich
in this element and that it would be a waste of time and money to apply
lime.

All of the analyses thus far made in our Soil Survey work indicate,
however, much to our surprise, that many of our soils are really defi-
cient in this element, and have possibly an overplus of magnesia. It is,
therefore, a serious question whether lime may not be very profitably
applied on a great variety of our soils. This is especially true of those
soils which have been in cultivation long enough to develop an acid con-
dition so that the legumes do not thrive well.

FORMULAE FOR SPECIFIC CROPS.

In earlier times the chemist, in recognition of the fact that differ-
ent time is required for the normal development of different classes of
plants, and they require plant food in different amounts and in some-
what different proportions, suggested various formulae adapted to the
requirements of different crops, as, for example, a formula for a cotton
fertilizer, another for wheat, and a somewhat different one for corn etc.
It has often occurred in practice, however, that the so-called corn grower
would produce on some soils better wheat than the fertilizer especially
designed for this crop, and vice versa. This is not to say that much
cannot be learned concerning the fertilizing of different fruits by study-
ing the amounts and proportions of plant food required for their nor-
mal development, but to rely upon these data alone would lead us into
costly errors. ’

DIFFERENCE IN AVAILABILITY FOR DIFFERENT KINDS OF FRUIT.

This does not mean, however, that one fertilizer would be as well
adapted to ome fruit as to another. That is to say, there are qualities
in a commercial fertilizer outside of the chemical composition which
affect very materially its value and adaptability to particular uses. Chief
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among these qualities is the ease with which the elements of plant food
contained therein are available. Under some conditions a very readily
available plant food is required ; under others, one that acts more slowly
is much to be preferred.

For example, it would perhaps be dangerous to use very much of
a very quick acting fertilizer, especially if it contained very much nitro-
gen, on pears, for it is quite likely to leave the tissue in such a condition
as to fall easy prey to blight. Likewise, it is as a rule not advisable to
apply large quantities of a readily available plant food to apples.

On the other hand, a peach orchard, located on comparatively thin
land, and loaded with fruit, would be greatly benefited by a liberal quan-
tity of a very readily available food. The same would be true of all
the small fruits.

A safe rule in all cases would be in making up a commercial fertil-
izer to supply a small quantity of immediately available material and
furnish the remainder in a slow acting form, so that a uniform supply of
food may be provided and a steady and uniform growth promoted. This
is more particularly true of nitrogen than of the mineral elements. To
secure this condition with nitrogen the readily available material may be
supplied in the form of nitrate of soda, or preferably dried blood, or
cottonseed meal, and for the slow acting material, barnyard manure,
tankage or a pure raw bone meal, or cheaper than any of these, cow-
peas or clover. '

In the case of the phosphorous, a small quantity of acidulated rock
would furnish the material required for immediate use, and the re-
mainder could be more advantageously supplied in steamed bone, or
much cheaper and probably quite as well in the long run, in finely ground
raw phosphate rock. In this case it will always be necessary to plow
under vegetable matter frequently to facilitate the unlocking of this
phosphorus.

DANGERS THAT MAY FOLLOW THE USE OF FERTILIZERS.

If care and judgment be exercised in the amount of nitrogen ap-
plied and the season of the year in which the application is made,
whether it be commercial fertilizer, barnyard manure, or a leguminous
crop turned under, there will be no unfortunate results to follow. The
only disadvantage in applying too much potash and phosphoric acid
comes from the expense of buying an unnecessarily large amount of
these ingredients. They will not cause too much wood growth, as will
an excessive amount of nitrogen, and will not, so far as we know, di-
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minish the tendency toward fruitfulness, or cause a late growth, or
prevent a proper ripening of the wood for winter, or produce a soft and
immature tissue that is especially subject to the attacks of fungous dis- -
eases. In truth, they and lime have just the opposite tendency.

Special care, then, need only be exercised in the application of
nitrogen. The wood and leaf growth, as has already been pointed out,
will show whether sufficient nitrogen is being supplied or not, and any
excessive growth of leaf or twig will be conclusive evidence that too
large a quantity has been used.

Such a mistake in a young orchard may be readily remedied by
planting to corn and removing both the corn and fodder, and in the
case of large trees that seem to have been overfed with nitrogen, seed
to timothy, removing as hay the crops, and by one or the other of these
means the danger is quickly removed.

The utmost care, however, should be taken not to carry this de-
pleting process too far. It is like bleeding a patient for some malady—
a most excellent thing to do when the patient really requires to be bled,
but not a good thing if the bleeding process is carried too far.

This cropping under all circumstances is a great temptation, as it is
- reducing the expenses of handling and giving an additional return from
the land, but if carried to the extent of depleting the soil and no effort
be made to restore the fertility thus removed, the small return obtained
from the farm crop will be much more than lost in the reduced vigor of
the orchard and the diminishing crops of fruit.

As has already been pointed out, it is especially bad policy to have
the land alternately rich and poor. Better trees and better fruit will be
obtained by a consistent policy of one side of the proposition or the
other, and rather a somewhat underfed tree, existing under uniform
conditions, than one that is this year underfed and next year overfed,
or that is alternately rich and poor.

PHOSPHORIC ACID.

The commercial forms of phosphoric acid .vary in availability more
than do those of any other element. - We have every grade, from the
imrhediately available forms of dissolved bone black and dissolved rock,
through the medium acting forms of raw and steamed bone, to the
very slow acting, finely ground, untreated, phosphate rock.

It depends very much upon how one is situated as to which of these
forms it will be most profitable to employ. Unless one has an orchard
of bearing age that is very badly run down and needs immediate stimu-
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lation, there is no need for the employment of a very quick acting,
readily available and high-priced dissolved bone black; besides, the
cheaper form of acidulated rock will furnish quite as readily available
phosphoric acid.

Under many circumstances the choice would lie between the two
forms of bone meal, namely, pure raw bone meal, and steamed bone
meal. The essential differences are, the raw bone meal is more readily
available, contains a higher content of nitrogen, from 3 to 4 per cent,
and a smaller content of phosphoric acid, from 18 to 22 per cent, and
these ingredients cost somewhat more per pound than in the steamed
bone. Steamed bomne is the residue after the extraction of the glue from
the bone, and leaves it poorer in nitrogen, containing only from 14 to
214 per cent, but richer in phosphoric acid, containing from 23 to 26 per
cent, but neither of these ingredients is so readily available, the fertilizer
being what would be termed slow acting, and is the cheapest form of
finely ground bone.

At the present time the cheapest source of phosphoric acid is the
finely ground raw rock, which contains from 28 to 32 per cent of phos-
phoric acid, and will cost, laid down at an average point in Missouri,
about $7.50 or $8.00 a ton, in car lots. This means that a ton of rock
contains from 560 to 650 pounds of phosphoric acid, making this ma-
terial cost, laid down at the farmer’s station, 1.2 to 1.3 cents a pound.

If the orchardist buys this material after it has been treated with
sulphuric acid, the best that he can hope for is for a ton to contain 300
pounds of phosphoric acid, for which he will be obliged to pay, laid
down at his station, from $15.00 to $18.00, which means that the avail-
able phosphoric acid in this form will cost from 534 to 6 cents per
pound. In other words, for the same money that 300 pounds of available
phosphoric acid can be purchased, about 1270 pounds of unavailable ma-
terial can be secured, or about half the quantity usually found in the first
ten inches of an acre of our good land.

Experiments conducted at the Pennsylvania Expenment Station and
a number of other places, extending over a long series of years, clearly
indicate that this material can be renderd available rapidly enough for
all crop requirements by good tillage and by keeping a goodly supply
of humus in the soil, both of which are necessary for other reasons in
orchard management.

In the matter of the amount of phosphoric ac1d to apply, it will
depend necessarily upon the extent to which the soil has been depleted
and the age and condition of the orchard, and what other crops are in the
near future to be removed. If the trees are just coming into bearing
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and the land has not been hard cropped with corn or other grain crops,
from 100 to 150 pounds of bone meal per acre, or 400 pounds of rock
phosphate will be sufficient to apply once every third or fourth year for
ten or twelve years, when there would be sufficient phosphoric acid to
satisfy all of the demands of the orchard perhaps until its usefulness had
ended. As has already been shown, the amount of phosphoric acid used
by bearing orchards is not large, but most Missouri soils are depleted
of this material earlier than any other, with the possible exception of
nitrogen.

RELATIVE VALUE OF DIFFERENT FORMS OF POTASH SALTS.

Generally speaking, the supply of wood ashes has been exhausted.
This leaves two important forms of potash in commercial {fertilizers,
commonly known as the muriate of potash and the sulphate of potash.
One is quite as readily available as the other, since the potash in both
of the salts is readily soluble in water.

For general agricultural crops, such as corn, wheat, timothy, etc.,
and perhaps for potatoes that are sold on the open market in a mature
condition, the muriate serves every purpose and is considerably cheaper
than the sulphate. It has long been known, however, that the presence
of the muriate exercised a deleterious effect upon the quality of certain
delicate and very sensitive crops. For example, a high grade cigar
tobacco cannot under any circumstances be grown with this salt. Grapes
do not produce a high class wine when fed upon a muriate. Early pota-
toes are edible and palatable much younger and come on earlier when
fed upon a sulphate than a muriate.

It has been assumed by practically all of the agricultural chemists
of the country that for the ordinary fruits, such as the apple, peach,
pear and plum, the muriate is quite as effective. Therefore, in all of the
fruit formulae the potash is suggested to be in the form of a muriate on
account of its relative cheapness.

Some experiments now in progress, however, at the Massachusetts
Agricultural Experiment Station, indicate that a sulphate is superior to
a muriate. The results have not been published, and it is through the
courtesy of Professor of Agriculture, Dr. Wm. P. Brooks, Professor of
Agriculture and Acting President, that I am permitted to make the fore-
going statement. .

In’a recent letter to the writer, Dr. Brooks says: “One of the most
striking points brought out by our experiments, which began with the
setting of the orchard in 1894 and have continued since, is the great su-
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periority of the sulphate over the muriate as a source of potash. The tree
girth is considerably greater in the case of those trees receiving a combi-
nation of sulphate of potash and bone meal than in the case of those trees
receiving a muriate of potash and a similar amount of bone meal. It is
also important to note that the trees receiving the sulphate of potash have
borne the largest quantity of fruit of any in the experiment. The fruit
on the plot receiving 20,000 pounds of barnyard manure per acre each
year is in general rather coarse and slightly inferior both in quality
and in appearance, while the fruit on the plot receiving wood ashes
is superior in appearance and quality to all other methods of treatment.
The fruit on the plot receiving the sulphate of potash and bone meal
is considerably superior in appearance to that on the plot receiving the
muriate, and ranks next in this respect to the fruit grown from wood
ashes.” '

All things considered, wood ashes, unleached, applied at the rate
of from 600 to 1000 per acre, will be as good a form of potash as can
be found, provided the cost per pound of actual potash in this form
is not more than that of the sulphate. Recently some of the large
packers have used large quantities of wood in curing their meats, leav-
ing a high grade wood ash available for a fertilizer at a reasonable
price. When this is available and the cost is not too great it is to be
recommended.

When a supply of wood ashes is not available, I should recommend
a sulphate at the rate of about 2 pounds per bearing tree or 150 lbs per
acre.

For the growing trees, before they come into bearing, I am inclined
to the opinion that the muriate would be good enough, and should be ap-
plied in the vicinity of the tree at a rate which would supply about 100
pounds of actual potash per acre, which means 200 pounds of the
muriate salt.

It is claimed by many fruit growers that the use of potash as a
fertilizer in bearing orchards will favor the development of high color in
the fruit and cause the trees to hold their fruit better. In this con-
nection, Professor Taft, personally known to most every Missouri Hor-
ticulturist, writes: “The Michigan orchardists have found that the use
of mineral fertilizers tends to the production of fruit buds, and that the
flavor and color of the fruit is enhanced. In numerous instances that
have come to my knowledge, the difference in the amount of fruit blown
from the trees that have been fertilized with phosphoric acid and potash
in severe wind storms as compared with the amount lost from un-
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fertilized trees was more than sufficient to pay the entire cost of the
fertilizer.”

In some instances liberal applications of lime have accomplished the
same results, which may be due either to a deficiency of lime in the
soil or to the fact that the added lime liberates a portion of the potash
already contained in the soil, so that the indirect effect is the same as
the application of potash. Certainly, on many of our soils, if lime is
applied, it is not necessary to apply a potash the same season, as the lime
is quite likely to liberate sufficient potash for all of the requ1rernents of
the trees for that year.

FEEDING THE PEACH.

As is well known, the habits of the growth of the peach are quite
different from those of the apple or the pear. The former grows more
rapidly, comes into fruitfulness earlier, produces a relatively larger
quantity of fruit, which has a much shorter season of growth than either
the apple or the pear. It is, therefore, as might be supposed, a some-
what more exhaustive crop, and requires the plant food in a more
readily available form than either the apple or the pear. In practice it
has been found, as would necessarily follow from these facts, that no
fruit is more sensitive to thorough cultivation and good treatment than
the peach. It is necessary to aerate the soil more thoroughly than with
any other fruit.

Fortunately, we have from the New Jersey Experiment Station the
results of some very excellent fertilizer experiments which extended over
a rather long period of years, that will be very helpful in this connec-
tion. The soil upon which these experiments were conducted was of
moderate fertility, of good mechanical condition, and considered to be
fairly representative of the peach lands of the Atlantic Coast. The ferti-
lized plots received annually:

Pounds

per acre.
NIEFatO OF SOA8u: vuae veuetmnnniiniiieiens o teieeens crreeraneeenn e aeemnns e on e 150
Bone black SUDerDROSDIATE .« v vur i teetan it reiete i tea e ieas e s eeesae s 350
MGrIate Of POBASH icmmmeds o wew vomons min sdionsn 38 SAREIMEEESNE STEE5E 13 S6imnmbion on oirmmiaies 150

This particular fertilizer would cost at present prices about $6.50
per acre, although it would be possible to buty an equally good fertilizer
here in the west for less money.
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Those plots having barnyard manure received twenty tons per acre
per year. The following shows the results:

Baskets
per acre.
1. The yield without manure.
1884-1891, inclusive, 8 years, AVOTage Per YBAT.. . iceiectecesranes . svacssasosasaronses 65.7
1884-1893, inclusive, 10 years, avVerage Per FeATL.cu..uicee arere.conrasersssasns os sasnas 60.3
1887-1891, inclusive, 5 Crop years, average Per FEAT. ......eecrererorerssss sosanscaons 105.0
1887-1893, inclusive, 7 Crop years, AVerage PET FOAT.. .u.ceeeeeereassocienssaniascnsnsn 86.2
II. Yield with complete chemical manure.
1884-1891, inclusive, 8 years, AVerage DT FOAT . .. veeerer creieretsninene.orsionnessonnn 164.2
1884-1893, inclusive, 10 years, AVerage Per FeAl.e .. oeceeees soreerere soes srenosnessens 183.4
1887-1891, inclusive, 5 Crop years, average POT FOAT. ......c..eereeeeoeesnrrocnosansseaans 262.8
1887-1893, inclusive, 7 Crop years, Average POI FOAT.. . x ceutreeseesoereasstsreraassasas 262.0
III. Yield with barnyard manure.
1884-1891, inclusive, 8 years, average per year.. 169.5
1884-1893, inclusive, 10 years, AVerage PET JeAT .covueer.criaerrensnssons samsins snrecins 104.7
1867-1801, inclusive, 5 crop years, average per year....... SeEVE RESEEETTSTEREER S e 271.3
1887-1893, inclusive, 7 Crop years, average per YAl cce.cuve seeess on S WRNHEE T 276 8

It will be observed that the yield was very materially increased
by feeding the trees either with commercial fertilizer or with barnyard
manure. The  differenec between commercial fertilizer and barnyard
manure was in this case not material.

It should be remarked in this connection that the amount of plant
food supplied was much larger in the barnyard manure in this particu-
lar case than in the commercial fertilizer, indicating that a smaller
amount than was given in the form of barnyard manure was sufficient to
produce maximum crops. For example, in ten years the fertilized plots
received—

Pounds.
Nitrogen 250
Phosphoric acid. 560
POTASH civawanas Souinsanatimesniodass mamei Fuo. WommmssmendonnesiSisineeissenihosshestmnes ot 750
3

whereas, the trees reeeiving barnyard manure were fed a total in ten
years of

Lbs.
INEBROR M csiwrcaiars o5 winmmwbeimhianuns & sovsssms Samsenatlon s ais SoasNar SRR R 2,000
Phosphoric acid . S 2,000
POUAEN us. fanuunovunnsssedsnss frmmmmnndnsams: e amams 1,600
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As in the case of the other fruits, one must exercise the greatest
care not to overfeed with nitrogen, which over-stimulates the vegetative
tendencies of the tree, belating and minimizing the fruitfulness, besides
such fruit as is produced is lacking in color and flavor and is much
more liable to the attacks of fungus diseases.

FEEDING THE PEAR.

The dwarf varieties require better cultivation, more uniform and
heavy fertilization than do the standard sorts, for the reason that the
quince roots upon which they are grown feed from a much more re-
stricted root area and near the surface, in proportion to the wood growth
they make and the fruit they bear. It is self-evident also that the ferti-
lizer should be applied nearer the tree than in the standard sorts.

In. fertilizing the pear, however, it should be remembered that the
permitting of a rank growth through the supply of a liberal quantity of
available nitrogen makes the tree much more subject to blight and
leaves the wood in such a condition that this disease is particularly fatal.

This has led to the very common practice of planting pears on
relatively close, thin land, giving very limited cultivation, oftentimes
none at all, and keeping the tree in what is commonly considered a half
starved condition, so as to develop a wood that is resistant to the
attacks of this disease. It is for the practical grower to determine in
either case which of these policies he shall pursue.

HOW TO TELL WHAT SORT OF FERTILIZER TIE ORCHARD NEEDS.

After all that is said and done, the only way to determine accurately
what a bearing orchard on a given soil needs is to try it, and under
ordinary circumstances it will be necessary to continue this experiment
over a considerable length of time. Certainly it would not be sufficient
to apply the fertilizers in the spring and expect a full and profitable re-
turn in the crop that same season. It is possible that the influence of
this application may not manifest itself for two or.three years, and it
may continue to exert an influence for five or six years. .

The best plan, therefore, would be to repeat the application at the
end of about the third year, taking special pains to note the difference in
the growth and vigor of the trees under each treatment, the color of the
leaves and the amount, size, color and soundness of the fruit. .

It will not be sufficient, however, to trust to one’s eye to determine
the difference in the yield of fruit. A difference of 25 per cent may be
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easily undiscovered, whereas this diffrence might show a very large profit
on the use of a commercial fertilizer. :

Men engaged in the orchard business at all extensively can afford
to make these experiments, accurately weighing the crop of fruit from
each plot carefully, and keeping a record from year to year until the
experiment is closed.

In passing, I may say that the Experiment Station will be very
glad to enter into co-operation with any of our orchardists who have
land growing in orchards which in their judgment need some artificial
feeding. We may be in position to supply the fertilizer in the necessary
amounts, and to send a man to the orchards to gather the data at time
of harvest. ’

The following scheme will serve as a general guide and be sufficient
for a preliminary test. It is not to be assumed that the particular kinds
cf fertilizers proposed in this plan are the ones that would be necessarily
recommended for use in actual practice, but these are selected for the
preliminary test in the main because of the convenience with which they
may be procured and the uniformity of their quality on the market.
Later, if it should be shown by results, for example, that nitrogen
is required, it would be very easy to get it in a cheaper form than nitrate
of soda.

PLAN OF PRELIMINARY TEST OF FERTILIZERS.

- Plot. Treatment.
1. Nothing.
2. Muriate of potash, 150 pounds per acre.
Pure raw bone meal, 250 pounds per acre.
3. Dried blood, 200 pounds per acre.
Pure raw bone meal, 200 pounds per acre.
4. Muriate of potash, 150 pounds per acre.
Dried blood, 200 pounds per acre.
5. Muriate of potash, 150 pounds per acre.
Dried blood, 200 pounds per acre.
Pure raw bone meal, 200 pounds per acre.
6. Nothing."
Barnyard manure, I0 tons per acre.
Lime, 2000 pounds per acre.

%
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APPLICATION OF COMMERCIAL FERTILIZERS.

On mature bearing orchards that are occupying the entire ground,
it is quite as well to make the application broadcast and in the spring,
immediately before the first cultivation, letting the tillage given mix
the fertilizer with the soil.

In the case of barnyard manure, it is possible and advisable to
make the application in the autumn, after the ground is firm, say, from
the first of November on, unless the land be very steep so that there
will be serious loss from surface washing. The material would then
be incorporated with the soil by the early cultivation, just as in the case
of the commercial fertilizer.
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