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A STUDY OF THE RELATIVE IMPORTANCE OF VARIOQUS FACTORS
CONTROLLING PROFITS IN STRAWBERRY PRODUCTION

Introduction

The strawberry is the most popular of all small fruits. The
beauty of the fruit, its delicious flavor, and the fact that it ripens
before there are other fresh fruits available insure an active demand
for them in all markets. In addition to its use as a dessert fruit
the strawberry is widely used for canning, for preserves, and as a
flavoring for ices. The recent development of a method for preserving
the fruit by freezing has brought promise that the quality of fresh
strawberries may be enjoyed throughout the year.

From the standpoint of the grower the strawberry has several
advantages. It offers a source of cash in the early summer. The period
of time between the setting of the plants and the first harvest is less
than with other sﬁall fruits and much less than with tree fruits. The
strawberry is adapted to culture in the garden under very intensive con-
ditions or in the field where it can be given less detailed attention.
It can be produced successfully on a wide variety of soils, under widely
different climatic conditions, and it is attacked by comparatively few
serious pests.

The strawberry is principally a crop for the small farmer. No
expensive equipment is required for its culture. A large emount of work,
especially that of harvesting, must be done with hand labor, and, there-

fore; the farmer with his family can care for a small planting of from



one to three or four acres with very little outlay of money and compara-
tively little hired help. This is the common practice in Tennessee.
Large acreages are rare and most of the production comes from such small
family patches.

Since the early introduction of strawberry growing into the
middle west and south, Tennessee has been prominent among strawberry
producing states. During the period from 19218 to 1924, inclusive, this
state led all others in carlot shipments, and since that time it has
been among the leading states, (14) According to the statistics prepared
by the United States Department of Agriculture, Tennessee has ranked
third in acreage, third in total production, and seventh in the value of
the crop during the period 1931-1936, inclusive.(ls) Nevertheless, there
are hundreds of growers who, during that period, did not secure-returns
sufficient to cover the cash expenses and leave anything for the labor
of growing the c¢rop. Observations during the past five years have indi-
cated widely different cultural practices among the growers within each
major producing region and even greater differences in the methods which
are followed in different parts of the state.

There is an obvious need for more definite information concern-
ing the relative value of different cultural practices and the determi-
nation of those factors which are most influential in determining the
success of any program. The plan of this work has been to make a care-
ful survey of the literature dealing with strawberry growing, to deter-
mine the methods which were followed by the more successful and less

successful growers in order to determine, if possible, the significant



differences in their programs, and, finally, to check the importance of

these differences by field experiments.
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REVIEW OF LITERATURE




PART I -~ REVIEW OF LITERATURE

HISTORICAL

The European Strawberry

The strawberry (Fragaria) is a native of the temperate lati-
tudes of both hemispheres. Native species are common in Europe,
Asia, and in both North and South America. Even though both Virgil
and Ovid refer to it the early Greeks and Romans seem not to have
grown it in gardens. Early interest in the plant seems to have been
centered about its ornamental value as is indicated by a statement
made as late as 1629 by Parkinson, the apothecary-gardener of London.
His statement, concerning the value of the strawberry, was quoted
by Roe(74) as follows:

"It may be eaten or chewed in the mouth without any

manner of offence; it is no great bearer, but those

it doth beare are set at the toppes of the stalks

close together, pleasant to behold, and fit for a

gentlewoman to wear on her arme, as a varietie in-

stead of a flower."

According to the account given by Bailey in his Standard
Cyclopedia of Horticulture, the earliest record of garden culture
is the growing of the native wood strawberry, Fragarias vesca, in
France early in the fourteenth century. In the fifteenth century
wild plants were commonly transplanted into the English gardens
where they were grown for their fruits. This practice is indicated

by the following quotation, from the writings of Tusser, which is

given by Beckett(7) in the "Book of the Strawberry":



"Wife, into thy garden, and set me a plot

With strawberry roots of the best to be got:
Such growing abroade, among thorns in the wood,
Wel chosen and picked, prove excellent good;"

Interest in the strawberry developed gradually and during
the sixteenth century it is mentioned frequently in several herbals.
Further evidence of its popularity during the latter part of that
century is found in the third act of Richard III where Shakespeare(84)
places these words in the mouth of Richard, Duke of Gloster:

"My lord of Ely, when I was last at Holborn I saw

good strawberries in your garden there, I do beseech
you send for some of them."

By the latter part of the seventeenth century rather defi-
nite cultural practices were established and the strawberry was
recognized as a desirable addition to the garden. The historical
sketch which is given by Fuller(®6) 1887, includes the following

statements:

"Gerarde, in 1597 enumerzates but three varieties,
the white, red and green fruited."

"Quintinye, in his "French Gardener," translated
by Evelin in 1672, mentions four varieties, and
gives similar directions for cultivation as prac-
ticed at the present time (1887), viz, planting

in August, removing all the rumners as they appear,
and renewing the beds every four years."

The North American Strawberry

In north America the native strawberry, F. virginiana, was
recognized to be of value by the very early settlers and rapidly be-
came popular. In the introduction to "The Strawberry" Fraser(35)

cites the following quotations:



"Coming to more recent times, in 1629 William Wood,
in writing of the attractions of the new land, says,
'There is likewise Strawberries in abundance, verie
large ones, some being two inches about,' and in
1643 Roger Williams states, 'This berrie is the
wonder of all the fruits growing naturally in all
these parts!'."

The native American strawberry was carried into European

gardens comparatively early.(56)

"Its culture dates back to an early period in the
annals of American Horticulture. It was found
growing wild when the country was discovered and
I find mention of Fragaria virginiana, our North

American species, being introduced into European
gardens as early as 1624."

Introduction of the South American Species
and the Development of Crosses

The South American species, F. chiloensis, came into the
picture only a little later. It was first introduced into French
gardens early in the eighteenth century. In 1712 Frezier, a French
officer, returned to France from Chili taking with him a few plants
of this species which attracted his attention because of their large
fruits., This proved to be a pistillate type and produced very few
fruits so that it was considered a failure in France.

In the "French Gardener," as translated about 1691 by Evelin,(sl)
there is this statement:

"Strawberries are of four kinds; the White, the Large
Red, the Capprens, and the Small Red wild strawberry."

All of these types were probably selections of the native species

because i1t was nearly three quarters of a century later, in 1760,



that another Frenchman, Duchesne, published a book describing differ-
ent sex in strawberry flowers and he is supposed to have been the
first to originate new sorts by crossing. The importance of this
discovery was not appreciated for many years. In fact, as late as
1828 the idea was expressed in Loudon's Gardener's Magazine that the
kind of strawberry makes little difference because the care and culti-
vation are responsible for quality and size of fruit.

It is obvious, therefore, that the modern strawberry as we
¥now it is of comparatively recent development. It is thought that
the strawberry from which our modern varieties have been developed
originated as a hybrid of the two species, F. virginiana and F.
chiloensis. The following statement appears in Bailey's Standard
Cyclopedia of Horticulture(54):

"The first of the modern race of large-fruited

varieties was the Keens' Seedling, originated by
Michael Keens, of England, in 1819; it was a Pine
(either & form of F. chiloensis or a hybrid of

that species with F. virginiena) and from it have
sprung most of the European varietlies of today.

The Hovey, from which modern North American varie-

ties have descended in large measure, was undoubtedly

a Pine in part, but there is considerable evidence

that one of 1ts parents was a variety of F. virginiana.®

Soon after the development of the Keens' Seedling variety
another Englishman, Knight, produced successful crosses which gave
varieties of great commercial value., By 1836 as many as one hundred
varieties were included in English catalogs and more than two hundred

varieties were listed by French nurserymen. Many of these English

varieties were introduced into the United States but the results



were usually disappointing because the plants proved unsuited to
this country. In 1834 an American nurseryman, Hovey, produced a
seedling which he named the "Hovey." It was a cross between the
large-fruited Pine strawberry from Europe and the hardy, vigorous,
native species, F. virginiana. In discussing the importance of this
development, Fraser says(ss):

"It was the sensation of the age with its large

handsome fruits and by 1850 it had established the

strawberry as one of the leading fruits in America,

a position it has never lost."
The Hovey proved to be a pistillate variety and because the sex
characters of strawberry flowers were not understood it was never
really successful as a market variety. The real commercial develop-
ment of the strawberry industry did not begin until the middle of
last century. The opening sentence in Fletcher's "Strawberry Growing“(55)
is as follows:

"Commercial strawberry—growing in North America may

be said to have begun with the introduction of the
Wilson, in 1854."

The Rise of Commercial Strawberry Growing
in the United States
Following the introduction of the Wilson there was a feverish
interest in strawberry growing and especially in the development of
new varieties. The most heated discussion during this period centered
about the flower characters of the plant. About 1834 Longworth, =z

prominent horticulturist of Cincinnati, discovered the imperfect



flowers of some varieties and for & period of more than ten years a
heated discussion concerning the true character of strawberry flowers
was carried on, in the current periodical magazines, between Longworth
and Hovey. In Volume 12 of Hovey's "Gardener's Magazine," 1846,
the editor summarized the discussion by stating his belief that there
were no separate male and female plants, that staminate plants could
not be made pistillate or the reverse by cultural practices, and that
perfect flowering plants were necessary to insure good crops.(44)
Two years later in the same periodical a committee of the Cincinnsti
Horticultural Society (largely under the influence of Longworth) re-
ported that strawberry flowers were either pistillate or staminate
and that they knew of no such thing as a perfect flowered strawberry
plant.(45) In the first volume of "The Horticulturist," 1846, the
editor, Downing,(zg) announced his agreement with Longworth that
staminate plants should be set with pistillate plants to insure largest
yields. He disagreed, however, with Longworth'!s view that the flower
character of & strawberry variety never changes and contended that
there was a tendency to change from perfect to imperfect flowers.
This controversy was continued and until the very last of the nine-
teenth century there were frequent statements that the question of the
importance and proper use of pollinators had not been settled. Gradually,
however, the necessity of considering flower characters in the selec-
tion of strawberry varietles was recognized.

During this discussion a great interest was aroused so that

guthors, nurserymen, and growers took sides. Careful study was given
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to such questions as the effect of pollen on the fruit of the ferti-
lized blossom, the number and distribution of pollinators which should
be used in a planting, and especially the development of suitable
hermaphrodite varieties. The result of this interest was reflected
in the rapid expansion of strawberry growing. From less than 1500
acres at the time the Wilson was introduced the plantings increased to
more than 150,000 acres before the close of the century. Fletcher(54)
makes the following statement concerning this expansions

"The !'strawberry-fever! that swept over the country

between 1858 and 1870 has not been equaled in intensity

by the boom days of any other fruit."

Following this unusual expansion there was the inevitable re-
action which resulted in a considerable reduction in acreage, but
from 1850 to the present the general trend has been upward. The acre-
ege devoted to strawberries in the United States at the close of the
century in 1899 was reported as 151,575.(99) This was followed by a
considerable decrease so that the average acreage for 1917, 1918, and
1919 was 85,670,(1) but since that time the industry has expanded so
that the average acreage since 1930 has been approximately 180,000.(18)
In 1934 the commercial strawberry crop in the United States ranked
fifth in value among the fruit crops of the countxy.(z) In Tennessee
the trend has been quite similar. The acreage in this state was 11,548
in 1899.(99) It was 10,350 in 1919(1%) ang averagea 16,300 from 1930
to 1936, inclusive.(ls)

Before the industry became so widely spread Cincinnati was

considered the center of the commercial culture while garden culture
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wes general near the cities in the eastern states. Since 1870 com-
mercial strawberry growing has graduslly increased and garden culture
has gradually declined. The rapid spread of strawberry growing through
the United States was reported frequently in the pages of current
periodical literature. In 1855 reference was made in the Rural New
Yorker to the recent introduction of strawberries in Californisa.

Three years later the same publication reported 1000 acres in Southern
Illinois. In 1881 the crop is referred to as important in Arkansas

and the next year an article in the same magazine recommends straw-
berry growing in Texas. The commercial industry began in Missouri in
1889 when the first shipping association was formed in that state, and
according to the American Fruit Grower, the first small shipment moved
from Plant City, Florida to Philedelphia in 1889, The Louisiana straw-
berry industry began about 1890 and, according to the best records
which are available, commercial growing in Tennessee dates back to
1880 when shipments were made from Hamilton County in East Tennessee
and 10,000 crates were shipped from Humboldt and Gadsden in the western

pert of the state.

A Sound Basis for Development

Two factors have contributed largely to the spread of this in-
dustry. The plant has been found to be adapted to a wide variety of
conditions. In 1898 Corbett{19) makes the following statement:

"We are coming to realize as a nation, that this berry,

counted a delicacy on the millionaire's table, can be

had by any owner of a patch of ground, who will spend
the little time and labor necessary."
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Later in the same publication he says:

"There is no other fruit that can be had with so little
expenditure of time and money."

In 1930 Strawbridge(sg) made a similar statement. He says:
"The strawberry is adapted to practically all tilled
sections of the United States. It is an early cash

crop for each locality in which it is grown."

The second and perhaps the more important factor which has
influenced the widespread distribution of the industry is the develop-
ment of improved transportation, especially the development of re-
frigeration. In 1866 Earle began shipping strawberries from Cobden,
Illinois in chests with ice, and by 1869 he had begun to ship in car-
loads with ice.(s) In 1891 over 600 refrigerator cars were used for

fruits and vegetables and in 1929, 40,741 were used for fruits and

vegetables including 13,000 which were used for strawberries alone.

EUROPEAN CULTURE OF THE STRAWBERRY
Garden Culture and Forcing

Strawberry culture in France and England has been on an in-
tensive rather than sn extensive scale since its beginning. In both
of these countries the forcing of strawberries in greenhouses or
specially constructed beds has remained very important until quite
recent times. "The French Gardener," translated by Evelin(sl) in
1691, gives a good idea of the intensive methods employed. The fol-

lowing quotations are taken from that translation:
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"The soyl (soil) which they most affect, is rather a
sandy than a stiff, and therefore you shall make
choice of that part in your garden for them, which
most approaches this mixture."

"The 'Small-red wild strawberry! need not be culti-
vated but may be gathered from the woods or planted
in beds about the home and given no special care.
Other types (Large-red, White, and Capprens) are
planted in borders or low beds with & path between."
"To order them well, you must dress, weed and loose
the mould about them very diligently, and to have fair
and clear fruit, you shall stick a smaller prop to
every plant, to which you shall bind their stalks with
a straw.m
“When your strawberries shoot their strings, you must
castrate them, and leave them none but such as you
reserve to furnish you with plants."

Much the same recommendations appear prominently in periodical
literature during the early part of the nineteenth century. In the
early volumes of Loudon's Gardener's Magazine from 1826 to 1840
Knight and other writers favored the intensive culture but questioned
the desirability of cutting all runners and stirring the beds in the
fall. Great emphasis was placed on deep soil preparation and the
liberal use of manure. There were frequent favorable references to
the use of nitrate. The practice of allowing runners to set in matted
beds, which were mowed and manured after picking and retained several

years, was referred to by most writers as a careless, undesirable

method which produced continuously smaller and poorer fruits.

Development of Field Culture

Discussions of field culture first appeared in the Gardener's
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Chronicle about 1850. The hill system was used, and vegetable crops
such as onions, spinach, and endive were suggested as intercrops.

All writers agreed that a fertile soll was necessary but some recom-
mended a sandy soil while others preferred a heavier type. The inten-
sive methods of garden culture and forcing were reflected in the
recommendations for field culture. In the first volume, 1872, of "The
Garden" which was edited by Robinson,(gs) the following statement is
found:

"Three main points to be observed in strawberry growing
are digging deeply, planting early and manuring heavily."

A discussion of soil preparation about twelve years later by the same
editor showed a somewhat different opinion. After stating that trench-
ing was generally considered necessary and admitting that it probably
was essentisl in very light soils he said(72):
"eeessases I can safely assert that trenching is (under
other conditions) quite unnecessary and in some cases
it has proved actually disadvantageous."
For both field and garden culture late summer or fall setting
was recommended. Either the plants which had been forced were used
or the first runners were rooted in pots in the field. By these methods
August setting was quite successful and good crops of fruit were har-
vested the following spring.
For many years during the last half of the nineteenth century
there were comparatively few important changes in cultural recommenda-

tions. There was the usual discussion as to the proper time to apply

mulch, the best season for setting, and the value of spring cultivstion,
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but, nevertheless, there was general agreement. In 1890 a paper on
"Strawberries for Market," was read by Bunyard(ll) before & meeting
of the British Fruit Growers Association in which the following state-
ments occurred:

"Deep cultivation, heavy manuring, clean culture, snd
care in sorting the fruit, appear to be essentials."

Earlier in the paper the writer said:

"T am of the opinion that, as far as culture is con-
cerned, we have reached the best possible; and the
only thing I object to in our Kent field system, is
the late hoeing which is often given. If the land
is thoroughly cleaned and pulverized, by the time
the flower trusses show, and before they open, it
would be preferable to finish hoeing at this stage,
and not delay the work until the flower is out «..."

About the beginning of the present century frequent references
to overproduction began to appear in pericdical literature. Beckett,
in "The Book of the Strawberry," which was published in 1902, explained
that foreign competition, that is shipments of fruit from France, was
not important because the fruit deteriorated so much in transit that
it was of poor quality on arrival. Only five years later, however, it
was reported in the "Gardener's Chronicle™ that the transportation of
strawberries from Western Eazliand and from France was greatly hurting
the greenhouse culture.

Even though the production in France was concentrated near the
cities and éame from smell plantings the crop was reported to be of

considerable economic importsnce. In 1895 de Vilmorin(loo) made the

following statement:
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"From a commercial point of view the culture of the

strawberry (in France) is nearly as important as

that of Asparagus."
There was continued increase in production in spite of declining
prices until by 1911 the prices had dropped sufficiently to discourage
French shipments.

During this same period a great deal of discussion occurred
concerning the deterioration or "running out" of varieties. Leaf
spot end eelworms were considered the principal causes and growers
were urged to introduce healthy, vigorous plants from other sections
at least 100 miles distant. This introduction of fresh stock and
greater care in cultural practices failed to gtop the deterioration
and about 1928 careful research was begun on the problem. About that
time Wardlowg(los) of Glasgow University, was assigned to study of =a
common stfawberry root disease., He said:

"The disease which is seen at its worst in May and

June, is definitely diagnosed as a root disease due
to the destruction of the root system by soil fungi
under soil conditions unfavorable to the plant."
His later recommendations suggested no direct control but suggested

more attention to the selection of favorable soils, liberal feeding,

careful tillage, the use of good plants, and crop rotation.

STRAWBERRY CULTURE IN THE UNITED STATES
Influence of European Methods

During the early period of strawberry growing in the United
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States the cultural practices were patterned after English methods.
Frequent references may be found in the magazines of that time to
practices which closely resemble the forcing methods followed in
England and France. The setting of pots in the field in order to root
the runners during the summer and thus provide potted plants for lste
summer or fall setting is an example of such practices. The state-
ments of William Prince(68) 1828, are descriptive of these early
methods. He recommended the fall setting of strong vigorous plants
and said:

"These may be ﬁlaced in beds from three to four feet

wide and from ten to twelve inches spart each way,
according to the extent to which the variety usually
expands its growth."

Later in the same discussion he said:

"Most varieties do best when allowed to run together,
so as to form a complete mat—-as in this case one
forms a shelter for the other from excessive heat--
but when fruit is desired of the largest possible
size, the plants must be kept distinct, end at e
distance of one foot asunder, and the runners should
be cut off as fast as they appear."

In the early volumes of Hovey's Gardener's Magazine many sys-—
tems of strawberry culture were discussed. Forcing, bed culture, row
culture, hill culture, and, less frequently, the practice of allowing
the plants to set runners forming more or less matted rows were given
considerable attention. The editor expressed & preference for the
bed culture in Volume 1l; in Volume 4 Downing suggested the hill system,

and Bayne, just & few years later, recommended that plants be set three

feet apart and runners be allowed to fill slternate middles. Thus,
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the discussion has continued until very recent times. Some writers
have favored one plen and others have favored another. All of the time
many growers have been quite successful with widely different methods
as was so strikingly expressed by Hovqy,(46) 1861:

"The strawberry is cultivated in a great variety of

modes, viz in rows, in hills, and in beds, some al-

lowing the plants to bear only one crop, others two,

and some three. Some mow the leaves after the crop

is gathered; others turn in the old pleants to make

place for the new runners, and thus keep the beds on

the same ground for several years. In either way,

with good judgment and proper treatment, good ecrops

may be produced; and under ordinary garden cultiva-

tion it is hardly possible, with & good soil and

liberal manuring, to prevent a successful result,
whatever may be the mode adopted."

The Extensive Spread of the Industry Resulted in New Methods

With the development of more extensive commercisl strawberry
growing there was & very definite tendency away from the more inten-
sive methods of culture. Forcing and the culture of this fruit in
beds have practically disappeared. Strong statements may be found
concerning the relative value of the hill system and matted row cul-
ture and often & modification of these, known as the hedge-row or the
controlled row, has been recommended. A careful study of recent
literature leads to the conclusion that the matted row plan has been
generally adopted by commercial growers in most sections of the United
States. The 1owér south and parts of the northwest, however, have
turned to the hill system. The commerciesl crop in Tennessee is pro-

duced entirely according to the matted row plan.
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The Selection of a Suitable Soil

Soil Type
The selection of a suitable location for a strawberry plant-
ing has been recognized as a matter of great importance since the
beginning of the industry. Among the factors which should be con-
sidered in the selection of a desirable site, the soil has been given
the most attention.
"Whether or not it is for a market or home patch,
the results secured will, in a general way, be
measured by the adaptation of the soil." (90)
One of the early statements which described the characters of a good
strawberry soil was made by William Prince.(68> He said:
"A light rich loam is considered the most favorable,
being soft, and pliable so that runners may easily
penetrate it with their roots.m
One hundred years later & similsr soil was described by Loree(54):
"Good crops of strawberries may be grown upon
almost any type of soil, provided it is retentive
of moisture, fairly fertile, and well drained."
During this century and up to the present similar statements have
been very common, though some variations may be found.
The following statements may be taken as representative of the
general opinion:
"The type of soil, whether it be sand, silt, or clay,
is not so important as that it should be well sup-
plied with humus." (25)
"The best soil for the strawberry is a deep rich loam.

Deep it must be, if large berries and plentiful crops
are desired." (30)
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"Any well drained soil of moderate fertility that has
high water holding capacities is suitable. The ideal
soil would be a sandy or gravely loam underlain with
clay." (13)

"Deep sandy loam is most desirable."

"Good moisture penetrating and holding ability (is)
necessary." (17)

"eeesees the happy medium between the light sandy
loams on one hand and heavy wexy lime lands on the
other is best." (58)
Some writers favor a rather heavy type of soil while others recommend
a light texture but in almost all cases they agree that humus is es-
sential, that good drainage is necessary and that at least moderate
fertility is very desirable.
The following summary statement by Fletcher,(ss) gives a fair
explanation of these minor differences:
"A survey of soil preferences in different parts of
the continent discloses the fact that more straw-
berries are grown on & sandy loam underlaid with a
clay than on any other soil type. The demand for
early berries has had much to do with this choice.
The most popular strawberry soil in the northern and
central states is a gravelly loam with a clay sub-
soil. Heavy loams, silts and light clays are pre-
ferred for late varieties in the East and are used
very generally on the Pacific coast for all varieties.™
"New ground" has been recommended frequently as most desirable for
strawberries. This is probably due to the fact that such land usually
has abundant humus, is in good physical condition, and is comparatively
free from serious weeds. 1In some sections growers have depended upon
"new ground" for most of the strawberry acreage but usually such land

has become scarce and it has been necessary to prepare old land for

this crop.
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Crop Rotation

No recommendations are found in recent literature for continu-
ing strawberries on the same land for any great length of time. The
accumulation of insects and diseases, the withdrawal of certain ele-
ments from the soil and the reduction of the humus supply, leading
to soil erosion on even moderate slopes, are the ususl reasons which
are given for crop rotation. An almost endless variety of rotations
are suggested by different writers but certain recommendations are
similar in nearly all references to this subject. Perhaps the most
importent of these is the use of some green manure crop, preferably a
legume, in the rotation in order to maintain the humus supply. The
following statement by Talbert(gl) expresses the opinion of most
writers:

"Crop rotation systems using legumes and non-legumes,

with and without manure, are valuable in preparing
0ld land for strawberry production.”

The other important point upon which practically all writers
agree is that strawberries should follow a clean cultivated crop in
order to reduce the problem of weed control and the danger from in-
sects, such as cut worms and white grubs which often accumulate in
sod land. Irish potatoes, sweet potatoes, tomatoes, or other vege-
tables are considered suitable crops to precede the planting of straw-

berries.

Soil Acidity

During recent years attention has been given to soil acidity
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as a factor in determining the suitability of a soil for strawberry
growing. It has been recognized for many years that wild straw-
berries are found on soils which vary widely in this regard but that
a slightly acid condition is most common. Morris,(sl) working with
strawberry plants growing in nutrient solutions, found that the pos-
sible limits were quite wide but that best growth was produced in
slightly acid solutions. He says:
"Best results were obtained in the pH 6 solution;
however, there was not a striking difference be-
tween the plants grown in the four solutions from
pH 4 to pH 7 inclusive."
The belief that successful strawberry production under ordinary con-
ditions is not limited by the soil acidity is indiceted by the fol-
lowing statement of Morris and Crist(zl):
"The reactions commonly found in so-called "Agri-
cultural" soils are probably per se not important
limiting factors in strawberry production."”
The statement of Waltman(loz) favors the use of sufficient lime to
promote the growth of clovers.
"A reaction that was most favorable for growth also
induced greatest fruitfulness."
7Tt seems probable that enough lime can be added to
the soil to promote the growth of clover without
making the reaction too alkaline for the growth of
strawberries subsequently."
Other Factors
Aside from the selection of a suitable soil there seems to
be practically complete agreement in regard to other characteris-

tics of a good strawberry site. Both air and water drainage are con-

sidered necessary. Where early ripening is of great importance a
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southern exposure is usually suggested. Steep slopes which are sub-

ject to severe erosion are to be avoided.

The Selection of Varieties

A very large place in the literature of strawberry growing is
occupied with discussions of varieties and the characteristics of
desirable plants. The selection of suitable varieties is generally
considered as fundamental to success with this fruit. Oskamp(64)
made the following statement:

"It is conservative to say that without any increase

in acreage the growers of the State could double

their output of this important small fruit by the

judicious selection of varieties and the use of

proper cultural practices."
In 1861 Hovey stated in the columns of his "Gardener's Magazine"
that the culture of the strawberry had not advanced during the pre-
ceding ten or fifteen years and gave the introduction of excessive
numbers of inferior varieties as the principal reason. At the begin-
ning of his chapter on varieties in "Strawberry Growing" which was
published in 1917 Fletcher(®3) indicated that the influence of these
poor varieties was still apparent. He says:

"The Strawberry is burdened more heavily with

indefinite and mediocre varieties than any other
fruit."
During the time intervening between these statements, however,

the aims of the strawberry breeders and the standards by which new

varieties were judged changed very greatly. At the time Hovey wrote,
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during the strawberry boom, and for some time later, the chief inter-

est was in the development of large fruited varieties and in the study
of flower characters. According to Darrow, one of the leading workers
in this field, the interest of modern strawberry breeders is centered

on quality, disease resistance, and the adaptability of the new vari-

ety to definite uses. From the standpoint of the grower the basis of

selecting varieties is stated by Thayer(94) in the following words:

"In selecting a variety, sex is of minor considera-

tion. Vigor, productiveness, resistance to disease

and insects, and good fruit characters are the things

to be considered.”
Two types of flowers are recognized, the pistillate and the hermaph-
rodite, but the hermaphrodite varieties which are grown today are
very much more fertile than those grown seventy-five years ago, and
are so desirable in other characters that they have largely replaced
the pistillate kinds.

Since the introduction of the first "everbearing" variety early
in this century there has been some interest in their cultivation.
They have not become of great commercial importance, due probably to
the fact that they require a more fertile soil, and more careful at-

tention. The everbearing varieties lack in runner production and there-

fore are less adapted to the matted row system of culture.

The Selection of Plants for Setting

The discussion concerning the type of plant which should be
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set has centered almost entirely about the size and age of runners.
The use of plants which have been rooted in pots has been common
where stirawberries are forced in greenhouses or in beds, but it has
seldom been followed for field culture. Field grown plants are used
and there is general agreement that old mother plants and those which
have exhausted themselves by fruit production are not desirable. The
following statement by Flétcher(ss) summarizes the discussion on the
selection of rumner plants:

"For many years it was the prevailing opinion that

the first, second, and third runners are valuable
for setting in the order named; that runners formed
later than these, and especially alley plants, never
should be used, even though of good SizZ€.cseseass
Later evidence has shown that tip plants of fair
size start off better in the spring, and have fewer
fruit buds than older plants, which is an advantage."
Later in the same paragraph he says:
"Tt is likely that the vigor of the plant, particu-
larly the strength of the root system, is more im-
portant than the time of year when it was produced."
Later writers on the subject generally agree with this statement.
In Kansas Circular 162, the author(s) sayss

"pvailable evidence does not sustain the popular idea

that late set runner plants, those at the tip of the
runner, are less valuable than the earlier-rooted
ones,"

During recent years some attention has been given to so-called
"pedigree plants," those which have been grown from selected mother
plants, but most writers agree that such plants are very little better
than others. In 1926 Talbert(gl) made the following statement:

"Pedigreed strawberry plants are rarely better than
the originel variety."
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A more complete statement occurred,(70) 1209, from the Central Experi-

mental Farm, Ottawa, Canada:

"While the results obtained do not warrant the pur-
chase of "pedigree" plants rather than others where
there is no special claim as to selection, we believe
that the principle of selection is good and if
thoroughly carried out, is bound to result in an im-
proved strain, which, however, can only be maintained
by continued selection."

Cultural Methods

With the spread of commercial strawberry growing and the develop-
ment of extensive plantings many of the extreme practices associated
with forcing and garden culture were found to be impractical and there
was a tendency to question all of the old methods. The following
statements of growers and correspondents, which appeared in the Rural
New Yorker between 1850 and 1855, indicate this critical or guestion-
ing attitude:

"We are persuaded that a great mistzke is made in
manuring too much." (77)

"T have never trenched my ground and some of the best
crops I ever raised were grown on land simply plowed
the usual depth." (78)

"Nor is mulching & perfect substitute for the hoe in
summer." (79)

The result of such attitudes was the development of all sorts of vari-
ations from what might be called a standard system. Some writers
were inclined to defend the old intensive methods but many turned to

the other extreme and a great confusion resulted. Gradually, however,
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some practices have become standardized and generally accepted.

Methods of Setting
From the very early days of commercial strawberry growing to
the present there has been practically complete agreement that great
care should be exercised in the setting of the plants and the recom-
mendations have changed very little. In "The Horticulturist," 1861,
Fuller recommended that the roots be trimmed for spring planting but
not for fall setting, and he suggested that setting be done on cloudy
days to prevent drying of the plants during the planting. He empha-
sized especially that the roots be spread evenly, that the plants be
set deeply but not deep enough to cover the crown, and that the soil
be firmed carefully about the roots. The recommendations of recent
writers on this subject are fairly represented by the following quo-
tation from Auchter and Knapp(4)=
"Set the plants firmly, at the proper depth and when
the soil is moist. Any planting method that takes
accomt of these factors will give good resultS.....
Set the crown at ground level....... If the roots
are long and straggling, clip slightly to aid in
planting.”
Cultivation
Leading writers uniformly emphasize the importance of thorough
soil preparation, that is, deep plowing or sub-soiling followed by
careful working. Though contradictory statements are found frequently

concerning the comparative advantages of deep and shallow cultivation,

there is almost complete agreement that strawberries respond to frequent,
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thorough tillage which controls weeds and grass during the growing
season. Statements similar to the following may be found in most
discussions of this subject.

"Thorough cultivation during the first season can

not be too strongly urged. It conserves moisture,

promotes the growth of plants, keeps the weeds down

and is in every way beneficial." (20)

"Frequent and shallow tillage the first season is one
of the secrets of successful berry growing." (64)

"The old saying 'tillage is manure' holds true for
strawberries." (92)

Life of a Commercial Plantation

In some phases of strawberry culture there is not such uni-
formity of opinion. For example, in regard to the profitable life
of a strawberry plantation, there is a wide difference of opinion.
Some authors recommend that only one crop be harvested. The follow-
ing statement appeared in the "Rural New Yorker"(12)=

"Any strawberry bed which needs a plow to assist in
cleaning it up, should never be run the second year."

Tqylor(es) expressed the same opinion, 191l:

"Usually it is better to set new beds each year than
to continue the old ones."

The more common recommendation, however, is that two or possibly three
crops may be taken from a planting. The plans which are suggested
for the renovation of a strawberry field after the first crop vary
greatly. A review of periodical literature indicates that many

growers practice no cultivation between the first and second crop,
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but simply mow the weeds once or twice during the summer. Other growers
and most of the leading writers recommend rather thorough working
during the second summer. Such a thorough progrem may be outlined as
follows: after the first harvest the tops are burned or mowed, the

rows are narrowed with a plow or other cultivator, the plants are
thinned in the row and grass or weeds are removed by hand. Following
this renovation the cultivation is continued throughout the summer as

it was the first season. The exact method of renovation, in fact the
decision as to whether a planting should be worked at all after har-

vest, will depend upon the conditions of that particular field.

Fertilization--Recommendations of Last Century

It is in regard to strawberry fertilization that the literature
becomes hopelessly confusing. On this subject the writings of the
past two decades are fully as contradictory as are those of last cen-—
tury. Before the spread of extensive commercial strawberry growing it
was the custom to incorporate large gquantities of manure into the soil
as it was being prepared. The practice was generally adopted for field
culture but differences of opinion were common. Pardee(65) was among
the first prominent writers to question the heavy fertilizing of this
crop. In 1853 he satd:

"Almost everyone who cultivates strawberries, I notice,

has fallen into two very great errors. First, of al-

lowing different varieties to intermingle....... The

other error, I observe, about as universally prevalent,

is over feeding, and as a consequence, an over growth

of vines and a deficiency of fruit........ Such highly

enriched soils can be in a measure counterbalanced by
liberal applications of potash, lime, and salt."
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The next year, 1854, in Hovey's "Gardener's Magazine" the editor gave
a review of the book "Complete Manual for Culture of the Strawberry"
which had recently been published by Pardee. In this review he took
strong issue with the statement, "Few good soils need enriching at
all for the Strawberry." In answer to this statement he said:

"This may be true, but so far as our experience goes -

the experience of 25 years - we are sure that fine fruit
of the largest size cannot be abundantly raised without
a good soil well manured........ whoever attempts to
raise fine strawberries without manure (or its equiva-
lent, guano) will signally fail." (47)

The idea that very fertile soils were not desirable for straw-
berries was widespread for several years but the following statement
from a special committee report(87) presented before the Illinois
Horticultural Society in 1877 indicates that by that time there had
been a renewed interest in fertilization:

"The theory formerly prevalent, that the soil should

not be made rich for strawberries, has been generally
practically abandoned by cultivators of this fruit."

A very careful study of the literature dealing with strawberry
fertilization, since the beginning of the century, shows two almost
opposite schools of thought, those who do not believe that the appli-
cation of fertilizing materials is profitable and those who recommend
the rather liberal application of one or more elements. The most
striking difference of opinion concerns the application of nitrogen.

2 few quotations are given in the following paragraphs representing

the first of these groups.
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Fertilization--Negative Evidence

(27)

Davis, of the Central Experimental Farm, Ottawa, Canada,

makes the following statement:

"One thing which stood out, however, was that the
plants when set out were incapable of utilizing a
readily available' supply of nitrogen and in many
instances nitrogen applied at that time resulted
in injury to the newly set plants, even though the
fertilizer did not actually come in contact with
the foliage."

The effect of fertilizer on the carrying quality of straw-
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