RELATION OP COLD STORAGE TO COMMERCIAL APPLE
CULTURE.
By G. IIAROIJ) POWELL,
Pomolo(j¡st in Charge of Fruit Storage Iiiresti go lions, Bureau of Plant Jmhislrg.
INTRODUCTION.

The development of fruit growing as a business distinct from the
general operations of the farm has been one of the striking changes in
American agriculture during the past fifty years. Early in the last
century commercial orcharding was unknown in-the United States,
Apples and other fruits were grow^n in a small wa}^ about th(ï home
for family use, but there was no general interchange of fruits in the
commerce of the towns and cities. But as the country grew and the
facilities for transportation w^cre extended and improved, fruit growling
quickly assumed a commercial aspe(ît, and in the last thirty years it has
developed into one of the leading agricultural industries of the nation.
This rajjid growth of American pomology has accompanied the rising
•standard of life w^hich has led to the freer use of fruit as a staple
article of food throughout the world. The Bessemer rail has sx)read
a network of railroads over the country, and, w-ith the modern steamship, has made commercial orcharding possible by bringing the fertile
lands of the Mississippi Valley and of the Pacific coast nearer in point
of time to the Eastern States, the United Kingdom, and Continental
Europe than the orchards of Michigan and western New York formerly
were to the cities of Boston, New York, and Philadelphia, while the
recent development of the cold-storage warehouse business is adding
stability and permanency to the industry by equalizing the supply of
and demand for fruits, especially of the apple, by storing up the temporary oversupplies at the harvesting period and distributing them at
home and abroad as needed.
TIIK PRESENT STATUS OF THK APPLE TNDTJSTRY.

The apple is preeminently the National fruit in the connnercial
pomology of the*United States. Great geographical areas are now
devoted to its cultivation, in contrast with its restricted growth a
generation ago in small areas near the towns and cities. More than
200 million trees of bearing age represented the extent of the industry
when the Federal census of 1900 was taken, show^ing an increase of
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about 80 million trees during the preceding decade. In former years
the industry was confined principally to the North Atlantic States, but
now the center of the apple orcharding of the country is in the Mississippi Valley. Formerly the most important orchard regions were
located in the (pooler Northern States, but since 1870 the most rapid
strides in orchard planting have been made in warmer regions like
central and southern Illinois, Missouri, Arkansas, and Virginia. In
1900 the orchards of the North and South Atlantic divisions of States
contained about 05 million trees of bearing age, the Western division
of States had 13 million trees, while there were more than 123 million
trees of bearing age in the orchards of the North and South Central
divisions of States. ^ At that time seven States each had more than
10 million trees of bearing age, Missouri having more than 20 million,
New York approximately 15 million, Illinois more than 13 million,
Ohio nearly 13 million, Kansas and Pennsylvania each nearly 12
million, and Michigan approximately 11 million trees, while Kentucky, Indiana, Virginia,. Tennessee, Arkansas, Iowa, North Carolina,
and West Virginia, in the order given, contained approximately from
9 million to 5 million trees of bearing age each.
TRAKSITTOÍÍ IN METHODS OF MARKETING THE APPLE CROP.

The apple industry is passing through a transition period in connection with the methods used in marketing the crop. As long as
apple growing was only an incidental feature in the operations of the
farm and the fruit did not enter generally into trade and commerce,'
the crop was sold by the grower directly to the merchant or to the
consumer. As the industry increased and the fruit was distributed
more widely, a large proportion of the apples used in the city markets
was consigned to commission merchants. Within the last decade,
especially since apple growing has assumed such extensive proportions
and the fruit has entered into the trade and commerce of the world,
the handling and marketing of the crop have been developing into a
specialized business distinct from the growing of the fruit. A large
proportion of the apple crop is handled at the present time by men
purchasing it in the orchard, who either pack or supervise the handling
of the fruit, and who have a general knowledge of the status of the
apple trade at all times throughout the world, or by growers or associations of growers who have similar facilities for keeping in close
« The geographical divisions of the Twelfth Census are as follows: North Allanlic—
Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New
York, New Jersey, Pennsylvania. South Atlantic—Delaware, ïlaryland, District oí
Columbia, Virginia, West Virginia, North Carolina, South Carolina, Georgia, Florida.
North Central—Ohio, Indiana, Illinois, Michigan, Wisconsin, Minnesota, Iowa,
Missouri, North Dakota, South Dakota, Nebraska, Kansas. South Central—Kentucky,
Tennessee, Alabama, JNIississippi, Louisiana, Texas, Indian Territory, Oklahoma,
Arkansas. Western—Montana, Wyoming, Colorado, New Mexico, Arizona, Utah,
Nevada, Idaho, Washington, Oregon, California.
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touch with the condition and the requirements of the apple trade.
This revohition in the methods of handling and distributing the apple
crop is still in ¡Drogress, and the apple industry is not yet fully adjusted
to the new conditions. The cold-storage business, by equalizing the
distribution of the crop and thereby adding greater stability to the
industry, is one of the important factors in this transition.
THE RELATIOX OF SUPPLY AND DKM AND IN THE APPLE TRADE.

In a normal season the apple trees in the United States produce
from 120 to 200 million bushels of fruit. The apple crop is perishable
in nature, and as it is not produced uniformly throughout the 3'ear it
is not uncommon for the large markets to become oversupplied,
especially during the time when the more perishable summer and fall
varieties are ripening. The congestion in the apple trade has often
extended into early winter, especially when the autumn months have
been warm and it has been necessary to sell the winter varieties soon
after harvesting to prevent unusual losses from decaj^. Under these
conditions the fruit may not bring the cost of the freight, and enormous quantities have been sacrificed before the apples could be placed
before the consumer. At the same time the supply of fruit in
the smaller interior towns has been unequal to the demand, and after
midwinter there generally has been an undersupply, with a strong
demand for good apples in both domestic and foreign markets.
SOME OF THE CAUSES OF GT.UTTED FRUIT MARKETS.

The fruit trade is subject to violent fluctuations in supply and demand
on account of th(^ perishable nature of the product, '.riie gl utted markets
which have often characterized the apple trade at the height of the
shipping season are due to inadequate facilities for the wide and rapid
distribution of the fruit. They are the residt of a condition of the
industry which has made it necessary to force the crop on the market
within a short space o F time. These gluts are not caused by a general
overproduction of apples, but rather by the faulty distribution of the
crop, as an equal quantity of fruit would not supply the demand if it
were distributed more widely and'uniformly throughout the year.
No industry can be exempt from the cfl'ects of violent fluctuations
in supply and demand unless some provision is made for equalizing
the distribution of its products. The older wheat, corn, cotton, and
tobacco industries have long sin(;e developed a system of Avarehouses,
in which the temporary surplus produ(îts are stored at harvest time,
and from which they are distributed to domesticî and foreign markets
when production ceases and the demand increases. These warehouses
may be compared to a reservoir which stores a city water supply. If
the whole volume of water in the reservoir were to burst suddenly
upon the city the result would be disastrous and the equilibrium
between the supply and the demand w^ould be violently disturbed; but
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the same quantity of water nicel}" balances the demands of the people
when it is distributed in smaller but steady quantities throughout a
longer period of time. From the earliest times it has been recognized
that some provision nmst be made to equalize the distribution of the
products of an industr\^ if it is to grow into permanency and stability,
and the apple industry is now in a transition period so far as the
application to it of the w^arehouse system is concerned.
THE l>EVELOPMENT OF THE COLD-STORAGE W^AREHOUSE BUSINESS.

During the past twenty years the commercial fruit business has
developed a system of warehouses cooled by mechanical methods of
refrigeration. These warehouses are sometimes operated as independent fruit-storage plants, but more often the storage of the fruit
is a department of a general cold-storage warehouse business. The
storage of apples in mechanical!}^ cooled warehouses has developed
largely since 1890, though there has been a gradual evolution in ice
making and in the application of ice to the preservation of fruits and
vegetables, from the simple methods of the ancients in India, who
produced ice by the evaporation of water exposed to the night air in
shallow, porous vessels, to the highly developed ice-making machines
that cool the warehouses of the present day. As soon as it was found
that apples could be kept satisfactorily in mechanically cooled warehouses, the application of the warehouse system to the commercial
fruit industry was quickly perceived, and, in connection with the
recent rapid development of the apple industry, warehouses for the
cold storage of fruit have been constructed in nearly every large city
and in many of the smaller towns in the apple belts. No complete
statistics of the American warehouse business have been compiled, but
it is probable that there are from 700 to 1,000 warehouses in the
United States that store apples to a greater or less extent. The
number of cold-storage plants is increasing rapidly at the present
time.
THE MAGNITUDE OF THE APPLE-STORAGE BUSINESS.

The magnitude and development of the apple-storage business may
be appreciated by reference to the following table,* which represents the number of barrels held in cold storage in the united States
about December 1 of each year since 1898:
uipples in dorage about December 1 of each year from 1898 to 190S.
Barrels.

1898
1899
1900

800,000
1,518,750
1,226,900

1901
1902

Barrels.
1,771,200
2,978, 050

1903

2, 348, 540.

«Statistics furnished through tFie courtesy of the International Apple Shippers'
Association.
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Up to the present time the «ipple crop has been stored principally in
the large cities in plants operating a general cold-storage business.
Recently, however, warehouses have been constructed in small towns,
especially in western New York, for the storage of fruit alone, and a
few^ mechanically cooled plants have been built by apph^ growers on
the farms. Cold-storage warehouse's are located in the large cities
priniîipally because it is more e(?onomical to operate a general coldstorage business than a special fruit business, and also because the
fruit is stored largely by apple dealers who are located in the cities,
rather than by the growers of the fruit. In 1902 about 43 per cent of
the apples stored in the United States were held in Chicago, NCAV^ York,
Boston, Philadelphia, Rochester, St. Louis, and Indianapolis.
These large warehouses are generally operated b}^ incorporated
companies. A storage charge of from 40 to GO cents per barrel, or
from 15 to 20 cents per box, is made for the season, which extends
fi'om October 1 to May 1. The storage charge may be based on a
monthly rate per package if the storage extends over a part of the
season onh^, in which case the cost is proportionall}" higher.
THK RELATION OF THE AVAREHOUSEMAN TO THE FRUTT STORER.

The cold-storage warehouse business has developed so rapidly that
the relation of thé warehouseman to the man who stores the fruit, as
well as the function of the warehouse in the preservation of the fruit,
is not generally understood. The warehouse is su^^posed to supply a
uniform temperature of the desired degree of cold through its rooms
during the storage season. It is expected to be managed in other
respects so that the det(irioration of the fruit and losses from any
other cause may not be reasonabl}^ attributed to a poor construction
or installation of the plant, to its negligent or improper management,
or to the ill-treatment of the goods within the Avarehouse.
If the temperature of the rooms fluctuates unduly from the degree
to be maintained and the fruit is frozen to a point of injury, if it ripens
with abnormal rapidity, if it is piled in certain parts of a room so that
it is injured by overcooling or by heating, or if the management of the
w^arehouse or treatment of the fruit in othca' respects can be shown to
have been faulty or negligent, the storage house has failed to perform
its proper function.
The Avarehouse treatment is not supposed to insure the fruit against
the natural deterioration that may take place in cool temperatures.
The Avarehouseman holds the fruit in storage as a trustee for the
storer, and in that relation is bound to exercise only that degree of
care and diligence in the management of the building and its contents
that a man of ordinary care and prudence Avould exercise under the
circumstances in protecting the i)lant and the goods if they w^ere his
private property.
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CONDITIONS INFLUENCING THE KEEPING QUALITY OF APPLES.

The cold-storage liouse is supposed to retard the ripening processes
in a temperature that will not injure the fruit in other respects, and
thus to lengthen its life histoiy. It is designed also to arrest the
development of diseases with which the fruit may be affected and
which cause its premature death. A fruit is a living body; its life
processes go forward rapidly in high temperatures, and it soon reaches
the end of its life. In low temperatures the life processes are retarded,
though they progress slowly in the lowest temperature in which the
fruit may be safely stored. In a similar respecît the diseases whi(îh
affect the fruits are due to living organisms. These multiply rapidly
in high temperatures and are retarded by low temperatures. Some
diseases, like the bitter-rot and apple-scab, are checked by the temperatures best adapted to the storage of the apple, while others, such as
the black and blue molds, grow slowly in the lowest temperatures in
which the fruit may be stored without freezing.
THE CONDITION OF THE FRUIT AND ITS KEEPING QUALITY.

The behavior of apples in a storage house depends on their condition
when they enter the room. No two lots may be expected to act alike
unless they are in a similar condition when stored. If one lot ripens
more than another after picking, it will deteriorate sooner in the storage
house. If the diseases in one lot have progressed farther than in
another, the premature death of the fruit may be looked for earlier in
the storage season. If the fruit has been gi'own under conditions that
cause it to pass through its life history more quickly than the same
variet}^ grown under different conditions, it may be expected to reach
the end of its life at an earlier period. The cold-storage treatment
does not obliterate the differences that exist in the various lots of fruit
when they enter the storage house; it rather retards, while not preventing, their normal development.
TUE TEMPERATURE FOR KEEPING APPLES.

In commercial pra(;tice a temperature of 31^ to 32^ F. in the
warehouse retards the ripening of the fruit more than a higher
temperature. It also checks to a greater extent the development of
diseases and of scald. When the fruit is removed from the warehouse
to a warmer temperature, it remains in good condition longer WIKíU
taken from a temperature of 31^ to 32^ F. than when removed from a
higher storage temperature. In the latter case the ripening has
progressed more rapidly in the warehouse, and the fruit is nearer the
end of its life Avhen removed.
Under favorable conditions winter varieties of apples may be stored
satisfacîtorily throughout the season in a temperature of ?A'^ to 30^'^ F.
This higher temperature is adapted to farm storage houses, or to
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D. G. PA5SM0RE

NORTHERN SPY APPLES.

Five months in cold storage.

The more mature fruit (upper figure) was picked two weeks
later than the other.

PLATE XXIII.

Yeirbook U. S. Oept. of Agriculture, 1903.

YORK IMPERIAL APPLE.

After five months in cold storaee, revealinK scald on uucolotcd side,showing (lower fieure) that
the flesh is uninjured.
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\Yarehouscs in which the fruit can be phiccd soon after picking. If
the fruit is not stored as soon as it is taken from the tree, and the
temperature averages a])ove (30^ F., its ri[)ening processes are greatly
accelerated. Under these conditions a storage temperature of 31'^ to
36-^ F. does not check the ripening so quickly or to so great an extent
as one at about the point of freezing, and the lower storage temperature
is necessary to overcome the effect of the abuses to which the fruit has
been subjected.
THE TIME TO PICK APPLES FOR COLD STORAGE.

The ideal apple for keeping in cold storage is fully grown and
highl}^ colored, but still hard when picked from the tree. In this
condition it has developed the most attractive style and finest quality
and has attained the highest market value. An apple that is picked
pr(Mnaturely appears to ripen more i-apidly than fruit picked in a
more mature condition. Immature fruit deteriorates as quickly as or
even more quickly than fruit that has reached a higher degree of
maturity on the tn^e. The inmiature fruit is likely to lose in firmness
in the warehouse and it is more susceptible to the development of
scald.
When the apple is handled in large commercial quantities it is not
always practicable to allow the fruit to reach the ideal degree of
maturity before it is harvested. The growing scarcity of labor in many
parts of the country, the difficulty that is often experienced in
securing cars for the transportation of the apples, and the frequent
congestions in the freight traffic at the railway terminals have made it
necessary to begin the picking of the crop relatively early in the
season. On the other hand, a good deal of the fruit is picked prematurely under the erroneous impression that the keeping quality is
improved when handled and stored in this condition. The Northern
Spy apples in PI. XXII represent fruit at different stages of ripeness.
The more highly colored fruit in the upper figure of PI. XXII has
better keeping quality and is superior in every respect to the apple
shown below it.
SUGGESTIONS FOR IMPKOVrXG THE COLOR OF APPLES.

The color of apples may be heightened by cultural practices that
tend to mature the fruit relatively early in the season. If the
orchards are in tillage and cover crops have an (excess of nitrogíínous
fertilizers, and the trees are sprayed, the increased productiveness of
the soil and the added vigor of the trees keep them growing late in the
season. These cultural conditions enlarge the leaf surface of the trees,
and the fruit is shad(^d to a greater degree. Stopping the tillage early
in the season, seeding the land to a cover crop to absorl) the moisturi»
and to take up the available plant food, and pruning the trcícs vigorously to let in the sunlight usually increase the color of the fruit; or
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it niiiy bo accomplished, Avhen necessary, by i)utting the orchard temporarily in sod. The color is believed to be improved also by the
application of potash fertilizers.
The apples on a tree differ widely in the degree of maturity attained
at a given time, just as is the case with peaches or phims or pc^ars in a
tree top. The fruit on the upper and outer branches ripens in
advance of that on the shaded interior branches. It is impossible
to secure uniformity in maturity when the entire product of a tree
is picked at one/time, as apples in different stages of ripeness are
mixed indiscriminately together. The greatest uniformity in this
respect is attained when the trees are picked over two or three times,
taking the apples at each picking that have attained the desired
size and color.
THE APPLE SCALD.

Apple scald is the cause of serious losses in many varieties of coldstorage apples. This difficulty develops toward the end of the storage
season when the fruit approaches the end of its life, or it nvdy appear
early in lots of apples that have ripened considerabl}^ between the time
of picking and of storing the fruit. The scald appears as a brownish
discoloration of the uncolored portions of the fruit, that is, on the side
developed in the shade. The appearance of the scald and its position on the fruit are shown in the York Imperial apple in PI. XXIII.
An apple picked prematurely is more susceptible to this trouble than
one that has developed the highest degree of color before picking. In
fact, highly colored apples of a variety that usually scald badly seldom
develop the trouble. This phase of the subject is illustrated by the
Winesap apples shown in PI. XXIV. Apples picked when partly
colored or in the condition shown in the upper figure of this plate
developed 33 per cent of scald in March when stored in a temperature
of 32^ F. The more highly colored fruit, represented by the lower
figure, which was picked from the same trees two weeks later in the
season, and stored in the same room, developed at the same time only
two-tenths of 1 per cent\)f scald.
As the scald normally appears late in the life of the fruit, a storage
temperature of 31^ to 32^ F. retards its development more than a
higher temperature; and as a higher temperature hastens the life
processes, an apple that is free from scald when removed from storage
late in the season may develop the trouble quickly if it is taken into a
warm temperature.
All varieties are not equally suscîeptible. The York Imperial, Grimes
Golden^ Ehode Island Greening^ Wagener, Huntsman, and Lankford
are among those most lik(îly to develop the trouble, though lato in the
season it is serrions on poorly colored Baldwin, Ben Davis, Winesap,
and Yellow Newtown apples, as well as on many other sorts.

PLATE XXIV.

Yeirbook U. 5. Dept. of Agricultuie, 1903.

0. a. PAUHORE

WiNESAP

APPLES.

After ñve months in cold storairc. showing scald on immaturr fruit (upper figure) with highly
colored fruit uninjured.
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THE NATURE OF SCALD.—The character of scald is not well understood. It is not the result of bacteria or fungi whicli grow in the fruit
and cause the connnon fruit rots, and it is not transmitted from
one apple to anothc^r. It appears to be due to the normal oxidizing
ferments in the fruit, whichj.'ausc the premature d(^ath of tho cells of
the apple just beneath the skin. These cells die and iinalh^ turn brown,
producing the characü^ristic discok)ration of the skin. The trouble
does not extend deeply into the iiesh of the apple. Its surface nature
is shown in the York Imperial apple and a cross section of the same
fruit illustrated in PI. XXIII.
THE PREVENTION OF SCALD.—With the present knowledge of scald
its control seems to depend upon cultural conditions and on proper
methods of handling the fi'uit. It is necessary to grow highly colored
fruit in order to reduce the susceptibility to the trouble, and it is of
primary importance to store it (pdckly after picking or to ship it
under conditions that retard the ripening processes. Jf the fruit is
then stored in a temperature of about 32'-^ F., and the varieties that are
likely to dev(dop the trouble are removed from storage relatively early
in the season before the scald appears, and if after removal the fruit
is kept as cool as possible, the losses that occur anmially from apple
scald may be materially reduced.
THE IMPOKTANCE OF STOKING APPLES PROMPTLY AFTER PICKING.

A large proportion of the diiEculties in the cold storage of apples is
the result of delaying the storage of the fruit after it is picked. The
apple ripens more rapidly when picked than it does when hanging on
the tree and maturing in the same temperature. The diseases with
which the fruit is affected appear to develop more rapidly when storage
is delayed. If the weather at the harvest time is warm—that is, if
the temperature averages above 60'^ F.—the fruit matures and the
disipases grow with unusual rapidity. On the other hand, if the
weather at this time is cool, the ripening progresses more slowly and
the diseases may not increase in severity. The ripening that occurs
during the period of delay between picking and storing shortens to
that extent the life of the fruit in the storage house. Keeping the
apples in piles or packages in the orchard before storing, as shown
in n. XXV, or delays in transit or at the warehouse before they are
placed in storage, therefore, cause the fruit to ripen and diseases to
spread, and the apples may already have commenccïd dí^teriorating
when they enter the warehouse.
The Rhode Island (hx^ening apples in PI. XXVI show the difference
in maturity of fruit stored soon after picking and similar fruit stored
after a delay of from two to three weeks. The keeping quality in the
apple reprcisented in the lower figure has been ruined by the delay in
placing it. in storage. The importance of storing fruit immediately
after picking is, therefore, greatest in the warmer apple belts of the

áB4

YEARBOOK Oí^ THE DEi*AEÏMENT OF AGRIOULÏUBE.

country, though it is eqiiaîly important in the northern apple-growing
sections when the autumit months are unusually warm.
ADYANTAGKS OF A T.OCAT. STORAGE HOUSE.—In handling the apple
for cold storage the ideal is reached when the fruit can be taken
directl}^ from the tree to the warehouse.. So far as the fruit is concerned, a similar condition is approached when it is shipped to a distant
warehouse in refrigerator cars, or the ideal is attained in those sections
or seasons in which the picking and handling of the crop occur in cool
W'Cather. It may not be practicable for the apple dealer who is located
in a distant city to store his fruit in warehouses situated near the
orchards, nor is the local warehouse advisable in sections where there
are inadequate facilities for transporting the fruit to distant markets
during the winter. As a general rule, it is to the mutual interest of
the owner and the warehouseman that the fruit be stored where it
can be watched carefully throughout the season by the owner, as the
warehouseman is responsible only for the proper management of the
building and its contents, and not for the ultimate condition of the
fruit.
The local warehouse is especially favorable to the apple grower who
stores his own fruit and w^ho is not located near a large city warehouse.
It is also adapted to apple dealers in cities who have permanent representatives near the orchards. In those sections in which the fruit is
likely to ripen in warm weather, like the warmer apple regions of the
Mississippi Valley and the Allegheny Mountain districts, the grower is
frequently forced to sell his apples in the local market or to a dealer
at a low price. If the weather is unusually w^arm the fruit is likely to
arrive in the markets in Ijad condition, and the apple trade soon
becomes demoralized. On the other hand, if the fruit is shipped to a
distant storage house and the packing, shipping, or handling is delayed,
its storage quality has been seriously impaired before it reaches the
warehouse.
A system of warehouses located in the orchards and managed by
growers, or operated by companies in near-by towns, would reduce
some of tli^ difficulties with which the growers in the warmer apple
belts have to contend, and would thereby give greater stability to the
industry in those sections. There can be no question, from the standpoint of the keeping of the fruit, of the advantage of a warehouse
located near the orchard, but its usefulness to the business as a whole
depends not on the keeping quality of the fruit alone, but on the larger
question of its adaptability to the present requirements of the apple
trade.
INFLUENCE OP ENVIRONMENT ON KEEPING QUALITY.

The same variety of apple may vary widely in keeping quality when
grown under different conditions. The apple is affected by its
geographical environment, by the type of soil, by the condition of
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APPLES IN THE FIELD, A PRACTICE COMMON IN THE ALLEGHENY
MOUNTAIN DISTRICT.
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IN MANV SECTIONS.
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RHODE ISLAND GREENING APPLES.

showing condition oi fruit wben ■tortd aoou after picking (upper figure) and after a delay of
two or three week«.
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STORED IN BOXES, A PACKAGE ESPECIALLY DESIRABLE FOR TENDER
VARIETIES.
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STORED IN BARRELS, THE PACKAGE COMMONLY USED.
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the trees, and b}^ other factors connected with its production. It is
probabl}^ safe to lay down tlie general principle that an environment
which causes the fruit to grow with unusual rapidity causes it also to
pass relative!}' faster through its life history after the fruit is picked.
Apples grown on low, rich land or on young trees ai-e abnormally large
and arc likely to deteriorate sooner than fruit of the same variety from
older trees or a more congenial soil. Fruit stimulated by nitrogenous
fertilizers in orchards in which the water-holding power of the soil
has been largely increased by the incorporation of vegetable matter is
often inferior in keeping quality. Similarl}^, apples produced on
quick-acting, sandy soils and on the strong new lands in some of the
newer apple-growing regions are apt to reach the end of their life
relatively early in the season. The grower sliou J recognize the fact
that the apple is profoundly modified by its environment, and that the
inherent differenees in each lot arc not eliminated by stora^^e treatment. It should not be expected that the different lots of the safne
variet}^ grown in widely different sections or under different cultural
conditions will act alike in the storage room; rather the handling of
the apples should be governed by the nature of the fruit itself.
INFLUEliCE OF COLD STORAGE ON COMMERCIAL YALLTl OF VARIETIES.

Cold storage is increasing the commercial value of many tender but
otherwise desirable varieties which formerly had to be sold soon after
picking. The season of the late summer and fall sorts, like Grravenstein, Williantô, Alexander, Oldenburg (S;fn, Duchess)^ Maiden Blush,
and Fall Pippin, may be extended a month or six weeks if the condition of the apple trade warrants the storage of these varieties;
usually it is not advisable to store the quick-ripening suinmer and
fall varieties except to relieve a congested market or to bridge over
the season umtil the early winter sorts are fit to use. Early varieties
lose their quality in storage relatively sooner than later kinds, and as
the weather is likely to be warm when they are removed from storage^
the fruit breaks down quickly. If the condition of the apple trade
makes it advi'sable to store the early kinds they may be handled to
best advantage when the fruit is well matured and stored s<x>n after
picking in well-ventilated rooms in a temperature of about 32^ F. It
is advisable to pack the fruit in packages of not over a bushel in capa^
city, as a larger paiîkage, like the barrel, does not radiate its heat
when stored quickly enough to check the ripening of the fruit. (PI.
XXVII.)
The value of some of the early winter varieties, like Wealthy,
Grimes Golden^ Jonathan, and Mclntosh, has been greatly increased
by cold storage. Formerly these sorts had to be sold soon after
picking to prevent loss from decay. Now they may be stored until
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mid winter, or even later, iind thorcb\^ iidd to the list of v<arioties of
hiiij'li quality obtainable daring that period. Tlie cold-storag-e industry
has tliereforc increased the use of some varieti(\s of liigh grade that
formerh" had to be i)lanted in restrioted quantities. It has also made
it possible to grow these varieties in waruKU' localities than formerly,
ïhe}^ may be stored iu local warehouses, or with the ri^frigei'ator car
near at hand they ma}^ be shippc^l safely to a distant warehouse and
distributed later in the season.
INFí.T;KN(^E

OF

COLD

STOIíAííE

OX

THE

APPLF

TRADE.

The cold-storage wari^house industry in its broadest economic relation is equalizing the distribution of the ap])le crop throughout the
season, and equalizingth(^ price as well. Like other warehouse systems,
it uuist idtimatel}' add greater stabilit3^ to the supY)ly and demand and
materialh^ beneiit the producer and the consumer. The producer will
reap the benefit of a steaxlier condition in the apple trade aiul of more
uniform prices. The consumer will realize the advantages of a.more
uniform supply of apj)les throughout the year at even prices.
There is some danger that the cold-storage warehouse business may
be developed too rapidlv for the pressent needs of the apple trade. It
is possible that the (quantity of fruit stored in a given year will be so
large that the ])rices will not reach a paying level during the winter
and spring months. This condition was confronted in 1;M)2, when a
large proportion of the stored fruit was poor in quality. At that time it
was estimated that there were more than 1,000,000 barrels of ai)ples held
in common storage about December 1, in addition to 3,(K)0,0( 0 })arrels
held in cold storage. The markets were full of the conmion-storage
stock during the winter months, and the ix)or grades, as AVCíII as the
better fruit iri the warehouses, were held imtil spring, when the apples
had to be forced on the market before the advent of warm weather.
The result was a temporary oversupply and low priées at a season Avhen
fruit usually' brings the highest returns. The apple-wareliouse business is still too young to have adjusted itself thoroughly to the requirements of the trade. It is nov/ íit the threshold of its development, but
just as tlie laws of supply and demand will ultimatelv define the extent
and stabilit}^ of the apple industry, so too the same hnvs will finally
adjust the relations of the cold-storage warehouse to that business.
INFLUENCIE OF COJA) STORAíiE IX EXTENDINCÍ AFIM.E MARKETS.

('old storage is having an important iniluence in extending the
apple markets both at home and abroad. The delicat(^ summer and
fall varieties ma}' now he shipped to distant domestic and foreign
markets in refrig(^rator cars or m refrigerated compartments on shipboard. Cold storage has become an important factor in the present
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rapid development of the export trade in apx^les by len^-thening the
season of diistrilmtion. From the fiscal year 1(S03 to 189(3, inchi«ive,
an averacre of 78,907 barrels per year was exported from the United
States between the 1st of Januaiy and the 1st of June, or an average
of 17.9 per cent of the exports of each fiscal year. During the most
active period in the development of the cold-storage business, or from
1897 to 1903, an average of 240,688 barrels per year, or 25; 9 per cent
of the exports of each iiscal yi^ar, were forwarded during the same
months—an annual increase in that time of 8 per cent. From 1893
to 1896, inclusive, 4.5 per cent of the exports of the year were forwarded between March 1 and June 1. In the fiscal years 1897 to 1903,
8.3 per cent were forwarded during the corresponding period. If the
fruit has been properly handled betw(?en the orchard and the warehouse, as well as in the warehouse, the late-keeping varieties can be
withdrawn and exported in common storage in well-ventilated boats
during the early spring, or in refrigerated compartments as late as the
middle or last of May. *
In this connection, it should be remembered that the export trade in
apples is increasing rapidly, and that American fruit is as yet known
in but few of the European markets. The export trade has increased
from an average annual export of 99,316 barrels during the decade
from 1860 to 1870 to an annual average of 575,548 barrels during the
decade from 1890 to 1900. In the fiscal year 1903 the exports
amounted to 1,655,247 barrels, and in 1904 the shipments will be
greatly increased. Yet, so insignificant has been the development of
the export trade to the continent of Europe that less than 20 per cent
of the apple exports from the United States in the fiscal year 1902
were used outside of the United Kingdom.
1N^LUE^X^E OF COLT) STORAGE ON THE STANJ)ARD OF FRUIT GROWING.

The cold-storage industry is one of the important influences in
raising the standard of American fruit growing. There is an increasing demand on the part of the consumer for fruit of higher quality,
of more attractive appearance, and of better physical condition.
The early methods of handling the apple crop, whereby the fruit was
roughl}^ treated, poorly packed, and improper!}^ preserved, do not
satisfy the present demands of the warehouse business or of the
more exacting consumer. The cold-storage industry is emphasizing, more than any other factor in the apple trade, the need of well
grown, well graded, and carefully handled fruit for successful storage
operations. Poorly grown apples, or fruit that is badly graded and
roughly handled in the orchard or in transit, deteriorates quickly in
the warehouse and causes dissatisfaction on the part of the consumer.
Apple dealers are beginning to realize these general principles, and in
the selection of storage supi)lies are airead}^ discriminating between
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the orchardist who gives careful attention to the tillage, spraying,
]^ruuing, and fertilizing of the orchard, and the fruit grower who
negleiîts the trees and handles the fruit improperly.
Until recently there has beca little (effort on the part of investigators
to study the life history of the apple after it has been severed from
the tree. Investigation has ceased to a large extent with the production of the crop, and the problems connected with its handling and
marketing have been considered as being of a commercial rather than
of a scientific character. In the last f(nv 3'ears, however, considerable
attention has been given to the chemistr}^ and phj'siology of the apple
from its earliest growth to old age and decay, and in this phase of the
subject the influences of the conditions of growth and of the methods
of handling the fruit after it is picked, including its treatment in
warehouses in cold temperatures, have formed an important part of
the investigations. The effect of this careful work in connection with
the practical experience of warehousemen is to force better methods
of picking, grading, packing, and shipping on the grower, the dealer,
and the transportation companies. The cold-storage warehousing
business and its exact requirements constitute one of the great educational factors in improving the American fruit industry.

